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Palaeomagnetic Data From t he Ca.~adian Appalachian 

and Tneir Significance Relative to North 

American Polar Wandering 

Abstract 

Data has been obtained from rocks of Crun'orian 'i.,o Triassic 

age from the Canadian Appalachian Reeion . While Carboniferous pole 

positions agreee ·well ·.irlthin the region and with others for North 

America, pole positions for Cambrian and Devonian rocks from the 

western pa1~t of the Island of Newfoundland are consistently different 

from those determined for· rocks of similar ai;e from the mainland of 

Eastern Canada . To effect coincidence of Devonian and Cambrian pole 

positions it is suc~ested that a JO degree countercloc~..vise rotation 

of the Island of ireHfoundland occurred between middle and upper 

Devonian time. This 'is the approximate angle that exists between 

the northern shore of the Gulf of St . Llwrence and the northwest 

shor0line of the Islanr of NeiJ"foundland . The geolo8Y and tectonics 

can be interpreted to favour such a rotation as the divergence in 

the structural trends of belts of early to middle Palaeozoic rocks is 

reduced. Tho results of this study coi11bined with other North America 

pole positions are used to suggest alternlltive polar wandering curves 

for Nor'&h A.~erica. 
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Introduc tion 

Soon after the first few virtual geomagnetic pole 

positions had. been deriv ed from p a laeomagnetic measurements, 

well ov~r a decade ago , it was obs erved tha t the older t h e rocks 

dealt with, the fa r the r a way w e r e their correspondi ng v irtua l pol es 

from the present g e omagne t ic p ol e . Tentatively this observat ion was 

inte:rpreted as the result of wande r ing of t h e pol e with respect to 

the earth's c rust throughout geological ag e s . As p a lae omagne t ic 

stucies extended in the later years to most c ontinental mas s es it 

became necessary to go one step further and t o interpret , t h e available 

palaeomagnetic data in terms of continental drift . T o this date, con­

siderably more data are required to c onfirm t his h ypothesis a nd the 

p1·esent study was initiated i n ord e r to add t o t he ex isting body of 

palaeomagnetic measurements on Precambrian to Mes ozoic North 

-n-1erican roe s . As a corolla r y .to this task it was ·i ntend e d t o in ­

veotigate the possibility of a rotational mov ement i n t h e past of t h e 

eland of Newfoundland with respect to the North American continent. 

This possibility ha been suggested prev iously b y Nairn et al.· (1 9 59) 

and d'sputed by DuBois (1959) . 

The... ata discussed in the p res ent paper is based on the 

xemanent magnetization measurements of r o cks collected over four 

field seasons .in Eastern Canada, as far east as the Avalon Peninsula 

in Newfoun land and as far west as the Gaspe Pen insula in Quebec. 

To date some of the data has been repo rted i n the literature (DuBois , 

1959; B ack, 1964) i n s umma ry p a p ers a l t h ough an overall appraisal 

of these and additional data form the basis of t h e present paper. 

,-
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Geology 

Ge:r.eral 

\V' h one exception all sar.cnle localities in the present 

study lie within the Appalachian Mountain System which iollows the 

e2.st coast of ·o:" h America for a distance of about 2 , OOO miles 

between Alabama, U. S. A . and the Island of Newfoundland . The 

exception being that part of the Braclore Formation which rests on 

.?recambrian rocks o:.i. the scutheast coast of Labrador in the Grenville 

geological p:::-ovince . The :rocks in the Canadian part of the Appalachian 

System ra:lge in age from Precambrian to Triassic . They have been 

folded, faulted, and intl·uded in parts by lower and mid - Palaeozoic 

mag:-.tlas va:;.·ying from peridotite to granite in composition. Struc tures 

that generally trend northeasterly were developed during the Taconic 

and ikadfan orogenie of the Ordovician and Devonian periods 

:-ez·,ective:y. The Canadian part of the Appalac hian System (see Fig . 1) 

was only locally affected by the great Appalachian revolution which 



occurred toward the clos e of the Palaeozoic era and yielded what 

is known today as t: e Appalachian Mountains . The effects of this 

period of .folding and faulting are most conspicuous today in 

~ 'iewfoundland an eastern Nova Scotia. 

A brief description of the geology of the formations or 

groups sampled in the present study will precede the dis cussion on 

the corresponding palaeomagnetic results . 

Areas .Sampled 

Prc.cambrian Rocks 

The Preca.mbrian roe s sampled are believed to be early 

to late Proterozoic sedimentary rocks (Rose, 1952. ~ Hutchinson, 1953; 

McCa1·tney , 1954} and they outcrop on the eastern part of the Avalon 

Peninsula of ewfoundland. They represent a sequence which is well 

I 

:n excess of 20, 000 feet of unfossiliferous strata . They are overlain 

both unco:'lformably and disconformably by fossilifer ous E arly Cambrian 

Dt:rata . These rocks have been folded and faulted to varying degrees 

and their present trend · s in a :1orth- northeasterly direction . The 

groups or formations sampled are , in order of decreasing age, the 

Y-::...:.·bo •:i:- Mab Group. the Conception Group, the Signal Hill and 

Biackhead Formations o.f the Cabot: Group , the Whiteway and Snows 

Pond Formations oZ the Fiodgewater Group . The Harbour Main Group 

u:ndedies the Conception with local angular unconformity and with 

disconio mity . The Conception Group in turn is conformably and/or 

disconformably overlain by the Eodgewater and Cabot Groups 

respectively . 
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Harbour Main Group 

The oldest rocks that outcrop on the eastern part o! 

the Avalo~'l. Peninsula beloing to the Harbour Main Group . In the 

Holy:rood map -area , whe1·e the samples were collected, the group 

haa been divided on the basis of lithology into 3 map -units (McCartDe y, 

1 '}54) . ed sandstones and conglomerates are interbedded with mainly 

rhyolitic and andesitic flows with associated pyroclastic and intrusiv7 

roe cs . The Harbour Main rocks have been intricately folded and 

aultcd. mrdnly in Precambrian time, with the development of north ­

northec..sterly trending structures and have been submitted to slight 

mett:'.'norphism . The Harbour Main Group is overlain by the Con­

ception Group with :probable local angular unconformity in southeast 

Conception Bay and apparent disconformity elsewhere (McCartney. 

1954, in press} . The group is believed t o be Proterozoic in age because 

at least ZO, OOO feet of unfossiliferous sedimentary rocks, considered 

'.:0 be mid- to late Proterozoic age ,unconformabl y succeed the Harbour 

Main Group and underlie fossiliferous Early Cambrian beds . Volcanic 

roc!-.c in the group in s:outheast Conception Bay are intruded by g1·anite 

assigned an a.ge of io33 million years (Fairbairn, W. H . , personal 

comrnu:.:.icn.tion) . 

Conception Group 

Rocks of the Conception Group occupy large areas of the 

P_vn.!o. Peninsula . In the Torbay map -area they have been observed 

o U!1conio1·mably overlie the Harbour Main Group and t o disconformably 

u~:.derlie the Cabo Group (Rose, 1952) . The group which has an 

estimated thickness of 6, OOO feet h as been folded and faulted in north-

northe ..... st t:!"ending structures s ·milar . to the Harbour Main Group. 
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The group is mainly comprised of a va riety of sedimentary rocks 

w:.th some metamo:rphic equivalents and intercafated red beds near 

the top of the seq1:cnce . In the Torbay map-area the group has been 

s 1bd "vided by Rose {l 'J 52} into the lower •Conception slate' and the 

up_t>er 'Torbay slate• on the basis of the predominance of red beds 

occurri:•g near the top of the group. To the west and northwest of 

this area (McCartney, 1954; Hutchinson, 1953) the group is divided 

into a lower part which is dominantly greyish green siltstone, slate 

and minor red siltstone and an upper part. the Hibbs Hole Formation. 

The atter is ma.inly red slate and siltstone and serves as a useful 

marker horizon. The co ou!' and lithology of some strata suggest 

that these sediments were deposited in alternating oxidizing and 

reducing envixonrnents . re colour of the beds is due chiefly to the 

p14 esence of hernatite in the cement a.id in the coating on the detrital 

grains . The Conception Group which lacks definite fossils and which 

is stratigraphical y between the Proterozoic Ha.rbou:r Main and Cabot 

Groups is ossibly mid - Proterozoic in age (R ose, 1952) . 

Cabo" Group 

The Cabot Group, which rests disconformably on the 

Conception Group, has been divided by Rose (1952) into the St. John's. 

Sig:ial Hill, and .olack: ead .Formations . The group occupies the eastern 

~o<.:.st of t.1e Ava~on Peninsula from Red Head to F ... rryland, a distance 

oi sor:-le 50 miles . , The :Harbour Main and the Conception Groups were 

he sou-ce rocl-s for much o the detritus within the rocks of the 

C:::.bo· Group . The gr.oup , which e ::ceeds a combined 14, OOO feet in 

thickness at the tyne localities and grades from fine black shales to 

'' 
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co::.r~.,. red con~>omcr::te~ has been folded in a nort.h-northeasterly 

cJ:~· '3ction . Fol-c:iE.1.e··ous Cambric.n beds , which are widespread 

: .. :c vhe::e ir. southc:ast "ewfou:n.cllancl , are presumed to be younger 

!'!J.n the C<:..boc Gl·oU:p b •t ~re not present in this district . As no 

un ioput::!d fo.:;si s have bee11 found ·n the Cabot Group it has been 

ac:;;igne a late P:rotero:zoic age by 'Rose (1952). 

Si·-:nal Hill Formation 

The Sign::1l Hill :"o!'n1ation conform.ably overlies the St . 

Jo:tn•s :..~o:rrn2.tion c.n • in turn io overlain conformably by the Blackhead 

:Fo:.:me..t:on. fo cont:ra:Jt to t :ie St . John's .Formation t'!:le Signal Hill 

Fo:rr.1:;;'.tion was de::>.osited in a shallow-water oxidizing environment . 

P,osc ( 1')52 , pp . 25-2:6) repo.rts that the red sandstones are co:nposed 

of qua:rt...., feldspa:. s, and acid volcanic rocks. as well as accessory 

miner.::...ls, which includ.:= rnagnetite with a cementing matrix of secondary 

qu...;.::tz, eeric"te, cpidotc and hernatite. Hen1atit:e and some of the 

cco1nnn-=nt a:rains of volcanic rock r.:nd o:rthoclase account for the - ~· 

:-e Jd5.s:1 co!our of the formation . IT·he formation. which is well bedded 

~:1 "'1 e main, h:3.s an esfrnated thickness of 7, BCO feet at Signal Hill 

w:."'.!re it hO.$ been broadly folded in north-no:rtheaste rly trending folds . 

cc:1::o~r::-.i<:.bly· overlies th.:! Sign<li Hit .Formation. io best exposed in 

~:-• ..:! co:· · cf ... syn.:::line near 3lac:khead south of St. John B~y. The 

form<:t:ion~ e1e to of which i::; iot ~·posed, has an estimated thickness 

of r""lo:rc t!:t.'.:l.r. 5~ 500 feet of stra.ta compriscd1 · .mainly ·o! red and greenish 

a.:rkosic lJCndsto:.1es with int~rlJe ·s of slate , argilli~e and siltstone. These 
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~:;,·e '\Ve l exposed in a syncline which plunges gently northward 

between Cape Spe~:· c:..nd the city of St . John's . The lithology of 

t!!e formation suggcs <s that deposit'on occurred under relatively 

similar conditions to those for tl:e Signal Hill Formation, although 

he finer grain size, lack of conglomerates, as well as colour 

variations . suggest a deepe1· more quieocent environment of deposition 

with preva" ling alternating oxidizing - reducing conditions . 

On the basiD of its stratigraphic relation to the Signal 

Hill Formation and lacl of fossils, the Blackhead Formation has been 

assigned a late :!?roterozoic age with~ proviso that it may be very 

ea.dy Cambrian. 

Hodtsewater Group 

The :Hodgcwv.tcr Group in the Harbour Grace map-area 

is cornpoccd of a sequence of four conformable sedimentary formations 

which arc. in 2.Dcending order, the Carbonear , Halls Town, Whiteway 

and Snows Pond Formations (Hutchin~on, 1953; McCartney, in press) . 

':.'he lowe:: part of the Carboneai- Formation is tentativ ely correlated 

with the St . John°s ?ormation of the Cabot Group. The Hodgewater 

Group coni:;ists of grey to black olatc, grey to green or red siltstone, 

c.nd ::."G.re red nn.d green conglomer tes of an estimated thickness 0£ 

a leust !O, OOO feet of strata. These :rocks 01..~tcrop in open nortb­

eastcr.y tren 'L.3, gently plunging folds cut by easterly and northeasterly 

Lending faults . 

No undicputed fossils have been found within the beds of the 

~roup, but because it forms the top of the Precambrian sequence in 

the area, except for the thin ovel"lying Random Formation it has been 

cssigned c. late Proterozoic age (Hutchinson, 1953). 
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Cambrian Rocks 

Strata of Lower Cambrian age were sampled from 

fo::-ma ·ions at widely separa ed localities throughout Eastern Canada. 

Sc.mples were collected from the following Lower Cambrian sedimentary 

.:o mations: red shales and limestones (unit 11. McCartney, 1954) on 

the Avalon Peninsula in eastern Newfoundland; brownish red sandstone 

of the Bra ore Formation of the Labrador Series (Schuchert and Dunbar , 

934) f om the HighlancJs of St . John's in northwest '\l'ewfoundland and 

along the south coast of Labrador near F ortea.u; red sandstone of the 

:tatcliffe Brook Forma ion, which outcrops in the vicinity of Saint 

Jo. n, :"ew Brunswict (-'-Iayes and Howell , 1937} . Middle Cambrian 

st!"ata of the March Po~- - Format· on, were sampled from red sandstones 

located alor.g the south coast of Port au Port Peninsula.(Schuchert and 

Dunbar, 1934; Riley, 1962). 

Lower Cambrian Rocks 

Ra.tclifie Brook Formation 

The strati<;;raphically lowest rocks sampled in New Brunswick 

were co lected :rorn the Lower Ct:.mbrian Ratcliffe Brook Formation, 

wh"ch is found in and to the north.west of Saint John. The samples were 

ta. en from strata along l-!anford Brook where they reach their greatest 

:enown· thic <~1ess of about 2. OOO feet . 

These rocks we?e named and described by Howell (Hayes 

a:."!c1 Howell, 1937, pp . 58 -63) as follows : "The beds of the Ratcliffe 

Brook Formc:.tion, are mostly dark purplish red, fine-grained, micaceous 

sandstones, or coarse-grained micaceous shales, the sandstones being 

so be g_ained and th"n- bedcled that they resemble heavy -bedded, hard 

shc. ... cs" . ':he pebbles within the basal conglomerate according to Howell 

11have bee:n derived principally . if not entirely from the Precambrian 



9 

rocks immediately· surrounding the Cambrian basins". Also 

according to Howell, no undoubted fossils, except worm trails, have 

e ver been found in this probable non-marine formation . The Ratcli!f e ' ., 
·,.., 

Brook Formation is overlain, with apparent conformity, by the Glen 

Falls F ormation. The latter formation contains no fossils other than 

worm trails and grades conformably up into the Hanford Brook Formation, 

which contains a Protolenus fauna, that permits reliable correlations 

to be made with Lower Cambrian strata present elsewhere in the North 

Atlantic province (Alcock, 1938 , p . l ;;) . 'fhe Ratcliffe Brook Formation 

unconformably overlies the volcanic rocks of the Coldbrook Group of 

Proterozoic age (Alcock , 1938, p . 13). 

Lower Cambrian Rocks of the Conception Day Area, 

Avalon Peninsula 

Strata mapped as Lower Cambrian (Rose, 1952; M cCartney, 

1954) outcrop along parts of the south and east shores of Conception 

Bay and along inland river channels . They overlie with marked 

angular unconformity. the Precambrian Harbour Main and Conception 

Bay Grouns and are in turn conformably overlain by Midd le Cambrian 

stra a w'th Paradoxides - bearing shales (Rose , 1952). The Lower 

Cambrit:i.n rocks, which contain a pre Paradoxides Callavia fauna, 

vary in thicl ness between 75 feet along Manuela River to about 450 

feet ·n the vicinity of Colliers Bay. The strata :i:re mainly greenish 

grey, olive green, and red s hales, pink limestone and basal conglomerate • 

.-nhe upper, Protolenus -bearing beds of the Early Cambrian are markedly 

oimilar to the Hanford Brook Formation of the Sa..nt John Group of 

New Brunswick 1 which has also been briefly discussed in thi& section 

(see page ). 

1 
Geology and E conomic Minerals of Canada; Geol . Surv. Can., 

Econ. Geol . Ser . No . l, third edition, pp. 110-111 (1947). 
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Labrador Series 

(Br a dore Formation) 

The L ower Cambrian strata of western Newfoundland and 

Labrador has been descr ibed in detail by Schuchert and Dunba...- (1934), 

The lowe st form ation of the Labrador Series, the Bradore Formation 

which is an unfossiliferous continental deposit, was sampled at two 
• \ I 

principal localities. One near the nortbwest shore of Newfoundland 

where Lowe r Ca m brian strata has been brought up in a g reat simple 

arc h , b y a fau lt eas t of St. John B ay t o form the Hi ghlands of St. 

John, although near ly 900 fe et of Cambrian strata are visible on the 
\ 

wes face of the s carp , the bas e of the Bradore F ormation is no·t 

exposed . About 150 feet of r ed a r kose and sandstone of the Bradore 

Formation i s exposed and c onfo rmably underlies the fossiliferous 

Forteau Formation. The s econd occurs along the southeast coast of 

Labrador where a narrow strip of Low e r Cambrian strata borders 

the S ·rait of Belle Isle . Here , the b e d s d ip gently to the southeast 

and rest on folded Precambrian granitic gneisses of the Grenville 

Provinc e (Schuchert and Dunbar , 1934; Ch ristie, 1951; Leech et al, 

1963) . Only 470 feet of Cambrian strata remain, o! which Z.85 feet 

is referred to the Bradore F o rm.at ion, with the remaining 185 feet 

comprising he Forte a u F ormation . 

M iddle Cambrian Rocks 

March Point Formation 

On the w est coast of Ne wfoundland Middle Cambrian 

strata of the March P oint F ormation outcrop along the southern 

coast of the P o rt au P ort I?eninsula between the villages of Petit 

Jardin and March ' s Point . Th e March Point Formation has been 

measured and described by Schuchert and Dunbar (1934, PP• 34-35), 
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Lochma:n. (1938, p . 461), and others . The formation has a minimum 

th:cl ness of 850 feet, which o tcro )S i n a broad arch plunging gently 

-c the north, and w. ere sampled dips up to 29 degrees to the northwest . 

Co::_orma'ble contacts wi h the overlying Upper Cambrian Petit Jardin 

~i'o:.-mation aa.cl t!li; underlying Lower Gambrian Kippens Formation, 

have bee-~ observed .{ Riley , J962) . 

O:r.dovician Rocks 

Newfoundland 

Sedimen:a:ry <:.nd igneous _ ocks of Ordovician age were 

collected ·'°rom. eastern, wes~ern and southern Newfoundland . On the 

cast coast, sam )les of the hematitic iron ore beds of the Bell Island 

and 'lh.ba:na Groups 
1 

Van Ingen. 1914 }, of Lower Ordovician age 

w ·re co iected from surface c.ncl underground mine exposures located 

o:'! Bell Isk.nd in Conception Bay. On the west coast, two rock types 

we-..4 e samnled; g::.bb:::o or the Bay o~ Islands igneous complex and 

do_om~tic strata of the St . Geo~ge Group . The Bay of Islands igneous 

complex cuts stra'.: ~ of · e i\1:iddle Ordovician :•umber Arm Group, and 

·s assigned a pre-Cc.::::-bor.ife:cous 2.ge by Smith 1958).., -·iley (1 962) 

s ugge.ots th2.t it is O:r 1ovician i age sim · 1ar to the Humber Ar :n Group. 

The St . George Gro 1p is Lowe:- Ordov· cian in age (Schuchert et al, 1934) 

a:; i cl·ops out o_. the Port a Port Penin::r la . Along the southern coast 

of Nevlfou:1.dla:nc1 in the Fortune Bay area, samples were collected from 

ctrat2. of the Spoon Cove Formation the lowest of three formatio · • .:; 

fo!"n.'!~ng th Cinq Isle s~:::ies of M:iddle or low Upper Ordovician age . 

l 
O::ig~:7.Z.lly btroduced as V'ab::!na Series by Van -ngen (19 4) , but 
referred to as Group by Rose (1952) . 
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Lower Ordovician Rocks 

Bell Island and Wabana Groups 

The Bell Island and Wabana Groups of Lower Ordovician 

age outcrop mainly on Bell Is and in the Conception Bay Basin. They 

compri:::ie more than 8 ~ OOO feet of relatively unmetamorphosed 

fossiliferous shale and sandotone with intercalated beds of oolitic 

hematite iron o:re (Rose. 1952.) . The strata strike northeasterly and 

ge!lerally dip gc:mtly between 9 and 14 degrees to the northwest similar 

to the underlying Upper Cc::.r::.;brian strata, which crop out approximately 

6 mi!eo to the sou.th on the shores of Conception Bay. The Topsail 

fault along the east coast of Conception Bay has thrust up Proterozoic 

roc!~s, where the Lower Ordovician strata would normally outcrop. 

Biostratigraphic stucli~s indicate that the Bell Island 

G:·o~? :s a p::oduct o: shallow water marine deposition ~ while parts of 

the \,"1"nba.na Group are oi a somewhat deeper and reducing marine 

environment: . Oxidizing conditions, howeve'r , existed during deposition 

of the lower part of the Wabn.na. Group sb'"lilar to the Bell Island Group, 

as indicated by the deposition of tbe hematitic iron ore beds . A minor 

cE.scc!l"o:·mity exists betweer! the V/a.b:.:ina Group and the underlying 

Bell .sland G:coup as indicated by a thin int:-aformational conglomerate 

bed containing pebbles of oolitic iron ore derived fro:n the uppermost 

iron ore zone of the Bell Island Group . Fossil content of the strata 

of "bc'i:h groups :.:.;icicatest. ey are of Lower Or dovician age . Observations 

by Hayes (I S. 5). lecJ him to conclude "that the iron ore occurs as a 

prima:;.·y bec1d.:::d deposit , and that the iron content was present in the 

sedime:;.ts at the time that the aeries was laid down" . Amongst his 

evidence is the presence of iron ore pebbles in the conglomerate at 

the base of the Wabana Group . Tests carried out by him show that 
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side:r:.-ite has rep a c ed both cham osite and hematite as well as dctrital 

qu.artz , while the sed:.n.1.e nts were s t ill unconsolidated . The only 

observ ed second~rily int r oduc ed m inerals a.re c a lcite and quartz . 

Ee concludes th::lt "no impor ta nt int::::-o u c tion of i ron seems to ha ve 

been made sir:c e th e b eds wer<'! deposited" . For a full des c ription of 

t he o rigin of the i ron o r e th e :-.· e a der is referre d to Ha yes (1915) . 

~t . Geor g e Group 

(Port au Po.rt Peninsula) 

The .nest complete and a relatively und i s turbed section 

oi the St. Geo:;.·ge Group, lies along the southe r n s hore of 'the P ort 

ai.::. Port Peninsula , between the villages of March 's Point and Port 

<iu Port, western lew.foundland . The strata he r e are approxi:nately 

2 , OOO feet ::1 thickness ar.d strike in an easterly d irection with northwest 

ci::-s up o l5 degrees . The St. George Group ov e rlies , p rob:ibly 

without e. break, Upper Cacnbrian strata and are in tu r n dis conformably 

oveZ"lain by the Table Head G1·oup of Middle Ordovician age ( Riley, 1962 ). 

Fa ·r.a collected from the St . George Group , by Schuchert and Dunbar 

19 34: ) 1 Sullivan (l 9'-1:0) and others, indicat e that it i s of Lower Ordovician 

a 6 e . The st::ata. comprize buf£, pid • and red dolomite m arble , grey 

a:1d black limestone , shale as well as some c h e r t (Schuchert and Dunbar; 

?v!~d cHe to Unoer Ordovician Roc k s 

Cinq Isle Se:des, Spoon Cove F orm ation 

The Cinq Isle Series , com posed of red sands t on es, shalea, 

a _.d some limes tow~ b e ds , outc r op s intermittently along t he southern 

c oast of .i.rewfoundland between Great Bay de l' Eau and Bay d' E st in 

the Fo:..·tu:ne B<ly a:reo. . The s e r oc ks , indicated as ~.1idd le or low Upper 
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Ordovician .c:.ge on struc~ural and lithological correlation. un-

conformably cap a fossiliferous' Cambro-Ordovician succession. 

A bas:>.! c onglomerate of the sez-ie s contains black Cambrian shale 

pebbles . The C:.:1c.:, Isle Series in Great Bay de 1°Eau near Wreck 

Cove, io unc or.:formably capped by the fossiliforous late Devonian 

Great Bay c1e IUEau co::lglornerate (Widmer , 1950). The Cinq Isle 

Se::ies as 2cscribed by Widme!' is made up of three formations; the 

S:_.:>oo:::i Cove ~ the Yankee Cove, and the Spyglass Cove Formations, 

which have a total thickness of about 1, 25::: feet . 

Ordovician ( '?} Rocks 

Bay of folands !:::;neous Complex 

The Bay of Islands igneous c omplex lies between Port au 

?ort Pm. immla and Donne Bay o;t the west coast of Newfoundland . It 

is co;i'i.posed of a discont~nuous belt of layered ul rabasic and gabbroic 

:reeks, which trend no:::th-northeuoterly and extend over an area 60 

m.Les 10:1g and up to l G miles wide . Smith (1958) has studied the 

comple': in great detail, devoting ... nuch time to the structure and 

?etro!ogy of the ::-ocks in contact with the complex as well as the 

co"1m:e::. Cla.stic sedime:-itary a .. 'l.d b~sic volcanic rocks of the Humber 

Ai:.·m Group of Middle to ate O::dovician age, which immediately underlie 

the intrucions have been folded and are cut by ultrabasic, gabbroic and 

dio:::it:c ::-.t:.-usionc '\.Vhich in turn have been broken by transverse and 

longituoinul ::au!ts 0£ gTcat m~.gnitude . Riley {1962) suggests since 

no other !"icld evidence is available ntbat the ubiquitous association of 

ultru.basic rockc with basic volcanic rocks suggests that they have a 

common origin and are thus of similar age - in this instance Ordovician 

age 11
• 
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O the iou:r now separated igneous masses , only the 

most northerly- Tao e Mounta ·n mass was sampled . The Table Mountain 

masc 1 originally continuous with the North Arm Mountain mass. is 

o:fset to the noxthwes t by the T:-out ... iver fault . Both these plutons 

contain thick zones of :!.nterbanded serpentinized peridotite and dunite 

overlain by a z.,one of genetically related banded gabbro, which grades 

into massive gabbro. 

Silurian Rocks 

North Central Newfoundland 

Sedimenta1·y and igneous 1·ocks of .Silurian age were 

collected from the Botwood Group 0 Springdale Group , and a large 

intermediate to ba~:ic intrusion, located in north central Newfoundland . 

Botwood Group 

Rocks of definite Silurian age occur in the vicinity of 

the town of Botwoo an immediately oouth of the Bay of Exploits 

(Williams, 1962 ). The lower part of the Botwood Group is composed 

of purplish green flow and pyroclastic rocks . which conforma.bly 

underlie the: edimentary :::-ocks of the upper part. These sedimentary 

rocks are mainly red to grey sandstone , shale, and conglomerate , 

vvith some dark grey shale and a.:·gillite . 

Intermediate to Basic Intrusion 

The strata of the Botwoocl Group immediately south of the 

:.::>C.'J of Exploits are intru.c1ed by a large body of medium to coarae ­

gr::d: cd interrpediate to basic :rocks . The sedimentary rocks at the 

m~rgins of the intrusion have been thermally metamorphed . A 

pota::::sium argon age of 4Z 3 m . ·y. (Silurian) has been obtained 
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from biotite collected from the thermally metamorphosed sediments 

(Leech, et al, 1963). This body as well as o thers in the area had 

p:.·evio 1 sly been thought to ha.ve been irnplaced during the Acadian 

orogeny in Devonian tir."l ~ . 

Spd11gdale Group 

The Springdale Group previously ass igned a Devonian age 

simik. ... to the Botwood Group ('I'wenhofel, 1947) may now b e referred 

as Silurian in age . !ro identifiable fossils have been found within the 

group but on its litholog· ca.l simit'arities has been correlated with £h~ 

Botwoo Gl·oup (Mnc.L..,ean, 1947). Samples of both the sedimentary 

and volcanic rocks o! the group (Kallio1 oski. 1953) , were collected 

sot thwest of the town of Spring ale located about 45 miles northwest 

o~ the town of Botwood . 

Spri:ngdale Group ( ? ) 

Roe s , prov·sionally assigned t:o the Springdale Group 

by M.:icLean (1947), occur about 7 miles n orthwest of Springda e, in 

the vicinity of King 0e Poi:1t neai· the southern end of Southwest Arm . 

Theee rocks occupy an area of approximately 4 square miles and are 

CO"l"lposed of weakly consolidated red beds (unit 11 , Neale, 1960) which 

include mn.roon to reddiGh brown conglomcz·ates , sandstone , and 

siltsto:ces . They rest unconfoi·mably on rocks of Ordovician age and 

were interpreted by Ne~le (.1S60) to be pos t-granitic rocks , Devonian 

c:r later in cge~ o thefr strong :reser.1.b a.nee to Mis sissippian rocks 

which outcrop about 30 miles to the west and southwest of King's Point . 

:rock 

Dia baa 'ic Rocks 

Sill lil·e masses of diabasic gabbro intrude the Ordovician 

L the Gu 1 Pond mcp - a:rca. (unit 7a, Kalliokoski , 1954) south of 
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the Sp.ringda e map -a:rea . These were mapped as the youngest known 

rods in the area a:;.d wei:e assi~ ned a Devonian age similar, to the 

S ~·ir.g n e Group . 

Devonian Rocks 

Clam Bank Group 

The only occurrence of Devonian strata in western 

Newfoundland, the Clam Bank Group , outcrops as an open syncline 

along the west side of Port au Port Peninsula. from Black Duck Brook 

to &ll7lon Cove . ':he group , "vh"ch has a thickness between l, 7 0 fee t 

(Schuchert and Dunbar, 934, p . 104) and l , 879 feet (Sullivan, l'-J40} .' 

is composed of reddish brown, poorly sorted . crossbedded sandstone ; · 

bdf and green siltntone, shale, cong omerate and fossiliferous li1:1estone . 

The relation of he g::-oup to younger and older strata · s obscure as the 

op lies beneaL the sea and the bottom rests in fault c ontact with the 

Long Point Group of Ordovici ... n age . Abundant fossil evidence in the 

l "m.estone beds suggeots that the fauna a.re best correlated with that of 

the Helde;;· berg limestone of early Devonian age (Riley , 1962 ). 

Perry Formation 

The Perry Formatio11, composed of sedimentary and 

i::.te~bedded lava .:lows, covers an a1·ca of approximately 15 square 

miles in the vie "nity cf St . Andrews, New Brunswick. Similar beds, 

whichwe-::e extensively studied by Smith and White (1 905) occur over 

an area of similnr size acroso the St . Croix River in eastern Maine 

.. n the United S~ates . 

The sedimenta17 rocks of the Perry Formation , are 

character·zed by their generally red colour . The lowermost beds. 
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wr. · c. on St . Andrews Peninsula dip gently between l 0 degrees 

and 18 degrees to the southeast, rest unconformably on Silurian 

roe! s . The ba.sal beds are of·en conglomeratic althouah near St . 

And:rewo ~ e thicke t conglomerates occu r near the middle of the 

formation . .:tudies by Smith and White (l 905) in eastern Maine show 

that rapid ateral variatio1-i ·n rock fades occurs commonly . Smith 

and \Vh 'te have d~scribed the inter bedded lava flows as purple basalts 

consisting of plagioclase in ~ine laths and augite in la1·ge ophitic plates . 

Dark recld'sh brown icJdingsite is present and magnetite is abundant . 

With he excep·~ion of the alteration of what was probably olivine to 

iddingsite the basalt. has a fresh n.ppearanc:e . There are also associated 

diabace dykes, which cut the sedimentary strata . and which may have . 

been feedei·s for the lava . The Perry Formation has been assigned an 

Upper Devonian ae;e on the basis of the plant remains described and 

discusi::ed by Smith and V!hite (1905) . 

Carbon:£ erous Rocks 

Carboniferous :rocl-s cover an area of approximately 25, OOO 

s u<:.re m ·1es in par ·s of Quebec, New Brunsw' ck, Nova Scotia , P rince 

E W;lrd Is and, and ..Jewfoundlancl . This represents about one-sixth 

of-::· e total area of the basin in which Ca· boniforous sediments were 

eposi ed. as a large part of the basin lies under the Gulf of St . Lawrence 

Gussow. 1S' 53) . Carboniferous rocks lie with pronounced angular 

t~co~1icrmi yon a basemen .. of earlier Palaeozo· c and Precambrian 

i·oc s . .- ~he Acc..:.dian revo ution during Devonian time caused considerable 

metamorphism of the underlying Palaeozoic sediments . A great number 

of :red be sequences characterize the Car boniferous rocks , which are 

composed mainly of conglomerate, sandstone. siltstone , shale, and 
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limestox1e with local occurrences of gypsum, anhydrite and rock 

salt as we l as Pennsylvanian coal seams . These sediments, which 

were deposited in an arid environment on deltas or on flood plains of 

dve.s, are ·mainly continental deposits: however. some marine 

sedi.:nents are present . An est·mate of the total thickness of the 

Carboniferous sediments dete1;mi11ed by combining formation thicknesses 

is in exc ess of 50 , OOO feet (Gussow, 1953) . 

Structurally the Mississippian rocks have suffered local 

folding and faulting . These movements were more severe towards the 

end of the Mississippian when .there was a disturbance resulting in a 

marked a.ngula:r difference between Mississ ·ppian and Pennsylvanian 

s rata . This is readily seen on the Magdalen Islands where the folde·d 

Missiosippia.n becls a:re ovedain by flat lying red sandstone of probable 

Pennsylvanian age . 

In New Brunswick the major part of the Carboniferous 

scdin"'lcnt:s are Pennsylvanian in age while the older strata, exposed at 

the so ·th.vest border of the basin which includes some volcanic rocks, 

e.::e chiefly Mississippian in age . hl places to distinguish Mississippian 

&::re.ta from Pennsy ... vanian strata i£; a difficult if not impossible task, 

due to o.n almost tota lac .. of key horizon m~.::!~ers , or that lateral 

cont~nuity ·n any p~rticula.r bed or formation can be demonstrated only 

within acme specific and s ratigraphically cohesive area (Laughlin, 1960) . 

E'or this reason strata in certain areas have been designated as 

Perrnsylvanian and/or Mississippian. Similarly the age of the red bed 

sequences of Prince Edward foland is left as Fermo-Carboniferous though 

fossils incJicating both Pennsylvanian and Permian ages have been 

identified . This is more fully discussed below under the section con­

cerned witl Permo -Cai·boniferous rocks . 
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Mississippian Rocks , 

(New B:ru:nswi.ck, Newfoundland ) 

Kennebecasis Formation 

The Kennebecasis Formation, a £1uvial or partly fluvia ­

lacustri:ne depos ·t (Alcock, 1938), crops out northeast of Saint John, 

New Brunswick w 'lere it is well developed east of and along Kennebecasis 

Bay . The beds are composed of conglomerate, sandstone, and slate 

which are buff to red in colour . The beds which in most places strike 

northeast have rnoderate dips as a rule, though locally they stand at 

steep angles and in places are even overturned . They are strikingly 

fresh as compared to those preceding them . 

Alcock (1938) hao assigned the Kennebecasis Formation to 

the Mississippic..n, probn.bly similar to the upper part of the Horton 

Series, on fossil evidence found within the beds . The beds have been 

observed by Alcock (1938) to overlie both Precambrian and Cambrian 

rocks and in turn are overlain by the Upham Formation of the Windsor 

Series. 

Codroy Group 

The Codroy Group of western Newfoundland accordantly · 

overlies the Anguille Group and it is well exposed in cliff sections in 

two a:~eas. One area lies be~ween Ship Cove and Fischells Brook. where 

all of the sc.mples but two were collected from west to noi:thwesterly 

d:?ping sti.·atn.; the other is the type section in the vicinity of Codroy 

villa3e where strata dipping to the southeast reaches a thickness of 

4, 9 OD feet (Bell. 1948 ). :Yieasurements of true thickness are subject 

to conside:-..·able error due to structural complications . 
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The lower beds of tl e Codroy Group are composed 

:.-no.inly of ma:-ine sediments rnade up of grey limestone , dolomitic 

siltstone, and t :iick gypsum. zones with associated red mudstone and 

sil;~s ·one while the upper beds are mainly non-marine which include 

red and green shales , siltstones and sandstones as well as some 

limestone . Codroy strata are incompetent and are generally more 

deformed Chan the underlying strata of the Anguillc Group . The lower 

beds o. the Codroy Group have been correlated on fos dl evidence with 

the Windsor Gi·oup of Nova Scotia while the upper beds may be equivalent 

to the lower part of the Canso Group of Nova Scotia since they' contain 

plant fo;; ;:;ils younger than those in the upper strata"o£ the Windsor 

Group (Bell, 1948). 

The Searston beds, which may exceed a thickness of 5, 00 

feet, overlie the Codroy Groui? and are very late Mississippian ·n age 

and c::.rc corr<;>lated i'n part wit':i the Canoo Group of Nova Scotia (Bell , 

1948. p.· 1 lO) . These beds concist of a succession of non-marine gritty 

and conglomerat'c sandstones as well as highly micaceous sandstones. 

and shales most 0£ which are very soft and range in colour from grey 

to brown ·o red . 

The Barachois Group , including the Searston beds (Riley, 

1962), conforn1ably overlies the Codroy Group and has similar structural 

trcndc as he other ur.dcrlying Carboniferous rocks. 1'he group consists 

of predomi!':lantly grey "nicaceoue coarse-grained sandstone, siltstone 

and becls of conglomerate as well as non-marine micaceous silty 

lime one, coal beds and silty shale (Riley, 1962). Spores taken from 

the coal horizons suggest correlation of the Barachois Group with 

Middle Pictou (Pennsylvanian) strata of .i:'.1ova Scotia (Riley. 1962). 
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Mississippian - Pen."ls ylvanian Rocks 

(Central New Brunswick, Gaspe Coast) 

pre-Pictou Rocks 

Sedimentary and volcanic rocks of pre-Pic tou Carboniferous 

age, pi·oba.bly Lace Mississippian to Early Pennsylvanian, occur in 

the . .Jo.padogan and Boiestown map -areas of central New Brunswick 

(Poole 0 1958). Here the Carboniferous rocks directly overlie , un -

coniormably, the highly cleaved Silurian sedimentary strata which are 

intensely deformed and regiono.lly metamorphosed to slate grade . 

"""he Carboniferous rocks are generally composed of c oarse - grained 

red to green undisturbed sediments which locally include bas ic v olcanic 

rocks. The basic flows lie at and within the top 40 feet of the red beds 

c.z well as directly overlying the Silurian rocks . 

Bonaventure Formation 

The Bonaventure Formation, which in places unconfo:rmably 

overlies upper Devonian strata, forms an almost continuous border 

alo;!:t the north shore of Chale "t: Day from Perce to Drapeau Quebec. 

•t a .. oo occurc in patches along the south shore of Chaleur B ay in 

New Drunswick from Dalhousie junction to near Bathurst . 

The formation is composed mainly of flat - lying shales , 

sandsto~Le.s, conglomei·e.tes, and some limestone . which a re a deep 

red to salmon pink colour . The attitude of the formation is well displayed 

by the well defh:.ed bedding of the sandstone: and shale interbeds . It is 

fi·om these fine -grained red sandstones that samp les were obtained 

along the north shore of Chaleur Ba)' . A lack of horizon markers and 

the great amount of lateral variations makes estimating the thickness 

of the formation difficult . A thkkness, however , of 6 00 feet would 
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prob::i.bly be conservative. Alcock (1 935) suggests that the Bonaventure 

Format· on is the same age as the Cannes de Roche Formation which 

h~s the i:::ame general lithology and relation to the older formations . 

The Cannes de Roche .Formation is dated as Late Mississippian or 

Pennsylvanial'l age by Bell who examined fossil material collected by 

himself and Alcock. 

Pennsylvanian Rocks 

(New Brunswick) 

Bci.thurot Formation 

Alcock ( l ')35) has ilssigned the Bathurst Formation to the 

Penn:Jylvanian as it grades gr~da.tionn.lly up into the plant bearing 

str ta of the Cli ton Formation which is dated as Upper Westphalian 

age (Pennsy vanian) . He has separated these beds from the Bonaventure 

7 o:;..·mation, with which they were correlated by both Logan (1363) and 

Ells ( 88 ) on their physical aspect as well as confol.·mability, which 

io less conglomerat"c and less brilliant in colour than the Bonaventure 

Formation vhich crops out to the north and west . The Bathurst Formation 

co. sists of dominantly reddish colou:..·ed shales, sandstones , and con­

glomerates . Many of the sandstones contain much calcite in the form 

of :reddish grains and plate-like masses enclosing grains of sand . They 

crop out - long the Nepisiguit River where the base , resting on Devonian 

granite. is well exposed south of Bathurst , New Brunswick and east to 

the Bass River . For the most part the beds which have a maximum 

thickneos of 125 feet lie horizontal but dips up to l 0 degrees , with no 

signs of faulting, have been observed . 
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Permo Carboniferous Rocks 

(Prfoce Edwar d Island ) 

The discovery of Upper Carboniferous plants by Lyell 

in UH5 and by Gesner in 13 .. 17 on Gov ernor Is land led to the firs t 

definite age for the rocks of the Island . Dawson (1871) attempted t o 

divide the strata into two periods the Uppe r Carboniferous and t he 

Triassic, the latter based on the discove r y of a fossil dinosaur 

Bnthygna.tus Borealis at New London near the north coast of the 

Island . Work since then has revealed that this discovery was not a 

Triassic dinosaur but a very early pelycosaur of Permian affinity. 

Pi·est (·l96Z) reports that more· recently, plant mic~ofossils taken 

from a bore hole at a depth of 1, 730 feet near Wellington indicate a 

Stephanian age :for the red beds while similar studies on rocks from 

Governor Island near Charlottetown indicate a Middle or Upper 

Pictou (vVestphalian) age . The lower part of the red bed sequence· 

is therefore Pennsylvanian age (Prest, 1962) . A Permian age waa 

suggested by Holden (1913) based on plant remains and impressions 

from the south shore between Surnmerside and Charlottetown . Plant 

ioos'ls, however, collected by Prest from the same areas a nd 

identified at the Geolgocial Survey of Canada did not yield a d iagnostic 

?ermiun flo1·a . 

Langstrom of the National Museum of Canada collected 

vertebrate fossils from east of Malpeque Bay during 196 0 and 1961, 

the aspect of which as now known has a distinctly lower Permian 

character (Prest, 1962). Prest (1962) suggests that on the ba sis of 

this evidence and the absence of any distinc t lithological break, the 

red beds of Prince Edward Island be referre d to as Permo-CarboLi!erous 

as originally suggested by Ells ( 1884 ). 
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There is little variation in the general appearance of 

the _odes forming the Island . In general they are composed of a 

number of soft bedded weakly cemented red to brown sandstones , 

siltstones , shales, an occasional horizon of conglomerate, and very 

minor horizons of grey to green strata. Upon close examination of 

the bedding planes in the cliff exposures it is evident that their 

co:1tinuity is sadly lacking and that large scale low angle crossbedding 

is generally common in the coarser sandstones . It is generally agreed 

(Frankel, 1960; Crowl, l 960a , 1960b) that the rocks forming the Island 

a:i.-e of terrestrial origin and probably i·epresent part of a complex of 

coc.lcscing alluvial fans formed by slow moving streams over large 

de"tus or alluvial fans . 

Inadequate outcrops inland combined with the inability to 

meaoure relia.ble strikes and dips due to the lenticular nature of the 

strata in coastal exposures tend to obscure the true structure of the 

Island . Folding , if present, is very gentle as the more persistent 

beds lie close to the horizontal in most instances and the exact 

positioning of :fold axes is quite difficult . The steepest dip measured 

was 17 dcg:tees with an average dip of 6 degrees obtained from all 

t 1e samples collected across the Island . 

Triassic Rocks 

In the Appalachian region the youngest consolidated rocks 

are of Triassic age and occur in the Bay of Fundy region. These 

posto:rogenic rocks are cont,.nuously distributed in Nova Scotia along 

the southea.; ... shore of the Bay of Fundy and around the shore of Minas 

Basin. 'Their occurrence has been noted in New Brunswick scattered 

I 
along the northwest shore of the Bay of Fundy and on Grand Manan 

Island ., They are composed mainly of sedimentary rocks which are 

continental elastic depos its consisting of inte1·bedded red conglomerate, 

sandstone , siltstone and claystone. Sedimentation was disrupted twice, 
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locally by the intrusion of the McKay Head Basalt and completely 

by the Torth Mountain Basalt (Klien, 1962 ) which extends without 

interruption for about 130 miles along the southeast coast of the . 

Bay of Fundy. These flows, probably fissure eruptions, occurred 

toward the close of the period of deposition. 

North Mountain Basalt 

The North Mountain Basalt is a thick sequence of basalt 

and dolerite under ying the North Mountain physiograpbic province. 

It conformably overlies the Late Triassic Blomindon Formation and 

in turn ·s overlain by he Late Triassic Scots Bay Formation (Klein, 

1962) . It has a thickness of 875 feet and is composed of 16 basalt 

and dolerite flows at the type section in Kings County, Nova Scotia. 

The basal flows consist of dolerite with macrog abb1n:>~:c layers while 

the upper flows <ire chiefly amygdaloidal. 

Petrographic study by Klein (1962.) showed that these 

volcanic rocks are tholeiitic as olivine iEJ almost totally absent. They 

are composed chiefly of plagioclase feldspar (labradorite), augite, 

pigeonite, and a s-na.11 quanti y of brown glass . Where alteration has 

occurred the plagioclase has been saussuritized while hornblende has 

formed at a late magmatic stage at the expense of pyroxene . The 

major accessory minerals are magnetite , chromite, and zeolite . 
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Field Work 

Oriented samples were collected from rocks ranging from Pr~ 

cambrian to Mesozoic aee from the Atlantic provinces as well as the 

Gaspe coast of Quebec (see Fig. l). 'lhe program was first initiated 

in the summer of 1958 when the author accompanied Dr. P.M. DuBois to 

the Gaspe coast, New Brunswick and Nova Scotia. During 1960 the 

author, assisted by Mr. J. Kirwan, collected from ma.ny coastal and 

inland sites on Prince Edward Island. 'lhe 1961-62 field season.s were 

spent collecting from various localities i~ ~ewfoundland representing 

as many geological periods as were available or amenable 'to the palaeo­

ma.gnetic method . Much assistance was given in the field by Mr. G.N, Freda 

of the Geological Survey of Canada who accompanied the author on both 

tr.i. ps to Newfoundland. 

Collection of Samoles 

Tne first step in the collecting of oriented samples consisted 

in marking on a flat surface an horizontal reference arrow with the aid 

o~ a straight edged pocket level and a china crayon. 'Iha flat surface 

was usually a smooth joint face on igneous rock samples or a smooth 

bedding plane in the case of sedimentary strata. However, where bedding 

planes were difficult to establish accurately a joint face was chosen 

as the reference surf ace and the approximate strike and dip in the near 

vicinity was recorded. The azimuth of the reference arrow was recorded 

in degrees east of true north with either a Brunton compass or a solar 

compass for sedimentary and igneous rocks respectively. 'Iha solar 

compass was generally used in the collection of igneous rocks in ul'"der 

to eliminate possible deflection of the compass needle as a result of 

bringing it close to a magnetically disturbed area. When these rocks 

\'Iere collected during cloudy weather or in the shade of trees or 

cliffs, the azimuth of the arrow was detennined with a Brunton compass 

held several feet above the sample to minimize as much as possible the 
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action of the rock on the compass needle . lhe reference arrow on the 

sample was then sighted. The inclination of the reference aurf'ace was 

determined with the clinometer of the Brunton compass. lhe orientation 

arrow and other identification marks on the sample were suitably 

protected by spraying the surface with a clear plastic coating. At 

each collection site it was standard practice to collect two samples 

at relatively close points on a stratigraphic horizon. This allowed 

a means of detecting gross experimental error in the collection or 

preparation of the samples and the degree of magnetic instability of 

the samples. Omissions to this practice were necessary when sedimentary 

rocks had thin and/or irregular bedding, and inhomogeneous texture. 

As a study of the variation of the earth's geomagnetic field 

through part of geological history was the prime purpose of this 

investigation an attempt was made to collect a number of samples through 

the maxi.mum thickness exposed. lhe results for the formation would 

then not be affected by short period variations or the non dipole 

components of the earth's magnetic field. 

Laboratory Work 

Sampl e Prepar ation 

Only brief mention will be made here of the methods and 

equipment used in the preparation and measurement of the magnetization 

directions of oriented rock specimens as these methods have been tu1.ly 

described elsewhere in the literature. 

A 1-inch slab, parallel to the reference arrow and at right 

angles to the reference surf ace, was sliced with a diamond blade from 

each sample. From this slab two 1-inch cubes were cut and a reference 

arrow in line with the arrow on the sample was drawn on the cube 

surface. 
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Mametization Measurements 

The magnetization of the sedimentary rocks and some of the 

least magnetized igneous rocks was determined with a sensitive Blackett 

type a.static magnetometer. 'Ihis instrument was built by Mr. J ~ Roy 

(1963), and put at the disposal of the writer by the Dominion Observatories 

Branch. For measuring each of the three components of magnetization a 

given specimen was kept at a constant distance below the magnet system 

axis and made to assume 24 different positions successively. A descrip­

tion of the procedure followed was described by DuBois (1962). By 

repeated measurement the precision of the angular measurements determining 

the components of magnetization of a specimen is appzuximately 2 degrees, 

A number of the more intensely magnetized igneous rock specimens were 

measured in a motor drive spinner-type magnetometer. A description of 

this instrument and of the procedure followed in measuring magnetization 

vectors has been given by Lazuchelle (1962). Specimens with intensities 

of magnetization of io-4 emu cm-3 can be measured with this magnetometer, 

while intensities as low as 10-6 emu cm-3 can be resolved with the 

astotic magnetometer. A test of the accuracy of these two instruments 

was carried out periodically by taking a number of comparative measure-

ments using cubes that had intensities of magnetization in the measuring 

range of either instrument. No significant differences were observed in 

the measured directions. 

't::i.rmetig Clenning 

The natural remanent magnetization (NIM) directions obtained 

on some of the formations studied have been found to be rather dispersed 

and inconsistent. The inconsistency often reflects the presence of one 

or more secondary components of magnetization superimposed on an initial 

stable magnetization. 'lhese secondary components may or may not be 

parallel and their respective stability may differ. Secondary components 

may be acquired by lightening strokes in which case the rook becomes 
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rrw.gnetized anhysteritically. Isothermal or viscous remanence may also 

be acquired as a result of the earth's field acting on the rock since 

its initial magnetization. As the direction of the NIM measured in a 

specimen is the vector sum or the components present it is imperative 

in palaeomagnetic work to detect and eliminate if possible these 

secondary components. If these seconda?'1 components can be successf"ul.ly 

re.moved then the direction of the earth's magnetic field at the time 

the rocks were formed can be determined. When the secondary magnetization 

is the result of chemical alteration of part or all of the minerals forrni.ng 

the rock at a time when the earth's field was aligned significantly 

different from that when the rock was initially magnetized there is little 

or no chance to successfully remove it from the initial magnetization• 

Fortunately many rocks bear unstable secondary magnetizations which can 

be effectively destroyed by either of two methods, namely altexnating 

field and thermal demagnetization. 

Efforts to remove unstable components of magnetization were 

confined chiefly to the altexnating field demagnetizing method with the 

exception being the thermal treatment given the Ordovician Wabana iron 

ore samples. 

The apparatus used was built and described by Larochelle (195B). 

Tne specimen is placed at the centre of a coil capable of producing an 

altexnating magnetic field of approximately JOO oersteds peak field. 

Cancellation of any steady magnetic field in the vicinity of the specimen 

is achieved by a system of two naturally perpendicular Helmholtz coils, 

the axis of one of the coils being horizontal and oriented in a N-S 

direction, through which appropriate currents are circulated to produce 

a restricted space free of any magnetic field. 'Ille amplitude of the 

alternating field is slowly reduced to zero by slow removal of the coil 

away from the specimen. To ensure uniform demagnetization throughout 

the specimen it is necessary to treat each specimen about at least three 

mutually perpendicular axes. 'Dlis procedure is hereafter referred to as 

magnetic cleaning (As, Zigderveld, 1958). 
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In order to save time one cube from each sample was 

ma.enetically cleaned and it~ magnetization again determined, If its 

di rection varied by more than 5 degrees then the secondcube was cleaned 

in the same demagnetizing field. The specimens were submitted to 

alternatine fields of increasing maximum amplitude until no significant 

change occurred in the magnetization direction or until a maximum peak 

field of )00 oersteds had been applied. 

Thermal treatment involved heating the specimens in a non 

magnetic oven in a null field to various temperatures up to 850°c and 

then allowed to cool to room temperature before measurement. The 
I 

; 

apparatus was built and described by Robertson (1964). 

Processing of Data 

The direction of magnetization for a specimen is defined by 

the letters D and I, D being the declination measured in degrees east 

of geographic north; I, the inclination, which is by convention positive 

in the downward direction and negative in the upward direction. An 

average direction of magnetization has been computed for each sample 

(sine-cosine method or graphical) from the results obtained from the 

two specimens cut from it and a. mean direction of magnetization for 

each formation or group has been computed with the results of each 

sample given unit weight . The statistical pa·rameters computed for 

the formations or groups sampled are the usual CY, k, R, and N as 

defined by Fisher (1953); a is the radius of the circle of confidence 

calculated at the 95 per cent level of probability; k represents a 

measure of dispersion or precision with high values indicating a close 

grouping about the mean; R is the resultant vector for N samples . 'Iha 

circle of con ide.nce about the mean vector ia represented graphically 

as a solid line circle of the lower hemisphere or as a broken line 

circle on the upper hemisphere of the stereographic projection. 
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The mean direction of magnetization for a group of stably 

magnetized samples reflects the attitude of the earth's magnetic field 

at the collection locality at the time the -rocks were magnetized; and 

if this stable magnetization is primary then the field at the time the 

rock was found is described. If the mean direction of magnetization 

is determined for a sufficient thickness of rock, the elapsed length 

of time is sufficient to rennve secular variation, ·it then may be 

assumed that the magnetic field that produced this mean direction is 

the product of a dipole. By use of the dipole fonnula it is then 

possible to compute, from the mean direction of magnetization for a 
) 

group or formation and its collecting site coordinates, the geographic 

coordinates or pole position of the geomagnetic pole produced by the 

assu.rned dipole. '!he quantities d ~ and d x are the semi-axes of the 

elliptical area of confidence around the pole at a probability of 95 

per cent, d * is the colatitude direction and d x perpendicular to it. 

As the calculation of the pole position assumes only that the field 

directions are produced by a dipole and not necessarily as axial 

geocentric one the poles are referred to as virtual geomagnetic poles 

as described by Cox and Doell (1960). 

The directions of magnetization for each sample have been 

corrected for the strike and dip of the sample so as to ref er them to 

a common orientation. The choice of the reference plane is dependent 

on the structural and magnetic history of the formation samples. When 

the measurements indicate primary magnetization o~ly, the direction of 

magnetization of a sample collected from titled sedimentary or volcanic 

rocks is corrected for the measured dip to restore the magnetic vectors 

to an acGu.rned horizontal position at the time of formation. Hereafter 

this is ref erred to as corrected for tilt of beds. Samples collected 

from intrusion or dyke rocks have their magnetization corrected to a 

present day horizontal plane passing through the mass unless structural 

,, 
,:,•. 
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evidence is available from nearby strata which indicates that the 

body has been tilted. 'Ihis reference plane is also used for tilted 

sedimentary and volcanic rocks that have been stably magnetized after 

deformation occurred and have not suffered subsequent deformation. 

Hereafter where this is applicable the magnetic vectors are described 

as before correction for tilt of the beds . 

Presentation of Data 

The palaeornagnetic results are presented, in order of the 

oldest (Froterozoic) to the youngest (Mesozoic) rocks sampled and 
J 

follow the same format used in outlining the geology of the areas 

samples . Table I is a summary of the basic palaeornagnetic data 

obtained for the various formations or groups sampled. Directions 

of rnaenetization for each sample as well as the mean coordinates of 

the collection locality are listed in the appendix by formations or 

groups . Stereographic projections have been used exclusively for 

illustrating the directions of magnetization and Fisher statistics 

obtained for each formation or group sampled. 

Criteria for Rejecting Data 

Samples with remanent magnetization moments that were too 

low to accurately measure have been included with the rejected 

samples. Also when the measured remanent magnetization directions 

obtained from two specimens from the same sample disagreed by more 

than 25 degrees the r esult for that sample was rejected and classed 

as internally inconsistent. 
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Palaeomagnetio Data 

Procambrian Rocks 

Harbour Main Group 

Sixtoon sa~ples of fine to coarse-grained red sandstone were 

collected from def ormcd strata of the Harbour Hain Group around the 

southern end of Conception Bay in the Ho~ood map-area. The results 

for nin0 coarse-grained samples were rejected due to internal inconsis-

tency in the measured directions , possibly as a result of tho coarse 

nature of the dotritalconstituents. The romainine seven samples, whose 

natural remunent magnetization ( NP..i:i) directions are plotted in Fi e;ure 2 , 

were collected from fino-e;rainod dense red sandstone reprosenting ·a 

stratigraphic interval of 35 feet near Ballyhack Point , have a specimen 

to specimen agreement of loss than 5 degrees . The effect of mac;notic 

cleaning on these sa~ples in alt~rnating fields up to JOO oersteds 

(pe;.ik value) was not significant with little or no ch.::mee or improve-

rr.ent in t1e NR~ directions of magnetization or Fisher statistics 

respectivEily. The NRM of these samples seams to be pradeformational 

as indicated by the do':<rease in the k and CY• statistics \olhen the results 

are corrected for tilt of the strata . These are given in Table II. 

Tabla II 

NRM Directions for the Harbour Main Group 

Treat.'Tlont D I N C<' k R 

Corrected for tilt 308.1 +48 .0 7 l'.,3.4 21. 3 6 .7186 

Before Cor.ection for tilt 110 • .5 +79.5 7 28.2 .5 .5 5.9142 

Conception Group 

A total of 12 samples of dense red to purple slaty siltstone 

wore collected from two· localities; one near Calvert on the east coast 
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I 

of the Avalon .Peninsula, the other at the southwest end of Conception 

Bay between Bay Roberts and Holyrood. A well developed cleavage was 

present in the beds from which the sa.-nples were collected. Figures 3A 

and JB arc plots of the NRM and stable directions of magnetization for 

the two localitios combined . The rosults ara given in Table III . 

Table III 

Nlli'1 and Stable Directions of Maenetization for the 

Conception Group, CorrGcted and Before Correction 

for Tilt of the Eeds 

Treatment D I N (ii k 

NFi""t ' Corr . for Tilt 173.0 +J0.8 12 16 . 9 ' 7 .5 

Stable , Corr. for Tilt 172.9 +J4.9 12 25 .1 4 . 0 

NRM Deforo Corr. for Tilt 167.8 +33.1 l2 19. 8 .5 . 8 

Stable 11 II II II 177.5 +46 . 9 12 26 .6 J .6 

(Insert Figura 3A and B) 

R 

l0.5L~l9 

9.2185 

10.0965 

8.9?35 

---.As sc;ien in Table III tho mean directionsof magnetization 

were not significantly altered by magnetic cleaning in alternating 

fields of JOO oc~rsteds (peak value). Tho precision parameter of 

tho naturn;L remanent magnetization grouping (k = 7.5, O:' = 16.9) 

corrected for tilt of the beds was not improved with cleaning 

(k = 4.0, a = 25 .1). Regardless of whether or not correction is 

made for tilt of the beds the mean directions of magnetization are 

quite different t~n the present field directions. The development 

of the sln.ty cleav~e durinc defor:nntion may possibly have altered 

the HR.:·1 directions and produced the wide scattor of the vectors 

plotted on Figure JA and B. 



Cabot Group 

Signal Hill Formation 

Twenty samples were collected from the hard massive beds 

of medium to fine-grained red to reddish bro\'IT} sandstone from the 

middle and upper members of the formation from the vicinity of Flat-

rock, Signal Hill , and Petty Harbour . Magnetic cleaning in alternating 

fields up to JOO oers tods (peak value) had little significant effect 

on the directions of the majority of the magnetic vectors . The results 

for three s amples from coarser sandstone were r e jected from the analysis 

because of internal inconsistency. The stable directions of magnetiza-

tion of the remaining 17 samples corrected and before correction for 
and their mean directions listed in Table IV . 

tilt of the beds are plotted on Figure 4/. The mean dj_rections of both 

presentations are significantly different than the present field 

direction . As seen in Table IV, by a comparison of k's , little improve-

m<mt of tho grouping of the magnetic vectors is achieved by not. correct-

ing for tilt of the beds . This sugeests that the macnetization of the 

formation is not post deformational . 

Table IV 

Stable Mean Directions of Yiagnetization for the 

Signal Hill Formation, Corrected and Before 
Correction f or 1~lt of the Beds 

Treatment D I N Q' k 

Corr . for tilt 149.5 +J9.4 17 13. 2 8.3 

Before Corr . for tilt 193 .0 +56 .8 17 lJ . 8 7.7 

Blackhead Formation 

R 

15 .0695 

14.9181 

Nine samples of unweathered fine-grained red arkosic sand-

stone were collected from the vicinity of Blackhead and Petty Harbour, 
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about six miles south of the city of St. John's . Eight samples were 

taken through a stratigraphic interval of about 200 feet of the lower 

member of the formation and one sample from the upper member . 

The NRM of these nine samples was not significantly altered 

by magnetic cleaning in alternating fields up to 300 oorsteds (peak 

value) . As seen in Figure 5, a sterographic projection of the results 

for the nine samplos corrected and before correction for tilt of the 

beds , and from the results given in Tabla V, the scatter of the 

directions are much lass when the bedding planes are used as the 

reference plane (k = 18 .0, a = 12. 5) as opposed to a horizontal 

plane through the tilted beds (k = 8.0 , ~ = 19.4). This indicates 

that the maenetization of the Blackhead Formation is predeformational . 

Table V 

NRM Moan Directions of Magnetization for the 

Blackhead Formation , Corrected and Before Correction 
for Tilt of the Beds 

Treatment D I N :Q' k 

Nm1 Corr. for Tilt . 61.7 +.51+ .8 9 12.5 18.0 -
NPJ<I Before Corr. for Tilt 43.5 +79°9 9 19.4 8.0 

Hodgewater Group 

R 

8.5550 

8.0006 

Fifteon samples were collected from the Whiteway and Snows 

Pond Formations which are tentatively correlated on the basis of their 

simil.:lr li thologies w""i th parts of the Signal Hill and Blackhead Forma-

tions of the Cabot Group . In the Harbour Grace map-nrea , 4 miles south-

west of Clarkes Beach. nine samples of red siltstone and sandstone were 

collected tm,.ough a stratigraphic interval of 100 feat of tha Whiteway 

For.nation which has a maximum and consistent thickness of 335 feat 
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(Hutchins on 1953). ' In thin section the detrital constituents , which 

are quite an._c:;u.lar , but fairly well sorted , are mainl\y" quartz with some 

feldspar . magnetite , and biotite \Jith an argillaceous matriX stained 

red due to ooma ti to and to which· the rock owes i ta colour • In addition ,· 

six scimplos were t.'.lken from red siltstones , com~rising Division 10 , a 

lower part of the Snows Pond Formation and estimated by McCartney (1957 ) 

to be 1,100 feet thick, located near Greens Harbour on the eastern shore 

of Trinity Day in t he Dildo map- area . The samples from the Whiteway 

and Snows Pond Formations have been combined to describe the Hodgowater 

Group , rather t11an t he individual units sampled , as onl\y" .9 of t he 15 

sa.~ples had measurable ma::;netization . 

The NRM and stable dir ections of magnetization for the nine 

samples corrected and before correction for tilt of the beds arc shown 

on Figure 6, A and B respectively with their mean directions and Fisher 

statistics given in Table VI. As seen from t hese the ~1 grouping which 

was quite scattered (k = 5 .5,ot. = 24 .1) was much improved (k::;;: 16 .2, 

<Y. = 13.2) by magnetic cleaning in alternating fields up to 300 oerstcds 

(peak value) for the case where the results ware calculated with respect 

to a horizontal plane through the tilted beds (before correction for 

tilt) . The magnetization of the beds appears to be post-deformational 

as seem from a comparis on of the precision parameters (k = 16 .2 , ot = lJ.2) 

for a horizontal reference plane through the tilted beds as compared to 

the precision para.11eters (k = 11.l, ot. = 16 . 2) for the strata restored 

to a horizontal position . 
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Table VI 

Nill1 and Stable Mean Directions of Magnetization 

for the Hodgowater Group , Before and 

After Correction for Tilt of tho Beds 

Treatment D I N Cl' k 

NRM before corr . for tilt 129. 4 +22. 6 9 24.1 5.5 

St<.1ble before corr. for tilt 166.7 -28.2 9 13.2 16 . 2 

NlliV. corr. for tilt 
' 

156 .7 +59.l 9 33 .6 3.3 
( . 

Stable corr. for tilt 158.l - .5 . 4 9 16.2 11.1 
) 

; 

Cambrian Rocks 

Lower Cambrian Rocks 

Ratcliffe Brook Formation 

R 

7.5528 

8 . 5064 

6.5807 

8 . 2780 

, l 

Fourteen s amples of dark purplish rod, fine-grained, rr1icaeous 

sandstones were collected through a stratigraphical interval of 1,000 feot 

from the Ratcliffe Brook Formation northwezt of St . John, New Brunswick. 

The samples were talmn from a section, where the strata dip up to 50 

degrees. exposed along Hanford Drook . The NRM and stable mean direction 

of magnetization after alternating field treatment at 300 oersteds 

(peak value) are given in Table VII and plotted on Figure 7. 'I\-Io 

samples wore rejected due to internal inconsistency . As seen :in Figure 7 

the moan direction after t."t"eatment is not significantly different from 

that of the NRM results and is nearly 180 degrees away from the preser.t 

earth's field direction at the collection locality . 
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Table VII 

NR"1 and Stable Mean Directions of MaGnet1zation 

for the Ratcliffe Brook Formation , 

Corrected for Tilt of Beds 

Treatment D I N s R ~ 

J\TRH 

Stable 

175.6 +58 .7 12 24 10.739 
\ 

168 .l +53 .. 2 12 24 10 .843 

Lower Ca.rnbrian of the Conception Bay 

Area , Avalon Peninsula 

1_5.6 

14.9 

k 

8.7 

9.5 

Eight samples were collected from rod shale and limestone, 

which dip gontly to the northwest and outcrop along Kelligrews River 

and in the vicinity of Duffs , along the southeast coast of Conception 

Bay. 

figure 8 is a plot of the stable directions of magnetization 

of the eight sa~ples , both before and after correction for tilt of the 

beds . Maenetic cleaning in alternatine fields of JOO oersteds (peak 

value ) had the effect of increasing the declination (D) and decreasing 

the inc:i.ination (I) by approximately 10 degrees respectively . A 

comparison of the statistics (k, a ) listed in Table VIII indicates 

a decrease in the scatter of the vectors when it is assumed that their 

ma~notization has occurred since the beds have undergone tilting. 

Further discussion as to the time of maenotization of these Lower Cambrian 

beds is given under the section •Interprotation Data '. 



- 41 -

Table VIII 

Stable Mean Directions of Magnetization for Lower 

Cambrian Rocks of the Avalon Peninsula, Before 

and After Correction for Tilt of the Beds 

Treatment D I N s .. O' k 

Before correction 29. 2 +J7.8 8 l6 8.4 44.2 

After correction 19.9 +32.1 8 16 9.7 JJ.O 

l 

Labrador Series, Bradoro Formation 

Highlands of St . John 

R 

7.842 

7.788 

j 

~· Twelve samples of unweathered fine-grained reel to brown1.sh 

r ed sandstone were collected through a 50 foot section of the Dradore 

Formation exposed· on the face of South Summit in the canyon of French-

man's Brook on the northwest coast of Newfoundland. Figure 9A is a 

stereographic projection of the N.Ri~ and stable directions of magnetization 

of ll and 10 sa~ples respectively. Ono sample had a maenetization too 

weak to measure accurately while another became internally inconsistent 

after magnetic cleaning in an alternating field of JOO oersteds (peak 

value ). Ma~netic clenning increased the scatter of the magnetic vectors; 

however , the mean direction of mac;netization for the group was not 

appreciably altered. Statistics describing the NRM and stable directions 

of maenetization are given in 'l'ablo IX. 

Southoast Coast of Labrador 

Thirty-four samples of medium to coarse- grained continental 

reddish arkose and sandstone were collected from the lower 150 feet 
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of strata of the Bradore Formation exposed in sea cliffs between Blanc 

Sablon, C.'uebec , and Anse aux Morts·, Labrador. Figure 10 is a plot of 

the stable directions of magnetization not corrected for tilt of the 

beds, that is computed with respect to a horizontal plane through the 

tilted strata as required when the magnetization is secondary and post 

deformational. :1agnetic cleaning of the samples had little effect on 

t he mean direction of magnetization for the group. Table I X lists the 

statistics for the NR.i~ and ' stable directions of magnetization obtained 

for 31 and 28 samples respectively. Six samples wero rejected due to 

in.ternal inconsistency, three each after the NR..111 and stable results 

were obtained • 

The mean direction 

I 

I 
of magnetilza tion 

! 
i 

') 

of the treated samples 

is significantly different from that obt:llned for the same formation 
r 

s ampled in the Hi ghlands of .st . John , and is close to the earth 1s 

present field direction (see Fig . 93) . This suggests that the magnetiza-

tion within this part of the Bradore Formation is secondary. 

Thin sections of selected samples from the Highlands of St . 

John show abundant detrital iron oxide , quartz and feldspar grains 

surrounded by a siliceous-matrix, whereas Labrador specimen show few 

detrital iron_o::id.de grains, with quartz and feldspar grains enclosed 

by a hematito rich matrix . The s ection of the Braciore Formation 

sampl ed in L~brador i s stratigraphically lower than that in the 

Hi ghl ands of St. John and is composed of much coarse-grained sand-

stone and pebble conglomerate . It, therefore , may have greater porosity 

t han t hat part of the section sampled in the Highlands of St . John which 

would allow solutions freer mobility witb the result that the detrital 

iron oxide minerals have been oxidized to hematita. 
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Table IX 

Summary of the NRM and Stable Directions of 

Magnetization and Fisher Statistics for the Bradore 

Formation, Northwest 11ewfoundland and coast of Labrador 

Location Treatment D I I N s R Q' k 

Northwest NRM 140~9 +s5.5 11 22 10 . 8517 5.6 67.4 

Newfoundland Stable 151. 2 +44'.5 10 20 9.6716 9.4 27.4 

Coast of :NRM 17.3 +74.6 Jl 62 27 .5253 9.3 8. 6 

Labrador Stable 21.5 
•• -f 

+72.3 28 .56 25.5884 8.5 11.2 

) 

Middle Cambrian Rocks 

March Point Formation 

Remarks 

Corrected 

for tilt 
of beds 

No.t cor-

rected for 
tilt of beds . 

Seventeen samples of fine-crained rod to pink sandstone, some 

of which aro variegated red and white due possibly to deoxidation, were 

collected from 350 feot of strnta comprising the lower part of the 1farch 

Point Formation exposed between J)oGrau and Xarch's Point, a distance 

of about 2 miles, on the Port au . Port Peninsula, Newfoundland. 

Figure 10 is a plot of the NR."1 results for 15 of the 17 samples 

with their directions of magnetization corrected and before correction for 

tho existing tilt of the strata. The first infers that the magnetic 

vectors represent magnetization directions originating when the beds were 

in a horizontal position . while the second implies that the magnetization 

directions are post dei'ormational. The directions of magnetization apfears 

to be in two groups . Group one composed of nine samples plots near the 

present earth's field direction, while group two composed of six samples 

is about 180 degrees different. Samples of both groups have stablo 

directions of magnetization in alternating fields up to JOO oersteds 

., 

~-~-~--=---,,.,.....,-,...~~~"":""""'"'."'".,.,,....._.....,..,."l:"""i~~="!"'."."~'!T!""'!""!'."'""""-"'~"""""~~~~~~~~~~7"'""~'"r."l!:!flfi 
·;f:'J 
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(peak value) . Two samplos were rejected as. they had natural remanent 

magnetizations too weak to measure . Thin section study on samples from 

both groups reveals no significant difference in the composition of the 

detritus and cementing agents . Both groups are composed mainly of a 

quartzose sandstone with a homatita bearing siliceous cement . 

Table X gives the mean NRM direction and Fisher statistics . 

for each group before and after correction for tilt of the bedding . 

As seen in Fic:ure 10 the magnetic vectors of Group l, before correction 

for tilt of the strata , have a steeper inclination of maenetization and 

plot ne ar the present earth's field direction . The precision paraMeter 

f or t he NRM of Group 1. (k = 20.4 , . a= 11.7) did not alter appreciably 

when corrected for tilt of the beds (k = 19.4, a= 12.0). Group II , 

however had a decrease in the procision _parameter (k = 18 .7, a= l~ . 9 

to k . = 10 . 6, a= 21.5) when correction for tilt of the beds was made 

which suGgests t hat t he magnetization has occurred since the beds were 

folded. The position of t he magnetic vectors of Group I, near the present 

field direction indicates that they were magnetized considerably after 

t hose of Group II. Both groups appear to have a stable post deformational 

secondary magnetization but not of the same age . Further discussion as 

t o t ho age o~ the magnetization is given under the section •Interpretation of 

Dat a Results 1. 

I 

I 

II 

II 

Table X 

Mean NR.~ Direct ions and Fisher Statistics of the 

March Point Formation, Before and After 

Correction for Tilt of the Beds 

Group No. D I N s Q' k 

Before Correction 355 .4 +73.6 9 
i 18 11.7 20 .4 I 

Aft er Correction '.341.1 . +54.3 9 18 12.0 19.4 
Before Correction 185 .5 .i,67 .0 6 12 15 .9 18 ._7 

After Correction 183.3 +60.7 6 12 21.5 10 .. 6 

R 

8 .6082 

8.5872 
I 

5.7329 
5 .5301 
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Ordovician Rocks. Newfoundland 

Lower Ordovician Rocks 

Doll Island and Wa.bana Groups 

A total of 47 samples w•a::s : collected from the Lower• Middle • 

and Upper beds of the oolitic homatite located on the property of the 

Dominion Steel and Coal Corporation, Bell Island , Newfoundln.nd . Thirty-

three samples wore taken from surf ace and underground exposures of the 

Lower bed while 4 nnd 10 samples were taken respecti vely from nurface 

exposures of t he Hiddle and Upper bods . The Lower bed , which is 10 to 

JO feet thick and 240 feet below the Middle bed , occurs in the upper 
I 

part of the. Dell Island Group . The Middle and Upper beds which are 

separated by about 50 feet of strata , are 6 to lJ feet thick and occur 

in tba Wabana Group . 

Three samples collectod from the Upper bed had mae;netizations 

too weak to measure accurately. The directions of magnetization of the 

remaining 44 samples were not significantly ruf.'fected by alternating 

fields up to .JOO oersteds (peak value). The mean directions of 

magnetization for the three beds calculated from tho NR.M results as 

well as a co:nbined mean direction of mar,netization are given in 'l'able XI. 

Table XI 

Hean NRM Directions and Fisher Statistics for Lower . 

Middle , and Upper Ore Beds of Bell Island and 

Wabana Groups , Corrected for Tilt of the Beds 

Bod D I N s R Q' 

Upper 5 . 9 +25 .0 7 14 6.5465 17 .2 

1 iddle 8 . 2 +17 . 9 4 8 3.8162 23 .4 

lower 9 . 8 +10 .2 33 66 31.7502 5.0 

Combinod1 8 .0 +17.7 - - - 11.6 

Combined2 9.1 +13.2 44 88 41.9078 4 . 9 

1) Each bed assi~ned unit weight. 
2) Each sample assigned unit weight. 

k 

lJ. 2 

16.3 

25 .6 I 

n3.5 
20 .6 
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Fie,ure ill is a plot of tha NRM directions' of magnetization 

of the ~ samples from the three beds as well as '··a mean direction of ' 

magnetization for the three beds based on unit weight per sample. 

The directions of magnetization obtained :for the Waba."'la 

sample::> are not similar to those obtained for other Ordovici an rocks 

from Newfoundland as shown in Figures 12 and 13 . The virtua l pole 

positions based on the mean directions of magnetization listed in 

Table XI have latitudes in the order of 30 degrees higher than those 

for the St . George Group and Spoon Cove Formation and approximate North 

Am0rican Permio.n poles (seo Table XVII) . This indicates that the 
) 

natural r emanent magnetization of tae bed does not represent the earth 's 

magnetic field direction during Ordovician time . 

To be certain that the directions of magnetization obtained 

for the Habana iron ore sa.'llples truly represents the direction at the 

timo of mag~1otization of the ore bGds and not that of a strong viscous 

component of mo.gnotization , which was not removed by magnetic c leaning , 

further tests of stability were undertaken on 12 representative specimens . 

Those specimens were progressively heated in a non magne tic oven in a 

space free of magnetic fields and the directions of magnetization ~dterrnined 

after each heat treatment. F'our of the samples had their NRM directions 

reproduced up to 605 degrees C, while the directions of magnetization 

of t he r emainder became randon at 405 degrees C. Seven of the specimens 

were then heated to about 850 det;rces C, .qnd cooled in a lmown magnetic 

field; three were placed with the maE;netizing :field normal to the bedding 

planes and :four with the field parallel to the bedding planes . In all 

cases the o.pplied field direction was reproduced Within 4 degr ees . The 

results of t hese tests indicate that the Wabana iron ore is magnetically 

isotropic and has a stable natural r emanent magnetization. 

As it is probable that the stable magnetization of the ore 

beds is post Ordovician, then two possible sets of magnetization directions 

can be given as the beds where samples have been tilted up to 14 degr ees 
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to the northwest. If it is assumed that the beds were magnetized 

' before they were tilted, then the directions of magnetization are referred 

to the beds in an assumed horizontal position , as given in Table XI • . · How~ 

ever if the beds were tilted before magnetization , then the magnetic 

vectors must be referred to a horizontal plana through the tilted strata , 

as given in Tab~e XII and plotted in Figure llB. 

Table XII 

Mean NRM Directions and Fisher Statistics for Lower. 

Middle , and Upper Ore Beds of Bell Island and 

Wabana Groups , Before Correction for Tilt of the Beds 
) 

! 

Bod D I N s R Q' 

Upper 7.4 + 30.9 7 14 6 .4697 18.8 

Middle 10.8 + 29.1 4 8 J.7886 25 . 3 

Lower 10.6 + 15.9 33 66 31.641.5 5.3 

Combinedl 9.6 + 25.3 - - ... 12.8 

Combined2 10.l + 19.4 44 88 41.6502 5.2 

1) Each bed assigned unit weight. 

2) Each sample assigned unit weight . 

k 

11.3 

' 14. 2 
I 
I 

2).6 

~. 3 

18.) 

The precision parrnneter of the natural remanent magnetization 

beforo correction for tilt of the beds (k = 18. ), a = 5 .2) is less than 

that for the beds corrected for tilt (k = 20.6, a = 4 .9) for the combined 

results from the three ore beds. This suggests that the ore beds obtained 

their stable NRM before they were tilted. 

St. George Group 

Ten samples of the buff to reddish do.lomitio limestone were 

collected from a JO foot section in Man-0-War Cove. situated on the south 

coast of the Port au Port Peninsula approximately 3 miles west or the 

village of Port au Port, Newfoundland. 
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Figura 12 is a plot of the NRM ·directions of 7 of the 10 

samples corrected for tilt of the ' beds . Three were rejected as they had 

magnetizations too weak to measure accurately. Magnetic cleaning in 

alternating fields up to 300 oe1"steds (peak value) had no significant 

offect on tho directions of magnetization of the measurable specimens . 

The mean direction of magnetization of these seven samples is 173~7 

degrees inclined downwards at +42.2 degrees with a k value of 24 .1 and a of 

12.5 degrees . 

Middle to Upper Ordovician Rocks . 

Cinq Isle Series, Spoon Cova Formation 

Eighteen samples of fine-grained dark red to purple micaceous 

sandstone were collected from the Spoon Cove Formation where it outcrops 

along the southeast shore of Great Bay de 1 1Eau at Salmonier Cove , 

Newfoundland . The samples ware taken through a stratigraphic interval 

of about 75 feet from strata dipping about 15 degrees southea.at. The 

red sandstones are underlain by alternating beds of yellow and black 

banded sandstone and a dark grey to black basal conglomerate , all totalling 

a thickness of JOO feet (Widmer 1950). 

-Generally the NRM directions were not altered by magnetic 

cleaning in alternating fields up to 300 oersteds (peak value) , however, 

the few that were apart from the general group were improved and brought 

into ar;roement with the stable ones. Figura lJ is a plot of tho s~ble 

directions of magnetization of 15 of the 18 sIDnples corrected for tilt of 

the beds. TI-iree .were re jected due to internal inconsistencies between 

cubes of the same sa.'11ple which could not be improved with treatment. Tha 

group has a moan direction of magnetization of 197.1 deerees inclined 

downward at +J8.7 degrees , with a k value of 15 .5 and a.of 7.7 degrees_. 
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Ordovician(?) Rocks 

Bay of Islands Igneous Complex 

Sixteen samples of bytovnite gabbro (unit 7, Smith 1958), 

capping the ultrabasio rocks, were collected from the Table Mountain 

mass approximately 3 miles east of the village of Trout River, Newfoundland. 

They are mainly grey to black fine- to medium-grained rocks, composed of 

plagioclase (bytovnite), augite, olivine, and some hornblende as a result 

of secondary alteration. Anhedral crystals of magnetite are a common · 

accessory mineral, and are late in the crystallization sequence. The NRM 

directions were consistently altered by the magnetic cleaning in 

alternating fields up to 200 oersteds (peak value). Considerable scatter 

of thG directions resulted with further treatment in alternating fields 

of 300 oersteds. (peak value). Four samples were rejected on the basis 

of internal inconsistency of the magnetic vectors, as the directions 

for two specimens from each srunple did not improve at any step of the 

treatments. The directions of magnetization of the 12 remaining 

samples are plotted in Figure 14, as well as their mean direction, 

which was computed to be 149.6 degrees inclined at + 39.0 degrees with 

a k value of 21.S and ~ of 9.5 degrees. 

Silurian Rocks 

North Central Newfoundland 

Samples were collected from sedimentary and volcanic rocks 

of the Botwood Group and from a large intermediate to basic intrusion 

which cuts the Botwood Group. Samples were collected from the Springdale 

Group and from rocks provisionally mapped as belonging to the Springdale 

Group with the intention of correlating them on the basis ot their­

palaeomagnetism as well as correlating the Springdale Group with the 

Botwood Group. A few samples were also collected from a sill like 

mass of diabasic gabbro in .the Gull Pond map-area, which intrudes 

Ordovician rocks. 
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Botwood Group 

Forty-two samples in all were collected from the Botwood Group 

from the west limbs of northeast trending folds; 16 from steeply dipping 

volcanic rocks located on the cast side of the Bay of Exploits north of 

the villaee of Lauronceton. and 26 samples fran medium to steeply dipping 

red sandstones near Bishops 1s Falls and in quarries located east of Pater 's 

Pond about six miles northeast of Bishop 1s Falls. 

Volcanic Rocks 

Figure 15 is a plot of the stable directions of magnetization 

of 9 of 16 s amples from the volcanic rocks of the Botwood Group. The NRM 

directions were quite scattered, however , with magnetic cleaning in 

• alternating fields up to 300 oersteds (peak value), nine samples have had 

an unstable component of magnetization successfully removed as only minor 

changes occurred betwoen final and second last step of the treatment. The 

directions of magnetization of seven samples continued to change significantly 

with c leaning and have therefore been r ejected. The mean direction of 

magnetization of the stably magnetized samples is 22.) degrees inclined at ---
10.8 with a. k value of 19.0 and a of l.2.1 degrees. 

Sedimentary Rocks 

Figure 16 is a plot of the NRM results obtained for 24 of the 

26 samples collected from the red s ediments of the Botwood Group . Two 

samples with magnetizations too weak to measure were rejected. No 

significant change occurred in the directions of rnaenetization for the 

samples with magnetic cleaning in alternating fields up to JOO oersteds 

(peak value) • Seventeen of tho samples are negatively polarized while 

the remaining seven are positive with low inclinations. The mean direction 

of magnetization is Jl9.3 degrees inclined upwards at • 15.4 degrees with 
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a k value of U..O and a of 9.4 when the samples are assumed to have a 

regional strike of 50 degrees E of N and dip 90 degrees NW .• 

Intermediate to Basic Intrusion 

Sixteen samples of dark grey to black gabbro were collected 

along a 2 mile exposure of the intrusion in Rattling Brook south of the 

Bay of Exploits . All the samples are negatively polarized as are the 

sediments and volcanic rocks of the Botwood Group. Treatment in 

alternating· fields up to JOO oersteds (peal< value) had little effect 

on the directions of magnetization. other than to reduce the scatter of 

the NRH results. Figure 17 is a plot o:!.' the stable directions of 

magnetization f or the 16 samples as well as the mean direction of 

magnetization of 69.J degrees inclined upward to - 59.0 degrees with 

a k value of 49 . 7 a.11d a of 5. J degrees • 

If it is assumed that the disagreement in the position of 

the moan magnetization vector for the intrusion as compared to that 

determined for the Botwood volcanic rocks and the Springdale Group (see 

p:p ) is a result of structtJral deformation of the intrusion in post 

Silurian time, then t.'1e a'"lotmt of rotati:on the intrusion has undergone 

may be determined . A rotation about a horizontal axis of the intrusion 

through 65 degreos about an axis striking 78 degrees E of N is sufficient 

to bring the mean direction of maGnetization into near coincidence with 

that of the Botwood Group volcanic rocks and . the Springdale Group rocks. 

Immediately to the north of the intrusion the structural trend of the 

Botwood Group is approximately 50 degrees E of N with dips up to 60 

degrees SE (Williams 1962), quite similar to the conditions required 

to effect coincidence of the Silurian mean directions of magnetization. 

This new position of the mean direction of magnetization for the intrusion 

is also shown on Fi~re 17. The statistics describing the group assuming 

the above correction for tilt about a horizontal axis has been given in 

Table I. 
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Springdala Group 

Thirty-_two samples ware collected .from gently dipping inter­

bedded volcanic and sedimentary rocks, belonging to the Sprinedale Group. 

The samples were taken i'rom an area located S to 10 miles southwest of 

the town of Springdale . Fourteen of the samples were collected from units 

11 and 13, intermediate to basic fine-grained to amygdule lava flows; and 
of the 

18/samples from unit 16, composed of red arkosic sandstones and conglomerates 

(Kalliokoski 1953) • 

Figure 18 is a plot of the final directions of magnetization of 

12 of the 14 samples collected from the volcanic rocks. Two samples were 

re jected becaus0 of internal inconsistency. Maenctic cleaning in alternating 

fields of 250 oorsteds (peak value) had little significant effect on the 

directions of magnetization of the majority of the samples ~ however , a 

decrease in scatter was obtained as the directions of a few anomalous 

vectors were brought into better agreement with those unaltered by the 

treatment . All samples have directions of magnetization that are negatively 

polarized. The mean direction of magnetization is 16.J decrees inclined 

upwards at -13.3 degrees with a k value of 34 . 3 and a of 7.5 degrees• 

On Figure 18 thero is also plotted the stable directions of 

magnetization of 16 of the 18 samples collected from the red sediments. 

Again two samples were rejected duo to internal inconsistency betweEln 

specimens from the same sample t probably a result of the coarseness of 

the detritus forming these samples . The only effect observed after magnetic 

cloanin~ in alternating fields up to JOO oorsteds (peak value) was an 

i mprovement in the group with four samples which initially were normally 

polarized as low inclinations became negative and similar to those that 

had stable and negative NRH's initially. The mean direction of magnetization 

for this group is 18.8 degrees inclined upwards at - 22.2 degrees with a 

k value of 21.9 and a of 8.1 degrees. As the volcanic and sedimentary 

rocks have mean directions of magnetization that are in very close agree-

mcnt with each other, a better description of the geomagnetic £ield produc-

ing these directions would be obtained by combining the results. The 
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mean direction for tha Springdale Group of 17.7 degrees inclined upwards 

at - 18.4 degrees with a k' value of 24.7 and a of ,5.6 is obtained by 

combining . the results from 28 samples.. This is shown ·m Figure 18. 

Spririgdale Group (?) 

Eighteen samples of' red to reddish brown sandstones wero 

collected from more than l,000 feet of southwester],y dipping strata on 

the east and west shores of Southwest Arm near King ' s Point Newfoundland. 

Figure 20 is a plot of tha NRi'1 directions of 13 samples that have been 
I 

used to determine the mean direction of magnetization for this formation . 
) 

· five were rejected as three had magnetizations too weak to measure 

accurately and two ware internally inconsistent due probably.to the 

coarseness of the detritus forming the sandstone . All samples , but 

one, are positively polarized. 

1,faen subjected to magnetic cleaning the directions of magnetiza-

tions became badly scattered with both positive and negative poles occurring. 

The scatter .could not be reduced by continued · treatment in alternating 

fields up to JOO oersteds (peak value). It has been assumed for the 

purposus of this analysis that the NRI1 measurements represent stable 

magnetization vectors. This is suggested by the position of the magnetic 

vectors on Figure 19 which are quite different than the position of the 

earth 1s present field direction at the collection locality. The results 

for this group are diametrically apposite to those obtained from the 

stably magnetized Springdale Group located about 10 miles to the south . 

The group has a mean directi0n of magnetization of 200.l 

degrees inclined at +17.0 degrees with a k value of 19.7 and a of 9.6 

degrees. It is suggested on the basis of the palaeomagnetic results 

that these rocks are comparable in age to those of the Spri_ngdala Group. 

Diabasic Rocks 

The results obtained from four of eight samples of diabasio 

gabbro collected from a sill-like mass (unit 17a. Kalliokoski 19.54) 
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located at the south and of Joes Lake , nortil of Badger , are shown in 

Figure 20. All of the NRM directions were altered by magnetic cleaning 

and only four samples had directions of magnetization that were stable 

o.fter treatment in alternating fields of 300 oersteds (peak value). Th.a 

other four sa~ples were internally inconsistent as significant changes 

in the directions of magnetization occurred aftEir each troa~~ent . The 

four stably magnetized samples are negatively polarized with a mean 

direction of magnetization of 14.3 degrees inclined upwards at -19.3 

degrees with a k value of 74 .5 and aof l0.7 degrees, comparable to ilia 

results for the Springdale Group . 

Devonian Rocks 

Clam Bank Group 

Ei ghteen samples of fihe- to medium-grained red and reddi.Sh 

brown sandstone were collected through approximately 200 feet of strata 

from the southeast limb of a sync~ne exposed along the coast between 

Winterhouso and Clam Bank Cove. Newfoundland. Th.a beds strike north­

easterly and dip to the northwest at 40 degrees. 

The NRM directions obtained for 18 of the 20 samples collected 

are plotted in Figure 21. Two samples were rejected as thoy contained 

laree tabular chips and gave inconsistent results between cubes from the 

s ame sample . The magnetization directions ware not a:ffected by alternating 

fields up to 300 oerstcds (peak value). The mean direction of magnetization 

for the eroup , composed of 14 negatively and four positively polarized 

sa~ples. is 337.5 degrees inclined upwards at - 19.8 degrees , with a 

k value of 10 .2 and a of 11.4. 

Perry Formation 

A total of 90 oriented samples was . collected from tho vicinity 

of St . Andrews Peninsula and Minister Island, New Brunswick; f 1..fty-eight 
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samples of sedimentary and volcanic rock from the Parry Formation, ,or 

diabase cutting the Perry Formation, and two samples of diabase trom a 

dyke intruding .. the underlying Mascarena Group of Silurian age (Alcock 1946) • 

Thirty-six of the 58 samples were collected from fine- to medium-grained 

rGd sandstone along the shoreline of the St. Croix River between Johnson 

Cove and the town of St. Andr~ws, . a distance of approx~mately 4 miles , 

and from shore exposures on the northoast side of Minister Island. Sixteen 

samples of purple to greyish black volcanic rock interbedded with the 

red sediments, were collected in the vicinity of Brandy Cove and Bar 

Road . Four sa;nples of diabase and two of red sediment, baked during 

the intrusion of the diabase, were collected from dykes at two localities . 

The stable directions of magnetization for the )6 samples of 

sedimentary rock are plotted in Figure 22/\.. The directions were not 

significantly affected by alternating fields up to 300 oersteds 1 (peak 

value). The mean direction for the ~roup is 173.7 degrees inclined 

do"t>mwards at + 19.5 degraos with a k vulue of 8 .9 and O' of 8.5 degrees. 

Ten of the 36 samples have shallow negative polarities •. 

The results after magnetic cleaning in fields of 300 oersteds 

(peak value) for the 16 volcanic samples are more scattered than tbose of 

the sedimentary samples. These are plotted in Ficure 22B. The mean 

direction of magnetization after treatment is 18J.5 degrees inclined 
\ 

dovmwards at + 33.8 degrees, with a k value of 7.0 and O' of 15.0 dogrees 

and is somewhat different than that of the sediments, being 10 degrees . 

;:r oater in declination and 14 degrees steeper in inclination. The steeper 

inclination of the Percy Formation volcanic rocks may be due to the 

inability of the sedimentary rocks to preserve the ancient geomagnetic 

inclination or as is more probable, as was indicated by the changes in 

directions of the magnetic vectors for some SBrrlplas , the volcanic rocks 

have acquired a secondary component of magnetization along the earth ' s 

maenetic field which has resulted in an increase in the inclination. 
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The six samples of diabase and baked sediment within the 

Perry rormation have directions of magnetization that are relatively 
· (peak value) · 

stable in alternating fields up to JOO oersted~ but are significantl\y 

different from the directions of magnetization of the rocks they· intrude . 

The moan direction of maVletization for tho group is 10.2 degrees inclined 

at +46.5 'degrees. with ~ k value of 40 .. 9 and a of 10 .6 degrees . The ·results 

for these six samples are also plotted in Figure 22B. 

The two samples from the diabase dyke intruding the Silurian 

rocks of the· Mas careno Group have a mean direction of magnetization different 

from either the Perry Formation volcanic rocks ?r the diabase dykos · 
) 

intruding the Perry Formation sediments. The m0an direction for these. 

two samples is 100.5 degrees inclined at +J6.J degrees. These are not 

plotted. 

Carboniferous Rock 

For the most part samples from the Pennsylvanian or units 

indicated as Pennsylvanian and/or Mississippian were collected from flat 

lying or gently dipping strata, whereas those from strata of Mississippian 

age were collected from moderate to steeply dipping strata• 

In this study 244 sarnplos have been used to determ:!.:te the 

directions of magnetization for formations and groups of related rocks 

of Carboniferous to Fermo-Carboniferous age deposited within the Carbon-

iferous basin of Eastern Canada• 

Mississippian 

Kennebecasis Formation 

Fourteen samples of red sandstone were collect.ad from an 

area 10 miles square. from seven sites east of Kennebecasi.s Bay and 
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Kennebacis Lake, New Brunswick. The NRM directions were not significantly 

changed by alternating fields up to JOO oersteds (peak value). The results . 

of the individual samples , with a mean direction of 161.J degrees inclined 

at +JJ.J dee;roes with a k value of 18 .1 and a of 9.6 degrees, are shown · 

in Figura 23. 

Codroy Group 

Forty-one oriented samples of red sandstone and siltstone 
, ' 

were collected fro."ll sections F • G, and H of Bell (1948) in the vicinity 

of St . Davids and Robinson Head , western Newfoundland . Twp samples 

were collected also from strata near the middle of section D (Bell l<)ll-8) 

south of Codroy village. 

Magnetic cleaning in ~lternating fields up to JOO oersteds 

(pe~< valuo) did not significantly affect the directions of macnetization 

of the individual samples. Nine samples, however , four of which had 

magnetizations too we~ to detect accurately, are r ejected due to internal 

inconsistency which could not be improved with magnetic cleaning . Those 

five samples are coarse-grained sandstones arx:i exhibit pronounced cross-

bedding. The results obtained f'rom the remaining 32 samples have been 

divided into two groups . 

Group I, , is canposed of 23 samples which have magnetic vectors 

that are rclative1'f low in inclination and are both normal and reversed 

in polarity. Thirteen samples have had their direction of magnetization 

reversed for statistical and comparative purposes and are plotted with 

the remaining 10 samples in Figure 24. The mean direction of magnetization 

or this group is l?J.2 degrees inclined downwards at +8.9 degrees with a 

k value of 16.4 and a of 747 degrees. 

Group II is made up of 9 samples, all are positively polarized 

and have similar declinations but higher inclinations than those of Group I. 
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The mean direction of magnetization for this group is 181.J degrees 

inclined at +61 .7 degrees with a k value of 27 . 8 and a of 9.9 degrees. 

These arc also plotted in Figure 2l,} . The mean direction of magnetization 

for Groups I and II combined, obtained by assigning unit weight to each · 

sample , is 174.5 deerees inclined at +2J .4 degrees , with a k valu~ of 

7 .3 and a of 10 . 1 degrees . 

Searston Beds 

Four orient~d samples were collected from a 10 foot sequence 

of purplish grey hig~ly micaceous sandstone and arenaceous shale 03ed No. 
, 

254 Section A Bell 1948) north of Stormy Point in the Codroy area. 
(peak value) 

Alternating field demagnotization up to 300 oersteds/did not significantly 

alter the directions of magnetization of the individual samples. As 

illustrated in Figure 25 the directions of magnetization ( NRM) of the 

samples have negative inclinations with declinations similar to thosa 

of the underlying Codroy. The mean diroction of magnetization for the 

group is 174 .3 degrees inclined upwards at - 22 . 5 degree~ with a k value 

of 90 .7 and a of 9.7 degrees . 

Mississippian - Pennsylvan1an Rocks 

Central New Brunswick. Gaspe Coast 

pre-Pictou Rocks 

Nine samples of flat-lying sandstone and 24 samples of volcanic 

rock i.roro collected .from a line of outcrops approximate~ 8 miles long by 

2 miles wide a few milos southwest of Boiestown, New Brunswick. 

The throe flows present in the area (Poole 1958) were sampled . 

These flows are readily distinguished from one another in the field by 

megascopic examination . Flow type one. the upper flow. is a fine-grained 

non vesicular dark grey to reddish grey porphyritic basalt containing 

phenocrysts of feldspar . Flow type two, the lower flow 1 is a fine-grained 

,· 
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grey slightly vesicular non porphyritic basalt. The red bed seque~oe 

sampled lies stratieraphically betwoen flows two and one. Flow type 

three , which lies stratigraphically above and conformable with flow 

type two, is a black dense hard aphanitic non vesicular basalt containing 

sparse olivine phonocrysts . In thin section all three flows contain 

appro:icimately 10 per cent magnetite which occurs as euhodral crystals in 

flow types two and three ~md as grains in flow type one • No severe 

alteration appears to have occurred in any of the flows except flow type 

three where some of the magnoti to cryotals ~e only skeletal remnants . 

Most of the directions of magnetization for the volcanic 
) 

samples were significantly altered by magnetic cleaning (see Fig . 26 

and appendix). Little can bo said with regard to the declinations 
I 

obtained but a consistent pattorn with r egard to the inclination of 

the magnotic vectors is apparent aftor treatment . All nine samples 

collected from flow type one remained positively polarized after treat-

ment whereas the 15 samples from flow types two and three became or 

r emained negatively polarized after treatment in alternating fields 
(peak value ) 

up to JOO oersteds} The stable results of the individual directions 

of magnetization for each sample are shown in Figure 26 . 

In general it may be concluded that treatment of samples 

from flow type one yielded results more in line with those obtained 

for the sediments (see bolow) while the r esults for the sa~ples from 

flow types two and threo are somewhat dia.11etrically opposite to those 

for the sediments . This is indicated by the few samples for which the 

directions of magnetization were not significantly altered by the treat-

ment . The meun results for the three flow types are given in Tabla XIII. 

The extremely low values fork indicate the immense scatter of tha results. 

\• 
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Table XIII 

Mean Directions of Hagnetization for the pre-Piotou 

Carboniferous Volcanic Rocks in the Napadogan 

and Boiestown Area , New Brunswick 

Flow Type D I N s R Q' 

1 (upper) 199.3 +51. 8 9 18 7.3612 26.0 

2 (lower) 321. 8, -34.4 9 18 7.3394 26.2 

3 (middle) 283 . 0 -67.7 6 l2 J .6073 62 .0 

-
k 

4.9 

4.8 

2.1 

Th~ directions of magnetization of all of the ~andstone 

samples taken from strata which lie between the upper flow (type 1) 

ond lower flow (type 2) were also significant~ changed by ·alternating 

field cleaning as shown in Figure 27 . The solid circles represent the 

NRM directions while the solid circles with crosses represent the .stable 

directions for eight of the nine samples obtained afte~ treatmont in alter-

nating fields .of )00 oorsteds (peak value). One sample was r ejected due to 

internal inconsistency. The mean direct.ion for the final results obtained 

is 161.5 degrees inclined at +30.5 degrees with a k value of 1).8 and a 
---

of 15.4 degrees. All of the samples are positively polarized . 

Laughlin (1960) sugties ts that flow type three , mapped by 

Poole (19.58 ) as abova and probably continuous with flow type tw0 and 

distineuished from it on the basis of petrography, is a dyke which may 

be much younger th3n the other irruptive rocks of the area. He infers 

from its elevation and location that the dyke may have intruded both the 

sedL~ents and the volcanic flows as well as its fresher appearance when 

compared to t ho flow rocks noar Boiastown. Ch the basis of tha available 

palacomagnctic· evidence flow types two and three are similar in that they 

have revorsed polarity to those of the normally polarized overlying 
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sediments and volcanic flow. A more extensive collect:ton as woll as more 

exhaustivo treatment may well statistically correlated these various units . 

Bonavontura Formation 

Twenty-four samples of fine ... gra1ned red sandstone were collected 

from exposures over an area 50 miles long on the north shore of Chaleur Bay . 

Alternating fiold demabrnetization in fields up to JOO oerstods (peak value) 

did not significantly alter the directions of magneti~ation of 22 of the 

samples. Two 'samples wer e r ejEictcd as their magnetizations were too we~ 

I 
to measure . , Figure 28 is a plot of the individual NRM dir:ections with 

a mean dire~tion of 166.l degrees inclined at +13 .1 degrees and a k value 
I . 

of 21.7 an~ a of 6.8 dec;rees. ~ 

Pannsylvanian flocks 

Now Brunswick . 

Bathurst Formation 

Ten samples of fine to medium-grained red sandstone were 

collected from four sites along 2 miles of Nepislguit River just south 

of the city of Bathurst . The directions of magnetization were not 

significantly changed by alternating field treatment in fields up to 

JOO oerstods (peak value). The NRM directions are plotted • with respect 

to tho bedding plane . in Figure 29 as well as the mean dire9tion of 

magnetization for the group computed as 162.3 degrees in~lined at +15.6 

degrees with a k value of 28.l and a of 9.3 degrees. 

Permo Carboniferous Rocks 

Prince Edward Island 

An island wide colloction of 245 oriented aamples was made 

from coastal and some inland outcrops composed of red to brownish red 
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coarso to fine-grained sandstone . In:J,.and exposures are few as a rasult 

of glacial cover and deep waathoring of surface bedrock and occur where 

road cuts or stream action was severe enoueh to expose the bedrock . Rock 

exposures are numerous and readily reached along most of tho coast of the 

I s land and for this reason sampling was confined mainly to the sea-cliffs . 

Five additional samples, which are combined with the results obtained 

for the Island samples, were collected from coastal exposures of red beds 

in the vicinity of Cape Tourmontine , New Brunswick . In addition 16 samples 

were collected from a 10 foot thick olivine dolerite dyke and two s~ples 

from baked sediments under~ing the dyke . Tho dyke ,:ba: tho only known 
is 

occurrence of igneous rock on the Island (Milligan 1949),~ocated on 

George Island in Malpeque Day along tho northern coast of Prince Edward 

Island. 

Rod Beds 

One hundred and fifty-four samples, 62 par cent of tho 250 

samples collected from the red beds, h.fidmagnetizations that could be 

precise~ determined . These samples proved to be magnetically stable in 

alternatine :t_iolds of 300 oersteds (peak value). Thin section study of 

reprosentative samples revealed their composition as fairly well sorted 

"'ubangular to angular, grains of fresh quartz , orthocL;i.se and plagioclase , 

felds pars, occasional mica parallel to the bedding• and some altered grains 

of magnetite. The grains arc held by a dark--brown-red ferruginous carbonate 

cement, mainly calcite with a little dolomite . 

Figures JO A, n. and C aro plots of the individual directions 

of ~agnctization (NRM) f or each sample corrected for tilt of the bedding. 

As palaeontological evidence suggests a decrease in age .from west to east 

the data have been divided into three eeographical areas for comparative 

purposes, namely; area l, northwostern Prince Edward Island. which includes 

samples north of latitude 46°)0' and west of longitude 6)0 30'; area 2, 

central Prince Edward Island, south of latitude 46°30' and east to 

longitude 63°00'; and area 3, eastern Prince Edward Island, east of 
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longitude 63°00 1 • The mean direction3 of magnetization and Fisher 

statistics for oach of the three areas are g1.ven in Tabla xr:v. 

Table ·XIV 

Summary of tho Mean Directions of Magnetization and Fisher 

Statistics of Permo-Cai'boniferous Rocks of 

Prince F.dward Island 

Area ~ig . D I N s R 
O· 

Q' k -
3. Eastern P.E.I. JOC 176.8 +5.5 59 118 54.358 5.5 1z'.5 

2. Contral JOB 170.9 +7 .2 69 138 62.567 . 
5.5 10 .6 

1. Northwestorn JOA 170.0 +5.J 26 52 24 .896 6.1 22.6 

Olivine Dolerite Dyke 

Microscopically the dyke rock is composed of a matrix of fine-

grained laths of plagioclase feldspar with large phenocrysts of olivine 

which have boon partially aitercd to serpentine. Disseminated through the 

groundmass is a largo quantity of opaque iron oxides, ilmenite and magnetite . 

Fourteen of the 18 samples collectE:id from tho George Island 

dyke are used to doscl'ibe its palaeor.1agnotism . The NR."1 directions of most 

samples were significant~ altered by magnetic cleaning in fields of 150 

oersteds (peak value), but remained unaltered with further cleaning up to 

'.)OO·oorsteds . The four rejected samples were the exceptions as their 

directions of magnetization continued to change significant~ with each 

troatmont . Host samples whose mU·1 directions were positively polari1ted 

became negative after the initial treatment of 1)0 oarsteds with ono 

oxception . The results indicate the successful removal of a viscous 

component of magnetization. Fie;ure Jl is a plot of the stable directions 

of magnetization for the 14 samples which have a mean direction of 

magnetizat ion of 180 .6 degrees inclined upwards at -18.9 degrees with a 

k vulue of 11..J and a of 12.4 degrees. 
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Tz<iassic Rocks 

North Mountain Basalt 

Thirty-eight samples were collected from the North Mountain 

Basalt along the southeast coast of the Bay of Fundy from Cape Blo:nindon 

' .,· ' 

southwest of Mar garetsville. Samples were collected from both coastal and 

inland exposures . Figure 32 1s a plot of NRM dirootions of the 38 samples . 

Successive alternating field demagnetization in steps of 50 oersteds (peak 

value ) up to a maximum .of JOO oersteds did. not alter appreciably ~the 

directions of magnetizati on of the samples. A mean direction of magnetiza­

tion of J57.6 degr ees inclined at +51.5 degrees with a k vaiue of 14.7 and 

a . of 6.J degrees was obtained for the group~ 

Interpretation of Data 

Correlation 

Correlation betweon different rock units using palaeomagnatic 

r esults can be achieved by either of two methods. · One, when tho rock units 

arc f'rom the same locality a direct comparison of the moan directions of 
-magnetization can bo made . The othor can be used when the rock units are 

from widely separated locations and involves a comparison of the virtual 

geomagn0tic pole positions calcul.at0d from the mean directions ~f magnetiza-

tion or by a comparison of the field directions that would be produced 

at a specified location calculated from the mean directions of magnetization. 

The ,following correlations based .on the above methods are suggested. 

The olivine dolerite dyke which intruded the Permo-Carboniferous 

reds on George Island in western Prince Edward Island may be of early 

Triassic age. This is indicated by the proximity of its pole position 

(5JN. ll5E) to other Tltiassic poles determined from North American rocks 

and shown in Figure '.36 .• 
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The pol0 position (71N, &'+E) for tha dinbase dykes intruding 

the sedimonts of tha Upper Davonian Perry Formation of southern New Brunswick 

is not at all in agreement with those calculated for either ··tha volcanic 

(26N, 1098) or sedimentary ( J5N , 121E) rocks of the Percy For.mat ion but 

agrees with some of the pole positions for the Triassic rocks that are 

listed in Table XVII and shown in Figura 36. nia r esults suc;gest that 

the diabas0 dykes sampled are not foeders for the Devonian volcanic rocks 

as suggested by Alcock (1~6) but aro related to the moro recent Triassic 

volcanic activity in the Bay lf Fundy region . 

The Springdalo Group , located southwest of Notre Dame Bay in 
) 

the vicinity of S.pringdale and Halls Bay Newfoundland, ha::i been corrcUitod 

by Macl.oan (1947 ) with the Silurian Bottwood Group (Williams 1962) on 
I 

lithology only . 'Palaeomagnetic data obtainod from two groups supports 

this correlation . Both the red bods and the volcanic rocks of the Spring­

dale Group have moan directions (18.8, -22 . 2; and 16 .J , -13.J respectiveJ,y) 

that are within 10 dearees of the mean direction for th~ Botwood Group 

volcanic rocks (22 .J , -10.8). Both croups ara reverseJy polarized a~d 

have pole positions that are within 3 degrees of latitude and 5.5 degrees 

of longitude of each other (see Table XV and Fig . 33) . Similarly , positive 

-
correlation is achieved between the Springdale Group and the red beds 

located at tho upper end of Southwest Arm near King ' s Point. The beds 

have been qualified by HacLean (1~7) as belonging to the :pring;dale Group 

but as t hey markedly resemble Mississippian rocks, that outcrop JO miles 

to tho west and southwest, Neale (1960) sugges ted that they are- of Devonian 

age or younger . The pole position for these red beds ( 29 .<a :tl 100. 9E ). is 

identical in latitude and two degreEE west of that determined for the 

combined results for the Springp_ ale Group (29. lN , 103.7E) which outcrops 

10 miles to the south of King's Point . A minor difference in age exists, 

however, as the directions of magnetizations .obtained for the samples 

noar King 's Point (200 .l, +17 .0, mean) are nonnally magnetized whilo those 

comprising the Springdale Group are reverseJ,y polarized and diametrically 
to 

.r opposite/the King ' s Point results. As the Springdale Group contains rooks 
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of sedimentary and volcanic oriGin with independent modes of magnetization , 
and 

chemical and datrital remanont in tha sediments/thcl"'noremanent in the 

volcanic rocks. a total reversal of tha earth's geomaenAt.ic fie 1d is 

suggested for the time between the formation of the Spr1ngdale Group 

and tho sediments described .for the King's Point area. It is concludod 
a 

that as/result of polar1.ty difference only the permanent magnetization 

of these two groups of rocks cannot be simultaneous. 

It is suggosted that the diabase dyke which intrudes Ordovician 

strata at the south end of Joe Lake in the Gull Pond map-area, ewfoundland 

(Kalliokoski, 1954) is Silurian in age as it has a mean direction of 
, 

mRgnetization (!4.J - 19.3) that lies within 3 degrees of that for tha 

Springdale Group (17.7 - 18.4) and ten degrees of the volcanic rocks of 

the Rot.wood Group (22.3 - 10 . 8). 

The Precambrian Hodeowator and Cabot Groups which have beon 

sugg0sted as beinG closely related in aee in parts hnvo not been correlated 

on the basis of their palaoomagnetism. This could not be achieved as 

the rema.nent magnetization of tha Hodgewater Group appears to be post-

deformational in origin while that of the Cabot .Group is indicative of 

predeformat.ional magnetization. 

Polar Wandering 

As seen frcm the section "Palaecmagnetic Data 11 or from an 

examination of tho data listed in Table I it can be concluded that some 

of the formations dealt with in this study have remanent ma~netizations 

that are stable and primary in origin while others have remanent magnetiza­
be 

tions that appear to/secondary and possibJ.vr post-deformational in origin• 

The formations or groups thot havo primary magnetization and have reasonabJ.vr 

well known aees are used to determine reference points for the polar wandering 

curve. The age of the time of magnetization of the fonnation or group which 
es 

possessf a stable secondary magnetization is estimated from the determined 

curve. 
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Littl.G significance is plnced ·on the results obtained from the 

Procambrian rocks of Newfoundland in the location of a Precambrian polar 

wandering curve for the following roasons1 a small numbar of samples (,54) 

havo been used to represent a considerabla time span , some of the rocks 

have undergone rather severe structural deformation and metamorphism with 

some groups .exhibiting well developed cJaavage planes, only relative aeas 

aro known which have been ostimated to be from early to late Proterozoic; · 

More reliable Precambrian pole positions have been determined for less 

deformed and better datGd rocks i'rom the mainland of North America ( nuBoia 

1962 1 Cox and Doell 1960 , and others) . 

Figure 33 shows the pole positions listed in Table X:V obtained 

for formations or groups from Eastern Canada which have a stab].E) primary 

rr.ar;nctization and which have boon used to datermino reference points on 

parts of the polar wandering curves for North America shown in FiGuro 36 , 

The following Pu~cozoic fo:nnations or groups listed in Tabla I 

and described in tho previous section are unsuitable for deter:nining 

refcronce points on the polar wander1ng curvo for North America. 

The samples from the Mississippian Searston beds of western 

Newfoundland are not representative as only four were obtained from a 
·--

thickness of 10 feet of a maximum thickness in excess of 5,000 feet. 

Tho basic lower Silurian intrusion sampled south of the 

Bay of Exploits, Newfoundland, though stably magnetized requires a 

correction for tilt of the massive. A correction for tilt of approximately 

G5 degrees about an axis striking 78 degrees east of north. which ia 

approximately the attitude of the intrudud bods, northwest of the lntruaio~. 

will effect coincidence of the mean direction of magnetization with that 

f or tho Botwood Group volcanic rocks and the Springdale Group rocks for 

which depositio.oal attitudes are reasonabJ.\y well known. This suggests 

that both the Botwood Group and the intrusion have undergone a similar 

structural history. 
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The highly cleaved rod sediments of the Dotwood Group have 

a moan direction of macnotization that is sicnifioantly different fran 

that obtained for the volcanic rocks which agr ees in both direction and 

polari t.y with the results or the Springdale Group volcanic and sedimentaey 

rocks'. 

The gabbro of the Bay of Islands igneous complox is rojected 

as both the age and structural history make the results suspect . The 

stability of the gabbro, however . indicates that palaeoma(7letism could be 

appliod to a study of the relative structure of the four masses forming 

Jhe complex. 
I 

The lower Ordovician Habana and Bell Island Groups have mean 

directions of magnetization that disaaroa significo.ntl;y from those of 

more tJ.-,oroughl.y represented Ordovician rocks . The magnetization of the 

hcmatite ore zones is post-Ordovician and probably Permo-Carbonif~rous 

at:;c when the pole position (.51N, lD.E) is compared to the polar wandering 

curve in Figure J6 . 

The MiddlG Cambrian Harch Point Formation, the Lower Cambrian 

Bradore Formation of lubrador and the Lower Cambrian beds of the Avalon 

Peninsula 'have magnetization directions which suggest that they were 

either post- deforrnatlon or subsequently acquired in late or post-Palaeozoic 

times . 

Data to Support Theory of Rotation 

of the Island of Newfoundland 

A comparison of available palaeomagnetic data derived f'rom 

Newfoundland and mainland North American formations of Carboniferous age 

has led Nairn et al (1959) and Du.Bois (1959) to differ in opinion regarding 

the possibility of post Carboniferous rotation of the Island_ relative to 

the mainland . This aspect of' the Appalachian Geology was re-examined in 

tha present study with the following results. 
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Evidonce was found that suggests that the Island has not 

rotated rolat.ivo to the mainland since Carboniferous times as there 1a 

a near coincidence of the Carboniferous poles derived from Newfoundland 

and mainland rocks (see Table X:V and Fig . 33). However significant 

dista.!ccs were found between the polo positions derivod from the Devonian 

and Cambrian rocks of rowf oundland and of the mainland of southoastern 

Canada . The pole positions for the lower Devonian Clam Bank Group 

(8iT Fig . 33) and tho Lower Cambrian Bradore Formation of western Newfoundland 

(2l'J, Fig . 33) plot about 30 degreos east of• .and approximately at the same 

latitude as l:.hose determined for the Upper Devonian Perry Formation (9, 10 

Fig . 33) and the Lower Cambrian Ratcliffe Brook Formation (1 Fig. 33) of 

southern Now Brunswick. 

If it ls assumed that the Island of Newfoundland pivoted about 

a vertical axis by an 211gle of 30 degrees 1n a counterclockwise direction 

during Viiddle to Upper Devonian tirno , t han the Dovonian and Canbrinn poles 

f or both Newfoundland and the mainland almost coincide. Dy properly 

::;electing the location of the pivot point, the western shorolino of New­

foundland could bo made contiguous with the northorn coastline of the 

Gulf of St . Lawrence. Tnis is illustrated in Figure 34 where tho pivot 

poir.t has been positi oned in the .Strait of Doll13 Is lo. 

As previously outlined (Black 1964) the pre-. tiddle Devonian 

position of Newfoundland relative to tho mainland cannot be dewrminc:1d 

uniquely on the basis of this palae omagnetic data because the position 

of t he pivot point is undefined . If the pivoting is assumed to be about 

a given axis it must be born in mind that the variation assumed by the 

latitude and longitude of a given point is dependent upon the position 

of the point relative to the 'xis. In the two cases where the· pivot 

point is assumvd to be at either extremity of the northwest shoreline 

of Newfoundland (points A and B, Fig . 34) the maximum change in the 

latitudes and longitudes of the collection localities are of the order 

of 2 to 3 degrees . Translation of the pole position calculated under 

t he assumption of such a change in the coordinates .. , of the collection 

locality would also be of the same order. 
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According to geological nnd tec t oniry studi~s of the Appula.chian 

Region of Canada by Neale ot al (1961) a counterclockwise rotation of the 

Island of Newfoundland during later Devonian timo would ~.rncm plausible . 
) 

Two broad bolts of sediments intcrlayorod with volcanic rocks of Cambre-
( 

Ordovician age and Siluro- Dovonian age ·r espectively occur on tho mainland 

\ 
and on the Island . Those belts appear to have been displaced relative 

to one anothGr . A countercloch-wise rotation of Newfoundland in the past · 

would explain the divergence in structural trends. Ch the other 1and a 

belt of deformed and relativ'3ly thick Carboniferous str:. :. a extends ' in 

a nearly straight line through the mainland and wostorn Newfoundland . . 
J 

'?he postulated rotation would therefore hav~ occurred in Middle to 1.? te 

Devonian time .i 

The present pa;J.aoomaenetic data suegest the direction and 

a roxinato anglo of rotation as well as the time of its occurrence. 

They s~1:rnest that from Lower Cambrinn to Lower Devonian time Tewfoundland 

rcmair..cd fixod with respect to the present mainland and that the weatern 

part of Newfoundland has rotated in a counterclockwise .direction by at 

least 30 degrees between ~'1iddle to Late Devonian time . This movement 

would then have taken place during tho Acadian oro~o;-'ly, . 

If the Island a3 a whole . as knm-m today, underwent counter-

clockwise rotation t.~en all formations in existence at th3 time of rotation 

have had their strike decreased biJ JO degrees . This has been ac:c;ountad 

for in the determination of the pole positions for rocks of pre .. '-1iddle 

Devonian ago by the addition of 30 degroes to the declinatlon of the moan 

mar;netization direction. The coordinates of the collection localities 

hav::i also been adjusted assuming rotation about point A located in the 

Strait of Delle Isle off the northern coas t of Newfoundland (Fig . J4). 

'iGuro 35 shows tho pole positions for the soven stably macnotizcd pre-

Carboniferous Palaeozoi c formations frQ'll Ne wfoundland determined for their 

present geographical location and for a pre-Carboniferous location assuming 
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a 30 dogree counterclockwise rotation about point A (see Table ·XV) • All 

the pole positions obtained for each formation or group Lower Devonian or 

older from Newfoundland based on the postulated rotation are given 1n 

Table XVI . 

Polar Wandering Curve 

'rhs 19 Cambrian to 'l'r1ovo1o polo positions datormined for 

stably maenetized rocks from the Canadian Appalachian Region assuming 

the present day land mass configuration given in Table XV and the seven 

recalculated poles assuming rotation of Newfoundland also given in Table 

XV and XVI have been combined with 29 other selected North American 

Cambrian to Triassic pole positions (Cox and I:bell 1960. Irving 1962, 

and Roy 1963). These are used to plot a North American polar wandering 

curve shown in Figure 36 for this timo span . Some observations regarding 

the distribution of these pole positions followai 

1. About 80 per cent of the poles plot between longitudes 

160E and 90E• . 

2. Those determined for the older rocks lie at lower 

latitudes• 

3 . Variation in the longitudes of the pole positions, 

deto~mined for formations of the same geological period, 

is greater for those from the Cambrian to Silurian rooks. 

This may be the result of errors introduced by non 

representative sampling, improper interpretation of the 

structural history• uncertain ages, and variation in the 

rate of movement or tho earth's crust relative to the 

geomagnetic axis. 

4. Devonian pole positions , which only those from the Canadian 

Appalachian Region appear reliable, differ in longitude 

only and flank the well grouped Carboniferous pole positions. 
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5. Peminn pole though approximately at the same latit'l).de 

as those for the Carboniferous rocks have greater variation . 

in their longitude . 

6. Triassic pole positions vary in latitude from 50 to' 80 

degrees with longitude variation occurring mainly for 

those polos that plot at latitudes of the order or 80 

degrees . 

The polar wnndering curve from Early Carboniferous to late 

Triassic time ~an ba plotted with some confidence as shown in Figure )6 . 

The plotting of tho early to middle Palaeozoic part is mor~ speculative 

mainly because the longitudes of the pole positions are scattered. 

Three interpretationsbased on specified assumptio~s are 

suggested for this part of the curve and are also shown in Figure )6. 
\ 

When it is assumed that the Island of Newfoundland has remained fixed 

relative to the rest of the North American continent since early Cambrian 

time. and with emphasis on the results from the Canadian Appalachian Region 

curve one is a reasonable choice for the polar wandering path. With emphasis 

again on the results from eastern Canada and assuming that Newfoundland 

underwent a .JO degrea counterclockwise rotation during Middle to late 

Devonian time, as required to bring IAlvonian and Cambrian poles from 

both land masses into coincidence• curve two is rlladily obtained. Tha 

change in the pole positions as a result of rotation effects a woster~ 

shift of curve one with a minor decrease in latitude from Cambrian to 

.Devonian time.. Curves one and two suggest that the aarth•s crust has 

moved along an irregular course relative to its axis of rotation or 

conversely that the drift of the gaomagnatio field has not always been in 

- a wGster~ direction. Curve throe is based on the .assumption that the 

geomagnetic field has moved mainly westward and northward from Cambrian 

to Triassic time. In plotting this curve the poles derived from the 

continental Cevonian and Cambrian rocks of New Brunswick are ignored as 

well as the Silurian and Ordovic1.an results for rocks from Newfoundland .. 

. , 
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Estimates of the rate of movement of the earth ' s crust in 

degrees per million years for each geological period from Cambrian to· 

Triassic time are given in Tabla XVIII• These estimates were calculated 

assuming that the remanent magnetization of the various rook formations · 

or groups was oriented along a coaxial dipole field. According to the 

three curves shown in Figure '.36 the rate of movement from Cambrian to 

Triassic time was less than one degree per million years with the 

exception of that part of curve two for the Silurian period. The average 

rate of movement for curves 1. 2, and 3 for a time interval of about 420 

million years is 0 .4. 0.5, and O.J degrees per milli~n years respective~ . 
J 

Conclusions 

Although the late Palaeozoic and early Mesozoic part of the 

polar wandoring curve is reasonably well known the early and middle 

Palaeozoic part is not definitely established . Perhaps a more accurate 

position of this part of tho curve could be obtained and the validity of 

the interpretations based on Canadian Appalachian results substantiated if 

Cambrian to U3i.(onian pole position> were obtained for undiDturbed rocks 

elsewhere on the North American continent. The difficulty of resolving 

the age of the rna.gnetization within formations could be sharply reduced 

by sampling rock units which contain conformabl~ sequences of igneous 

and sedimentary rocks. 
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APPENDIX 

DIRECTIONS OF MAGNETIZATION 
--------

HARBOUR MAIN GROUP 

(NRM REsULTS) 

Sample No. Corrected for Tilt Before Correction for Tilt 

D I D I 

I 2B 300.0 +28.0 <X = ]3.4 156.0 +84.5 er = 28. 2 
• I 

2G .,;os.5 +25.0 k = .3 192.0 +86.5 k= 5.5 

JB 304.5 +60.0 N = 7 131.0 +51.0 Ne 7 
) 

3G 302.0 +51.5 140.0 +64.S 

4B 326.5 +5S.o 121~0 +63.5 

4G 289.5 +50.; 77.5 +58.0 

SB 335.5 +56.; 313.5 +23.5 . 

COLLECTION LOCALITY 47.4 N. 53.25 v. 

---
CONCEPrION GROUP 

(NRM RESULTS) 

Sample No. Corrected for Tilt Before Correction for Tilt 

D I D I 

lB 165.0 +20.0 a = 16. 9 159.5 -n.o ·er = 19.8 

lG 166.5 +42.0 k = 7.5 149.5 + 4.5 k= 5.8 
2B 169.0 +25.5 205.0 +26.0 

2G 183.0 + 0.5 189.5 +10.5 

JB 185.0 +11.0 195.0 +u..o 
JG 129.0 ,; - 19.0 136.0 +40.5 

4B 148.0 +75.0 121.0 +62.5 

5B 182.0 +24.0 226.0 +57.0 
6B 175.5 +56.5 124.0 +60. 5 

6G 176.0 +49.0 149.0 +53.0 
7B 199.0 +47.0 161.5 +54.5 
7G 183.5 +22.5 166.S +38.0 
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(STABLE RESULTS) 

lB 184.5 + 4.5 a = 25.1 a= 26.6 
. ' 

190.5 + 4.5 

lG 48.0 •:n.s k= 4.0 349,5 +45.0 k :: 3.6 

2B 162.0 -23 s 5 = 12 158.0 +17.0 » = 12 

2G 189.0 +10.0 201.s + 7.5 

.3B 188.S + s.o 199.0 + 9.0 

.3G 88.0 +6.'.3.5 294.; +49.; 

4B 222.; +60.5 191.0 +67.5 

5B 1$4.0 +22.; 178.; +;o.o 

6B 158.; +45.0 127.5 +45.~ 

I 6G 165.5 +46.; 141.0 +47.0 -

7B 
~ 

190.5 +43.5 159.0 +48.0 

7G 174.0 +23.5 157.0 +33.0 

COLLECTION LOCALITY SAMPLES 1-3, 47.0 N 53,0 W1 SAMPLES 4-7, 47,5 N 53.3 \ 

CABOT GROUP 

SIGNAL HILL FORMATION 

(STABLE RESULTS) 

Sl:i.mple No. Co~ected for Tilt Before Correction for Tilt 

D I D I 

lB 156.0 +32.; a = 1.3.2 156.0 +22.0 a= 13.8 

lG 198.; +35.5 k= 8.3 198.0 +30.5 k= 7,7 

2B 216.; +45.0 N = 17 217.0 +36.5 N = 17 

2G 180.5 +29.0 182.0 +22.0 

.3G 162.0 +55.0 21;.o +48.0 

4B 134.5 +39.0 168.0 +33.0 

' 4G 168.; +72.5 202.; •:n.s 
5B 190.0 + 9,5 205.5 +20.0 

5G 1)4.5 +27.0 189.S +74,0 
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CABar GROUP 

SIGNAL HILL FORMATION 

(srABLE RESULTS) 

6B 159.0 +31.5 175.0 +40.0 

6G 120.0 +.;1.0 156.0 +86.0 

7G lY/.O +39.0 23().0 +74.0 

SB 136.0 +41,5 250.5 +71.0 

8G 136.0 +)2.0 201.0 •74.0 

9B 118.5 +23.; :n.o +81.S 

9G 96.0 +31.0 330~0 +84.5 J 

lOG 132.5 +Z'/.O 176.S +71.0 

COLLECTION LOCALITY 47.S N, ;2.75 w. 

CABOT GROUP 

BLACKHEAD FORMATION 

{NRM RESULTS) 

Sample No. Corrected for Tilt Before Correction tor Tilt 

-- D I D I 

lG 46.5 +34.5 a= 12.S 26.S +45.5 a = 19.4 

2B . 78.0 +58.5 k = 18.0 192.0 +82.5 k= a.o 
2G 66.5 +59.S N= 9 246.0 +86.0 N= 9 

3B 55.0 +65.; 61.0 +30.s 

3G 63.0 +56.; 288.0 +88.0 

4B 26.0 +32.5 359.0 +54.0 

4G 47.5 +73.0 261.0 +70.0 ' 

5B 89.0 +49.0 J.42.0 +74.5 

5G 90.0 +46.0 136.0 +73.0 

COLLECTION LOCALITY 47.') N, 52.75 w. 
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HODGElf ATm GROUP 

(NRM RESULTS) 

Sample No. Corrected tor Tilt Before Correction tor Tilt 

D I D I 

lB 119.0 +.39.0 ex= .33.6 ll9.0 +11.0 ex = 24.1 

·lG 104.0 -26.5 k= 3.3 108.0 -49.0 k= ,.5 
3B 154.$ +12.S N r: 9 153.S - 7.5 N= 9 

I ,, 4 

4B 248.0 +51.0 134.0 +;2.0 

. 5G 282.5 +60.0 134. 5 +62.0 

6B 164.0 +73.0 121.0 +33.0 

7B 168.0 +63.$ 131.0 •32.0 

SB 153.0 +51.0 136.0 +13.S 

8G 184.0 +7/.0 122.0 +39.0 

(STABLE RESULTS) 

lB 150.5 -16.0 Ci = 16.2 160.0 -'37.' (X = l,3.2 

lG 120.0 -41.0 k = 11.l 1')7.0 -59.5 k ::r 16.2 

3B 149.0 -15.0 N= 9 158.0 -35.0 H= 9 

4B 
-.l. 

172.5 - 2.0 186.0 -18.0 

5G 185.0 +15.5 . 182.5 -10.0 

6B 152.0 +14.0 151.S -14.5 

7B 159.0 - 7.5 171.0 -28.0 

8B 162.0 - 9.0 rn.o -32.S 

8G 162.0 +13.0 162.S -13.S 

CO~TION LOCALITY 47.5 N, S.3.5 W. 
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RATCLIFFE BROOK FORMATION 

(CORRECTED FOR TILT) 

Sample No. NRM RESULTS STABLE RESULTS 

D I D I 

lB rn.o +43.0 Q' :: 15.6 192.0 +47.0 Q' = 14.9 

lP 228.0 +68.0 k= 8.7 201.0 +58.5 k= 9.5 

2B 65.0 +84.0 N :: 12 135.0 +80.0 N = 12 

2P 178.0 +45.0 182.0 +29.; 

.3B 141.0 +35.5 156.0 +27.0 

3P 199.5 +5.3°5 183.0 +58.Qi 

5B 168.0 +70.0 133.0 +49.5 

5P 18,3.; +45°5 15.3.0 +60.5 

6B 132.0 +79.0 l1+4.0 +70.5 

6P 150.0 +65.5 153.0 +65.S 

7B 139.5 +29.0 134.0 +19.5 

7P .233.0 +2!7.0 ·217.0 +30.0 

COLLECTION LOCALITY 45.5 N, 66.0 w 
.i" A 

LOWER CAMBRIAN REl'l BEDS, AVALON PENINSULA 

(STABLE RESULTS) 
i 

Sample No. Corrected for Tilt Before Correction for Tilt 

D I D I 

4B 35.5 +21.0 a = 9.7 .38.5 +25.0 a= · S.4 

4G 2,3.0 +35.0 k = 33,0 ,;2.5 +43.0 k :: 44. 2 

5B 2.0 +42.0 N :: 8 22.5 +47.0 N= 8 

5G 9.0 +25.5 15.0 +.31. 5 

6B . 16.5 +33.0 25.0 +.38.5 
6G 31.0 +35.5 40.0 +37.0 
7B .38.0 +27.0 46.0 +33.S 
7G 1.0 +.32.0 u.o +42.0 

COLLECTION LOCALITY 47.5 N, 53.0 W 
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BRADORE FORMATION (NORTHWF.sT NFID.) 

(CORRECTED FOR TILT OF BEDS) 

Sample No. NRM Results Stable Results 

D I D . I 

lB 150.5 +55.0 a= 5.6 1.39.0 +28.0 (X :: 9.4 

2B 134.0 +65.0 k = 67.4 174-S +43.5 k = ;n.4 

2G 120.0 +;1.5 .N = ll 155.0 +31.0 N r;:i 10 

3B 12,3.0 +46.0 

JG 170.; +59.5 166.5 +64.0 

4B ' 140.5 +54.5 158.5 +45.0 
) 

40 141.; +48.0 126.5 +42.0 

5B 150.5 +56.5 172.0 +44.0 

5G 142.0 +52.5 157.0 +48.5 

6B 153. 5 +54.5 139.5 +48.0 

6G 130.0 +58.0 133.0 +40.5 

COLLECTION LOCALITY 50.75 N, 57.10 w. 

BRADORE FORt'1ATION (LABRADOR) 

\ 
(NOT CORRmTED FOR TILT OF BEDS) 

Sample No. NRM Results Stable Results 

D I D I 

8G 334.0 +;o.; a = 9.3 332.5 +48.5 (X = 8.S 
9B 346.5 +68.0 k = 8.6 345.5 +63.5 · k = 11.2 ' 

9G 125.0 +22.5 N =31 N = 28 

lOB 93.0 +67.0 64.0 +42.5 

lOG 132.; +75.0 168.5 +67.0 

llB 99.; +63.0 91.0 +(:{/.5 

llG 129.5 +38.0 122.0 +25.0 

l2B 9.0 +68.; 1.5 +58.0 
l.'.3B 328.0 +69.0 24.0 +66.0 

l3G 355.; +67.0 331.s +68.0 

l4G 302.5 +62.0 - ·-
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BRADORE FqRMA.TION (LABRADOR) (cont 1d.) 
(NOT CORRECTED FOR TILT OF BEDS) 

l5B 359.5 +60.0 35s.s +61.0 

15G 13.5 -21.5 

l 6B 2.5 +66.0 347.5 +67.5 

16G ;.o +64.5 3.0 +62.0 

17B 17.5 +70.5 10.5 +66.0 

17G 20.0 +62.5 20.5 +62.0 

18B 359.5 +48.0 6.; +44.5 

l8G 22.5 +71.0 356.5 +66.0 
' 

19B 9.5 +73.0 9.5 +73.0 

19G 12.0 +69.0 1.0 +65.5 

20B 304.5 +80.0 310.; +80 .0 

20G 356.; +74.0 357.0 +72.0 

.21B 343.0 +71.-5 342.5 +71.0 

21G 359.0 +75.5 354.5 +71.0 

22B 347.0 +70.0 14.0 +72.5 

22G 340.0 +75.5 43.5 +73.0 

23B 108.0 +69.0 78.5 +57.5 
-·-..!. 

23G 290.0 +80.0 331.0 +68.5 

24B 110.5 +76.5 122.5 +,38.5 

24G 336.0 +79.5 312.0 +81.0 

COLLECTION LOCALITY 51 • .) N, 57.0 w 

MARCH POINT FORMATION 

(NRM RESULTS) 

GROUP I 

Sampl e No. Correoted for Tilt Before Correotion for Tilt 

D I D I 

l B 335.5 +48.0 a = 12.0 331.0 +63.5 O' = ll. 7 

l G .346.5 +49.5 k = 19.4 353.0 +77.0 k = 20.4 

2B 3.36. 5 +55.5 N= 9 351.0 +7).0 N• 9 
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MARCH POINT FORMATION (cont'd.) 

(NRM RESULTS) 

- GROUP I 
' 

2G 340.5 +45-0 347.0 +62.0 

6G 326.5 +,38.0 328.0 +62.o 

7B 303.0 +46.5 307.5 +68.0 

7G 55.0 +62.0 90~0 +56.0 

' 44.0 +68.0 9B 2.0 +59.0 

9G 346.0 +59.S 336:0 +79.5 

GROUP II 

JG 16.3.5 +40.0 er= 21.S 180.5 +62.0 er = 15.9 ' 

5B 26;.o +64.0 k :: 10.6 21.).0 +64.5 k = 18.7 

5G 161.5 +70.0 N= 6 ;s.o +84.5 N' = 6 , 

6B 192.0 +54.0 203.5 +57.0 

8B 217.5 +58.0 200~0 +55.0 

SG 147.0 +43.0 139.0 +57.0 

COLLF.CTION LOCALITY 48. 5 N, 59.1 w. 

-~ 

'WABANA AND BELL ISLAND GROUPS 

(NRM RESULTS) 

Sample No. Corrected for Tilt Before Correction tor 'Tilt · 

D I D I 

UPPER BED 

6G 10.5 +19.5 er = 17.2 10.5 +22.5 er= 18.8 

7B 14.0 +,36.0 k = 13.2 19.5 +41.0 k = ll.) 

7G 322.5 +62.0 N :a 7 301.s +70.0 N= 7 

lOB 9.0 + a.; 9.5 +ll.O 

: llB 11.5 + 7.0 12.0 +13.5 

llG 5.5 +20.0 a.s +31.5 

l2B s.-o +20.5 4.5 +23.5 
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WABANA AND BELL ISLAND GROUPS (cont'd.) 

(NRM RESULTS) 

LCUER Bm> 

J.2B M _ 352.5 + s.o 353.0 +15.5 

12G M 7.5 + 4.; s.o +ll.O 

lB lS.5 +13.0 21.s +18.; 

lG 22.0 +15.; 24.5 +2!'/.0 

2B 26.0 +15.0 2!'/. 0 +17.5 

2G 2.3.0 + 4.0 2,3.0 + 7.0 

3B 11.5 + 3.; 12.S + 9e0J 

3G s.o -11.0 7.5 - 3.0 

4B 10.0 - 8.0 10.0 + 1.0 I 
4G . 13.0 +24.5 17.0 +29.5 ( 

' 

14B 19.0 + 4.0 19.5 • 6.0 

COLLECTION LOCALITY 47.6 N, 52.9 w. 

ST. GEORGE GROUP 

(NRM RESULTS) 

Sample No. --- Corrected for Tilt 

D I 
\ 

lB 171.0 +32.5 a = 12.S 
lG 173.0 +45.0 k = 24.1 

2B 170.0 +28.0 N= 7 

2G 169.0 +72.0 

3B 182.0 +37.5 

3G 169.5 +27.; 

4G 181.5 +;3.; 

' COLLECTION LOCALITY 4s.5 N, 58.75 w. 
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SPOON COVE FORMATION 

(STABLE RESULTS) 

Corrected tor Tilt 

Sample No. 

2B 204.0 +34.s a= 7.7 

2G 193.0 +28.0 k = 2s.s 
3G 195.0 +41.0 N = 15 

4B 183.0 +42.0 

4G 180.5 +39.0 

5B 198.5 +25.5 
, 

5G 206.5 +;J.O 

6B 210.0 +40.0 I 

6G 18<).0 +26.0 ( 
I 

7B 214.0 +50.0 I 
I 

7G 166.5 +43-0 

SG 224.0 +17.5 

9B 207.5 +27.5 

9G 199.5 +52.0 
I 

lOB -- 179.5 +48.0 

COLLECTION LOCALITY 47.5 N, 55.0 'W. 

GABBRO BHY OF ISLANDS IGNEOUS COMPLEX 

(STABLE RESULTS) 

Corrected to Horizontal 

Sample No. D I et 

llB 162.0 +;o.o et = 9.5 

llG 131.0 +44.0 k = 21.s 

l2B 157.5 +49.0 N = 12 

12G 149.0 +52.5 

l3B 147.5 +49.~ 
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GABBRO BHY OF ISLANDS IGNEOUS COMPLEX (Cont 'd •. ) 

(STABLE. RESULTS) 

. I . 

l4B 151.0 +23.; 
I 

l4G. 165.5 +40.0 

15B 131.0 +42.5 

l6B 133. 5 +2;·.o 

l6G l4S.O +51.S 

18B 168.0 +12.0 

lSG 149.0 +19.5 

COLLECTION LOCALITY 49.5 N, ;s.o w. 

POST-ORDOVICIAN DIABASE, JOES LAKE 

(STABLE RESULTS) 

· Corrected to Horizontal 

Sample No. D I 

lB 14.0 -10.5 ex = 10.7 

lG · u.5 -26.5 k = 74.5 
\ 

5B -~ 18.5 -27.5 N= 4 

5G 1,3.5 -12.S 

COLLECTION LOCALITY 49.0 N, 56.0 w. 

BOTWOOD GROUP, VOLCANIC ROCKS 

(STABLE RESULTS) 

·corrected for Tilt 

Sample No. D I 

4BV ll.5 - 9.0 a= l.2.1 

5BV 6.0 - a.; k = 19.0 

5GV 35.; - 6.S N= 9 

6BV ,31.0 -12.0 

6GV 15.0 +12.0 
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BOTWOOD GROUP, VOLCANIC ROCK~ ·(Cont •d.) 

(STABLE RESULTS) 

7BV 359.0 -28.5 

7GV 31.0 -18.5 

8BV 21.5 -15.0 

8GV 48.0 • 7,5 

COLLECTION LOCALITY 49.2 N, 55.35 W •.. 

BOTWOOD GROUP, RED SEDIMENTS 

(NRM RESULTS) J 

Corrected for Tilt of Beds (Strike 500E ot N, Dip 900N't/ .) 

Sample No .• D I 

lB 343.0 -27.5 a :: 9.4 

lG 331.0 -42.0 k = u.o 
2B 324.0 -43.0 N = 24 

2G 300.0 -1.3.0 

3B 326.0 -17.0 

3G 328.0 - 2.0 

4B -- . ;315.0 -2,'3.0 

4G 309.5 -10.0 

5B 337.5 -12.0 

5G 336.5 -36.0 

6B 320.0 - 7.0 

6G 342.5 -35.0 

7G 301.0 -24.0 

SB 297.0 -38.0 

8G 311.0 .45.5 

22B 331.0 + 5.0 

22G 326.; ·+ 4.0 

23B 327.0 +2,3.0 
I 



23G 321.0 

24B ,;12.5 

24G 311.0 

25B 309.0 

26B 294.0 

26G .312.0 
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BOTWOOD GROUP, RED SEDIMENTS (Cont 'd.) ·. 

(NRM RESULTS) 

+ 7.0 

-34·5 

-25.5 

+ 2.0 

+20.0 

+16.; 

COLLECTION LOCALITY 49. l N, 55.5 w. 

SILURIAN INTRUSION 

(STABLE RESULTS) 
' 

Corrected for Tilt of 65° about 
Corrected to Horizontal Axis Striking 78°E ot N. 

Sample No. D I D I 

lB 75.0 -62.5 a = 5.3 17.5 -20.5 a= 5.3 

lG 75.0 -66.0 k = 49.7 u.o -21.S k = 49.7 

2B 32.0 -46.; N = 16 17.0 + 8.0 N = 16 

2G - 74.0 -60.0 20.0 -19.0 

3B 56.0 -61.0 15.0 -n.o 
3G 100.0 I -55.5 Z'/.O -33.0 

4B 78.; -51.0 30.0 -19.0 

4G 78.0 -;2.5 28.5 -19.0 

5B 67.5 -47.5 30.5 -ll.O 

5G 71.5 -62.0 17.; -19.0 

6B 92.0 -71.0 9.5 -28.0 

6G 50.0 -52.5 20.s .. 4.0 

7B 72.0 -49~5 30.0 -15.0 

7G s2.5 -69.0 n.s -24.S 
8B 60.0 -59.5 18.0 -l.2. s 
SG 66.0 -61.0 17.0 -16.S 

COLLECTION LOCALITY 49.0 N, ss.o w. 
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SPRINGDALE GROUP 

(STABLE RESULTS) 

Corrected for Tilt 

Volcanic Rocks 

Sample No. D I 

lG 29.0 - 1.0 <x = 7.5 

lGA 9.0 - ;.o k ·= 34.3 

lB u.o - 9.5 N = 12 

2G 12.0 - 9.0 

2B 22.0 -16.5 

3G 25.0 -14.0 

3B 24.0 . -16.0 l 
" I 

4G 20.0 - 4.0 ( 
5G 358.0 -28.0 

6W 359.0 -16.0 

NA 30831 34.0 -10.0 

NA .30832 10.0 -27.; 

COLLECTION LOCALITY 49.45 N, 56.2 W. 

Red Sediments 

Sample No. D \ I 

lB 21.5 -1.3.0 <x = 8.1 

lG 6.0 - 1.0 k = 21.9 

2B 19.5 - 7.0 N = 16 

2G 39.5 -37.0 

3B 22.0 -13.5 

3G 29.0 -14.5 
4B 17.0 -16.5 

4G 10.5 -1a.o 
5B 9.0 .. :;s.o 
5G 2,4.0 -Y/.O 
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Red Sediments (Cont'd.) 

6B 33.; -35.0 

6G 26.; -33.0 

7B .351.0 - 9.5 

7G . 25.0 -30.5 

8B 6.; ... 40.0 

80 24.0 - 6.0 

COLLECTION LOCALITY 49.45 N, 56.2 'W. 

) 

RED SEDIMENTS, KING'S POINT 

(NRM RESULTS) 

Corrected for Tilt 

Sample No. D I 

16B 199.5 + 10.0 ex = 9.6 

16G 181.0 + 24.5 k = 19.7 

1713 201.0 + 9.0 'N == 13 

17G 204.0 + 22.5 

lSB 212.0 + 34.5 

18G 221.0 + J..J..; 

1913 193-5 - 5.; , 

19G 202.; .+ 3.0 

20G 210.5 ... 39.; 

21B 193.0 + ]J.O 

21G 215.; + s.; 
NA 3069 190.0 + 12.0 

NA 3071 186.; + ;.o 

COLLECTION LOCALITY 49.55 N, 56.2 w. 
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CLAM BANK GROUP 

(NRM RESULTS) 

Corrected for Tilt 

Sample No. .n I 

lB 318.0 + l.O ex = u.4 

lG 343.0 +20.0 k = 10.2 

2B 328.0 -28.0 N = 18 

2G 319.0 + 4.5 

3B 330.0 -12.0 

JG 357.0 -18.0 
J 

4B 310.0 +20 . 5 

5B ;. 345.5 -14.0 

5G 348.5 -23.S 

6B 335.5 -25.0 

6G 350. 5 -J7.0 

7G 304.0 -49.5 

8B 343.5 - l.O 

8G 353.5 -27.5 

9B 340.0 -41.0 --
9G 338.5 -46.0 

lOB 352.5 -43.0 

lOG 354.0 -22.5 

COLLECTION LOCALITY 48. 5 N, 59.0 w. 

PERRY FORMATION, SEDIMENTS I 

(STABLE RESULTS) 

Corrected for Tilt 

Sample No. D I 

1B 184.5 +40.; ex = s.s 
lP 187.S +24.0 k = 8.9 

~ 

2B 187.0 +69.0 N = 36 
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PERRY FORMATION, SEDIMENTS (Cont *d.) 

(STABLE RESULTS) 

2P 155.0 +71. 5 

;m 160.5 -i·.30. 0 

.3P 164.5 +35.5 

4B 141.5 +68. 5 

4P 193.0 +55.0 

5B 160.0 - 3.5 

5P 182.0 +18.0 

6B 181.5 +25.5 J 

6P 192.0 +26.5 
r 

7B 169.0 + 2.5 

7P 177.0 +16.0 

8B 159- 5 +13.0 

8P 161.0 +16.0 

9B 18.3 .0 +22.0 

9P 181.0 +16.5 

lOD 170.S +11.0 

lOP -~- 177.0 - 9.0 . I 

l4B 131.5 +50.0 

14P 175.5 +4;.o 

15B 169.5 - 4.5 

l5P 179.5 -13.0 

24B 178.5 -16.5 

24P 17.3.0 +15.; 

25B 169.5 +22.5 

25P 192.0 +53.0 
26B 170.0 -15.0 

26P 161.0 + 4.5 
27B 169.5 -10.0 
2'.'Zf 165.5 - 3.5 
29B 192.; +25.0 
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BAKED SEDIMENTS AND DIABASE CUI'TING PERRY FORMATION 
' ' ,. 

(STABLE RESULTS) 

Corrected to Horizontal 

Sample No. D I 

20B 8.0 +34.0 a = 10.6 

20P . 352.5 +45.5 k = 40.9 

21B 14-5 +62.; N= '6 

21P 6.0 +;2.0 

22B u..s +39.5 

22P 26.0 +43.0 J 

COLLECTION LOCALITY 45.0 N, 67.0 W. 

I 

KENNEBECASIS FORMATION 

(NRM RESULTS) 

Corrected for Tilt 

Sample D I 

lB 139.0 +42.5 CY : 9.6 

lP 162.; +41.5 k = 18.l -

2B ·-- 170.5 +41.0 N = 14 
2P 149.5 +48,5 

3B 147.0 \ +41.5 

3P 151.; +30.; 

4B 147.5 +34.; 

4P 194.5 +ll.O 

5B 141.0 +37.5 

5P 188.0 + s.o 
6B 166.5 +28.0 

6P 165.5 +2;.o 

7B 149.0 +19.5 

7P 172.5 +41.0 

COLLECTION LOCALITY 45.5 N, 66.0 W. 
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CODROY GROUP 

( NRM RESULTS) 

GROUP I 

Corrected for Tilt 

Sample No. D I 

lB 159-5 +24.0 ex :: 7.7 

3B 195.0 +11.5 k = 16.J. .. 
5G 185.5 - 9.0 N = 23 

7B 195.5 +15.0 

7G 215.5 +36.0 J 

8B 176.0 +23.0 

8G . 188.0 +25.5 

lOB 174.0 ...15.5 

lOG 159.0 + 6.0 

llB 181.0 +22.0 

llG 176.0 + 7.0 

l2B 167.5 + 5.0 * 
l3B 147.5 +16.5 .. 
l4B 149.5 -13-5 * -~-

l7G 180.0 - 9.0 * 
18B . 159.q - 3.0 * 
18G 161.5 -11.0 * 
19B 181.0 +12.0 * 
l9G 164.5 + 9.5 .. 
20B 155.0 + 9.5 • 
20G 167.0 - 1.0 * 
21B 178.0 + s.o 
2lG 179.5 - 1.5 

* DECLINATION ADJUSTED BY isoo, INCLINATION SIGN REVERSED 



- 101 -

CODROY GROUP (Cont'd•) 

(NRM RESULTS) 

GROUP II 

lG 172.5 +66.5 ex = 9.9 

2B 167.5 +82.5 k = 27.8 

2G 1s4.5 +62.; N= 9 

3G 144.0 +52.; 

4B rn.o +57.0 

5B 168.5 +43.5 

6B 198.5 +56.; 

6G 199.5 +59.0 ) 

17B 219.0 +59.5 

COLLECTION LOCALITY 48.0 N, 59.0 w. I 

SEARSTON BEDS 

(NRM RESULTS) 

Corrected for Tilt 

Sample No. D I -
lB 176.5 -24.0 Of = 9.7 

2B 17.3.5 -14.0 k = 90.7 

2G 174.5 -18.; N= 4 

JG 172.5 -33.5 

COLLECTION LOCALITY 48.0 N, 59.; w. 
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l'RE-PICTOU CARBONIFEROUS ROCKS OF NEW BRUNSWICK 
., 

(REFERENCE - HORIZONl'AL BEDDING) : ' .. 

VOLCANIC ROCKS 
, :· 

F'LQW I TYPE l 

NRM RESULTS STABLE .RESULTS 

Sample No. D I ex D I 

2A 326.0 +77.0 - 283.0 +52.0 " = 26.0 

2B 27.0 +84.0 169.5 +39.0 k= 4.9 
/ 

2C 109.0 -t65.0 120.0 +50.5 N= 9 

5A 354.0 +70.5 280.0 +37.5' 

5B 329.0 +65.0 228.$ +61.0 

50 8.5 +67.5 178.0 +34.0 I~ 

f 
I ' 

7A 198.5 +52.5 191.5 +lJ.5 

7B 326.0 +6,3.5 210.0 +50.0 

70 268.0 +84.0 178.o +34.0 

FLOW TYPE 2 

3A .326.0 +26.0 .. 325.s -16.5 ()' = 26.2 

3B --l 332.5 -11.5 :no.5 -40.5 k= 4.8 

30 JlJ.O -1.3.5 210.0 -20.0 N= 9 

9A 227.0 +56.5 228.0 -u.o 
9B 249.5 +37.5 299.0 -ll.5 

90 265.0 +66.o 355.5 -32.5 

lOA 346.5 -48.5 34a.5 -5.3.0 

lOB 15.0 -51.0 12.0 .. 4s.o 

lOC ll.O +57.5 .329.0 -24.0 

FLOW TYPE 3 
c-

12A 66.5 +43.0 - 25.0 -55.5 ()' :::: 62.0 

l..2B 18.0 +ll.O 46.0 -44.0 k= 2.1 

120 320.0 +64.0 275.0 - ·s.o N= 6 

l5H 188.0 -79.5 218.0 -27.0 

150 288.0 +56.5 224.0 -u..o 
15E 18.0 -22.5 8.0 .. 55.0 
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SEDIMENTARY ROCKS 

lA 126.0 +59. 0 149· 5 +4a.o a~ 15.4 

lB 128.5 +59.0 154·5 +47.0 k= 13.8 

lC 146.5 +65.0 162.; +46.5 N= 8 

4A 153.0 +30.5 156.o +14.0 

4B 188.0 +20.5 197.0 + 8.0 

4C 149°5 +.31.0 157.0 +11.0 

llA 101.0 +63.0 160.5 +.'.36.0 

llB 171.0 +64.0 150.0 +26.5 

COLLECTION LOCALITY 46.5 N, 66.5 w. 

BONAVENTURE FORMATION 

(NRM RESULTS) 

Corrected for Tilt 

SamrJle No. , · D I 

lP 161.5 +14.0 (X :: 6.8 

2P 179.0 +38.0 k::: 21.7 

2B 152.0 +21.0 N = 22 

3P -- 132.; - 3.0 

4P 167.0 + 9.5 

4B 196.5 I - 2.5 

5P 164.0 +16.0 

5B 166.0 +22.0 

6P 166.0 +15.5 . 

6B 167.0 + 6.0 

?P 169.0 + s.; 
7B 155.5 +41.5 

8P 172.0 +42.0 
( 

SB 171.0 +23.0 

9P 16,3.0 + 6.0 

9B 165.0 • 6.0 

' . 
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BONAVENTURE FORMATION (Cont 'd. ) 

(NRM RESULTS) . 

lOP 168.0 + 2.0 

lOB 166.0 + 5.5 

llP 167.5 + 4.0 

llB 164.5 + o.; 

12P 180.0 + 4.5 

12B 160.5 + 5. 5 

COLLECTION LOCALITY 48.0 N 65.5 W 

BATHURST FORMATION 

(NRM RESULTS) 

Corrected for Tilt I 

Sample No. D I 

Sl 141.S +30.5 QI = 9.3 

S2 169.0 +28.5 k = 28.l 

S3 153°5 +32.5 N c 10 

S4 170.5 + 3.5 

S5 166.5 +25.5 
---1 

S6 159.0 +17.0 

S7 ·169.0 + 3.5 

S8 163.0 + 9.0 

S9 169.0 + 2.5 

SlO 158.5 + 2.0 

COLLECTION LOCALITY 47.6 N, 65.6 w. 

--
RED BEDS NORTHWEST PRINCE EDWARD ISLAND 

(NRM RESULTS) · 

Corrected for Tilt 

Sample No. D I 

46K 149.5 +16.5 <X = 6.l 

47B 167.5 . + 6.0 k c 22.6 
! 

50B 156.0 +24.5 N = 26 
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RED BEDS NORTHWES'l' PRINCE EDWARD ISLAND (Cont'd.) 

51B 163.5 +46.0 

·' 52B 167.0 - 1.5 

52K 171.5 - i.; 

5.3B 17.3.S - 4.5 

53K 170.5 - 6.0 

54B 160.5 -14.0 

55B 168.0 - 4.5 

55K 164.0 .+ 3.5 

56B 177.0 + J.O 

56K 175.0 + 6.5 

57K 166.0 - J.O 
I 

59B 174.0 + 6.0 I 
I 

59K 172.5 + 5.0 

60B 176.5 +15.5 

62B 163.0 - s.5 
63B i~.o + 7.0 

63K 173.0 + 0.5 
"~- . 

64K 172.0 - 7.0 

66B 167.0 +41.5 

· 66K 170.0 +20.5 

78B 177.5 + 7.0 

81B 161.0 -10.0 

81K 194.0 - 7.0 

COLLECTION LOCALITY 46. S N, . 64.0 W. . 
. " 
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RED BEDS CENrnAL PRINCE EDWARD ISLAND 

Corrected ror Tilt 

Sample No. D I 

17B 165.0 + 2.5 ex = 5.; 

l7K 155.5 - 1.0 k = 10.6 

18B 133.0 +19.5 N = 69 

18K 160.0 - 5.5 

19B 168.0 + 1.5 

21B 178.; +14.0 
J 

22B 173.5 + 2.5 

24K 132.5 -43°5 

25B 168.0 - 9.0 

25K 174.5 + 3.0 

26B 203.0 +34.5 

27B 185.0 + 8.5 

29B 194.0 +46.0 

30B l3L~.o +29.5 

31B 171.0 +13.0 

32B 176.0 +ll.O 

J2K 177.5 - 3.5 

33B 178.5 + 1.0 

33K 192.5 + 4.0 

35B 164.5 - 1.5 

35K 161.,.0 - 2.5 

J6B 166.; + 9.0 

36K 161.0 - 1.5 

37B 229.0 +28.0 

37K 170.5 -17.5 

38K 167.5 + 3.0 

39K 169.5 +47.5 

\ 
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'\ 

RED BEDS CENTRAL PlUNCE EDWARD ISLAND (Cent 'd.) 

67B 159.5 + 1.5 

67K 165.5 + 3.5 

69B 199.0 +21.5 

69K 157.5 - 3.5 

70B 156.5 - 9.5 

70K 166.5 - 4.0 

71B 189.0 + 3.0 

72B 164.0 - 5.0 j 

72K 175.0 - 1.5 

7.3B 179.5 ... 1.5 

73K 168.0 + 7.0 I 

I 
74B 171.0 +16.5 I 
74K 172.5 + 1.0 

75B 175.0 - 6.o 

75K 95.0 ~ 8.0 

8JK 171.5 - 8.0 

84B _J_ 180.5 ... s.o 

84K 162.5 -10.0 

85B 142.Q ... 8. 5 

85K 188.0 + 3.0 

86K 158.0 + 3.5 

8'7B 173.5 +19.0 

S7K 172.0 - 6.0 

89B 
\ . 

167.5 + 8.0 ' 

89K 16.3.0 + 7.5 

90B 154.5 + 2.5 

90K 210.; + 4.0 

91B 191.5 +ll.5 

91K 186.5 + 6.; 
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RED BEDS CEln'RAL PRINCE EDWARD ISIAND (Cont 'd.) 

92B i~.o +Jl.5 

92K 193.5 +39.0 

12213 159.0 +32.5 

122K 158.0 +16.0 

12.3B 195.0 +28.0 

12JK 160.0 +32.5 

124B 138.5 +25.5 

124K 2,32.0 - 6.5 

l25B 153.5 - 4.0 . 

125K 160.5 +12.0 

l26B 195.5 +23.0 

127B 169.0 + 3. 5 

127K 169.0 + 6.5 

COLLECTION LOCALITY 46.3N, 62.; w. 

·-----------

RED BEDS EASTERN PRINCE EDWARD ISLAND 

- -.._ (NRM RESULTS) 

Corrooted for Tilt 

Sample No. D I 

. l B 18i.o + 3.5 Ot = 5.5 

lK 175.5 + 6.0 k = 12.5 

2B 146.5 +48.5 N = 59 

3B 176.0 + 2.0 

3K 159.5 + 2.5 

4B 180.0 - 3.5 

4K 173.5 + 1.5 

613 rn.5 +22.0 

6K 182.0 +37.5 
. 

' 
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RED. BEDS EASTERN PRINCE EDWARD ISLAND {Cont 'd.) 
' . 

7K 190.; -11.5 

SK 181.5 +27.0 

9B 179.0 +12.0 

llK 185.5 +29.5 

12B 161.0 + 4.0 

12K 166.5 + 3~5 

13B 175.5 - 3.5 

13K 167.5 -11.0 

15K 163.5 + 6.5 

16K 179.5 + 1.0 

40K 11~7.0 +2J.5 

41B 177.0 +17.5 

4lKi: 168.0 + 8.0 

94B 184.0 -11.5 

94K rn.o + 6.5 

95B 174.5 + 9.5 

95K 175.0 . + 6.5 --
96B 170.0 +21.0 

96K 158.5 
I 

+.32.0 

973 214.0 +23.5 

97K 194.5 +17.5 

98K 167.5 +J0.5 

99B 214.0 +ll.O 

99K 191.5 +16.0 

l04B 189.0 + 4.5 

104K 198.0 + 8.5 

106!3 216.0 - 9.5 

106K 176.5 +l.2. 5 
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RED BF.DS EASTERN PRINCE EDWARD ISLAND (Cont 'd.) 

l07K 179.0 +2:2.0 

l08B 205.0 -22.0 

l08K 189.0 - 2.0 . ' 

109B 184.0 -19.0 

109K 161.0 - 6.5 

llOK 200.0 +·2.5 

ll2B 180.0 - 6.0 

113B 181.0 + 7.0 

113K 184.0 - 0.5 J 

114B 162.5 -18.5 

114K 171.0 -43.5 /t 
' I 

115B 151.0 + 3.0 I 
I 

115K 161.0 + 7.5 I 
116K 166.0 -27.0 

117B 152.0 -16.5 

117K 210. 5 . - 2.5 

118B 163.5 +20.0 
' 

119B 
~ .. -, 

166.5 - 1.5 

119K 137.5 - 3.5 

J.20B 180.0 - 4.5 

120K 177.0 -12. 5 

l21B 169.5 +29.0 

COLLECTION LOCALITY 46.3 N, 62.; w. 

i 
I. 
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OLIVINE DOLY.RITE DYKE 

GEORGE ISLAND, PRINCE EDWARD ISLAND 

(STABLE RESULTS) 

Reference Horizontal Plane 

Sample No. D I 

lB 195.5 ' -14· 5 a = 12.4 

lK 172.5 -16.5 'k :: 11.3 

2B 191.0 - 3.0 N = 14 

2K 1?6. 5 . -1.3.5 

4B 181.5 -19.0 ; 

4K 182.0 -19.5 

6B 183.0 -33.; / 
·, 

6K 229.0 -42.0 
I 

\ 

7D 171 •• 0 -18.0 

7K 181~.o -29.5 

8B 1.35.0 -;0.5 

SK 1'75. 5 +25.5 

9B 172.0 -u..o 
9K - 173. 5 - 4.0 

COLLECTION LOCALITY 46.6 N, 63.8 w. 

NORI'H MOUNTAIN BASALT 

(Nfu'1 RESULTS) 

Corrected for Tilt 

Samµle No. D I 

lB 18.0 +57.5 Of ::: 6.3 

lP 45.0 +49.5 k = 14.7 

2B 6.5 +32.5 N = ;38 
; 

2P 11.0 +42.5 

3B 9.5 +63.5 

3P 8.5 +60.0 
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NORTH HOU1l'l'AIU BASALT (Cont 'd.) 

(NRM RESULTS) 



• 

18B 

18P 

19B 

19P 

.. 113 -

NORTH MOtTh'Tfl.IU BASALT {Cont 'd.) 

(NRM RESULTS) 

3.0 

4.0 

33.0 

16.0 

+47.5 

+54.0 

+61.5 

+63.0 

COLLECTION LOCALITY 45.0 N, 64.; W. 

J 

( 
j 

.. ' 

I 


