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ABSTRACT 

~ The St. Lawrence (l'alley sys tem ls a branchin'g group of. narrow 

linear depressionq, more than 2,000 km long, set l~rgely on the 
'" . , 

platform and the Shield just west of the No~thern'Appalachians. The 

western half of the valley system is underlain by rifts sorne bf which 
1< , 

" 

l are well-defined grabens. The structure of the ~ater-cov~red eastern 
\ \ 

halE i8 le8s cèrtain but the available geologieal information, although 

- seant y , indicates that the sUQmerged parts too, lte alang rift iones. 

Moreover, the gross pattern of the valley system i8 closely similar 

to the branching pattern of a large rift valley system. Therefore, 

) 

by a rift system tQ which the name S4~ Lawrepce Rift system is 

it is hypothesized that the St. Lawrence Valley system is underlain 

\ 
Lawrence Rift system ~ompare closely 

applied. ., 
Many features of the St. 

with those of the rift systems in East African, Baikal and Rhine 

regions. However, unlike the" latter rifts, t'he St. Lawrence Rift 

system h~s little or no geophysical expression; i~ is not set along 

the crestal region of a discernible,crustal swetl; its fault troughs 

are devoid of Cenozoi~ volcanic products and have no noteworthy 
1 

accumulations of Cenozoic sediments. TIrese difference& are\ tnought 

to be largely due tp long inactivity ~f the rift syste~. 

In its prese'h~ form, the St. Lawrence Rift system appears t? 
... ~" ~ 

have formed in the /ni'd' Mesozoic, possibly as a., result df tensional : 

stresses related Dto the openirig of the Atlantic Ocean. However, there 

are indications that the pattern of mid-Mesozoic rifting ~as largely . , 

superimposed, 'on pre-existing faul ts, also of tensional origin 'and 

possibly of Hadrynian age. These aIder faults are identified as 

structural elements inherited from the eo-Appalachian rift system 

of Bird-Dewey and Çhidest~r-Cady models of Appalachian evolution. 
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REstfME 

Le système de la Vallée du Sgint-Laurent est formé d'un 

ensemble ramifié d'étroites dépressiohs linéaires, de p1,us de 

2,000 km de longueaT, situé en grande partie sur la plate-forme 

et sur le Bo~clier Canadien à l'Ouest immé~,des Appalaches 

Septentrionales. La demie Ouest de ce système est formée de 

failles dont certaines sont des grabens bien définis. Les, 

structures de la demie Est sont submergées et moins bien définies, 

mais les données géologiques disponibles, bien que rarès, nous 

montrent que ces parties submergées sont aussi des zones de fail1es\ 

De plus, l'ensemble' du système ressemble beaucoup al! modèle ramifié:' 

d'un large système de vallées faillées. Ainsi, nous émettons 

l'hypothèse que sous le système de la Vallée du Saint-Laurent o~ 

lrouve un système de failles auque nous donnons le nom de système 

de Vallées Faillées du Saint-Laurent. 

Plusieurs charactéristiques de ce système de Val1ées Faillées 

, du Saint-Laurent se comparent de près avec celles des systèmes de 

vallées faillées de l'Afrique de l'Est, de Baikal et du Rhin • 

. Cependant, contrairement à ces aut~es endroits, le système de Vallées 

; ,Faillées d!,!. Saint-Laurent a peu ou aucune exp:t;:'ession géop'hysique; il-

la 

-~, n'est pas situé le long d'une région de crête d'un gonflement pe~ceptible 
" 

-~e la croute terrestre; les fosses tectoniques né renferment pas de 

roches ~olcaniques ni de dépôts sédimentaires importants d'age cénozoïque. 

Nous croyonS que ces différences sont dues en grande partie à la 

longue inactivité du système de failles. 
'=' 

Dans sa condition actuel1e,~le système de Vallées Faillées 

du Saint~Laurent semble s'être developpé durant le Mésozoïque Moyen, 

peut-être due à des forces de tension reliées à l'ouverture de l'océan 
1 

Atlantique. Cependant, il semble que le modèle de faille~ du MésozoIque 

Moyen a été en grande pa~tie superposé sur des failles pré-existantes 

~~ssi d'origine de tensioQ et peut-~tre d'age Hadrynien. Ces failles plus 
< 

-~ciennes sont des éléments de structure qui découlent d'un système de 

failles e~-APpalachierl~',j!"aprèso les 'modèles de 1 t évol~tion des Appalaches 

proposés par Bi!d-Dewey et Chidester-Cady. 

p. S • Kumarapeli 
Geologiesl Sciences 
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""VI.-';" . 

~:," 

GENERAL STATEMENT 

----------- ,-
"St. Lawrence Valle~ v syÉ; tem" al? used here re-fers to a branching 

, 
group of narrow, linear, topographie depressions in northéastern 

,,; 1 

North America (Fig. 1). For convenience of reference, this group of 

depressions is best divided,into eight principal parts. Four of these 

contain large lakes - Lake Timiskaming, Laké-Nip!ssing, Lake Champlain~ 

and ~ac. St. Jean - and will be referred to as the Timiskaming Depression, 

Nipissing Depression, Champlain Valley and Saguenay-Lac St. Jean 

2 

Depression respectively. 
1 

The two easternmost parts are narrow submarine .,~ 

troughs and are known as the Laurentian and Esquiman Channels (a1so 

referred to as the St. Lawrence and Belle Isle troughs in older 

literature) • <t> The two remaining parts of the St. Lawrence V'alley 

System ~onsist of topographie lows straddling the Ottawa and the 

'" St. Lawrence Rivers and will be referred ta as the St. Lawrence and 

Ottawa Valleys respectively. The part of the Ottawa Valley west of 

the citY~f Ottawa is commonly called the Upper Ottawa Valley, and the 

part between Ottawa and Montreal Island, the Lower Ottawa Valley. The term 

St. Lawrence Region as used in this thesis refers to the general area 

that provides the setting for the St. Lawrence Valley system. A 

• 
locality index map of this region is given in Figure 2. 

The chain of depressions consisting of the Champlain Valley, the 

St. Làwrence Valley·, the Laurentian Channel (excluding the outer part) 

. 
, " 
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KEY 'tO AB;BRÉVIATIONS IN FIG. 2' .. 
/' • AI Anticosti Island -.' 

,.l 
AM Adirondack Moun'tains '" ~ ""/ 

Bay of Funday' " BF 
BS Betsiamites River 
CR Connecticut River ,J 

CS Cabot Strait 
EC Esquiman Channel 
CM Green Moun tains 
GR Gatineau River 
GP "- Gaspé Peninsula ' ... 
HAR Hamilton River 

... 

Le Laurentian Channel 
LCH - Lake Champlain 
LN Lake Nipissing 
LM Lake Me 1 vi lle ~ 

LRM - Long Range Mountains 
LSJ - Lac St. Jean 

1 ... J', .. LT Lake Ti11l'iskaming r' - ..::~ 

M Montreal ~" . 
-'''''''-<" 

MER - Hé ca tina Ri ver .! 
MH Madawaska Highlands -1 , ,. 
MOR Moisie River \, 

MR Manicoua~an River • 
NFLD- Island 0 Newfoundland 
NM Notre Dame Mountains 

r 
/ 

NR Natashquan River \ . -.-./ 
NY New York 
0 Ottawa / 
OR Ottawa River" 
PLM - Parc des 1aurentides mass\if 
Q Quebec City .... ~ 

RR Romaine Rive r . " 
SBr - Strait of Belle Isle t,< 
SI Sept Isles 
SJR St. John River 
SLR - St. Lawrence River 
SM Sut ton Mountains .:' 

Y" 

SMR - St. Maurice River 
, 

< ~ 

SR Saguenay Ri ver ... 
WM Whi te MOUll tain ~ 1 .. \ 

~ 1 

" 
\ 

\ 0 -, 
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,Fig. 2. Localit y iDdex map 0 St. Lawrence Region. Key to abbreviat 
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and the Esquiman Channel lies marginally with respect ta the north 

and w~st boundary of the Northern Appalachians (Fig. 3). For 

simplicity, this part of the St. Lawrence Va11 ey syStem wi 11 be 

referred ta hereafter as the Marginal Segment. The branching 

depression consisting of the Ottawa Valley, the Timiskaming and 

Nipissing Depressions extends across parts of the Canadian Shield 

and will be referred ta as the Shield Segment A; the Saguenay-Lac 

St. Jean Depression, which also extends across parts of the Canadian 

Shield will be referred to as the Shield Segment B. 

The St. Lawrence Valley system provided early explorers and 

fur traders the main routes of travel into the interior of 

North America. Hence, sorne of the earliest ob'servations On the 

geology and physiography of the northeastern part of the continent 

were made alang sorne of these depressions. Early writings on these 

depressions are of a descriptive nature and hardly touch on the 

problem of their origin. With continuing stud ies, however, i t has 

general1y been recognized that they are not purely erosional 

features, but reflect in varying degrees their underlying structures. 

A.W.C. Wilson (1903) was probably the first to suspect that 

sorne of the depressions May be structurally controlled. He suggested 

that the Tirniskarning, Nipissing and Saguenay-Lac St. Jean Depressions 

are geomorphic èxpressions of grabens. He also suggested that the 

Cambro-Ordovician platformal rocks of -the St. Lawrence Valley were 

" laid down in a Precambrian depression of the graben type. Later, 

Kindle and Burling (1915) proposed that the Ottawa Valley and the 
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St. Lawrence Vall~y lie along structurally dep1essen zones of normal 
\ . " 

faulting. Further studies in the Upper Ottawa Valle~ by Kay (1942), 

-- ~ ------------- " Lower Ot tawa 'Valley by Wilsonv' ~1946, p. 34) and St. Lawrence Valley 

by Osborne (1956) have shown that Kindle and Rurling' s view is 

essentia11y cGriect. Furthermore, Kay (1942) has demonstrated that 
, ( 

r" the structure of the Upper Ottaw~ Valley is a graben. Kay (1942, 

p. 613) a130 has shown that the northern boundary favlt of this 

1 

graben exten4s westwards as the key fault of a structural lowalong 
1 
1 

the Nipissinr, Depression. 
\. 

Detailed studies of the Champlain Valley 

• 
~by Quinn (1933) and parts of'the Saguenay-Lac St. Jean and 

timiskaming Depressions by Dresser (1916) arY! Hume (1925) respect ively, , 

hflve revealed that these topograph:J,.c Iows tao, are largely underlain 

by block-faulted, structurally depressed zones. Fol1owing the above 

studies, the structure of the Timiskaming and Saguenay-Lac St. Jean 

Depressions ha~ gradually come to be accepted as graben's (e. g. 

Wilson 1959, p. 316;Oll~renshaw and MacQueen 1960;Lovell and 

Caine Î9vO). The geology of the Esquiman and Laurentian Channels 
........ ..... ::.j> ..... 

~', o.J 

i8 largely concealed. However, onshore studies in Esquiman Channel 

area by Cumming (1967, 1972) indicate that the channel at least in 

l11li part lies al'fing a zone of downfaulting. High-angle faults also 

p~obably dominate ~e structures of the inner part of the Laurentian 

Channel, because Anticosti Island, which is the only sizeab1e island 

in the Channel, is traversed by numerOU8 high-angle faults 

(Roliff 1968). The question whether the outer part of the Laurentian 

Channel is underlain by a major structure or not i8 a matter of 

contemporary debate (e.g. King and MacLean f970a) • 

() 
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• Of the St. Lawrence Valley system depressions, therefore, the 

Timiskaming and Saguenay-Lac St. Jean Depres~ions and the Upper 

Ottawa Valley are topographi~ lows coincident with structures that 

are generally accepted as grabens. The Nipissing Depression, the 

Lower Ottawa Valley, the St. Lawrence Valley, the Champlain Valley 

and the Esquiman Channel a180 lie along structurally downfaulted 

zonee:. • 

A1though graben structures have been known from different 

parts of the wor;ld for quite sorne time. they did not, until about 

1960, receive the attention the y now seem ta deserve. Most geologists, 

influenced by the Contraction Hypothesis of the earth, paid more 

.. attention to the study of structures such as foids and overth~s~t!l 

in orogenie belts, which were ,regarded as manifestations of tartgential 

compression on a contracting earth. They dismissed, as secondary in 

/ 

importance, the tensional structures such as those of large graben 

systems, although the East African Rift system was known ta ex tend 

for more' than 6,000 km or a 52-degree sector of the cirqtmference of 

the earth. However, follo_wing the discovery in the very early part 

of the century, that radioactive elements in rocks are a major source 

of the earth's heat, it has been gradua11y rea1ized that the earth need 

not bé caoling ~nd contracting as advocated ~y proponents of the 
.. 

Contraction Hypothesis. Moreo~er, during the 1ast 15 years or so 

sorne workers have given serious attention to the hypothesis that the 

earth may even be expanding (Egyed 1956, 1957;Carey 1958;Jordan 1971) • 

• u, 
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-. 
The discovery of trye world-girdling sub-oc~nic ridge system, which 

\. 

\ 
for the most part has crack-like crestal grab~",,~,~~ezen 1960), 

.~ 

has s1lown that graben structures have developed in the earth's crust 

. on a truly grand scale. klso, it has been argued that at least sorne 

• 

of the continental graben systems are extensions of the sub-oceanic 
,..,.. 

system (Girdler 1964, pp. 147-149). The proponents of the earth. 

expansion theory regard large graben structures as manifestations 

of earth expansion, just as proponents of thel Contraction Hypothesis 
u 

regarded structures in fold mountains as manifestations of global 

contraction. Also, with the increased interest in the hypothesis of 

Continental Drift, thermal convection in the mantle has been regarded 

by many as providing a possible driving force for drifting continents 

and large graben structures are believed to be localized along zones 

of upwe1ling of convection currents (Wilson 1963). The outward flow 

of currents from these zones is believed to drag the crust apart and 

produce graben structures. Furthermore, according to the recently 

proposed hypothesis of plate tectonics (Isacks et al. 1968; 

Le Pichon 1968;Màrga~ 1968) the crestal grabens of the sub-oceanic 

ridge system overlie zones of plate growth that are presumably 

related to sea floor spreading, and sorne continental grabens are 

o "failed arms" of plume-generated trip1.e junctions, the other two 

arms of a triple junction having combined to form a plate boundary 

(Burke and Dewey 1973). 

Thus, graben structures have ~ssumed ~undamental importance 

in the context of theories of earth expansion, mantle convection ând 

-, 
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plate tectonics and hence are receiving increased attention. This is 

refle~ted~in th~ f~ct that oue of the three internation~ programs 

selected for emphasis by the International Upper Mantle Committee (IUMC), 
'r' 

at its meeting in'~cow in 1964, was the world system of ]~rge grabens. 

Since the 1964 meeting, the fol10wing meetings wer2 he1d under the 

sponsorship of IUMC: a seminar on the East Africart Rift System was held 

in Nairobi, in April 1~65 (UMC-UNESCO seminar 1965); two symposia on 
,n 

the World Rift System, one' in Ottawa in September 1965 (see Irvine, , 

• ed. 1966) and the second in Zurich' in September 1967 (sorne papers 

presented are pub1if~ed in Tectonop~y~ics 8, 1969) and an international 

rift symposium (mainly on the Rhine graben) in Karlsruhe in 1968 

(Illies and Mueller, cds. 1970). 

Beyond the purely scientific reasons for the greatly expanded 

interest in large grab~ structures, their study has been acce1erated 

.Jr 
" be~ause of the recognition of a c~ose temporal and spatial rela.tion-

ship between continental grabeif structures and alkaline-carbonatite 

magmatism. Carbonatites contain economic concentrations of sorne 

e~ements, particularly of niobium, rare earths and thorium. Aiso 

marly carbonatite provinces are kimberlite provinces and kimberlite 

pipes are the primary source of natural diamonds in the world. 
"'\ 
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THE THESIS 

( , The graben structures along the Upper Ottawa Valley, the 

~ Timiskanl1ng and Saguenay-Lac St. Jean Depressions are not isolated· 

struetures but are parts of a system of elongate fauit troughs o 

which are crudely coextensive with the St. Lawrence Valley System. 
, 

This system of fault troughs not only resemble6 tWe grosso pattefn 
J, 

t>' of a' ia'e graben system but also has .manY of the geomorphologicai 

" 

an~ geological characteristics of such a system. These similarities 

suggest that the St. Lawrence ValJey system ls underlain by a large 

continental graben system - the St. Lawrence Rift System (Kumarapeli 

and SaulI 1966a). This, in essence, is the s~bject of the present 

thesis. This view of the tec~on~~ s!g~~ficance of the St. Lawrence -" 

Valley Sys~ should be of interest to those who are concerned with 

the study of large graben system~t, It will be argued that~ens 

along the St. Lawrence Valley systefu Irepresent a piece of evidence 
J 

vital to our, ~ndetstanding of the geological evolution of the 

Appalachian foldbelt. The graben concept also helps clarify the 

problem,of seismicity and alkaLine-carbonatitelmagmatism and a host 

of other gèological and geomorphological pec~liaTities of the 

St. Lawrence Region • 

PURPOSE, SCOPE AND. NATURE OF THE STUDY -." , 
The writer has three main aim3 in the ~resent study: 

, 

• 'f> 

" 1 .1 

/ 

1 
o 



• 1. Ta synthesize selected ,aspecte ~f the geologioal and' 

other characteristics of the St. Lawrence Valley 
~ , 

. , & 
system and its environs (Chap'ters II ta XIII). These 

syn'thes~s_ 'do not constitute" a treatment of the entire 

. 
spectrum of geological and ot~ér characteristics 

of these respective areas, b~t represent rather a 
(l 

discussion of various aspects (e.g. high-anglë faulting) , 

wh1ch ta the writer appear to be relevant to·~he graben 
r 

Oh~~Y characteristics are either bJiefly 
< 

or,p~i~ted altogether . 
. '-

2. To compare and contrast the various characteristics of 

12 

J ~ 

..... ' .-

\ ,\ 

ehe St. Lawrence Valley system structures with those of 

the r~ft systems of the three ~lassic~l areas: Rhine, 
, > 

Baikal and East Africa (Ch~ter XIV). 

, 3. To speculate on the age and origin of jthe structures 

al6ng the St. Lawrence Valley system (Cha~ter XV). 
;' 

The St. Lawrence Valley system~xtends over a very large area. 

lts length from ~he north ~nd of Lake Timiskam~ng to the mouth of'· ~he 

Laurentian Chann~" is about 2,300 km. Publls~~d'geological information 

on this vast region is voluminous. Much has been written, mainly .r " ," • 

duri~g toe first haH .)''61Pt
J
hiS ce~tury, on the geomorphology of the 

..;., 

region: These wr~i~s are lârgeîy foncerned with the interpretat:ion 

, 
t 
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.' 
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of 1andscapes·of the region from a Davisian point of view. Geo-

physical investigations began in the early fifties (e.g. Fitzpatrick 

1953;Press and Beckmann 1954) and hâve since been gathering 
" 

momentum. 

Field studies by the writer included two summers (1966 and 

1967) work in the St. Lawrence Valley. This wdrk consisted ;ain1Y 

of 1'0 gravit y traverses over the Appa1achian - PlF~form boundary"~n 

the east side of the valley (Appendix III) and onk traverse over 

the shield - platform boundary on the west side of the valley 

(Appendix IV). Visits of two to three da ys duration were made to 

several other areas of the St. Lawrence Vallei sys~em: the Uppef 

c 

Ottawa Valley in summer 1966, the lower St. Lawrenèe Valley and 

the Saguenay-Lac St. Jean Depression in summer 1967, the Lower ~ 

Ottawa Valley, the Nipissing and the Timiskaming Depressions in 

summer 19~8. During these short visits the main emphasis was on 

the study of geomorphologica1 and structural features. 

In the winter of 1966 y three weeks wete spent at the National 

Airphoto Library, Ottawa, studying vertical aerial photographs of 

th~ if' Lawrence Valley system and its environs mainly to coll~ct 

eV1Jfnce of faulting along and near the margins of the depressions. 

PREVIOUS WORI< 

,:1+ • 

In 1966, the writer published with V.A. SaulI (Kumarapeli 
<&> 

and SaulI 1966a) evidence supporting the view that the overall 

", 

o \ 
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structures along the St. Lawrence Valley system is that of a large 

rift system ta which the name St. Lawrence Rift system was 

proposed. This publication c~ntained the preliminary results and 

conclusions of the present research ptoject. Further results and 

updated conclusions are given in the present paper. The 1966 
. 

publication has been quoted widely and appears ta have generated a 

considerable amount of interest among researchers, and ta have ,. 

helped focus the attention of sorne on the grabe~ problem of eastern 

North America (e.g. Poole 1967;Sau1l 1967; Doig and Barton Jr. 1968; 
• 

Floren'sov et al. 1968; Gerencher and Gold 1968; Solonenko 1968a; 

Voight et al. 1968;Woo11ard 1969; Voight 1969; Currie 197Œ; Doig 1970; 

Love1î and Caine 1970;'Lumbers 1971; Clark 1~2). Since the 

publication of the preliminary report, the writer also,has published 

on tapies related ta the present research prob1em (Kumarapeli and 

" SaulI 1966b; Kumarapeli 1969; Kumarapeli and Sharma 1969; 

Kumarape1i 1970). 

Prior ta 1966 (Kumarapeli and SaulI 1966a) the-St. Lawr~ce4 
Valley system as a whole had not been viewed as a geomorphic feature o 

coextensive with a large grahen system. Parts of the valley system, 

however, had been recognized 

previous work on these parts 

as ref1ecting graben structures and the 

ha~ hee. ~ited earlier in thiS~. 
Sorne workers have been critical of certain conclusions 

contained in ~ pre1iminary report. Sheridan and Drake (1968), 
'01 

1t " 
Keen (1969, 1972), King and MacLean (1970a) have criticized the 

\ 

1 
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postulation of a regionai structure a10ng the outer part of the 

Laurentia1 Channel. These criticisms are discussed in Chapter 

XIII (see pp.18Z-IR?). Voight et al. (1968) and Voight (1969) have 

criticized the concept of a presently active St. Lawrence Rift 

system, dominated by extensiona1 tectonics. This criticism app_ars 

valid and i5 incorpora ted in the present work (see pp. 259-260) . \ 

One other aspect that has been criticized (e.g. see Northwood 1966 

in discussion of Kumarapeli and SaulI 1966b) is the postulated 

extension of a branch of the St. Lawrence Rift System through Lake 

Superior and thence southwards (Kumarapeli and SaulI 1966a, p. 650). 

"'This extension was perhaps the most speculative aspect of the 

original paper. Recause no additional evidence has since come to 
1 

light, and because there are indications that the branch in question 

terminat-es i!""the northern part of Lake Huron (see p.147 ), such 

an extension now appears to the writer as improbabip and it therefore 

will not be discussed further in the present work. 

SOME DEFINITIONS 

The wide1y used term rift is applied in this paper !o 

structures of regional extent formed as a result of extension, 
<J' 

" 

without reference to th~actual geometry of~such structures 

(Beloussov Ig69, p. 539). 

The term graben ls used strictIy in a structural sense. It 

ls a rift consisting of an elongate, relatively depressed crustal 

'4 
>I:.t-_ 

., 
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uni, or ~lock t~at is bounded by faults on bath sides (America~ 

Geological.:-'Institute, Glossary of Geology 1972). Amongst natural 
-~, 

f". 
examples, s~~trical grabens are rare; aIl degrees of structural 

asymmetry are usual1y present. The structures of large rift 

systems for the most part are complex grabens of longitudinal, 

tilted blocks, minor grabens and horsts combined to produce the 

larger structural
4
depressions. , 

The term rift valley is used strictly in a geomorphic sense. 

It is used to denote a topographie depression coincident or nearly 

so with a graben structure (Dennis 1967). ~ 

Paleogeographie direetiQns are referred to~he 

geographl~ directions. 
\ 

\ 
\ 
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• CHAPTER II: THE APPALACHIAN REGION 

" , , 

\.1 
INTRODUCTION 

The term lIAppalachian Region" as used in the present work 

applies to the northern part of the Appalachian foldbelt, extending 

from about latitude 430 N to its presumed termination off the north-
.. -.r 

east margin of the Island of Newfoundland. This part of the 

foldbelt is bounded on the west and north sides by the Marginal 

Segment of the St. Lawrence Valley system; the outer part of the 

Laurentian Channel extends across it. A brief description of the 

tee tonie framework of the region and a summary of views on its 

tectonic evolution are given here ta orient the reader with respect 

to certain aspects of the regional geology. A brief description of 

the physiographic characteristics of the re~ion is given tn 

Ap'pendix 1. 

-, 
TECTONIC FRAMEWORK . 

The Appalachian geosyncline in the problem area developed 

from late Precambrian to Permian (Poole 1967). The fo1dbelt consists 
, ~ 

of a group of di~tinct mobile zones that were subjected to episodes 

of deformation, including two main phases referred to as the Taconie 

(Ordovician) and Acadian (Devonian) orogenies. Of these two, the 

Acadian orogeny was of wider regiona14 ext,ent; the Tacontc orogeny 

• " 

~i) ... ~! 
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. 
appears to have affected only a relatively narrow zone, about 100 km 

... 
wide, along the north and west flanks of the foldbelt. Also, the 

Acadian orogeny led to the development of l&rger systems of nappes 

,and deep-seated thrusts, to more intense metamorphism and was 

accompanied by a larg~r scale of plutonism (Zen 1972, p. 50). 

The foldbelt is latera1ly zoned, stratigraphically as weIl 

as tectonically. Several schemes of tectono-stratigraphic zones have 

been proposed (Schuchert 1930; Bird and Dewey 1970; Williams 1972a; 

a1so see Zen 1972). They are basiea11y simi1ar; differenees lie 

mainly in the degrees of eomplexity of the schemes. A brief and 

generalized descrittron of the teetonic framework of the Appa1achian 

Region is given here using the three-fold subdivision proposed by 

Bird and Dewey (1970; a1so see Schuchert 1930), i11ustrated in 

Figure 4. 
, . 

Zone A (Fig. 4) eonsists of a belt, first deformed intensi~ely 

during the Taconie orogeny and 1ater affeeted to a minor extent by 

the Acadian orogeny. Bird and Dewey (1970) divide Zone A into 

two sub-zones: a northwestern strip cal1ed Logan's Zone (whose north 

and west boundaries underlie the Marginal Segment of the St. Lawrence 

Valley System) and a southeasternrystrip called the Piedmont. 

Logan's Zone was a part of the miogesyncline (dominated by carbonate 

deposition) before the Taconic orogeny and then became successively 

a linear zone of block-fau1ting, exogeosynclina1 subsidence 

(Zen 1972, a1so see Cady 1969, p. 33) and westward thrusting (Zen 1967, 

•• .' 
,', 

, 
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Avalon Belt ~Zone"~" 
Meguma Synclinorium ( 

Fig.4. The three main tectono-stratigraphic zones of the Northern Appalachians. Slightly modified from 

Bird and Dewey (1970). Heavy line indicates the continental margin in Cambrian and early Ordovician times 

as postulated by Rodgers (1968). 
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1972; Rodgers and" Neale 

• southeast large klippen 

1963; Williams 1972b) receiving from the 

) 
and Taconic flysch followed by coarser 

, 

clastic sediments. ~his tectono-sedimentation regime seems to have 

~ 
prevailed over the entire area now occupied by the Marginal Segment 

of the St. Lawrence Valley System (see Zen 1972). Along the east 

sides of the St. Lawrence and Champlain Valleys the soles of Taconic 

thrust sheets are believed to form a more or less contirluous feature, 

known as Logan's Line* (Logan 1863, Clark 1951) in the for~er area 
~ 

and the Champlain thrust (Welby 1961, p. 193) in the latter. North-

west of Logan's Zone are remnants of a once-extensive platform 

cover, the St. Lawrence Platform (Poole 1967), which represents an 

extension of the shelf environment of Logan's Zone. The platfo»mal 

rocks o~rlie a Precambrian basement of infra-crustal rocks with 

K/Ar ag~s ranging from 800 to 1100 million years appro~imately 

(Stockwell 1968). The southeastern margin of Logan's Zone lies 

along an axis of great structural uplift: the composite Green 
\ 

Mountain - Sut ton Mountain -' Notre Dame Mountain - Indian Head 

Range - Long Range Mountain - anticlinoria. This zone was 

'" apparently uplifted during the Taconic orogeny and was probably 

the source area of at least sorne of the klippen that moved to the 

north and west (Zen 1972, p. 41). Grenville crystalline rocks 

forro the cores of this line of anticlinoria in the Green Mountain, 

~ 

*It i8 not clear from Bird and Dewey's (1970) description of 
Logan's Zone whether its western margin includes Logan's Line. 
The writer has assumed this however. 

1 
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• • 
Indian Head Range and Long Range Mountain areas, suggesting that 

• 
Logan's Zone is also underlain by Grenville rocks. The Piedmont 

is a prism of 1ate Precambrian ta Ordovician eugeosynclinal 

deposits (clastic sediments and volcanics; Bird and Dewey 1970) 

that were deformed and metamorphosed probably during the Taconic 

orogeny. Thus, the boundary between Logan's Zone and the Piedmont 

was approximately the site of a major facies change before the 

~ Taconic orogeny: a Cambrian - early Ordovician carbonate! 

orthoquartzite she1f facies in Logan's Zone changes southeastward 

to a eugeûsync1inal clastic-volcanic facies (Cady 1968; 1969, 
'. 

pp. 15-17). Rodger.s (1968) has speculated that this facies , , 
" 

boundary was a bank edge, similar to Bhe margin of the present 

Bahama Banks, and that the drop off from the bank to the southeast 

may have marked the edge of the Cambro-Ordovician North American) 

continent. Close to this boundary, the Piedmont contains a 
~ ~ 

persistent belt of ultramafic intrusions, probably of Early 

Ordovician age (Zen 1972, p. 8; Chidester and Cady 1972). The only 

known rocks of Grenvillian age in the Piedmont occur as thoroughly 
, 

mabilized equivalents in Chester and related gneiss dames (Faul et a1. 0 

19~3, p. 7). 
/ . 
Zone B ls made up of Cambrian to Lower Devanian sedimentary-

~ valcanic assemblages of eugeosynclinal character. These were deformed 

during the Acadian orogeny. Representatives of rocks of Grenvillian 
~ 

age are not known in this zone (Bird and Dewey 1970) . 

• 
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• Zone C of Bird and Dewey (1970) comprises (i) a northwestern 

,strip called the Avalon "belt" (ii) a southeastern area called the 

Meguftla synclinoriurn (Fig. 4). The Avalon "belt" is out1ined by a 

series of areas exposing late Precambrian rocks. These areas, if 

not the entire "belt", acted as geanticlines throughout the Pa1eozoÏ'c 

(Rodgers 1972, p. 514). The rocks consist of great thicknesses of 

weakly to moderately metamorphosed c1astic, vo1cano-clastic and 

.volcanic sequences of Hadrynian age (Poole 1967, pp. 14-16; 

Poole et al. 1970, pp. 231-235; Rodgers 1972, pp. 512-514) intruded 

"caUy by granite which give radiometric (Rb/Sr) ages close to,-' 

Cambr.ian-Hadrynian boundary (McCartney et al. 1966; Cormier 1972). 

Threa Interpretations have been given to the Avalon "be1t".
<!'; 

.'" 1. It represents out1iers of a p1atfo~m - the Avalon 

platform of Poole (1967). 

2. It is a post-Grenvi11ian rift zone of the Basin and 

Range type (Papezik 1970). 

3. It represents groups (or possibly one long 1ine) of 

volcanic is1ands, flanked by originally deep water 
, 

basins,' formed in the, Itadrynian and probably consolidated 

into a line of sialie nuclei by the beginning of the 

PaIeozoic (Hughes and Bruckner 1971;Rodgers 1972). 

The resu1ts of recent studies of the Avalon "belt" appear to 
. 

'fit best the volcanic Island hypothesis (Rodgers 1972; Wiebe 1972; '" . 

Hughes 1973;_ !l.~lmstaedt and Tella 1972, 1973) • 

,,' 
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The Meguma synclinQriurn.was apparently the site of a deep-

water basin of eugeosynclinal charactèr that l~y t6 the southeast 
,. 

of the Avalonian "belt". Great thicknesses of CRmbro-Ordovician 

sediments and vôlcanics that accumulat€d in this basin were deformed 

during the Acadian orogeny (Poole 1967; Poole et al. 1970). Thus, 

the teétono-stratigraphic devë10pment of the Meguma trough nppears 
• 

ta be similar ta that of Zone B. 

• {,JI ~ 
The three tectono-stra tlgra~hic 'zones above, when viewed 

broadly, out1ine two arcuate be1ts ~~odgers 1970, p. 4). One of 

these extends From the southern 1imits of the region through southern o ~ 
t., 

Quebec to Gaspé and is,convex to ~~e northwest. The other arc spans 
, 

the Island of Newfoundland and is~~~nvex to the southeast. The area 
li, 

in between the two arcs is covered by the waters of the Gulf of 

St. Lawrence. Just how the two arcs are interre1ated through the 

water covered area is rather obscure. Any scheme of correlation of 

the two arcs aCloSS the Gulf has to take into accopnt two main 

peculiarities. One is that on the Gaspé-New Brunswick side of the 

Gulf, Zone B -49~~~bout 250 km wide;' whereas,~m the New~ound~nd side, 
9 

}t is only about 60 km wide. 
~,. ,,~. ') ~ 

th a t!'l, if there was no original 

~ " the un~ua1 narrowness of Zone 

Williams et al. (1970) have sug~ested 

constriction of the geosync1ine, 

B in Newfoundland can be explained 
o 

by a combination of folding and tran~current fau1ting. The other 

pe'culiarlty i8 that, in geologica1 maps, the Taconian and Acadian 
tA 

structures of the Newfound1and arc lopk askew in relation to those , 
of the main1and arc. This skewness has been explained by sOrne ,as 

LI 
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él 

reflecting an original feature that existed during the deve10pmental 
\< , 

stage of the'geosyncline (Poole 1967, p. 44; Sheridatt::and Drake 1968); 

others however, favour the ideâ that the Newfoundland arc may be 

offset to the tight by Ea u1ting'along the present site of the 
, -

Laurentian Channel (King 1951, p. 9~; Drake and Woodward 1963; 
! , 

Rodgers 197?, p. 4). 'The actu~l movem~nt of the arc ls believep to 

be an anticIockwise rotation.of about 30 degrees (Du Rois 1959; 
~ \, 

Nairn et al. 1959; Black 1964), the, pivot be~ng in the Strait of .. 
Belle Isle area. The suggested offset must have taken place in the 

Devonian or earlier because the Carboniferous and later rocks in the 

Gulf ot St. LaWrence are apparently not disrupted (K\ng 1970, p. 96) 

The ~pparent skewness of the Newfoundland arc will be discussed 

further in Chapter XV. 
' .... 

Other ,important features of the tectonic framework of the 

Appalachian Region are post-Acadian sucees sor basins id which 'great 

~" thickness of sed:tments accumulated', (Be1t ] 968). The youngest of these'" 

',basins are clear1y tensionalt features as exemplified by the ,Late 
, 

Triassic Fundy gY~qen. 
A '~ , 

This grabeJ i8 one of a chain·Qf similar , 
.ç.;'" 

f~u1t troughs è~tending as far as F10rida and Alabam~ (Rodgers 1970, 

pp. 203-210) .. TrIe ovérall arrangement of these fauit troughs can \ 

be likened to a large rift system, compa,rable in size'-'aDd style ta 

the East African Rif, System of today (Bain 1957; Sanders 1960). 

Northeastward. the Appalachian foldbel.t strikes out to Aea 

alorig the coast of Newfoundland\and probably~ontinues to the edge of 

O' 
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\, 

the continent:el shelf (Sher l,\an and Drake 1968). Southeastward, ... 

. 1t is covered by a platformal cover of Mesozoic and Tertiary 

~ 
~trata (Mclver 1972). 
j' 

" 

,GEOPHYSICAL EXPRESSION AND ,\HE TECTONIC FRAMEWORK 

Resulta of deep crustal seismic studies (Barret et al. 1964; 

Ewing et al. 1966; Keen and Loncarevic 1966; Dainty et al. 1966; 

Sheridan and Drake 1968) indicate that Logan's Zone and possibly 

a1so the Avalon "belt" have a single layer "norma]" crust 30 ta 35 km 

thick, whereas the Piedmont and Zone R has a thicker (maximum about 
o 

45 km) crust with an "intermediate layer" (Dainty et al.l966). The 

"intermediate layer" has P-wav'e velocÙies of 7.1 to 7.5 km/sec and 

is underlain b,Y an upper mantle with high P-wave velocities of 
,1 •. 

8.5 to 8.7 km/sec. The crust and upper mantfe characteristics of 

the Meguma trough are not known. 

The general level of the Bouguer gravit y field over the 
.> 

Appalachian Region is tens of mil1igals higher than that of the 

~djacent shield and platform areas to the north and west (Keen 1972). 

This diff~rënce can be related to differences in crust and upper 

mantle parameters as indicated by deep crustal seismology (Keen 1972; 

Innes and Argun-Weston 1967). The change from t~icker, denser crust 

in Zone B and the Piedmont to thinner, lighter crust in Logan's Zone 

must take place roughly a10ng the Mûtindary between L~an's Zone and 
... \ 

«~ ... ~ 

the Piedmont. This boundary i8 also roughly coincident with a 

~ composite line of gravit y highs which 15 one of the most p,~rsi'Stent 

t 
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gravit y ~eatures of the APp~achian Region. Fitzpatrick (1953), 

Innes and Argun-Weston (1967\, and Diment (1968) conc1ude that 

this gravit y high cannot be e plained solely on the densities 

"of ex~osed rocks. They expIai it by postulating an upwarp of the 

mantie material, roug ly wedge-shaped in cross-section. 

gravit y ridge attains 'ts highest amplitude, the wedge
\ 

\ 
shap d rise of mantle is believed to be sorne JO km wide at the 

base a to~have 25 km relief and Argun-Weston 1967, p. 74). 

During ea 1y Paleozoic times, ine of crust/upper mantle 
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change was i\so roughly coincident w~th an important paleotectonic 

1ine (Rodgers \~68). During the Taeo te orogeny it was an axis of 

structural uplift,(Greep-Sutton-Notre ame-Indian Head Range-Long 

Range Mountain ant{clinoria) and int~sion of ultramafic rocks. 

These tectonic-magmatic activities abd~the ~9Qcept of a rise of the 

uppermost mantle material as postulated by Innes and Argun-Weston 

(1967) are mutua11y compatible. Before the Taconic orogeny the zone 

of crustal change was probably coextensive with the houndary between 
, 

miogeosynclinal and ~ugeosynclinal basins. 

In as much as th~ structural uplift.along the northea~tern 

margin of Logan's Zone is cnaracterized by a gravit y ridge, the 

structurally depressed western part of Logan's Zone is characteriz~d 
• 

by a series of gravit y troughs. Compared with thé gravit y highs, the 

lows are more open features. Along the east side of the St. Lawrence 

Valley, a gravit y trough parallels the St. Lawrence River. 

Thompson and Garland (1957, p. 127) have suggested that the gravit y 

( 
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trough there rnay be correlated with the presence of low density 

sedirnentary rocks. Innes and'Argun-Weston (1967, p. 74) however, 
, 

take a different view and suggest that the gravi~y trough in this 

area rnay reflect changes in deeper crustal parameters • 

• 
SPECULATIONS ON TECTONIC EVOLUTION 

Severa1 recent syntheses of the tectonic evolution of the 

Appalachian Region ~ve'been formulated within the framework of the 

plate-tectonic hypothesis (Isacks et al. 1968; Le Pichon 1968; 
~ 

Morgan 1968). This hypot~esis has becorne increasingly popular and 

has quickly acquired rnany supporters but it also has been tfte target 

of severe ~iticism. Its strongest supporters believe that by means 
\ 

of this hypothesis rnost tectonic-magmatlc phenomena of the blanet 

can be explained. The most severe critics (Beloussov 1970; 

Meyerhoff and Meyerhoff 1972 a & b) on the other hand suggest that 

the hypothesis ls serlously in error, while still others question 

its global applicability ta tectonic-magmatic phenornena (Gilluly 

29 

1972; Ilich ). As a generalization, however, the plate teetonics 

hypothesis many features of the oeean floors and of 

the eircu -Pacifie continental margins. It unifies the tectonic and 

'geophysica1 characteristics of the earth more than any other hypothesis. 

It has been used in the synthesis of tectono-stratigraphic evolution 

of fold-mountain belts (e.g. see Dewey and Bird 1970, 1971; 
• 

Dickinson 1971 a & b). However, caution advocated by sorne workers 

; 
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against its applicability to aIl folcl-mountain belts seems relevant. 

Gilluly (1972, p. 407) states that the hypothesis seems applicable 

to many of the 'earth' s fold-mounta,in bel ts - especially tho~-, 
i. 

containing considerable volumes of ophiolites - but the features of 

other foId mount,(l:Î:ns seem difficult or even impossible to e.xplain 

'; ~ 

through plate models. 

Syntheses Based on Plate Tectonics 

Recent plate-tectonic syntheses (commonly a1so referred to 

as moclels) of the Northern Appalachians (Dewey 1969; Stevens 1970; 

Bird and Dewey 1970; Church and Stevens 1971; Schenk 1971) are 

basically similar. Of these, the one by Bird and Dewey (1970) i8 

the most pertinent for the Appalathian Region and will be referred 

to as the Bird-Dewey model. Bitd and Dewey (1970) support this 

model by a detailed discussion and interpretation of the tectono.. 
stratigraphie characteristics of Newfoundland and New England areas. 

Bird-Dewey Model 

It deals primarily wi th the p're-Devonian evolution of Zones 
' .. 

A an~ B. 'The following summary description of the model is taken 
,\ . 

from Bird and Dewey (1970). 
-, 

"The Appalachian orogen evolved through a sequence of 
interrelated sedimentation - deformation - metamorphism 
patterns within a tectonic belt situated along the eastern 
margin of a North American continent". Its "stratigraphic
tectonic zones and deformation sequences are related to 
Late Precambrian to Ordovician expansion, ~f a proto
Atlantic Ocean. This oceànic opening and closing was 
achieved by initial extensional necking and graben-1ike 
rupture of a single ~orth Arnerican-African continental 
plate qnd then further expansion of the rift to oceanic 
dimensions by lithospheric plate accretion, followed by 
the formation of a Benioff zone and contractional plate 
1098 along a trench-island arc complex marginal to the 
drifted North American continent. Pre-orogenie Appalachiàn 
sedimentation patterns were essentially the sarne as th~ge 
found along modern continental margins". 

\ 
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According to the above model, Logan 1 s Zone with its "normal~,' 

contInental crust and steep gravit y gradients represents the pre-

Devonian continental slope and part of the she1f; the Piedmont with 

~;'its two-layer crust, the ~ontiri~'ntal rise, and Zone B, also with .... . .... 
. , 

two-layer crust, the te1ès~pped part of the proto:"At1antic Ocean. 
, 

The twrr~j9 ~rogenic epispdes that deformed Zones ,A and B are 

be1ieved,to record the collision of North America first with an 

is1and arc system (Taconic) and subsequent1y with Africa (Acaoian). 

Bird and Dewey (1970) do not discuss the evolution of Zone C 

in their plate-tectonic scheme. They simply assume (p. 1047)~e 

Zone Ble interface as a continental margin of indeterminate type. 

31 

Schenk (1971) specula tes that the entire Zone C is of African origin: 

it became attached to the North American continent when the proto-

Atlantic Ocean (Wilson 1966) closed in the Devonian and rernained 

attached when the Atlantic reopened in the Mesozoic. Recent1y, 

Schenk' s synthesis has been severe1y criticized, on the grounds 

that his trans-Atlantic correlations are tenous (Hollard and 

Schaer 1973). Perhaps the most viable interpretation of Zone C 

in terms of plate tectonics has been proposed by Rodgers (1972). 

He thinks that the Avalon "bel tIf may represent a discontinuous 

chain of offshore vo1canic is1ands formed in the late Precambrian, 

" probab1y consolidated into sialie nuelei by the beginning of the 

Pa1eozoic, and incorpo~ated into the fo1dbelt when the proto-Atlantic 

Ocean c10sed in the Devonian. According ta this scheme, the Meguma 

1 
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• synclinorium like Zone B, represents a part of 'the telescoped scar 

of the proto-Atlantic Océan. 

Post-Acadiap suceessor basins and in particular the Triassic 

grabens are extensiona1 features. They are generally be1ieved ta 

be related ta Mesozoic continental rifting, as a prelude ta the 

opening of the present day Atlantic Ocean (Dewey and Bird 1970~ 
, 

p. 2633). 

A survey of reeent 1iterature c1ear1y shows that Bird-Dewey 

model for the evoiution of the Appalaehian Region is popular among 

many workers. However, Ëhere are those wh~think that the geoJogical 

characteristics of the region cannat be fitted into this model. The 

foremost among these is Cady (1972). He argues that the faunal, 

stratigraphie, structural and pe~rologie evidence i8 eontrary to 

the concept of reliet subduction zones as implied in the Bird-Dewey 

model and that there is no rea1 basis for postulating an ensimatic 

origin for the geosyncline, except perhaps in Newfound1and where 

complete ophiolite complexes are present amongst u1tramafic rocks 

(Church and Stevens 1971; Dewey and Bird 1971; Upadhyay et al. 1971). 

The alpine type u1tramafic rocks e1sewhere in the fo1dbe1t were 

apparently intruded into continental crust (Chidester and Cady 1972). 

According1y, an alternative ta Bird-Dewey mode1 has been praposed 

(Cady 1972, Chidester and Cady 1972) and is brief1y described be1ow. 

Chidester-Cady Madel 

According to this model, the Appalach~an eugeosyncline evolved 

•• 
.' 
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largely along the site of a continental rift zone which initiated 

late in the Precambrian across a single North American-African 

continent, 300 to 800 km northwest of ,the 1 ine along which Africa 

and North America were to separate by continental drift begin~g 

in the Mesozoic. At its northeast end, presumably off the north 

coast of present clay Newfoundland, the rift zone was' co~mected to 

an oceanic rift-ridge s~stem. The protracted pre-Acadian orogenie 

events (including the Taconic orogeny) were related chiefly to 

extension and differential vertical movements. Thé apparently 

compressive Acadian orogeny is explained by a partial closure of 

1 

the Appalachian geosyncline, by fJexural folding of the siallc 

basement and the geosynclinal contents. 

A principal difference between the Bird-Dewey model and the 

33 

Chidester-Cady model is that according to the former the Appalachian 

foldbelt is ensimatic and pericontinental whereas according to the 

latter it i8 largely ensialic and intraconiinental. This debate on 

ensialic vs ensimatic origin of the Appalachian geosyncline ls likely 

to be a continuing one. Data as commonly presented to support one 

point of view or the other seem to have large elements of interpretative ... 
bias. A part of this bias is perhaps peculiar to our discipline. 

The absence of clearly defined [ophiolite sequences, except rn' 

Newfoundland, however, seems to present a-big stumbling black to the 

Bird-Dewey model. 

According ta bath models the Appalachian geosynclinal activity 

.. 
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• 
began with "ifting of a single North-American-African continent 

late in the Precambrian and the line of rifting ~ay along the 

Appalachian eugeosynclinal zone. It will be hypothesized in 

Chapter XV that the St. Lawrence Rift system is a feature inherited 

largely from the initial rift system as suggested in Bird-Dewey and 

Chidester-Cadey models. 1 

SUMMARY AND CONCLUSIONS 

The boundary between Logan's Zone and the Piedmont i8 roughly 

coincident with a line of crustal change separating a two-layer 

40-45 km thick crust to the southeast from a single layer, 30-35 km 

thlck, crust to the northwest. This line of crustal change was also 

an. important paleotectonic line. Before the Taconic orogeny, it was 

overlain by a major facies boundary between miogeosync1 inal (on the 

.' northwest side) and eugeosynclinal basins. During the Taconic orogeny 

it became a zone of axial uplift. Grenville crystalline tocks forro 

inliers in separated areaS along this zone of axial uplift. One 

interpretation is that the edge of the Cambro-Ordovician North 

American continent lay just to the southeast of this Une of Grenville 

inliers. 

A feature cornmon ta recently proposed models of the Appalachian 

evolution is tha t êhe geosyncl inal ac tivity began wi th la te Precambrian 

(Hadrynian) rifting of a single North Arnerican-African continent 

• 
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and that the 1ine pf rifting 1ay a1ông the Appa1achian eugeosync1ina1 
~ -

* z~~e. It will be pro~sed 1ater that fau1ts re1ated to 'fhis initial 

" rift system ~ted as ancestral structurès for the St. Lawrence Rift 

system. 

v 

~ird and Dewey (1970, pp. 1043-1044) place the 1ine of rifting 
within the Piedmont, just southeast of ,the Logan's Zone
Piedmont boundary whereas Chidester and Cady, (1973, p. 4) place 
it further to the southwest in the eugeosynclinal zone • 

'. 

-
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• CHAPTER III: THE SHfELD REGION 

IN~RODUCTION 

• 
110 

The southeastern part of the Canadian Shield provides the 

setting for a major portion of the St,: Lawrence Valley system (Fig. 5), 

and is referred ta in this paper as the Shield Region. The north-

~stern limit of the Shield Region {an conveniently be placed along 

the watershed of the Ottawa-St-; Lawrence River system. Thus, 

except for the lobe-like extension of the Aoirondack Mountains, the 

Shield Region comprises of a strip of territory approximately 400 km 

wide and extending from Georgian Bay (Lake Huron) northeastwards ta 

the Atlantic coast, a distance of about 2GOO Km. Sorne aspects of 

its geological characteristics are briefly discussed below. Sorne 
" 

physiogr~phic characteristics of the region are described in Ap\pehdix 
• 1 

II. 

GEOLOGICAL CHARACTERISTICS 

General 

The Canadian Shield has been divided into seven structural 

provinces (Stockwel1 1964; Idem 19U8; pp. 692-698), each province 

consisting of...a part of the Shield with a broad unit y of ~tructural 

trends and of isotopie ages. The pro~inces are separated from ofie 

another by uncomformities and/or structural-metamorphic fronts. The 

Shield Region includes almost the whole of the Grenville Province, 

and a small part of the Superior Province in the northern part of 

• the Timiskaming Depression (Figt~5). 
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Fig.5. Southeastern part of the Canadian Shield showing selected features. Thick broken lines-Grenville 
Front. Heavy dotted line-Gravity low along the Grenville F~ont. Intermediate l1nes-High-angle faults. 
Fine lines-Generalized trends of gneissic foliation. Filled circles-Paleozoic outliers. Compiled from 
Geological and Tectonic maps of Canada (Can.Geol.Surv. Maps 1250A & 1251A) and other sources. 
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f •• Both the Grenville and Superior Provinces possibly evolved 

throügh Precambrian orogenies. Isotopic age dating (K/Ar) has 

.. shown that the last orogeny in the Superior Province" took place 

sorne 2300 ta 2700 m.y. ago and this is referred ta a~ the Kenoran -orogeny. values for the corresponding event in the Grenville 

Province nvillian orogenY - are much lower, ranging from 

800 ta Yet the Grenville Province is more 

deeply -grade metamorphic rocks (upper 

amphibolite or granulite facies) formed in the catazonal environment, 

Gpossibly at depths of 15 ta 20 km (Wynne-Edwards 1972, p. 325), 

indicating that the area has since been;gre~tly uplifted. Wynne-
J ..... 

Edwards E19,72, p. 322) thinks that er~sion to the general level of 

the catazone was complete about aOD m.y. ago. At the present level 

of erosion, rocks consist mainly of a plutonic-gneissic complex 

, , contianing numerous' bodi~s of granite, anorthosite and sorne distinctive 
" 

rnetasedimentary rocks (including marbles, quartzites and pelitic 

1 

rnetasediments) to which the narne' Grenville Supergroup has been 

assigned (Wynne-Edwards 1972, p. 290). The structural-metamorphic 

discontinuity that marks the northwest boundary of the Grenville 

Province is known as the Grenville Front. Wynne-Edwards (1972, 

Figu~e 4) has ~stulated that in general, the Grenville Front is a 

southeast dipping thrust fault. Northèast-trendlng structures 

predomi~ate along the Grenville Front. ~Elsewhere, within th~ Grenville 

Province, such trènds are not always irnrnediately apparent; cu~ed tr~nds 

/ 

/ 
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.- of great complexlty are the rn6st conspicuous (Wynne-Edwards 1969). 
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Cornpared with the Grenville Province, the Superior Province 

seems to ex~cr~ a higher level of an or~gen~c edifice. In the 

problem ar~~., the oidest tïS).ctks are Archean volcanic-sedimentary 

'. 
rocksjthat were probably dep~sited in a eugeosync'l inal environment. 

They have daminantly east-West, trends and have been intruded by 

1 -' 
nurnerous bodies of grnnite, and commonly metarnorphosed to 

\, 

amphibolite and grëenschist faCies. In much of the prablem area,' 

the y are overlain by a cratonic caver a1so of Precambrian age. 

Diabase dikes are common in the Grenville and the Superior Provinces 

and in some areas farm dike swarms (Fahrig 1~70~. 

High-Angle Faults 
\ 

Severai zones of high-angle faults of regionai extent are 

known ta affect the Shield Region. These faults are largely restricted 
. , 

, .. 
ta the steep eQges of the region along the màrgins of the St. Lawrence 

Valley system depressions ynd are discussed in detail in Chapters IV , 
through to XII, but for the present sorne of their main features are 

listed as follows: (i) they are hig~-angle faults (H) it is impossible 
o 

ta determine precisely their age with the present data (iii) the most 

obvious effects of mavement aiong them are (a) relative structuràl 

subsidence of crustai blocks along the St. Lawrence Valley system 

(b) uplift and tilting of crustal blocks in the areas of Madawaska 

Highlands, Adirondack mas~if and Parc des Laurerttides massif (see 

~ppend~ II) which appear ta be black mountains (iv) the faults have 

? 

f. 

/ 
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a tendency to conform ~o a regional 'lineament pattern (discussed 

below) oriented prevaIêntIy NE and NW. 

Lineament PatteFn 

Numerou8 line~~nts in the form of narrow rectilinear or 

zig-zag valleys are present in the Shiela Region and range in length 

f~o~ a féw kilometers to several tens of kilorneters (Fig. 6). These 

can be'clearly sean in vertical air~hotos. Onlya small portion of 

these lineàrnents can be considered as ~eflecting bedding and foliation 
"' l' ~. '" ~ 

directions, for ~y of them cut across these trends, and therefore • 

seem to be fracture (fau1t and/or joint) controlled . 

. 
The lineaments in the Shield Region produce a rernarkably 

persistent pattern. They prevaiently fa11 into two sets, one that 

trends approxirnately northeast and the other approxt~ately northwest 

.(Fig. 7). That they reflect a regional fracture pattern is also 

indicated by the fact that these directions coincide wibh tW? of 

è> • 
the three dominant directions of diabase dikes in the Shield 

(œspérance 1948, p. 10). 

The faults shown in Figure 6 conform or tend ta conforrn to the 

regional linearnent pattern. In the discussions of high angle faults 

in Chapter IV thrpu~.to XII it will be shown that the tendency oï 

fault ·directions ta conform with the regional Itneament pattern i8 
D 

a characteristic feature of rnany areas of the St. Lawrence Valley 

system. This rnight irnply that the faults have ~eveloped along the 

~ of eorlier fractures er that~fracture pattern is a ptoduct 

r 
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Fig.6. Airphoto lineWf\C'fiLs in a >jpari. of the Sllield Region. Thin lines
Airphoto lineam'e"ni s .~'Thick das}wd liDF.~s-Mapped and intArpreted high-angle 
fa"ul"L3, afi,"T J\ay 1'942, Lovell and Cain 197.0, Lumb€rs 1971. Stipples-Areas 
of Early Pa1eozoic platfo'rmœl rocks. 
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of,the same stresses that produced the faults. The faults 

are largeIy~estricted ta the steep edges "of the Shield Region 

along the St. Lawrence Valley system whereas the lineament pattern 

appears to be present over much of the Shield Region. Moreover, 

as Iineaments'dd not appear to have a greater frequency in proximity 

to the fauIts, it is thou~ht that ~he fauit trends are a resuit 

rather than a cause of the generai lineament pattern. This Iineament 

patter:n will in future be referred to as the "regional fracture 

pattern" of the Shield Region. 

Deep Drainage Lines and their Possible Structural Significance 

Drainage characteristics of the Shield Region are described 

- in Appendix II. In addition to the poorly-established drainage ( 

lines there are deeply entrenched river valleys'whlch attain depths 

of 300 ID or more but even the deepest of them is filled" ta a greater 

or lesser extent with glacial debris. These deep drainage lines are 

transverse to the Shield Regio~and their rivers in the upper courses 

flow against the regional slope. They commonly have zig-zag trends 

the linear segments being parallel ta the "regional fracture pattern" 

(see above) and hence they appear to be controlled by joints and/or 
\ 

faults. It will be hypothesized later (see Chapter XIV) that these 

deeply entrenched valleys lie along tension fractures which developed 

in the ~hield Region, as part of events that led to the formation of 

ancestral structures related ta 'the St. Lawrence Rift system. " 
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SUMMARY AND CONCLUSIONS 

The Grenville Province, that makes up the grpater part of the 
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Shield Region, has been strongly uplifted and deeply eroded to expose-

catazonal metamorphic rocks, possibly formed at depths of 15 ta 20 km. 

Erosion to the general 1evel of the catazone may have been complete 

abQ~t 800 m.y. ago. 

The surface of the region i8 characterized by a prevalently 
r 

northeast and north\Ve8t oriented lineament pattern which probably 

reflects a regional fracture pattern. It i8 thought !hat this fracture 
" , 

l ' 

pattern control1ed the directions of faulting and also flle courses of 

the deeply entr:~.lfchep river valleys of the region. 

High-anglp Llutts of the Shicld Hcgion Brt' brW'ly confined ta 

the margins of the St.rLawrence Jalley system depression~. Movements 

on these faults h,iVC led to relative structural subsidence of the 

St. La\Vrence Valley system and ta uplift of Madawaska Highlands, Adirondack 
~ *' \ 

Massif and Parc des Laurentides massif areas ta form block mountains . 
't 

-t .~, '. } 
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CHAPTER IV: MARGrN~L SEGMENT: 

THE ST. LAWRENCE VALLEY 

INTRODUCTTON 

The term "St. Lawrence VaU ey" refers to the northeasterly 

trending lincnr depression whose pl"in-1 ike floar straddles the 
~~"" 

St. Lawrence River, fr-bm ..... 'its conhu.çnce with the Ottawa River to 
,.,- r'" 

....... 
where it is joined hy the Saguen,~y River (Fig. 8). As sa defined, 

the St. Lawrence Valley is about lôO km long Elnd varies in width 

from about 25 km ta about 100 km •. This depression is a part of 

J 
the Marginal Segment of the SC. Lawrence Valley system. Tt is 

r 
r ' 

\ 

{ . \ / 
/ 

... ,ool<m 
~. __ ....J { 

, / 

Vip.R. Pll,V,;jorrrtnlIi,' ::l'-l~f,('h rlirtr,rnm (Of tl10 :~j • LnWT't'll('" Val]"y ur8a. K('Y t.a 
ta '"Il,brr'vint inn.'; }'IN-Pnrr' d('; J..111I·(·nt,irll':, IIn:.:;iï; .r~p_:~l1l ',p[l tl()1ll1Lain:,; 
Wf.I-i·Jhi t,p MounLains. 
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bounded on the northwest by the Laurentian Highlands and on the 

southeast by the highlands of the Appalachian Region and is 

largely eut into a strip of relatively soft (higher erodibility) 

rocks that lies between the Shield and the Appalachian foldbelt. 

Between Quebec City and the Saguenay outlet the valley i8 

a rnoderately deep trench, 25 ta 30 km wide and is largely occupied 

by the St. Lawrence River. In this section, the valley floor lies 

about 600 m below the adjacent areas of the Laurentian Highlands 

(Parc des Laurentides massif) and about 300 m below the borde ring 

areas of the Appalachian Region. The rest o~the St. Lawrence 
If 

Valley is shallower, wider and has a plain-like floor. The 

bordering areas of the adjacent highlands rarely rise ta more 

than 300 m above the valley floor. Southwest of Quebec City, the 

. \ 
valley widens ta about 50 km in a dlstance of about 75 km through 

several step-like egressions of the north boundary. Further 

southwestwards, it continues to widen gradually, ta attain a 

maximum width of about ~OO km at the south end (Fig. 8). 

The St. Lawrence Valley of this thesis has sometimes been 

called the St. Lawrence River valley. This latter term is 

inappropriatê because there is no evidence that the topographie 

low was carved out by the St. Lawrence River, although the river 

has undoubtedly rnodified the valley floor to sorne extent. ~,lso, 

sorne workers refer to the feature as the St. Lawrence Lowlands, 

but this term is generally applied ta the plain-like lowlands 

-

• 
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coincident with the present St. Lawrence Platform (see Bostoçk 

1969). Thus, the St. Lawrence Lowlands include a major portion 

of the St. Lawrence Valley, but thé term lowlands fails to convey 

the actual form of the feature which is partly a shallow flat

bottomed depression and partly 'a well-defined trench. 

GEOLOGICAL CHARACTERISTICS 

46 

The St. Lawrence Valley straddles the boundary between the 

St. Lawrence Platform and Logan's Zone of the Appalachian foldbelt, 

although in the section southwest of Quebec City, the valley is 

mostly on the platform. Along its northwest margin Grenville rocks 

emerge from beneath the platform cover and form the north wall of 

the valley. 

General Geology and sorne Paleogeographie Implications 

The strip of Appalachian rocks on the southeast ~de of the 

valley is 10 to 25 km wide and consists of flyschoid allochthonous 

sequences of nappes, thrust slices and klippen of Logan's Zone. The 

rest of the valley i8 largely underlain by platformal rocks of 

Cambro-Ordovician age. Between Quebec City and the Saguenay outlet 

these rocks are exposed in patches along the northwest margin of the 

valley but may be continuous along the channel of the St. Lawrence 

River. 

The platforrnal succession ranges in thlckness from 0 to about 

2600 m (Hofmann 1972) and overlies Grenville crystalline rocks. A 
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• Grenville- inlier of about 115 km2 in area occurs immediately north 

of the confluence of the Ottawa and St. Lawrence Rivers and forms 

a hilly area called Oka Mountain. The platformal succession begins 

with the Potsdam group whicq as far as i8 known i8 re8tricted to 

the part of the valley 80uthwest of the St. Maurice River. The 

basal unit of this group, the Covey Hill formation is believed 

mainly ta represent alluvial plain deposits (Lewis 1971, p. 875) 

and i8 typically camposed of unfossi1iferous coarse reddish and 

greyish fe1spathic sandstones, quartz sandstones and conglomeratic 

sandstones, ranging in thickness from 0 to probably as much as 

600 m (Hofmann 1972, p. ~; Clark 1972, pp. 19-34), the maximum 

known thickness being in the southernmost parts of the valley 

(see Clark 1972, p. 12). The Covey Hill formation i6 dfsconformably 

over1ain and overlapped by the Chateauguay formation, the lower part 

of which i8 a pure quartz blanket - a light-co1oured, wel1-sorted, 

quartz sandstone about 250 m thick, with low content of feldspar 

and containing sorne marine fossils - deposited by transgressing 

seas in a subtida1, shallow water environment. A late Cambrian age 

has been assigned to the Chateauguay formation, but the older Covey 

Hill may be in part Precambrian (Hofmann 1972, p. 4). Lewis 

-(1971, p. 873) has sùggested that the depositiona1 basin in which 

great thicknesses of Covey Hill sediments accumulated was a fault-

bounded "gravit y sag ll or "half graben" with faults along what is now 

• 



\ 48 

• the northwest margin of the St. Lawrence Valley. The upper part of 

the Chateauguay formation contains dolomitic sandstone formed in 

an environment transitional ta the stable shelf environment of 

carbonate deposition, which became established over the entire area 

and lasted through the Early Ordovician and a part of the Middle 

Ordovician (Trenton). Then, in the late Middle Ordovician, possibly 

related in cause to the uplift of the Taconic Mountains, and ta 

crustal subsidence and emplacement of klippen in Logan's Zone 

(Zen 1972, p. 49). the area subsided and received sediments of black 

shale facies (Utica), follawed in the late Ordovician times by 

coarser clastics (Queenston). apparently derived from the destruction 

11, ;$ ~ 

of Taconic Mountains. There is no definite recard of Silurian rock~ 

in the area, but on St. Relen's Island, near Montreal, a diatreme 

breccia presumably related ta Monteregian igneous activity ( ta be 

described later), cantains blocks of Lower Devonian limestone 

,Logan 1863) indiéating that the original platformal sequence 

~ntained rocks as young as Early Devonian. 

Two systems of crustal dislocations, of regional extent and 

of contrasting character, occur in close association in the St. Lawrence 

Valley area. One of these consists of dislocations collectively 

referred ta as Logan' s Line (Fig. 9). Struc tures" comprising Logan' s 

Line are believed to be southeast-dipping, low-angle thrusts re-

presenting the western limit of allochthonous sequences of Logan's 

Zone (see St. Julien 1972, p. 1). -The other is a system of high-

• ,cf • 
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• angle fauIts that affects much of the valley area and the shie1d 

margin ta the northwest (Fig. 9). 

The platformai rocks of the valley although much broken by 
~ 

high-angle faults have a re1atively simple structure and are Iargely 

autochthonous. An exception is a belt of intensely crumpled, 

presumably parautochthonous rocks 5 to 10 km wide, on the foot-wall 

side of Logan's~ine (this is the St. Germain Complex of Clark 1956, 

p. 4). Eisewhere, the platformal strata are horizontal or nearly sa. 

Dips rare1y exceed 100 and are generally no more than 2 or 3 degrees. 

The prism of platformal rocks has the gross structure of a doubly 

plunging syncline - the Chambly-Fortierville syncline. The axis of 

this syncline lies c10ser ta Logan's Line than ta the shield 

margin (Fig. 9). 

Products of a Cretaceous igneous event, referred ta as the 

~onteregian igneous activity (Go1d 1968, pp. 288-302) occur in the 

_southern part of the ~lley. They consist of stocks, dikes, si1ls 

and plugs of alkaline igneous rocks and carbonatite. Igneous rocks 

which are petrochemically similar ta these, occur typica11y in the 

environment of continegtal rifting, (Heinrich 1966, pp. 24-27).' . 
Accordingly, these igneous rocks and also the fauit systems in the 

area are of particular interest to the graben problem of the thesis 

and are described below in sorne detal1. 

Monteregian Rocks 

Monteregian Rocks are a closely.reIated group of alkaline 

• 
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igneous rocks. Detai1ed accounts of ~hese roc.ks are found in the 
j 

'works of ~dams 1903, pp. 239-282), Graham (1944, pp. 455-482), 

Gold (1968 pp. 288-302) and Hodgson (1968). 
" 

The 1argest concentration of Monteregian igneous 'bodies 

51 

accurs in a wel1-dèfined zone about 45 km wide, extending approximately 

S75,oE from St. André for a distance of about 225 km (Fig. 9). This 

zone can be regarded as the Monteregian Petrographic Province "proper" 

Outside the province " proper" probably comegmatic rocks occur in 

Mt. Megantic and vicinity (Osborne 1935 in Graham ]944, p. 459; Lowden 

1961; Fairbairn et al. 1963), and in the Champlain Valley region 

(Zartman et al. 1967). The fo1lowing brie{ discussion applies to 

the igneous rocks of the Monteregian Province "proper" and of 
, ~ 

~~ 
-; Mt. Megantic area. Rocks in the Champlain Valley region will be 

.. 

discussed later (p.71 ). 

Including Mt. Megantic, eleven main centres of intrusions 

are exposed (Figs. 9 & 10). A twelfth is only slightly exposed but 

its presence has been demonstrated by geophysical means (Kumarapeli 

et al. 1968) and diamond drilling. There is geophysical evidence 

that other intrusive centres, not yet exposed Dy erosiôn, are present ' 

in,:-::.the area (e.g. see Philpotts 1970, p. 400). The main "plutons are 

crudely circular in plan with areas ranging from about 0.5km2 to over 

75 km
2

. They are believed to be cylindrical or, funnel-shaped bodies. 

Genetica1ly related dikes, sills and smal1 plugs intrude the province 

intensively (Fig. 10). 

/ 
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The mo'st unifying petrochemic.:~1,_character of 

igneous roeks is that they are strongly~alkaline. 

lime indices (see Peacoek 1931), as far as haye beèn determined, 

fall weIl below the 51% level (Gold 1968,'" p. 2,93),' which separa tes 
, 

the alkaline from alkali-calcic rocks. Despite this unifying 

character, Monteregian rocks differ widely, chemically as weIl as 

mineralogieally. In ehè ma.in complexes, for instance, the initial 
. ,. 

-------phase ls usually ult~abasic or basic and later phases are more 

silicic. At one extreme are peridotites, pyro~enites and titanaugite 

gabbro and at the other extreme are strongly alka1ine syenitic rocks, 

the two being apparently linked through normal gabbro and essexite, 

monzonite and syenodiorite (Gold 1968, p. 290). The above variations 

seem to reflect trends of magmatic differentiation, probably in 

.local chambers. 
t 

Monteregian rocks also show variations of a regional character. 
. , 

For instance, westward along the province there is a progressive 

decrease in Si0
2 

(Hodgson 1968, p.102). The eas~ernmos't pluton in 

Mt. Megantic has a considerable amount of granitic rock associated 
-"<r 

with it (Reid 1961) whereas the westernmost plutons, th~ Oka and 
( -

St. A~drê (see Gleeson And Cormier 1971) complexes are largely made 

up of carbonatite and other extremely undersqturated rock types. 

Fitzpatrick (1953) states that gravit y highs as large as 19 mil1igals 
< -

are associa,t~d wi th individual plutons but the size of 0 the oanoma1y" 

depends on the proportion of mafie material and the size of the 
"l.~ 

------' 
o 

d . 
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plutons. Thp regiona1 gravit y high associated with them para11e1s 
, 

the trend of the hills and ,decreases in amplitude tQ the east, the 
, 

direction .in which th~ plutons a1so become decreasing1y mafie. 

A~ather variation of a'1egiona1 character i5 the westward inerease 
. 

of KZO/N8 Z0 (~odgson 1968, p.l02). Potassic ultrabasic rocks such 
.. 

as alnôite and kimhprJite (Marchand 1968; Go1d ,and Marchand 1969) .-
oare restricted to the westerl1 part of the' province, west of the 

Island of Mont-real. This part o~ the ',r~vince is a1so characterized 

~y numerous diatreme breccla ~ipes~ ~Go1d et al. 1972), pro&ably 
\' , 

representing a gas-rich pipe dri]ll~g phâse. Hodgson (1968, p. 131), 

suggests that the probable exp~anation~ the westward Variations 

of Monteregian rock)' is that" in this direction, m,agn1as were derived 
, 

from increasingly grëater depth within the upper maht1e. 

Isotopie ages of Monteregian rocks vary from about 90 m.y. 
/ . , 

to Jab6ut .130 m.y., (Lowden 1960, 1961; Hurley et al. 1959; 

Fairbairn et al. 1963; ShafiQ4Jlah et al. 1970~also see Cla~k 1972, 
(, \ IlL' 0 
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p. 153) indicating that the magmatic E:vent :took place "in the Cret:,"a.Çeous. 
, I.~ C ....... 

·Resu1ts of paleomagnetic studles (Laroche11e 1959, 1968 and 1969) and 

. , "" 
of isotopic age dating are mutua11y consistent. 

Regional fau1t'sxstems: ~ogan's Line 

Ex~epU.t~ a few minor offsets, Logan's Line is shown on most 

• 
sma11 sca1e geological maps as a continuous thrust fay1t that extends 

" , i' ~ 

from the e,ast side of Lake 'Champlain (Missisquoi Bay) to the vicinity 
~ 

of Quebec City and beyonq (Fig. 9). However, outcrops indicatïng it~ 

• 

. , 
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position and nat~re are exposed mainly in the Lake r,hamplain and 

Quebec City areas. In the former area ·the fault is weil exposed 

on the east ,shore (j'f Miss1squoi Bay. Cambro-Ordovician rocks 

(Philipsburg series) have been thrust westwajds over Middle 

Ordovician (Trenton) shales along a fault plane that dips about 
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o 20 eastwards (Clark 1951, p. 20). In the Quebec City a~ea. however, 

dips of faults are steeper, ranging bctween 40
0 

to 70~ but are 

again towards the Appa1achians (ElIs 1888, p. ISk; Raymond 1913; 
~ 

Graham and Jones 1931; Riva 1972). There too, CambrG~Ordovician 

~ocks h~ve heen thrust westwards over Middlo Ordüvician ro~ks. In 
" 

• between the two above localities which are about 200 km apart, 

Logan's Line is placed to explain stratigraphic anomalies and wide 

<Y 

brecc ia ted zones and ~ts eXdct nature and position are in doubt 

~ 
(Clark 1964a, p. 75). 

Kumarapeli and SaulI (1966a, p. 665) discussed the nature of 

Logan's Line in the context of possib1e~graben suhsidence along the 

St. Lawrence Valley and e~phasized the problematic nature of 

structures incltlded in Logan' s Line. They- suggested the pO$sibility 
" ... 
'- , 

that- th~ scale of thrusting postulated by some of the earlier workers ' . . 
rnay be exaggerated, implying t~at the thrust faults ~ay steepen 

downwarcls and extend into the Precpmbrian basement i.e. Loganis 

Line is essentially a structure invo1ving "thick-skinnedH tectoniCs-,- ____ _ 

In order to' test this hypothes'ls, the writ~r. used gravit y traverses" 

to study the inferred trac~ of Log~n's Line on· the southeast side . ., 

o 

\ 

\. 
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of the St. Lawrence Valley. The studies included ten gravit y , 

traversés across this trace. The gravit y work was planned on 
J 

the following assumptions: (i) the subsurface structure of 
( 

Logan's Line inc1udes i a basement step, the downdrop on which is 

towards the St. Lawre ce Valley (ii) 'there ,-s a significantly 

high density co~trast etween tqe basement an~~over rocks. 
1 
1 

Contrary ta thd assump ion (i) ?bove. co~census has grown, '~ver-: 

h 1 · 1 . "'.'" f . bl . cl' 1 w ~ m~ng y ~n recent yeârs, ln suPR?rt a poss~ y gravlty rIver 

"t~in-Skinned" thrust sheets on LOga~,Line (Williams 1972b, \ 
, • 1 

\ pp. 192-194; Zen 1972, p. 13) . 
, 

In view of this, the residua1 

anomalies over Logan's Line have been interpreted in this thesis, 

in terms of density differences of rock masses on either side of 

an east:-dipping thrust fault. rather than in terms of a basement 

step (Appendix TIl). 

Regional Fault systems: High-Angle Faults 

56 

The presence of~igh-angle faults of the St. Lawrence Valley 

has been inferred large1y from geo1ogica1 mapping (Béland 1961; 

Clark 195L,1955, 1964a, b & c, 1966, 1972; Osborne and Clark 1960; 

Rondot 1966, 1969; a1so see Dufresne 1948; Haude and Clark 1961, 

Osborne 1956) and from geophysical studies (Hosain 1965; McDonald 

1965; Roliff 1968; Sharma 1968; Kumarapeli and Sharma 1969; Frey 

1973). Over the years, more and more faults have been interpreted 

to give the braided fault pattern shawn in Rigure 9. Opportunities 

for dir~ct examinatio~ of these faults are rare because the bedrock 
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over much of the valley area is concealed by unconsolidated 

Pleistocene sediments. 

The faults are believed to be mostly of the normal type 

because: 

1. minor faults exposed in road cuts and other embankments 

are normal faults 

2. the faults out1ine a down faulted terrain indicating 

that the movements were controlled by gravit y 

3, there is no evidence for large-scale strike-slip' 

movements. 

The writer examined an E-W trending fault (Cheval Blanc Fault? 

see Clark 1972, p. 162) which was intersected by~he north-south line 

of the Montreal subway tunnel system; it consists of a composite zone 

o of normal fault~ about 12 m wide and dipping at 70 S. 

It is, however, possible that some of the high-angle faults in 

the eastern part of the valley clos~ to Logan's.Line are reverse 

fau,{s. For instance, the fault on ~he east side of Rougemont 
\.. .. 

(Fig. 9) i9 an east dip~ng high-angle reverse fault (Philpotts Q 

1972, p. 15). What appears to be the northward continuation of the 
Il 

fault is St. Barnabé fault (iig. 9) which also may be an east-dipping 

high-angle revérse fault rather than a west-dipping normal fault 

(Kumarape1i and SaulI 1966a, p. 6~5). Thus, it appears thatdin the 

southeast side of the valley, normal faults, high-angle reverse 
,~ A 1 

• >
~' 

faults and thrust faults occur in close association. 

The high-angle faults of th~St. Lawrlnce Valley 

'""'"" 

,! \./~ 

''l 
-- -__ 1 1>-

,-

can be grouped 
" 

,.r\ ~ 

, 1 
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into three sets according to their strike trends: 

1. a principle set of northeast striking faults; a 

few of the faults included in this set strike 

north-northeast 

2. an E-W set 

3. a northwest set. 

Another way of classifying these faults i8: 

1. longitudin~1 faults: the northeast striking faults 

are nearly paraI leI ta the valley trend 

2. transverse 'faults: th~ northwest and E-W trending 

• faults make large angles with the valley trend. 

The E-W set of faul ts is .best known from the "southern part. 
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of the valley, and they appear to represent the eastward continuation 
1 

of lbngitudinai high~angle faults of the Lower Ottawa Valley (see 

Fig. 21). Movements along them appear ta have produced a slight 

crustal sag in the southern part of the St. Lawrence Valley (see 

Clark 1972, Fig. 18). 

Faults striking northwest are known mainly from the Montreal 

and Lac St. Pierre areas. Compared with other high-angle faults, 
.< 

the northwest-trending faults appear to be relatively short. The 

northeast and northwest-trending sets of faults conforrn with the 

principal directions of the t'tregional fracture pattern" of the 

Shield Region (Fig. 9) indicating, as discussed earlier (Bee p.40-42), 

that the development of these foults may have been controiled by an 

older fracture pattern. In the southern part of the valley aIl three 

\ 
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sets of faults are present, they produce an approximately E-W 

trending zone of intense bloek faulting (Fig. 10). This area of 

block-faul ting has ~,een the site of much of the Mon,teregian igneous 

activity. The main intrusive centres are probably located at the 

loci of intersection of fauits as illustrated in Figure 10. 

Ages of Fau1ts 

There is no general agreement on the age of Logan's Line. 

Most workers think that it formed as an Integral part of the Taconie 

orogeny (e.g. see Zen 1972, p. 13). Others think that the available 

data do not provide an unequivocal answer (e.g. see Cady 1969, pp. 63-64, 

161-162) and that most, if not aIl, movements a10ng it may have taken 

pf~ce in Late Devonian, during the Acadian orogeny (Poole 1967, 

pp. 34-35). RecentIy Zen (1972) has discussed the nature of Logan's 

Line and re1ated structures; he thinks that the thrusting events can 

be dated, and assigns a late Early or Middle Ordovician age to them. 

A simple answer a1so does not seem to exist to the age question 

" of the high-ang1e faults. As discussed below, the indications are 

that the faults as they now appear contain a sequence of movements 

impressed on them since their formation sometime before the platform 

cover began to form in Cambrian or possibly in 1ate Precambrian times. 

Any ~ttempt to answer this question has to take the fo~lowing 1ines 

of evidence and, their implications into account. 

1. The 1itho10gical and sediment~ogica1 characteristics 
(A 

of the Covey Hill formation (C~mb~ian and ppssibly 

partly Preeambrian) ïndicate that the Covey Hill 

() 

\ -

• 
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sediments accumulated in a ~ubsiding fault trough 

(asymmetrical graben?) coextensive with the soùthern 

part of the St. Lawrence Valley (Lewis 1971, p. 873). 

In the southlvestern part of the valley, the Potsdam i9 

considerab1y thick even at the valley margin (Clark 

1952, p. 17; Kumarapeli and Sharma 1969) but no Potsdam 

is found ,.pn the shie1d surface. Yet an o)li:1ier of 
1/ 

residual limestone west of Echo Lake ~bout 15 km west 
/ 

of the valley margin; see MCGerri~ï' 1939, p. 43) lies 

on the Grenville surface such that its position with 

respect to its corre1ati,ves within the valley appears 

to be in normal stratigraphic position (Osborne 1937, , 

60 

p. 8). These observations suggest that a step, probably 

representing a fault or fault-line scarp, existed along 

the present valley màrgin when the Potsdam began to be ' 

"'-deposited and that the fault was activ~.during the 

accumulation of the Covey Hill sands. 

2. Just northeasf of Lac St. Pierre, roughly in line with 

the channel of the St# Maurice River, dril1ing for 

oi1 has indicated a pre-Middfe Ordovician base~ent step 

of nearly 400 m amplitude (Belyea 1952, p. 31), which 

can best be explained as a fea~rç due to faulting. 

1 

3. At St. Alexis des Monts (for location see Fig. 9). 'near 

-
the northwest margin of the valle~, a glassy pseudo-• • 

tachylite from one of the faults that eut Grenville 
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rocks has yielded a K/Ar age of 975 + 50 m. y. 

(Philpotts and Miller 1963), although what app.ears to 

be the continuation of this same fauIt, displaces 

Ordovician rocks within the valley. 

4. Jn the St. Sophie area (for location see Fig. 9), an 

~lkaline gabbro dike swarm perhaps re1ated to faurting 

a10ng the valley margin, has been K/Ar age dated at 

520 + 2 m. Y"", (Doig and. Barton Jr. 1~68, p. 1403). 

5. Subsidence of the carbonate she1f (and the establishment 

of deeper water conditions) in late Middle Ordo-Vician 

. 
times, may have been achieved, by movements on high-angle 

faults (Zen, 1972, p. 49). 

6. Seismic reflection data apparently indicate that at 

least three periods of early Paleozoic normal faulting 

took place-in the St. Lawrence Valley and that thrusting 

on Logan's Lins took place after the formation of large 
"~.. 01, 

normal fau1ts (Frey, 1973). The pre-Logan's Line high-

angle fau1ting, however, could be pre-Middle Ordovi~ian 

or pre-Late Devonian, depending on which age is assignp.d 

to Logan' s Line . 

• 7. High-angle faults that affect the va1le~ floor cut and 

nisplace the Cambro-Ordovician platformal sequence (Houde 

and Clark 1961), including the youngest Upper Ordovician 

rocks (Becancour River) present. , In a 10cality in . 
l 
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Quebec City high-angIe faults .. cut thrust faults of 

the parautochtonous sequence !J. Riva quoted by 

E. W. Mo un t j oy) . 
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8. There i8 a good space correlation between, the area of 

9. 

block-fau1 ting in the southern part of the St. Lawrence 

1alley and the distribution of Montertian igneous 

bodies of the western half of the Monteregian Province 

"proper" (Fig. la). The eastern half a1so lies along 

the possible eastward continuation of this zone of 

block-faulting. These space relations suggests that 

the Cr:etaceous-magmatic event and block-faulting may a1so 

be chronologically re1ated (Kumarape1i 1970). Such an 

inference seems reasonable in view of, the common space 

and time association, in continental shield and platform 

areas, of alkaline mag"matism with zones of major 

faul ting (MeCall ] 959; K~ng & Sutherla~d 1960; 

Ginzburg 1962; Bailey /961, 1964). 

The St. Lawrence Valle~ area is characterized by mild 

earthquake activity (Smith 
ff , 

to movements along somd of 

time (Kumarapeli and SaulI 

1967) which ean be attributed 
<'1< 

'N 
thes'4(',faults at the present , r 

\, 
1966a, p. 646). 

The main conclusions consistent with the above evidence and 

lines of reasoning arE: as follows. 

---------- -"- -

• 

-
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t 

1. The St. Lawrence Valley was an area of high-angle 

fault movements in post-Ordovician times. The greater 

part of these movements may have taken place in the 

mid-Mesozoic synchronously with the Monteregian magmatism. 

2. Before the platformai sequence began to form in Cambrian 
, 

or possibly in late ~~rian times, the presen:r--~ 
~~ ) 

St. Lawrepée Valley area, at least in part; had -a fault-
, ' 

lined structural framework. Also there are indications 

that sorne high-angle fault movements took place during 

the deposition of the platform cover. These movements 
. 

and alSB the post-Ordovician movements p08sibly 
• II' 

represent renewed movements on older' faults. 

3. At leas{:;;me of the faults may be in an unhealed state 

at the present time. 

The foregoing discussion giveg s~ight 

of high-angle faulting in the St. Lawrence Val~ey. 

intQ ~hronology 

Even ~f pr~ence 
of attempting a complete answer to the age question i8 unrealistic, 

mainly because, excepting Pleistocene deposits, stratified rocks 

younger than Ordovician are almost completely aDse~t in the area. 

This shouid be kept in mind when speculating whether a major part 
-' 

" of the fauit movements took place during a particular time period 

'" or in several discrete time periods. 

Regional Fault Systems and 'the Tectonic Framework 

If the thrust faut ts of 
. ~ 

Logap's Line are, in-fact, structures 

, 



• 

• 

ï~volving 'thin-skinned" tectonics (p .55 ), 'then it is considered 

likely that these faults became inactive soon after their formation 

during the Taconic a'nd/or Acadian orogenies. At least sorne high-

angle faults on the other hand, have apparently renfained "ftive and 

have dominated the tectonic framework of the valley area during the 

entire Phanerozoic time ~n~ possibly even earlier. In places the 

. high-angle faults seem ta have involved the entire crust and upper 

mantle, as indicated by the close spatia~ association of so~e faults 

with Monteregian alkaline magrnatism. 

Structural Effects of High-angle Faulting 

Interpretation of the regional structures produced by high-

angle faults is complicated by certain unsolved problems. In the 
'J 

area of Logan's Li~, for instance, dislocations of both tensional 

and compressional origins (normal faults, east dipping hig~-àngle 

and "law-angle reverse faul ts) occur in close association. The 
~ 

iuterrelations of these faults are largely unknown, but the 

" compressional dislocations are best viewed as structural,elements 

created by orogeny (Appalachian). ~lsewhere in the valley, faulting 

64 

appears to be less complex in that only high-angle faults are present 

and these faults are probably of the normal type. They combine to 

form an elongate zone~f downfaulting i.e. a rift zone. The structural 

subsidence is largely controlled by the northwest marginal fau]t zone 
• 

and the high-angle faults to the southeast of the zone may be synthetic 

and/or antithetic in nature. The overall structure is not unlike that 
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of the Hessische Graben belonging to the Saxonic faulted area 

" 

(see De Sitter 1964, p. 126). In the southern part of the valley 

where the rift zone appears to be widest (~55 km) it consists of 
<' -

a ser~es of longitudinal fault blocks downdropped to the east in 

step-like fashion (Fig. Il). 

Between the south end of t~ valley and Quebec City, the 
'~ 

longitudin~l shape of the rift zo~ is cradle-like. This shape 

has been 
! 

...... (1 

achieved, at least in part,~ by mq.vements on transverse 

65 

faults. 
/ . 

The rise of the basement towa~s the south end of the valley 

~ulminates in an arch-like structure - the Beauharnais axis - that 

extends across the south end of the valley (Fig. 9). The structurally 

highest part of this axis seems ta be at its west_end, where the 

Grenville outlier.s of Oka Màuntain (and also of Rigaud Mountain and 

of St. André, in the nearby areas of the Ottawa Valley) are located. 

,.f0llowing the line of earlier discussions on the ages of 

faulting, there is conclusive evidence that the rift zone formed, 

at least in part, in post-Ordovician times, after the deposition of 
'-

the present platform caver, although it may have developed partly 

during the deposition of the cover rocks as weIl. The post-Ordovician 
\ 

structural -subsidence may have taken place largely in the mid-Mesozoic, 

synchronously ~ith the Monteregian alkaline magmatism (Kumarapeli 1970). 

However, an ancestral structure appenrs tô have existed, possibly as 

a zone, of high-angle faulting, before the platform cover began to forro .. 
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SUMMARY AND CONCLUSIONS • " 
,,~ 

In the St. Lawrertce' Valley, the part 'tnat is underlqin by 

autochthonous platformal rocks, ls a zone of block-faulting 

consisting of a major set of longitudinal faults and a minor set of 
~-

transverse faults. Play of movements on these faults has produced 

a linear zone of structural subsidence which at least in the southern . .... 
part of the valley has a graben-like cross section. Between the 

southwest end of the valley and Quebec City, the downfaulted zone is 

16ngitudinally cradle-like. The rise of the basement towards the 

,softhwest end of the valley culminates in a transverse,arch (Beauharnois' 

axis), the north flank of wbich i5 severely block-faulted. This block-
'. . 

\' . 
faulted area has been largely the site of a major episode of alkaline-

" 

'carbonatite magmatism (Monteregian) in the early CretaGeous. 

There is conclusive ~vidence that structural subsidence along 

the valley took place in post-Ordovician times. Much ofJthis 

subsidence may have taken place synchronously with the early Cretaceous 

alkaline-carbonatit~ activity. There are str~ng indications that the 

post-Ordovician movements represent, at least in part, renewed 

movements on older faults which appear to have been in existence 
" 

durlng the early development of the Appalachian geosyncllne . 
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CIlArTER v: N,\RCTNAf, SEC~lENT: 

THE CHAHPLATN VALLEY 

1 NTRonnr.nON 

The topographie low of the St. Lawrence V;111pv ~liv'ide<; at its 

south E'nd into two brélnchcc; that fol (ow thé north and f'rtst side~ nI 

~dirond<1ck MOllntai'w;. The brilncl! on tIlt' cast sidl' of the Adirondacks 
.,) j 

is largeIy ôccupied hy Lake Champlain and is referred tn as the 

Champlain Valley (Fig. 12). The Champlain Valfey extends nnrthwards . 
from the divirlC' hptw(,e'n the' Ih!dsnn; River vill1!'v ;Jnel the' Lake Ch,lmplnin 

basin, approximately ror ,t dIstance of 175 km wher:C' i t merg@s w:i th 

'" the St. Lawrence Vall~v. Tn o\ltltne, the v;lllev ie; trllmpct-s!Jap'ed; 

it is about 10 km wide at the' sonth end and widene; northwarl'ls gradua1,ly) 

except at ils nnrth end (Fig. 12) where it opens O\lt tn att.1·in a'width 
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of about 70 km. It i8 bounded for the most part by abru~t scarps, 

200 ta 300 m high., The Champlain Valley, like the St. Lawrence 

Valley, is largcly eut on il ,strip' of rock of relativcly higher 

erodibility, tl1at lies hetween thè Shield and the' Appal~hian foldbet. 

.. 1 

GEOLOOICAL ŒARAC'1'ERISTTCS 

Tectonic Setting 

Like the St. L3wrence Valley, the ~hamplain Valley i~ set àlong 

_the boundary between the Appalachian Foldhelt (Logan's Zone) and the 

platfonn, the larger part being over the platfonfl. The eastern boundary, 

~ 
of the Appalachian allochthon, which in the Champlain Valley a~ea i8 

'? 

called the Champlain thrU8t (Cady 1945, p. 565; also see Doll et al, 

1961; Cady 1969, pp. 6 3-64) extends along the east side of Lake 
1 • 

Chfmplaih (Fig. 13). 
f-'l 

by a- minor sc~r'p, the 

of the th~ust zone. 

, 
Al though the' thrust zo,ne 18 general1 y marked 

rise to ~e Green Mountains 15 10 ta 20 km/east 
'1 
" .' 

Therefore on the east side, a narrow strip of the 

~hamplain Valley extends on to the Appalachian foldbelt. 

The Adirondacl< Mountains on the west side of the yal1èy are a 

part of the Grenville structural province. At leasf parts, if not aIl, 

of the Adirondack Mountaiqs were' once covered by Paleozoic, platformal 
~ 

, rôcks," for remp.ants of these rocks still persist i;n some places as 
l' 

downfault~ outliers (N.Y. 
~ . " 

and Chart serv. No. 5). 
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General Geology 

The p~atformal autochthonolls sequence of the Champlain Valley 

is essentially ~imilar ta tha( nf the St. Lawrence Valley. It hpgin~ 

with the Camhrian Potsdam sandstone, overlain by dolaston~nf the 
(. 

BeekmantoWT1 group (Ln~er Ord~vi cian). Discomf (lrmab J y abpve the 
" \ 

Beekmantown i~ a Midd1e Ordovician sequence, consisting of a lower 

limestone (several thin units), and a thick upper hlack shale thàt 

becomes sandy towards'the top. This succession is about 750 m thick 

on the west 'side of the valley 

in thicknes( towards the east. 

(Rodgers 1970, p. 72) and , increases 

On th~ foot-wall sid~ of the Champlain thrust, the platformal 

rocks are generally crump1ed and flanked on the east side by minor 

thrust slices such as the Highgate Springs slice (Kay 1958). This 

crumpled belt is actually the southward continuatiowof the par-

autochthonous St. Germain Complex of the ~t. Lawrence Valley. ;The 
~-

• belt is abse~t at the south end ~f the valley but widens ta about 

15 km at the north end of the lake (Hawley, 1967). West of the 

crumpled belt, the platformal rocks are ~ot folded but they are 
';)'". 

broken by numerous high-angle fauIts, mostly of the normal type 

1 
(Quinn 1933; Welby 1961, pp.:'199-210). The strata in this area are 

• ,.~ither nearly flat-Iying"or â~e tilted at varying angles. Along the 

west margi~ of the valley, they hav~ fault contacts or overl~pping . 

relationships with the Grenville cryatalline rocks of the Adirondack 
1 

·Mountains • 

) 
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The hangin~-w;:111 si de of the:C:hamplain thrust is in pl aces 
Q. 

characterized by thrust slices (e.g. Roseqberg slice, Rodgers ]970, 

p. 73) in the form of sYncliDori~, cnntaining rocks as nId as Lower 

Camhrrn which have overridden the crtImplc~ sha1p<; (Middle Ordovician) 

• 
of the platformal sequence. 

The Paleozoic rocks as weIl as the Gienvill~ çryst~11ine rocks 

in the Champlain Valley area have been intruaed by a close1y related 

group of alkalin~ igneous bodips, mainlv in the farm of dikes. These 
t~ 

alkaline igneous rocks and the high-angle faults in the ar~a are of 

special importance to the present problem and hence wiU be clescribed 

in sorne detail below. 

A1kaline Igneous Rocks 

Numerous igneoub bodies of petrochemica11y relatec\ types Oc-GNJ' 

in the Champlain Valley region (Kemp and Marsters 1893; Welby 1961, 

pp. 186-190; Woodland 1962). These igneous rocks, 1ike fhose of the 

south~rn St. Lawrence Valley area, have strongly alka1ine affinites, 
\ 

and hence, some workers prefer to include the Champlain Vatley area 

in the Monteregian Petrogra,hic province (Go1d 1968, p. 290). 

The igneous bodies are most}y' dikes; a few si11s and p1ugs 

,/ 

also occur. The maiority of them ~re in th~ platformal, and Appalachian 

rocks of the valley, but a few of them occur in the adjacent areas of 

the Green Mountains and Adirondack Mountains (Fig. 13). 

The igneous rock types fa Il inta two genera1 types, light 

coloured bostonites and dark coloured lamprophyres. Bostonites are 
, . 
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Fig. 13. Map showing se1ected~ 
g~logica1 features of the 
Chtmplain Valley area. Data 
cOMpi1ed from Geological map 
of !Je',.: Yor;c S+"a'"e(J~.Y.Sta':,e ;.rus. 
u Sei. 'ser.- Gf;Dl..3urv. maD & 

char~ ser.no.5,1961), Welb; 1961, 
Doll ~t al.(1961). 
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--
the morc common and fo'rm thicker intrusions. The thickest hostonite 

~dike in the area is' about \2 m ln width (Kemp af\À" Marsters 1893, p. 59). 
1 

Many of the so-cal1ed bostonites are in rea1tty bostonite breccias 

contalniQA blocks of e~rlier forrned hostonites or of country rock. 
f 

Of the 1 amprophyres the moc:; t common types approach the 
.~ . 

composition of camptonite while others can be classified as monchiquites,> 

The ]amprophyt~s genera11y farm thinner bodies than do the hostonites. 

The thickest lamprophyre dike known is about n m (Kemp and Marsters 

1893, p. 59). , ,~ 

1> 
It ls gencr~]]y believ~d that the bostonites followed the 

lamprophyres. Most of the cross cutting relationships, seen in the 

field, confirm this view, a1though instances where lamprophyres 

cutting bostonites also have been reported (\V"elby 1961, p. 189). It 

is probable that the two types of rocks are consanguinous anQ were 

Two K/Ar 

t~ same 

dates of 

general period of magmatism~ 

Ch~mplain Valley ~lkaline rocks ~ave been 

PUb1iShe~An age of 136 ± r m. y. has be,~n obtained by Zartman et al. . 

(1967', p 862) for biotite from a lampraphyre dike. Zartman et al. 
1 

think that this age value is prabably the true K/Ar age, although the y 

were not able to check the result by the Rb/Sr method because of an 

'unfavourap1r Rb/Sr ratio for the oiotite. The other age i8 a value of 

111 ± 2 m.' y. for the syenite of the Barber Hill stock (Armstrong and 

o 

Stump 1971) which i9 associated with bostonites. These Jurassic-

Cret8ceous ages are simi1àr ta [hose determined for the Monteregian ... " . 
rotks of tr. St. Lawrence Vallèy area. 

\ 
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High-Angle Fau \ ts 

High-angle faults (Swlnnerton ]932; Quinn 1933; Rodgers 1917, 

p. 1681; Doll et"al. 1961; Welhy 1961, pp. 199-210; CRdy lQIlQ, 

pp. 91-92; Rodgers 1970, p. 72) affect the ;1utochthonolls <lnd par-

autochthonous rocks of the'vallC'y ,md in places cnt the al1ochthonnus 

rocks further ta the east (Hel hv 1961, pp. 204-209). Num('rous high-

angle fau1ts also eut the Grenville rocks of the Adirondack Mountains 

on the west side of the v;!l1ey. The distribution of faul ts lS sh{Jwn 

in Figurp 13. They fnrm a we11 dèfined p8ttern which ;!pparently 

splays out southwards, tn {nvolve a considerable arpa of the Adirondack 

Mountains. The fautEs Cdn be traced into the Moha\vh ValJeyare<l, 

beyond which they hdve not been traced (Rodgers 1970, p. 74). 

The fault traces are rarely exposed; only in a few places, 

have fault-pl~nes been actually observed (e.g. see Welby 1961, p. 199; 
"l\ 

Fisher and Hanson 1951, p. 809). However, sorne of the faults have 

l' 
been weIl àuthenticated by geological mapping, although many others, 

especially those be1ieved ta affect the floor of Lake Champlain and 

the Adirondack Mountain:l;, have been inferred on physiographic evidence. 

Sorne of the fault traces appear to be rather sinuous or curved, but on 

the average, the DRult trends fa11 into two sets: one principal set 

trending north-northeast and hence mare or less paral1el to the valley 

and the other set approximately transverse ta the valley direction. 

~ 

The longitudinal faults are best known from the weSt siclé of 

the valley and from the adjacent areas of the Adirondack Mountains, 
... 

'\ 

J • 

" 'f 1 

"r; 1 
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and are believed ta be normal fau1ts (Quinn 1931; RodgeTs 1970, p. 72). 

Many of the faults of the Ad irondacks strike northeFlst, :instead of 

north-northeast ae; in th!' "il11e)'. The fauIts on the w6st sidf' of 

"-
the val1ev generi1l1v have throws up ta élhnut fiOO' m in Pa!po?\oic nH:ke; 

and in one ('xtreme C'Fle;e il throw of i1hOllt 1200 m (Sec Quinn l ~rn, 

p. 120) has hccn cstimated. The fauIt planes, where ohservdble, dip 

between 60
0 

:lnd 70° hut c;ome Flrc almost vertiCFll. M.qnv h3ve down-

throwc; tn the cast, aIthough, the reverse i8 e;ometimes the case. 

Where the fauIts i1re downthrown on the eac;t, the h1neks tend ta be 

tiltcd west and vice versa. Welby (1961, p. 197) statpc; that although 

majnri ty of the 10ngitudini1I faul te; on the cast side of the va] ley are 

norma], some are reverS0. Further tn the '3outh, Zen (1972, p. 27) ,7 

also reports hoth normal and reverse faults From the autochtho~aus 

shelf rocks on hath sides of the Taconie Klippe. 

The cross-faults intersect longitudinal faults of the valley 

almost dt right angles and are knn,to extend castwards tnto the 

allochthonous rocks on the west f1ank of the- Green Mountains. They 

cut the Champlain thrust and the flanking thrust sIiees (Welhy 1961, 

pp. 205-210; Rodgers lQ70, p. 73). The cross-fau]ts are believed 

to be nearly vertical nOrTnf1l fauHs (e.g. Welhy 1961. p. 204). 

Throws in Paleozoic rocks up to about 600 m have been reported along 

them (Welby 1961, p. Z04). 

longitudinal faults, break 

,,."" 
The eross-faults, together wjth the 

u? the Champlain Valley floo~nto a mosaie 
J 

of blacks. As mentioned earlier, the majority of these blocks are tilted 

west ~ongit\ldinal 

cross-f&.plts 
I~, }, ~ 
, ' 

" 

fauIts; they are tilted north and south ~~ong 

1 

u 



.. -------------.~~-----~-~--- ~ 

• 

. \ 

• 
'. 

70 

No coud usive evidence has yet come to l ight concern ing the 

relativp ages of longitudinal and cross-fua1ts, although ovidence 

of an indirect nature 800ms to indicate that, in sorne instances, 

longitudinal [aulte; are off-sot hy cross-faulte; (Quinn 1911, p. 120; 

Welhy 1901, pp. 210-211). Neverthe1ess, moc;t workers agree that the 

two sets of faults are prohahlyarelated in time and cause. ' 

The high-angle f~u.Lts of the Champlain and St. Lawrr..ence 

Val1eys ri 1 though descr ibed separ<lte-l y in this paper, shoul ci he 

regarded as parts of a single fault system bpcause: 

• 
.~, ') '\.' . [ 1 . h . '1 0 au ts ln t e two arens are Slml ar 

~ 

2. the tee tonie setting of fauI ts in the two are as "is 

idE'l1tical .. 
3. presumably eomagmatic rocks are associated with sorne 

eo 

of the faults of bath areas 

4. sorne of the faults in the Champlain Valley extend 

into the St. Lawrence Valley 

5. the faults in th~ two areas appear to 'have similar 

evolutionary histories (see below). 

"" Ages of Hi~h-Angle Faults 

The high-angl~adtts q.,f the Champlain Valley eu-t the youngest 

Ordovician rocks present, which are late Middle Jrdovieian (see 
, ' 

Rodgers 1970.., ~p. 72). They a190 eut the Champiairf Thrust, bu.t these 
~ , 

movements cln be post-Ordovician or post-Devonian.dependihg on which 

age i8 a~ned LO the Champlain Thrust. Wiesnet (1961) has pointed 

out tha~ th"e progressiv~ly greater abundânce of felspar in the Potsdam', 

towards the eastern edge of the Adirondack massif, may indieate 
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pre-Potsdam normal faulting in the Precambrian basement. He suggests 

that high-'angle faules in the Champlain Valley <lrea may 1)(' reIatC'd to 
o 

movements àlong huried pre-Potsdam faults. Zen (1972, p. 28) thinks 

that large vertical movcments took pldce on thesc faults ln Middle 

Ordovician times, roughly synchr.onousely and mutual1y Gonnected in 

cause with the Taconi~ orogeny and that the "faulting resulted in 

crtista1 subsidence that led ta deeper water conditions and deposition 

of black shale in the area. Evidence for Middle Ordoviclan and/or 

pre-Middl~ Ordoyician normal faulting has he en observed by Fisher and~ 

Hansen (1951, pp. 808-809). 

{) 
Sorne of the high-angle faults in the area cut mafie dikes 

(Hudson and Cushing 1931, p. 101) and bath eut and are eut by felsie 

dikes (Buddington and cWhitcomb 1941, p. 26). Recause the t~o types 

of dikes appear to be consanguinous, the above cross cutting 

relationships indicate mid-Mesozoic faulting. Mild seismicity and 

t 
possible evidence for pos~glacial faulting in the are a (Oliver et al. 

1970) indicate that some of;'the Fau1 ts may still he in an unhealed 

state. Thus, apart from uncertainities introduced by the 1ack of 

recvrd, the chronology of high-anglé faulting of the area appears 

to be similar, to that of the St. Lawrence ,valley area, and can b~ 

summarizeij as follows. 

\ 

• 

1. The faul~s were active in post-late Middle 

Ordovician times. Sorne of this-faulting may have' 
<1/1 

taken place in ,the mid-Mesozoic synchronously with 

the alkaline igneous activity in the area • 

l' 

/ 

, 
" 1 . , . 
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2. Significant fault movements also may have taken 

place roughly synchronously with the establishment 

of deeper watcr conditions in the Middle Ordovician 

... 
,t times. 

3. High-anglc faulting may have occurred along the 

west margin of tne valley he fore the deposition of 

the Potsdam, the upper part of which is Jate 

Cambrian. 

4. Sorne of the faults may sti11 be in an vnhealed state. 

Sttuctural Effects of High-angle Faulting 
\J J 

The part of the valley overlying the Champlain thrust has 

a complex structure. There, nont/a] f aul ts, high-angi e reverse faul ts 

and east-dipping low-angle tbrusts occur in close association. The 

interrelationships of .these faults are poorly known. To the west of 

this area where autochthonous piatformai rocks are cut by normal 

fauIts, the structure consists of ~ longitudinal belt of structurally 

down-droppêd graben-horst terrain (Fig. 14). Along the greater part . , 

of the Adirondack margin, structural subsidence has taken place on 

C en echelon faults which in places overiap to produce step fdulting . 
. , 

The àverall strGcture of the downfaulted zone is1probably that of .. 
a compl~x graben. Its east margirt i8 rather indefinite but the 

normal faults have not been traced ~o any significant distance, east 

of the Champlain Thrust. Thus the width of the d?wnfaulted zone may 

be about 50 km at its north end and gradually decreasing southwards 

to about 20 km at the s?uth end of the Champlain Vall~y. The length 

L 

• 

" 
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of the downfaul ted zone is about 200 km and it togethf'r with the 

zone (lf downLl\Ilting along the St. Lawrence Va]]py forms a continuous 

-rift zone <lhout h50 km long. 

In view of the p,ïrlicr discussions on the ages of high-imgle .. 
faults it apppars that signifiC'ant structural slIhsidpnce a]ong the 

Champ]a in-St. Law1:"cnce Val1 eys took pl i\c(' in poc;t-Ordovi dan t imes. 

A major parlqof th 18 suhsidence mal' have taken place in the mid-

Mesozoic, sjnchronously with the Jurassic-Cretaceous alkaline-carbonatite 

activity. Thcre are indications th~t the post-Ordov1rian movements, 

ft Icast /n p1.~s represent rcncwed movemcnts on carl 1er faul t.s -- , 
which appear to have existed during p.,he earl y st<tgps of App~lachian 

~ evolution. .. 

.~ 
\ 

Çi 
, {~i 

, , 

" 

M.hrs rr-y-r-,-,,,,---,,--,,-,, 
o j ~oo .000 

l'ir;,J/, . :)(.(~fjon a'i.'rn:::; Il pnrt (If' th., Ch:l1nr1nin V:I'llf'y ;.l1t)\.Jinl~ f,r'nt)('n" 
and l101';;1:~ in r1:1' furm:!-.l r(),'b;. Art ('1' \.J(}lby (1'}(,j). 1';<')' Incnl ion of s8c'Cion . 
SP8 Fig . .11. K(·y tc' rtbbr~lIriatjon;,: ()('p-Crmlll Pt. L:,.; (lv-Va1col1r fm.; /' 

,Ogf-G10ns Falh LA.; Osp-:}t.rmy pt .;'h.; OO-()l'wf'l l Lf .•. 
/ 

1 

.. 
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SUMMARY AND CONCLUSIONS 
'" 

Tre Champlain Valley is largely ~nderlain by a structuraJJy 

~~-Mrst...,graben terrain whose gross structure ap_~earse:o S 

4" 

be that qf a complex graben. Southwards, the faults related ta the 

structure appear to terminate in the Mohawak Valley area. Northwards 

it is continuous with the zone (\of downfaulting along the St. Lawrence 
_Irl 

Valley, and together these zones form a continuous rift structure 

about 650 km long. This structure is characteristically restricted 

to the~narrow platform along the western margin of the Appalachian 

foldbelt. Significant structu'tlal subsidence along this rift zone 

taol place in post-Ordovi r ian Urnes. A large part of th'is subsid~ce 

probably took ~lace in the mid~Mesozoic, synchronously with the 

Monteregian alkaline-carbona ti~ aCt'ivity.·' The post-Ordovician. 

m1e.~.ents ~ay be related to r'enewed activity on older faul tè which 

possibly existed purin& th~ early stages of the Appa~achiart evolution. 

" 
1\. < 

f 
\ 

\ Il 
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CHAPTER VI: MARGINAL SEGMENT: 

THE ESQUlMAN CHANNEL AND VICINI~ 

INTRODUCTION 

The Esquiman Channel, which is also called the Belle .Isle_.Trough -

in older literature is the northernmost part of the Marginal Segment 
'" , 

of the St. Lawrence Valley system. It is the larges~ tributary of the 

Laurentian Channel, and branches off from the flatter just southeast of 

Ant~costi Island (Fig. 15). Thence it extends under the St. Lawrence 

Gulf, betwe7n Newfoundland and the mainland and loses its identity as a 

distintt topographic feature before reaehing the Strait bf Belle Isle. 

The Esquiman'Channel itsèlf is set within a mueh wider topographie low, 

lying between the Long Range Mountains of Newfoundland where ele~ations 

of 300 m to 700 m above sea-level are common, and the Mecatina plateau. 

of the Shield Region where elevations generally range from 200 m to 500 m. 

This wider bDpographic low will be referred to as the Esquiman C~annel ,. 
Area and is the topic bf discussion in this chapter. The topographie 

low ihcludes not only the area under the Gulf of St. Lawrence but alao 

the strip of lowlands on the southeast side of the Gulf • the New-
, "\ 

foundland Coastal Lowlands. ----------
\ The Esquiman Channel i8 a trough-lîke 8ubmarine depres8ion. 

Where it joins the Laure~tian Channel 400 m depths are eommon. Similar 
~ 

depths continue only for about 25 km along the channel, but 200 Metre 

--
. , 

. t 

~ .... 
" .... 
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'f 

( 
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Fig. 15. Physiographic ;;kC'tch of t.he LaurenUan 1 anrl F:squiman Channel areas. 
Kry t 0 nl'brC'vint,ion,:: AI-Ani i<'031 i Islnnrl; HP-Hrcal illn Pla1.0nu: IJ.1-:Long Range 
~1()1I1lIaitw; ;,Hl-~)IJ'ail "f n,'llf' [:11,,; :~~;-mli('k~,h()('k ~ln\llll:l.ins. ~ 
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depths are common for a distance of about 250 km. The Esquiman Channel 

is widest (about 100 km) where it joins the Laurentian Channel and 
o 

tapers off in the direction ofJthe Strait of Belle Isle. The Esquiman 

Cnannel Area has an outline similar to that of the channel itself 

but has a maximum width of about 250 km. The rise towards the 

Mecatina plateau is graduaI but the rise to the Long Range Mountains 

commonly takes the form of an abrupt scarp, 200 to 300 m high. 

ù 

GEOLOGlCAL CHARACTERISTICS 

Tectonic Setting 
<" .. \ ~ , , 

'" " The tectonic setting the Esquiman Channel Area· ia simflar. to 

that of the Champlain - St. Lawrence Valleys, being, rnainly a narrow 

platform, lying between the Appalachian foldbelt and the shield. 

General Geology 

The Esquiman Channel Area contaiss a thick sequencè of Pal~bzoic 

strata which ls believed to overlie a Grenville basement. Grenville 

rocks are exposed along most of the mainland coastline (Fig. 16) and 
! 

Grenville-1ike rocks also occur in Long Range Mountains (Clifford 

1969), the lndian Head Range (Williams 1967) and on Belle Isle 

(Williams apd Stevens 1969). The cover rocks consist mainly or- ~ 

(a) an autochthonous shelf sequence ranging in age from Early Cambrian 

or possibly from late Precambrian to Middle Ordovician, (b) an 
. .1.. 

, l " 

allochthonous eugeosynclinal sequence of about the same age as the 

shelf sequ~ce, and Cc) Carboniferous successor basin deposits • 



---." 

Fig.16.Geology of the ElquimBn Channel Area.Data 
1968; Strong and Williams 1972 and other ~ources. ------' 

! 

1 

J~I FfJt--' __ -.:~_~ ____ • 



• 

+ + + + + + + + + 
+ + + + + + + + + + 

+ + + + + + + + + + + 
+ + + + +--+--+ + + + + 

------------~!,---------~---~F_~ .. ----------------------- ( 



LEGEND 
,..,.,/ Hlgh-angle faults; teeth 

Indl~atlng direction of downthrow 

___ / Other Ilneaments probably 
related to faults or joints 

__ // Structural trends beddlng, 
foliatlon.lineation 

~ Grenville crystaillne roc~s 
[]]] Cambro.-Ordovlcian shelf rocks 

E-:-a Cambro-Ordovlclan allochthonous 
...:-_- rocks 

foO';;'I Carbonlferous successor basin 
~ deposlts 

~ Long Range diabase dlke swarm 
~ K/Ar age 805! 35m.y. 
~ lIght House Cove flood basalts 

Baie des Moutons alkahne syenite 
complex K/Ar age 568 ± 8 m.y. 

10 0 10 20km 
, • 1 

\ . 

84 

o 



• 

• 

( 

, 
1 

li 
85 

The basal portion of the autochthonous shelf sequence (Labrador 

f group) consists of Lower Cambrian c1astic rocks ranging from white 

and pink quartzite and.reddish arkosie sand~tone to clark shale; minor 
. . 

beds of limestone or~olostone occur near]y everywhere in the sequence 

(Rodgers 1970, p. 149). On the mainland, rocks belonging to this 

group, are exposed along the northwest share of Strait of Belle Isle. 

A sequence,of less than 150 m.pf rock is preservee there. Dips,are 
r 

gen~le ta the southeast, away from the shield. Across the Gulf, on 

the northwest side of the Long" ange Mountain~, dips are steep .~o the 

~ 
'\. 

northwest, away from the Precambr n core. The Labrador group ~~ a 

whole becomes thicker and more shaly to the southeast. Basaltic 
• <' 

volcanic rocks (Light House Cove formation) and a1so probable 

feeder dikes occur at the base of the Lower Cambrian strata in severa1 

northeastern areas (Williams and Stevens 1969, pp. 1151-1152). Also 

from Belle Isle, Williams and Stevens (1969) have described boulder 

conglomera te and arkosic sandstone overlain by thick white quartzite 

(Bateau Formation) at the base of strata known to be lower Cambrian. 

These rocks as weIl as the basaltic voncanics may be in part late 

Precambrian (Williams and Stevens 1969, p. 1147). The major rock 

unit over1ying the basal clastic sequence is a thick (600 ta 1200 m), 

massive carbonate (St. George group), main1y do1ostone and sorne 

1imestone in the upper part. These rocks contain Lower Ordovician 

fossi1s. Disconformab1y over1ying the carbonate sequence are lower 

Middle Ordovician 1 imestones, cOIlUQ.on1y argi11aceous, and becoming more 



• 
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• 
.. 

shaly upwards, grading into graptolitic black shale (Table 

• 
Head formatton). the upper shale unit of this formation was 

derived from the east (Williams 1972b, p. 192)~ and is believed to 

86, 

represent the eastern part of a westward transgressing flysch wedge. 

In the Esquiman Channel Area black shales appear somewhat lower in ... 
the Middle Ordovician than in the Champlain an? St. Lawrence Valleys. 

In the area south of the ;trait._of Belle Isle, the Cambro

Ordovician shelf sequence is nearly flatly1ng, whereas in the Northern 

Coastal Lowlands and further to the southwest it is considerably 

deformed and broken by high-angle faults. According to Lilly (1966), 

the deformation of these rocks dies out northwestwards within a short 

distance from the shoreline. Southeastwards, the deformed shelf 

rocks terminate with fault-contact against the Precambrian massif 

of the Long Range Mountains whose structure ls essentially horst-like, 

being bounded on its east and west sides by high-angle faults. The 

shelf sequence thickens southeastwards, but because of deformation, 

a maximum thickness figure cannot be determined. This thickening 
~. 

seems to be reflected in the pattern of the magnetic field over the 

area. It is highly ~rregular on the northwest side of the Esquiman 

Channel Area, indicating that in this area the more highly magnetic 
C' 

Grenville basernent is buried, if at aIl, only under a thin cover of 

shelf rocks (Keert et al. 1970, p. 271). On the southeast side of 

the Cha~el Area, the magnetlc field ls relatively smooth presumdbly 

reflecting the greater depth of the basement there. The thickness ~ 
the shelf sequ~ce along line A-B of Figure 16 has been estirnated to 

1 

, \ 
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he heridan and Drake 1968~ Fig. 10) hy seismic 

refracti~n 

implications of the shelf seqùence in the 

Channel Are~', are similar,' to those of the Champlain and 

" St. Lawrence Val1eys and can be sùmmafized as fol1ows. 
• 1 

1. The southeast thicknening wedge of she1f rocks, at 
J 

least in the area to, the west ~f the Long ~angœ 

massif, was deposited in a graben-like trough 
.. 

(asymmetrica1 graben?) which began its development, 

befôre the deposition of the basal beds in the Early 

Cambrian and possib1y in the Hadrynia~ (Clifford 

1969, p. 651). In the basal units, the presence 

of, immature arenites and bou1der con~10mer3tes, 

presumab1y of local deriv~ion indicate high relief 

of, l' t~e adjacent Precambrian areas. 

2. The carbonate sequence of the St. George group~ 

suggests that in the Early Ordovician the Esquiman 

Channel Areà became a stable éarbonate shelf. 

,- -3. The deposition of early Middre Ordovician flysch 

indicate'deeper water co~ditions possib1y brought 

about by subsidence of the carbonate shelf. The 
, 

influx of flysch and movement of klippen (discussed 

below) from. the soutneast, are probably related to 

uplift in the geosyncline (Equivalents of the Taconic 

Mountains?). The subsidence of the carbonate shelf 

87 
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" .. 
\ in the Esquiman Chànnel Area appears ta have taken 

place slightly earlier than in the Champlain and 

St. Lawrence Vaileys. 

The belt of shelf rocks extends southwestwards from the North 

Coastal Lowlands as far as the Indian Head Range area, but in between 

it is partly buried unde~ a eugeosynclinal sequence of about the same 

age as the shelf rocks (Fig. 16). The eugeosynclinal rocks are 
,~ 

believed ta be allochthonous (Rodgers and Neale 1963'; Kay 1969) 

fprming one or two klippen that moved to their present position 

( (-from a source area ta the east) in Middle Ordovician times, a 

situation similar ta that of the Taconic Klippe area, southeast of 

the Champlain Valley. The allochthonous rocks include ultramafic 

rocks (e.g. see Smith 1968) which are believed to be basal parts of 
u 

ophiolite complexes (Williams et al. 1972, p. 236). 

Southwest of the lndian Head Range area,. the Cambro-Ordovician 

shelf rocks are overlain by Carboniferous successor basin deposit~, 

laid down in a rift zone (Fun~y Basin Rift, see Belt 1968). Also in 

the northwest coast of Port-au-Port Peninsula, sorne 450 m of Early 

Devonian (possibly also Late Silurian) strata composed ma!n1y of red 

beds and lighter clastic rocks (Calm Bank formation) are p'resent. <-

!WO aspects of the geology of the Esquiman Channel area (i) 

high-angle faulting (ii) post-Grenville igneous activity (which may 

bé chronologically related to faulting), are of special interest to 

the graben problem as conceived ~n this paper. These two aspects are 
~ 

discusSed in sorne detail below. 

() 

, ' 
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Post-Grenville 19neous Activ1ty 

Baie-des-Moutons Central Complex and the Associated Dike Swarm 

Spatially associated with the faults of the mainland coast 

are post-Grenville igneous bodies of alkaline affinities. One main 
() , 

intrusive centre, referred to as Baie-des-Moutons intrusion (Fig. 16), 

ls known. It ls a roughly circular pluton, ~bout 25 km in diameter 

and is composed mainly of coarse-grained syenitic rocks Çoavies 1968). 

CIose1y associated with the syenitic comp1ex is a dike' swarm of 
.. 

\1, 
varying composition, but of distinctly alkaline character. Like the 

89 

faults in the area, the majority of dikes are para11~1 to the coast1ine. 

The dikes have been divided, according to their age Jelations with the 

ientra1 comp1ex, into two main groups (Davies 1968). The group, 

consis(ing of basic lamprophyres and aplitie dikes, seems to be 

comagmatic with Baie-des-Moutons complex. The other group as a whole 

is younger, but consists of dikes of at least four different ages 

1 
'(Gerencher and Gold 1968). They range in composition from alkallne 

gabbro to syenite and to carbonatite. \ 

The Baie-des-Moutons complex has been age dated (K/Ar on biotite 

in the syenite and in a related carbonatite dike) at 568 + 8 m. y. 

(Doig and Barton Jr. 1968, p. 1403). Of the younger dikes, a single 

f' date of 470 m.y. (Rb/Sr on biotite) from an alkaline gabbro dike 
t· f -' 

- (Davis 1968, p. 217) ls avai1ab1e. Alkaline gabbro dikes are the 

oldest of the young~r group of dikes • 

) 

• 
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Flood Ras~lts and Dike S~arms in the Belle Isle Area 

(' 

In the Bellè Isle area, thin undeforrned sequences or flood 

basalts, are exposed in two areas (Clifford 1965; Williams"and 

Stevens 1969; Strong a~d Williams 1972): one on the mainland coast, 

northwest of Belle Isle, the other on Belle Isle (Fig. 16). 
\ 

Similar flood basalts also occur at Cloud Hills on the east side of 

the Long Range massif. The lavas in the three areas have been , 

correlated because of their sirnilar petrochernistry and stratigraphie 

position, and have been narned the Lig~House Cove formation by 

Williams and Stevens (1969). It is believed that these lava 

occurrences are the remnants of one or m~re once extensive plateau -, 

• 
basart fields. Diabase dikes are ubiquitous in the general area 

of the flood basaIt occ~rrenc~ and in the northeastern part' of 

the Long Range Mo~ntains make up a well-defined northeast trending 

dike swarm (Fig. 16}'. ' Sorne of the dikes are considered to be 

: feeders of,the e~tin? basaIt flows (Williams and Stevens 1969). 

" As mentioned earlier, stratIgraphie evidence indicates that 
\, 

the lavas are either early Cambrian or late Precambrian (Williams 

and Stevens 1969). 
(1 

However, diabase dikes from the Long Range swarm 

have been age dated at 805 ± 35 m. y. (Pringle et al. 1971). This 
) 

may be the age of the Light Rouee Cove fonnation ..... The Bateau 

Formation ft~ the base of the shelf sequence in Belle Isle i8 eut 

by diabase dikes similar to those dated as 805 m. y. The dikes and 

1t, lavas are, of .course, post-Grenville . 
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'High-Ang,le Faul ting . 
J' 

The coastal belt, southeast of the Gulf ls bro~en by nottheast , 
trending high-angle faults (Fig. 16). This longitùdinal faul~ system 

is best known from the North~rn Coastal Lowlands, where it dissects 

the shelf sequence. Both normal faults (steeply northwest dipping 

to vertical) and high-~ngle reverse faults (steeply sou~east dipping 

to vertical) are present (Cumming 1967, p. 18, Riley 1~2~PP. 46-50). 

t 
The faults at the contact between the Precambrian rocks of the 'Long, 

Range massif and the shelf rocks, where obs~rvable, are southeast 

dipplngBhigh-angle reverse fau1ts (Clifford 1969, p. 651). Movements 

on most faults 'are dip-slip, although Riley (1962) has observed strike- 0 

slip and oblique slip rnovement~ on sorne faults of the Stephepv,i1le , .. 
Map~rea. The downth~ôws are always towards the channel. Cumming 

(19~7, p. 12) states that the degree of faulting appears to be Mqch 
i 

~ 

greater towards the shoreline, indicating the possibility that tauIts 
1 

may be present in the water coveredl Gulf area as weIl. 

What is possibly a part of the same fault system described , 
-'1) ~ 

àbov~, is present along the coastal belt of the mainla~d. For instanc~, 

Cumming (1972, p. 3) has described a northeast trending normal fault, 

sorne 10 km long, extendi~g-roughly along the Precambrian-Paleozoic 

boundary on the porth side of Strait of Befle Isle (Fig. 16). Also 
• , 

according t~ Davies (1968, pp. 268-271, a1so see Davies.19~3, 1965a 

& b) most, if-nQ~, of the many linear valle~s that éharacteri~e 

j/' 
l 

• 

'il:. 

( 
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the coasta! belt, are fault-Hne valleys. , Davies (1968, 'pp. 270-271) 

point~ out 'that the precise nature of the underlying fauIts is 

difficult to ~etermine, but the off sets (of lithic units) produced 

by sorne of the faults (Davies 1968, pp. 270-271) cannot be explained 

without admltting sorne (le$s tha.n 1 km) transeurrent movements.-, But 

the offsets produced by the majority of the faults ar~ compatible 
() 

, with' downfaulting towards the Esquiman Channel. , 
./ 

The long~tudina1 fault system of 'the Esquiman Channel Area 

probably continues through the Strait of'Belle Isle, because north-
, . 

1 

east trending high-ang1e~fau1ts have been n~ted on Belle Isle by - , 

Wil~amS and Stevens (1969, p. 1148). They think that except for ., 
one fault which appears ta cont'ain strike' slip movements.,.· t;he others 

~ , 
are probably n~rmal fauIts o,r southeast ,(f~p'p:tng high-angle rev~rse 

ft ~ 0 ~ 

faults. Apart from the longitudinal faults minor faults of· transverse 

trend are present in sorne areas (see Riley 1962, p. 46) but there ~ 
t 

1ittle' information available~regarding the nature of thea~ faultS. 

Ages of"High-angle Faurts 

~he ~ge questi~n of {he high-angle faults of the Esqufrnan - ... 
Channel Area, èannot be answered.with cett~inty as there are Yarge 

gaps in the record and the availahle evidence itself c~nnot he 

interpreted unequivocaliy • Thejprohl.m is quite sim~lar ta that of 
Il 

---.-----'tlre- -Chçtnœlain-St. ,LawrencelfJ Vapeys. Any attempt lto_ answer the age 
~ "'- ----

-------<---
r. quest:ton, has to tà]("è---the., following evidence and points into account. 

1. In the Bellcl I&,le area, the emplacement of~ortheast 

92 

tren~ing diabase dikes and the eruption of flood 
o • 

" 

Î 
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basalte (Light House Cove formation) indicate a 

tensional stress environment which may have been 

accompanied by crustal rifting (Strong and Wiltiams 
: 

1972, p. 51). Rifting and crustal subsidence are 

also indicated by the graben-like development of the 

surface on which the ~helf sediments on the west side 
, 1 

of th~ Long Range massir-was deposited (Clifford 1969). 
'. 

for Except/the Bateau formation in th~ Belle Isle, the 

bagal units of the shelf sequence appear ta have been 

deposited saon after the eruption of flo,od basalts in 

the Belle Isle area. The basal units contain immature 

arenites and boulder conglomerates, presumably of 
r 

local derivatiJn, indicating high relief (block 

uplift?) of the adjacenJ Precambrian areas. AC,cording 

ta the available K/Ar 'ages of the diabase dikes 
J 

(Pringle et al. 1971) the above rifting event may have 

'taken place about 800 m. y. aga. 

2. The close spatial association of Baie-dea-Moutons 

alkaline complex and of the associated dike' swarm with 

high-angle faults along the main1and coast indicate that 

• 
the magma tic events may be related in cause and time ta 

fault movements in the area. The K/Ar age of Baie-des-

Moutons Complex is about 568 m. y. (Doig and Barton Jr. 

1968) and sorne of the associated dikes are younger • 

.. , 

.. 
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3. The subsidence of the Early Ordovician carbonate" 

shelf and the establishment of deeper water conditions 

in the early Middle Ordovician may have been achieved 

by movements on high-angle faults (Zen 1972). 

4. Faults in the North Coastal Lowlands cut Middle 

Ordovician rocks. Fault movements seem to have taken 

place after the emplacement of klippen (Brückner 1966, 

p. 89; also see Tuke and Baird 1967, p. 9) although a 

case can a1so be made for-' Ordovician movements before 

the emplacement of k1ippen (Zen 1972, p. 26). Righ-

angle faults paraI leI to those of the North Coastal 

Lowlands cut Devonian rocks of Port au Port peninsula 

and Carboniferous rocks further to the southwest. 

The main conclusions that can be drawn from the above evidencè 

and discussions are as f~llows: ' 

.' 

Righ-angle faults in the area may have originated before 

the she1f sequence began to be deposited, roughly 

synchronously with the eruption of Light Rouse Cove 

lavas, possibly about 800 m. y. aga. The Bateau 
o . 

Formation in Belle Isle appears to be aIder than the 

Light House Cove lavas, but may have been deposited 

within a relatively short period of time. 

2. Later fault movements in the area, inciuding the large 

post-Ordovician movements on faults of the North 

'. ,. 
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Coastal Lowlands, may represent renewed movements on 

the older faults. The youngest rocks involved in 

fault movemènts of the area are Carboniferous. 

Tectonic Significance 

The Esquiman Chan~ in its present form appears largely to be 

a product of erosion. It is presumably cut into Paleozoic rocks. 

Its trough-like form is probably or glacial origin. However, the 

wider topographie low'in which the channel ls set, i.e. the Esquiman 

Channel Area, i8 bordered, in part at least, by high-angle fauIts, on 

owhich the Esquiman Channel Area has structurally downdropped with . 

respect to the adjacent areas, suggesting that the faults may constitute 

a structural framework on which the ~opographic low has developed. 

The faults along the coastal belts include large normal faults. 

In the southwestern part of the Strait of Belle Isle, vertical or 

inward dipping normal faults outline a downfaulted block with a 

graben-like cross section. As already diicussed earlier, the 

emplacement o~ northeast trending diabase, dike swarms and the 
~ 

intrusion of Baie-des-Moutons complex may have been aècomp~~1d b 

tension fracturing. Also mèntioned earlier was that the baseme - __ 

configuration beneath the shelf rocks along parts of the sout astern 

coastal belt suggest a graben-like develbpment. The abpve criteria are 
~ 

interpreted as indicating that the Esquiman Channel Area is underlain 

by a downfaulted rift zone (Fig. 16), similar to the rift zone that 
1 

characterise the platform along the Champlain~St. Lawrence Valleys • 
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Grcnvillp rock<; Carnbro-Oroovician shelf rocks 

F ' 17 F)~ssil)lf) structural section across the Esquirrtàn Channel Arca. :lg. • "-
Basérnent configurn. t,ion part1y from Sheridan and Drake 1968. For location 
of th(~ line of section SPC Fig. 16. 

Along the southeastern coastal belt, hmJever, northwest dipping normal faults', 

occur in close association with southeast dipping high-anglé reverse faults. 

It is nonetheless as~umed that the high-angle reverse faults are restricted 

largely to a relatively narrow belt bordering the Appalachian foldbelt. Such 

an assumption appears reasonable in view of the analogous si tuation in the 

Champlain and St. Lawrence Valleys. 
, 

In view of the earlier discussions on ages of high-angle faulting.~t 

appears that the ri~t zone postulated above. originated about 800 m.y. a{o. 
during the very early stages of the Appàlachian evolution. The southeast 

dipping high-angle tc-vC'rse fault~ along lhe sO,utheélSlcrn coastal belt were 

probably features imposed on the are a by tectonic stresses related ta orogeny 
" 

1n the adjacent geosyncline. There was renewed rifting and structural 
Q 

subsidence of the area in post-Ordovician times. 

~ .. 
<';, .~--------~ 
" ... ~ 
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, SUMMARY AND CONCLUSIONS 

The geology of the Esquiman Channel Area is largely cancealed. 

Therefore, interpretation of its possible structure has to be based 

mainly on evidence known from the eoastal area~. This evidence, 

although fra8mentary, indicates that the area is underlain by a 

downfaulted rift zone. This rift zone appears to have formed in the 

Hadrynian, during the very early stages of the Appalaeh~evolution, 0 

and seems ta have eontrolled to a greater or lesser extent the 

subsequent tee tonie evolution of the area. Diabase dikes~ presumably 
. 

emplaced during the initial rifting give K/Ar ages of about>~90 m. y. 
'. '. " 

The rift zone responded ta subsequent tectonic stresses imposed ''l'l.u, 

"' ) 
the area, ineluding a phase or phases of post-Ordovieian tensionàl 

stresses, during which renewed rifting oeeurred . 

.. 
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CHAPT ER VII: MARGINAL SEGMENT: 

THE INNER PART OF THE LAURENTIAN CHANNEL AND VICINITY 

INTRODUCTION 

The topographie low of the St. Lawrence Valley continues north-

eastwards beyond the Saguenay outlet and is almost completely occupied 

by the St. Lawrence Estuary. Just below the Saguenay outlet, the 

bottom of the estuary deepens rather abruptly (from about 35 to about 
" 

200 m), to form a trough-like depression known as the Laurentiart Channel 

(Fig. 15). On the upstream side of Anticosti Island, the Laurentian 

Channel is joined by a minor branch channel: Chenal d'Anticosti. 

Approximately where they join, the main channel bends rather sharply 

<' 0 0 0 
c10ckwise throvgh an angle of 45 (from N63 E to NI08 E) and extends on 

the south side of Anticosti Island. The branch channel runs on the 

north side of the Island. On the downstream side of Anticosti 

Island the Laurentian Channel branches again the branch being the 

Esquiman Channel. At this bifurcation too, the main channel bends 

o 
clockwise through an angle of about 45 and extends along Cabot Strait 

(between the Islands of Newfoundland and Cape Breton) and thence across 

the entire continental shelf. The part of the channel between the 

Sag~enay outlet and where it i8 joined by the Esquiman Channel is the , 

inner part of the Laurentian Channel. It i9 about 800 km long, m9re 

,than the lengths of Champlain and St. Lawrence Valleys taken together. 

It links the topographie lows ~f the Champlain and St. Lawrence Valleys 

with the Esquiman Channel. The area discussed in the present chapter 
lA 

q 
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includes not only the channel itself but also the general area of the 

St. Lawrence Estuary and Gulf in which the channel ia set, thus 

inc1uding Chenal d'Anticosti and Anticosti Island (Fig. 15). 

The inner part of the Laurentian Channel is essentially a 

submarine trough. Downstream frorn the Saguenay outlet, it increases 

in width progressively and just about where it i5 joined by Chenal 

d'Anticosti attains a wiàt~ of about 80 km. Depths of a little more 
• 

than 200 mare common. In this part, the channel is set in a broader 

l ' depression, for elevations on either side of it, rise within a short 
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distance, to more than 100 m above sea level. Further downstream, the 

channel forms a nearly straight trough with a fairly uniform width 

of about 60 km. Depths of 300 to 400 m prevall with unconnected 

bval depressions as much as 45m below the surrounding bottom. These 

ova1 depressions are probably a product of glacial erosion (Shepard 

1931). 

GEOLOGICAL CHARACTERISTICS 

~nic Settlng 

The tectonic setting of the area is similar to those of the 

Champlain and St. Lawrence Valleys and of the Esquiman Channel Area. 

Grenville crysta11ine rocks are exposed along north shore of-the 

St. ~awrence Estuary and Appalachian rocks of Logln's Zone are exposed 

f 

along the south shore. Therefore, the Appalachian boundary, Logan's 

Line, probably extends aloqg this part of the channel .(Geological 

Map of Canada 1969), but the feature 'ls entlre1y hldden • 

( 
\ 
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General Geology , 

In the section between the Saguenay outlet dod Antiaosti Island, 
1 

the autochthonous (possibly partly parautochthonous) shelf rocks similar 

ta those of the St. Lawrence Valley, probably occur between the 

Grenville rocks on the north shore and the presurned trace of Logan's 

, 
Line, for in several localities along the north shore, small a~eas 

of Ordovician shelf rocks have been observed above the water lex~l of 

the St. Lawrence Estuary (Faes~ler 1929, 1932, 1942). However, near 

the Saguenay outlet, there is no rooru fpr more than a 10 km strip of 
, 

shelf rocks between the inferred trace of Logan's Line and the north 

shore of the St. Lawrence. The same is true further upriver as far as 

Quebec City and downriver for about 50 km or so. But, in the Sept Isles 

area where Ordovician shelf rocks are exposed along the north shore 

(Faessler 19'2) there i8 room for about a 75 km strip of shelf rocks 

and at the down stream end of the chan~el the figure may be as high 

as 200 km. 
... 

The iargest exposed area of shelf rocks is on Anticosti Island. 

There, the succession ranges from Early Ordovician to middle Silurian 

(Twenhofel 1928; Bolton 1972) and thickens southwards to a maximum 

of about 3300 m along the south shore of the Island (Roliff 1968). As 

in the Champlain - St. Lawrence Valleys and in the Esquiman Channel 

Are~, thick accumulations of arenite are not known to occur at the 

bottom of the shelf sequence in Anticosti Island. However, thère are no 

sub-surface data from the top of the qasement in the southern part of the , 

island, and basal sandstones and conglo~erates may be present in this 

, 
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area (see Roliff 1968, Fig. 8, section 5). Lower and Middle Ordovician rocks 
,< 

are mainly carbonates indicating the establishment of a carbonate shelf 

more or less synchronously with the establishment of similar shelves in 

the Champlain - ~t. Lawrence Valleys and in the Esquiman Channel Area. The 

carbonate shelves in the se areas are most likely parts of a continuous shelf 

rather than separa te shelves. Near the top of the Middle Ordovician, 

black shale (Macasty formation) appears and continues into the early Upper 
\. 

Ordovician. The appearapce of black shale- possibly indicating deeper water 

. 
is also roughly synchronous with the appearance of flysch wedges in the 

Champlain - St. Lawrence Valleys and slightly later than the influx of 

flysch in the Esquiman Channel Area. However, quite unlike in the other 

areas, the stratigraphie record on Anticosti Island shows that a carbonate 

shelf was re-established in late Ordovician times and continued to exist 

a~ least ~to midcl,le Silurian times. Because the Late Ordovician and 

Silurian re~ord appears to be unbroken, one might expect to find, in the' 

Anticosti ls;uccession, molasse derived from "Taconic Mountains" which 

are believed to have existed ta the south, but none appears to be present. 

This is one of the puzz1ing aspects of Anticosti geo1ogy. Zen (1972, p. 69) 

cautions against ruling out the possibility that th~~ub-surface rocks in 

the southeast part of the island may contain Taconic structures. The same 

could be said of Taconic molasse wedges. 

The onshore geology on the southwest side ff the Gulf of St. Lawrence 

and, in Madgdalen Islands indicatè that downstream from Anticosti Island 
~ 

the ~nel may be,cut, ~t least partly, in Permo~carbonifeW8us successor 

basin de~its (mainly terrestrial clastic beds with sorne marine formations, 
').;, 
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the latter including limestones and evaporite) which presumably 

overlie Early Paleozoic rocks in t4e area. 

Tectonic Significance 

Because the geology of the Laurentian Channel is largely hidden, 

views on its possible tecton1c sign1ficance have to be founded mainly 

on arguments based on regional considerations and inductive reasoning. 

The inner part of the Channel, connects topographic lows (of the 

Marginal Segment) that are eroded on structures that appear essentially 

to be downfaulted rift zones. Therefore, the channel itself may be 

carved out along a simi1ar structure. Such a supposition ls compatible 

with the following regional considerations which su~gest the tectonic 

un1ty of this 2000 km belt. 

1. From one end of the belt to the other, 1ts tectonic setting 

is along the edge of the craton. Throughout the evolution 

~ 

of the Appa1achian geosync1ine its paleotectonic role, .. 
appears to have been that of a fault-basin margin. Except 

for the puzzling differences observed in Anticosti Island 

the overall sed~~ntation characteristics also seem to have 

b~en similar alo~ the belt. The early Middle Ordov1cian 
, ' 1 

carbonate she1f in the area, for example, ls remarkable 

for its lithic similarity from one end of the belt to the 

other (see Rodgers 1970, p. 150). 

2. The St. Lawrence Valley high-angle faults and the Saguenay 

graben faults (see Plate l ln pocket) appear ta meet at an 

acute angle and seem to point in the direction of the 
l'> 

/ 

/ 
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Laurentian Channel. It i8 unlikely that these two 

structures of r~gional extend stop after coming together; 

th~y probably continue as a single structure beneath the 

Laurentian Channel . 
...... 

In addition, there ls sorne field evidence in the area suggest~ng 

that a longitudinal high-angle fault sy~tem may be present along the 

4 
channel. For instance, in the section of the coast in the Sept Isles 

area, Faessler (1942) has described a ZOrle of faults and "fissures" 

103 

paraI leI ta the Laurentian Channel. The faults are probably of the normal 

type, because Faessler mentions that Ordovician shelf rocks have been 

downdropped into small grabens along these faults. Few faults were 

observed during geological mapping of ihticosti Island by Twenhofel 

(1928). But subsequent seismic reflection work on the island has 

revealed the presence of faulting, on a scale unsuspected before 

(Roliff 1968, p. 36). The faults are high-angle. According ta structural 

sections (based on seismic work and dril1ing) compiled by Roliff, they 

are steep to near vertical normal faultg (Fig. 18). The displacement • 
pattern produced by them appears to be essentially one of step-faulting 

down from the shield side towards the foldbelt (Fig. 18), simi1ar to 
• 

t~e diplacement pattern in Champlain and St. Lawrence Va11eys and possibly 

aiso in the Esquiman Channel Area • 

, 
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f' 

CONCLUSIONS 

aecause the Inner part of the Laurentian Channel is largely 

hidden, nothing definitive can be said about its possible structure. 

How~ver, from regional considerations and from evidence from Anticosti 

Island pnd the Sept Isles are1\ it a~pears that a rift zone similar to 
, , . 

IJ __ 

that of the other parts of jhe Marginal Segment ma~ extend along the 
'Or 

channel. 

. .. 
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CRil.PTER VIII: SHIELD SEGMENT A: 

THE LO\,ffiR OTTAWA VALLEY o 

-0 
INTROD~CTION 

Of the two branches into which the St. Lawrence Valley divides 
\,~ 

at its south end, 
Ir 

the branch on the north sicle of the A~irondack 

Mountains is drained by the Ottawa and St. Lawrence Rivers and is 

rcferrerI td as the Lower Ottawa Valiey (Fig. 19). A N-S line through 

the confhtence of the Ottawa and St. Lawrence Rivers 18 taken as its 

eastern limit, and il line through Ottawa and Brockville is taken as 

its western limir. TIlUS, defined, the valley is 

about 7S km wide. It has a slight arcuate trend 

which on the average 
o 

i8 about N75 E. 

about l2~ long and 

(convex to the north) 

The Lower Ottawa Valley is a broad shallow topographie depression. 

lts plain-like floor i8 generally less than 100 m above sea leve1, and 

Fig.19. Fhy~:iographic ske1Jcti of' t /;f) LOWET and Upper Ottawa ~alleys and 
vicini t;;. 'Key t 0 abbreviatlons: All:Adirondack Ilountains; LH-Laurentian 
Highlands; R..'1-Riraud 11ou,pt,ain. 

Q .-
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Fig.20. Vertical airphoto of a part of the Grenville scarp, about 10' 1 east of 
Montebello. Scale 1:50,000 approx. Note that the scarp transects th~ Grenville 
trends at large angles. National Airphoto Library, Ottawa, Photo No.A-12359-482. 
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the immediately adjacept area8 of the Shield Region have altitudes 
1 

in the range of 200 to 300 m. Ftom the east end of the valley to about 

Montebell~, it8 north boundary i8 an abrupt, linear scarp (Grenville 
<.' 

scarp). From Montebello westwards the boundary i8 less sharply 

defined, but the rise to the general level of fie Laurentian Highlands 

is rapid and takes place in about 10 km. On the south side, the 

boundary of the vAlley is rather indefinite, the rise towards the 

Adirondack Mountains being graduaI. 

~ 

GEOLOGICAL CHARACTERISTICS 

General' Geology 

The Lower Ottawa Valley is in the southwestern part of the 

Grenville structural province. The dominant Grenville gne~ssic trends 

107 

in the area are north-northeast. Because the valley extends approxtmâtely 

in an east-west direction, ït is discordantly sllperimposed on the 
~ 

Grenville "grain" (Figu'te 20). 

Much of the valley floor is carpetea by a sequence of Ordovician 
, . 

and possibly partly Cambrian platformal strata, similar to those of the , ~ 

St. Lawrence Valley but of les8er total thickness, the ma~irnum being 

Tetts than about 1000 m. The main deformational process that has 

affected th~se rocks is block-faulting. The faulting is mostly 

_ concentrated in t1;e northern part of the valley (Fig. 21).. In this 

part, the rocks are broken into numerous blocks which are tilted at 

varying angles. Else~her~,r fÎle- plat--forllta,l rocks 'ate fIat or nearly so. ., . -- .. -... 
~~ 

o 

, 1 
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Several relatively small in1iers of the Grenville basement 

emerge through the platform cover and generally form low hills. The 

larger inliers are in the Rigaud Mountain and St. André areas, at 

the east end of the valley (Fig. 21). On Rigaud Mountain, Grenville 

rocks occur only along its outer margin (except on the north side), 

the central part being made up of younger igneous rocks. These 

igneous rocks form a stock-1ike mass known as the Rigaud stock . 

• The Rigaud stock appears to be a ring complex with outer rings 

of syenitic rocks and a cent.ra1 core of granitic rocks (Greig 1968). 
r 

The rocks are alkali-ca1tic in·their petrochemica1 character, their . . -.. 
alkali-lime lndex (see Peà~ock 1931) being about 53 percent (Greig 

1968). About 30 km north-northwest of the Rigaud stock and located 

on the northern margin of the valley, is a similar intrusion, the 

Ch~tham-Grenville sto~k (Osborne 1934). Rocks from these two stocks 

date (K/Ar) around 450 ± 25 m. y. (Doig and Barton Jr. 1968, 

Quaternary deposits caver much of the bedro~ ~urface . , 

p. 1403). 

of the 

Lower Ottawa Valley. Their maximum thickness i8 a litt1e 1ess than 

100 m. They consigt of ti11, marine (Champlain) deposits, lacustrine 

and fluvial muds and sands. 

High-Angle~Faults 

High-an~e faults were first detected in the Lower Ottawa Valley 
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by ElIs (1900, pp. 99-120). Howeve~, only a few faults were known until 

Wi1son"s (1946) wO't"k, which revealed the numerous faults shown in 
/ .' 

Figure 21. Amongst the se faults two main sets can be recogriized. One 

o set strikes approximately N75 E and is paralle1 ta the valle,. The other 

is oblique, its strike on the average being approximately northwest. 
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Fig.21. Map of the Lower pttawa Valley area showing selected features. KEy ta abbreviations: 
B-Buckingham dikes; C~Chatham-Grenville stock; E-Eastview carbonatite; LStGS)-Grenville scarp; 
M-Montebello; O-Oka complex; OR-Ottawa River; P-Papineauville; R-Rigaud; SA-St.André. Data fram 
Wilson (1946) and other sour~es. 
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The fault traces themselves are concealed; most commonly 

they have been detected by the juxtaposition of rocks of different 

beds or formations. In a few places, however, their positions are 

indicated by down-dragged rocks (Wilson 1946). The faults are 

probaqly of the normal type bec~use: 

1. The ~isplacement p,ttem produced by them is one of 

downfaulting; there is no eVidenCè\ for large strike- • 

slip movements. 

2. Wilson (1946, p. 34) states that almost a1l the faults 

h~ve their largest displacement about midway of their 

" length. This is a common characteristic of normal 

faul ts (Hil1s 1965, p. 180). 

3. Minor faults exposed on road cuts and other embankments 

(common in Ottawa area) are of the normal type. 

Their throws in platforma1 rocks range from a few meters to a few 

'hundred meters. The maximum throw estimated on a single fault is 

about 500 m (Wilson 1946, p. 34). ,The dip of the faults has not been 

observed, but because none of the wells in the Ottawa area intersect 

any faults, Wilson (1946) suggests that the faults are steep. The 

high salinity ('V 15,000 ppm of dissolved solids) of water in sorne of 

the many mineraI springs (Elworthy 1918; Wilson 1946) in the Lower 

Ottawa Valley is probably caused by deep circulation of meteoric 

water along Sorne of these faults • 

\ ,..,... 
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Ages of High-angle Faulting 

With regard to ages of high-angle faulting in the area, there 

are man y uncertainities mainly because of large gaps in the ~tratigraphic 

record. The foilowing ~vidence and their implications are pertinent to 

the age question. 
, ) 

\i The faults are post-drinville and sorne of them eut the 

youngest Ordovician rocks (Upper Ordovician) in the 

area. 

2. A well-defined, E-W trending diabase dike swarm, known 

as the Grenville dike swarm (Murthy 1971; Fahrig 1972, 

p. 576) cuts the Grenville rocks just north of the 

Lower Ottawa Valley and extends westwards along the 

Upper Ottawa Valley, Nipissing Depression ta Lake 

Huron area, a total distance of about 650 km (See 

Fig. 54). In the Lower Ottawa Valley area, the dikes 

commonly trend E-W, approximately parallel ta the 

longitudinal faults of the valley. The frequency of 

dikes increases nearing the valley margin and it is, 

likely that dtkes of this swarrn are also present in 

the basement within the valley. The dikes are post-

Grenville (Fahrig 1970) and are believed to be 

Hadrynian (Murthy 1971; Fahrig 1972, p. 576). Their 

absolute ages are uncertain however, K/A~ age 

determinations have yielded ages ranging from 400 m. y . 

• to 974 m. y. (Wanless et! al. 1967). The di~8 are not , .... 
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known to eut the Paleozoie platformal rocks in the 

area. The presence of diabase dike swarms.in the 

crust is interpreted by most workers as indicating 

a tensional stress environment at the time of their 

emplacement (e.g. Fahrig and Wanless 1963). In the 

Lower Ottawa Valley area the indicated stresses are 

similar to those that formed the fault system (see 

p.116). The emplacement of these dikes, therefore, 

is the earliest post-Grenville event that can 

conceivably be taken as mutually connected with the 

faulting in the area. 

3. The unusual thickness of the basal sandstone (Nepean) 

4. 

near the two main longitudinal faults (Wilson 1946, , 
p. 33; Sobczak 1970, p. 161) suggests that these thick 

sand deposits aceumulated in topographie depressions 

which were in some way related to fau1ting. 

The longitudinal faults of the Lower Ottawa Valley 

èxtend eastwards and are continuous with the E-W trending 

faults in the southern part of the St. Lawrence Valley. 

In the latter area the faults are believed to eontain 

Cretaeeous movements beeause of their close space 

association with Monteregian igneous rocks (Kumarapeli 

1970) • 

112 
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5. There are three dated minoT igneous events (for 

10calities of the related igneous bodies see Fig. 21) 
f 

which may be related to fauit movements in the area. 

They are the emplacement of (i) Rigaud and Chatham-

Grenville 'stocks with K/Ar ages of about 450 m. y • 

• ~ 

along 10ngitudin~1 faults which in turn are known to 

cut the Chatham-Grenville stock (ii) carbonatite 
, 

dikes at Eastview just east of Ottawa with K/Ar ages 

of about 320 m. y. (Doig 1970, p. 23), (iii) mica 

peridotite dikes near Buckingham with K/Ar ages of 

275 m. y. (Doig 1970). 
, i 

Them~ldearthquake activity in the area (Smith 1967) 

may be related to seismic strain release on some of the 

\ 
Sorne of the above li~es of evidence are admittedly ~quivocal. 

For example, the minor igneous events in the area need not have been 

accompanied by faulting. However, the follow1ng conclusions are 

compatible with the over~11 picture. 

1. 
1 

The initiation of faults and the emplacement of early dikes 

• of the Grenville dike swarm may have taken place in the 

Hadrynian, as mutually connected events. 

2. ~The faults since their initiation appear to have been 

reactivated several times. There 18 no rea80n to believe ., 
• 

\ 



$ 

• 

• 

that any or aIl of these reactivations were general; 

so~e may have been quite local. There is conclusive 

evidence of post-Ordovician movements on most of, 

them. A major part of these movements may have taken 

place in the mid-Mesozoic, synchronously with the 

Monteregian igneous event. Some stress release may 
( 

be taking place on thase faults at the present time. 

Structural Effects of High-angle Faulting 

~~e faults in the northern half of the valley produce a ~el1- ' 

defined asymmetrical graben (Fig. 22) about 25 km wide and invo1ving 

the basement as weIl as the cover rocks. From its east end to about 

Papineauville, this graben is outlined on the north side by thQ 

Grenville fault which runs roughly along the base of the Grenville 

scarp. From Papineauville westwards, structural subsidence seems 

ta have been achieved mainly by movements along oblique faults with 
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flexures accommodating the subsidence to the southeast. The transverse 

as weIl as longitudin&l sections of this graben are asymmetrical. The 

structure is deeper on the south and on the west sides. The graduaI 

eastward rise of the basement ls interrupted about midway under the 

graben by a slight reversaI in inclination (Wilson 1946, p. 34). 

Thence, however, the graduaI rise resumes and culminates along the 

Beauharnais axis where faulted ~nliers of the basement come ta the 

surface in Rigaud and Oka Mountains and in St. André area. 

The area between the graben described abova-and the St. Lawrence 

River is also downfaulted by play of movements on oblique faults. 

/ \ 
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• , Longitudinal faults are no~ ~own in this area. The oblique faults 

seern to die out nearing the St. Lawrence River, possibly along a hinge 

zone. The dverall structure along the valley appears to be a complex 

graben, about 60 km wide. The narrower graben in the north half of 

the valley is a sub-graben within the larger structure. 

The stresses that produced this roughly E-W trending graben 

were probably horizontal tensional forces oriented approximately N-S~ 

.... 
Apparently, there was partial release of stresses on northwest oriented 

oblique faults also. In the Grenville area ta the north, one of the 

prevalent direction of airpho-to lineaments i5 northwest and the se 

lineaments, as discussed earlier, (see p.42 ) appear to reflect a 

regional fracture pattern. It is conceivable, therefore, that the 

oblique faults formed under the same stresses that produ~ed the 

longitudinal faults but were controlled by a pre-existing northwest 

oriented fracture pattern. 
l' 

,/ 
In view of the earlier discussions on ages of faulting, the 

graben structure in the cover rocks is definitely post-ordovician and 

may have formed largely in the rnid-Mesozoic. But the basemènt structure 

is probably much oider. It may have originated sometime in the 

Hadrynian, synchronou5ly with the emplacement of the early dikes of 

the Grenville dike swarm and undergone later reactivations including 

sorne that led to the formation of the graben in the cover rocks • 

• 11 
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SUMMARY AND CONCLUSIONS 

The part of the Lower Ottawa Valley, north of the St. Lawrence 

River, i8 block-faulted and the overall structure of this block-fàulted 

area appears to be a complex graben. The graben structure in the 

'Cambro-Ordovician cover rocks formed in post-Ordovician times and 

p08sibly to a large extent in the mid-Mesozoic, synchronously with the 

early Cretaceous Monteregian igneous event. The post-Ordovician 
) 

/;, 

struqt~re appears to have formed by reactivation of an older structure 

which also may have been a rift zone. The ancestral structure 

'" 
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probably originated in the Hadrynian, synchronously with the emplacement 
j 0 

of the Grenville d!ke swarm. 

The grabens along the Lower Ottawa and Champlain Va1leys appear.~ 

to be branches of the rift zone along the St. Lawrence Valley~ the 

o 
~ute angle (N70 ) between the two branches being occupied by the 

horst bock of the Adirondack massif., 

"'-:: ... -
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CHAP'l'ER IX: SHu:LD 'SEGMENT A: 

THE UPPER OTTAWA VALLEY 

(.v 

IN'ÇRODUCTION 

~ f In the vicinity of Ottawa, the northern part 0 the ~ower Ottawa 
~. 

o ~ " Valley bends clockwise through an angle of about 45 and continues 

westwards Is the Upper Ottawa Valley as far as Mattawa, a distance of 
t 

l' 
about 275 km (Fig. 19). Between Ottawa and Rolphton the trend of the 

o valley i5 approximately N60 W, but a rather sharp change in direction 

o 
to N80 W takes place around Rolphton. Thence westwards, the trend 

swings gradually to almost E-W near Mattawa. 

Between Ottawa and Pembroke the valley ois a nearly symmetrical 

trench about 55 ~ wide;on both sides it is bounded by scarps about 

300 m high and flahked by highlands (Madawaska Highla~ds on the south 

side). West of Pembroke the appearance of more and more highlands 

within the valley, causes it to divide into two branches. The ~outh' 

branch is quite-narrow (less than 10 km) and follows the basins of 

Golden and Round Lakes and the valleys of the Bonnechere and Pe,tawawa 
. , 

Rivers, becoming increasingly narrow and ill-defined westwaras. The 

north branch is wider but it also undérgoes a progressive reduction in 

width and depth westwards, until in the vicinity of Bisset it ,is only 

about 15 km wide. In this are~ it assumes a markedly as~etr\cal cross -
, 

profile, being deepest along the course of the Ottawa River at the .Dorth 

margin of the valley. The width and form of the valley undergo little 

change-be~en Bisset and Mattawa • 

-
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GEOBOGICAL CHARACTERISTICS 

Tectonic Setting 

The tectonic setting of the Upper Ottawa Valley is similar to 

that of the Lower Ottawa Valley. Bath valleys are in the sputheastern 

_, part of the ~renville Province which/in the Paleozoic era was a part , .... 
of the St. Lawrence Pl~t~rm. Although the platform cover forms a 

more or less continuous carpet in the Lower Ottawa Valley, it has 
- 1 

vanished from much of the Upper Ott?wa Valley (Fig. 23). The Grenville 

frends in the general area are variable, buf the valley extends ~ith 

l'ittle regar~ t?o these tr4.illds. 
1 

Brief Description of General Geology 

In the Upper Ottawa Valley bedrock exposures are common only 

in areas of higher elevations. In areas of lower elevations, bedrock 

-

is usually masked by a veneer of Quaternary deposits, co~sisting mainly 

of glacial deposits, marine (Champlain) clays and sands. 

r" 
The platform caver liliat carpets the Lower Otta~a Valley extends 

northwestward into 

Further northwest, 
, J 

the uryer 

as flr as 

Ottawa Valley as tar as Arnprior (Fig. 23). 
" < 

about Pembroke several outliers of the 

~ 'platform cove~ are pre$erved as small downfaulted blacks (Fig. 23). 

Bedtock in the rest of the Upper Uttawa Valley is made up of Grenville 

QI 
crystalline rocks and som~ post-Grenville igneous bodies pf minor 

areal extent, including dikes of the Grenville dike swarm. 

The oblique fault pattern of the Lower 1)ttâwa",l1ey:_appear~ to ' 

continue westwards to form -4" longitudinal fault system i1\ the Uppér " ... 
hl 

. . 

.. 

." 

.. 
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lhe Upper Ottawa Valley showing selected features. Key to abbrevintions: A-Ar~prior; (B)-Brent' 
;,; BR-I3onnechere Ri ver; D-Doré scarp; E-Eganville; GL-G~lden Lake; LC-Lake Clear; LD-Lake Doré; 
carpi LS(CS)-Coulonge scarp; LS(ES)-Eardley scarp; (M)-Meach Lake carbonatite dikes; MA-MattawB; 
p; (O)-Onslow dike; OR-Ottawa River; P-pembroke; PS-Pakenham scarp; Q-Quyonj R-Rolphton; RL
Shamrock scarp; SPS-St.Patrick scarp. 
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Ottawa Valley area. These faul s and a few transverse faults 

constitute the main post-Grenville structural elements in the area. 
(-

The longitudinal faults dictate the valley trend which as mentioned .. 
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earlier, c~istently deviates from the Grenville trends in the generai 

area (Fig. 23). 

High-Angle Faulting 

High-angle fftulting in the Upper Ott~wa Valley was recognized by 

early workers (Murray 1857, p. 95; ElIs 1902, p. 14 J; Wilson 1924, 

p. 58) but it was Kay (1942) who for the first time, recognized the 

unusual ~ntensity of faulting in the area (Fig. 23). Major faults are 

nowhere clearly exposed, but their presence is inferred from the 

following evidence. ) 
( 

1. Abru~t sub-pa~ailal-~~r scarps of crystalline rocks 

100 to 300 m high and tens of kilometers long occur along 

the valley margins and also within the valley. The trend 

of Grenville rocks consistently deviates from that of the 

scarps. Therefore, the scarps are best explained as 

physiographic expressions of faultlines. The most 

prominent scarps are betweert Ottawa and Pembroke, where 

the Eardley and Coulonge scarps form the north wall and 

the St. Patrick scarp the south wall of the valley. These 

scarps are remarkable for their linearity and abruptness 
~ 

(Figs. 46 & 49) and have an amplitude of about 300 m. , . 
The Eardley and Coulonge scarps succeed one another in 

\. 
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en eche10n ~~shion probably ref1ecting a similar fault 
\ 
\ JI 

pattern. A1s~ between Ottawa and Pembroke, five 
l j 

t1cuesta-like ldngitudinal' r,idges divide the valley Hoor 
'" . 

into relatively narrow (less than 10 ~ strips. These 

ridges rise to ~ maximum height of about 100 m above the 

general level of', the valley floor. Four of the ridges 

present south-facing scarps (the Muskrat, Doré, 

~ganville and Shamrock scarps), and the -fifth (Pakenharn) 

~a.ces north. From Pembroke to Mattawa the Coulonge 
i 
ic~ continues as the north wall of the valley. Its 

height diminishes progressively westward, until ~t is 

no more than 100 m in the vicinity of Mattawa. On the 

south side of the valley, the St. Patrick scarp continues 

only for a short distance west of Round Lake before 

becoming lost. 
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2. Stratigràphy and structure of the several Paleozoic 

• 

outliers along the bases of linear scarps show that the 

outliers are preserved in dawnthrown fault b10cks. 

Kay (1942) states that with few exceptions: 

"The Paleozoic rocks connnonly dip towards the scarps, 
with their youngest representatives adjoining them ••• 
Approaching the saarps dips tend to steepen, prec1uding 
the possibility that the sediments are in synclinal 
basins; belts of outcrop are truncated by the pre
Cambrian outcro~ and drag ls rather exceptiona!. The 
sediments in the endiers retain consistent primary 
characters irrespect ive of their proximity to the 
scarps; secondary dolomitization ls connnon near the 
scarps, however. There is'striking uniformity in the 
thin members SUCR as Chaumont in separated outliers, a 
condition strongly opposed to an interpretation that they 
were originally laid in elongate separate basins." 

.. 
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• 3. The crystalline rocks of the linear scarps are 

characteMzed by vertical to steeply dipping slicken-

sided surfaces and occasionally by brecciation and 
'~"rt "" 

mirieralization (Kay 1942, p. 623). 

The faults appear to be steep to near vertical normal faults 

because slickensided surfaces prevalently dip towards the downthrown 

blocks at high angles. There is no evidence of largé strike-slip 

movements. Minor strike slip components present Iocally on slickensi,ded 

surfaces are probably due to adjustments between fault blocks. As 

mentioned earlier, the Paleozoic rocks commonly dip towards the linear 

scarps and approaching the scarps dips tend to steepen. Because the 
" 

1 

faults appear to be normal faults such "reverse drag" was probably 

• caused by lack of support below the hanging wall when blocks moved 

apart under tensional forces. 

Judging from the amplitude of the scarps, the boundary faults 
\ 

of the valley appear to have the largest vertical displacements. A 

~inimum vertical disp1acement of about 300 m i8 indicated. 

The directions of faults in the area conform with the "regional 

\ fracture pattern" as inferred from airphoto Iineaments (Fig. 23). In 

this pattern northwest and northeast trending fractures are prevalent 

and the longitudinal and transversd faults are nearly parailei to these 

directions. As was discussed ear1ier (see p.40), the fracture pattern 

is probably oider than the faults and the directions of fauiting were 

contro1Ied by those of the fractures (also see Kay 1942, p. 623) • 

•• 
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It appears that the tensiona! stresses which produced the faults 

were so directed (probably nearly N-S) that stress release took 

t> 

place principally along the northwest trending fractures (which 

later evolved lnto longitudinal fauIts) but only ta à minor extent 

on the northeast trending fractures. 

Ages of High-ang!e Faults , 
• 

The problem of assigning ages to fault-movements in the,area 
li 
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is similar to that of previously described sections of the St. Lawrence 

" Valley system. Pertinent lines of evidence are given'beIow; theyeither 

give wide ranges of ages or are subject to various Interpretations. 

" 

1. The faults are post-Grenville and sorne cut Middle 

Ordovician rocks. According to Kay (1942, p. 622), the .. 
li 

primary character of sedimentary rocks in the Ordovician 
,,-

outliers persist without change irrespective of their 

proximity to the linear scarps and the thin members of 

Ordovician formations show striking uniformity in 

separated outliers. He suggests that the evidence-is 

opposed to an Interpretation that the post-Middle 

Ordovic'ian movements are uenewed movements on oider 

faults. Aetually what the evidence does indicate is that 

if oider faults did exist, they did not have sufficient 

physiagraphic expression to cause changes in sedimentation. 

2. The earliest post-Grenville record of a N-S directed 

tensionai stress regime, similar ta that required to 

'-
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expIa in the high-angle fault pattern in the area, is 

the emplacement of the Grenville dike swarm (Fig. 54) 

Which as mentioned earlier, is believed to have been 

emplaced in the Hadrynian. The density of dikes in 

the Upper Ottawa Valley area appears to be greater than 

in the Lo~er Ottawa Valley area. 

\ 
3. Other pdst Grenville igneous and related events that 

may be mutually connected with fault movements in the 

area are as follows. 

~ 
a) The emplacement of the Onslow syenite dike (for 

location see Fig. 23) Which is about 25 km long 

and has a K/Ar age in the range of 592 to 640 m.y. 

(Doig and Barton Jr. 1968), 

b) Intrusion of alkaline dikes (trachyte and ocellar 

monchiquite) in the western part of the valley with 

K/Ar ages of 558 to 576 m. y. (Currie and 

Shafiqullah 1967; Shafiqullah et al. 1968; Currie 

1971a). These latter dikes are closely associated 

with the Brent explosion crater (Millman et al. 
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1960). Similar dikes become more,oommon westwards and in 

Nipissing Depression they are associated with four 

alkaline-carbonatite complexes also with K/Ar ages 

of about 565 m. y •. Currie(1970) has included aIl 

these igneous bddies in the Lake Nipissing alKaline 

province (to be described later, see p.138). He 
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a190 ~t~in}<9 that the Bren,t crater itself is a 

product ai explosional igneou9 activity re1ated 

ta La~e Nipis9ing alka1ine magmatism (Currie 

1971a~ Another view.is that' the crater is the ., 

resu1t of a meteorite impact (BeaIs et al. 1963; 

Dence 1968, pp. 171-176). Accordfngly, its 
'\ 

origin i8 the subject of a contemporary controversy. 

A discussion of this controversy is deferreo unti1 

later (p.242 ), but for the present it may be 

mentioned that Currie's (1971a) volcanic explosion 

hypothesis is favoured by (i) the close association 

6! the Brent crater with one of the principal fau1ts 

of the Upper Ottawa Valley (ii) its geographical 
/ 

setting within the Nipissing alka1ine province / , 
(iii) occurrence near the crater of alkaline 'dikes 

with petrography, petrochemistry and absolute ages 

identical to those of the products of Lake Nipissing 

a1kaline magmatism. 

c) Deposition of post-Ordovician Pb (Zn)-Ag-barite 

(calcite; ~fluorite) veins which occur in Grenville 

carbonate host-rocks within the Upper Ottawa Valley 

as weIl as in the area of Madawaska Highlands to the 

south (Sangster ~970, p 34) which is a180 severe1y 

block-faulted by the sa genera1 fault system 

126 

(Fig. 23). It i8 llkely that these veins are genetically 

.. 
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re1ated to the faulting in the area. Barite-

calcite-fluorite veins in many block faul ted ore 

dis tricts are believed to be related in a physico-

chemical sense to alkaline-carbonatite magmas in 

a manner analogous to the relationship between 

granitic magmas and quart'z,. pegma tite and apli te 

veins (Kuellmer et al. 1966, p. 353). Because the 

most extensive episode of post-Ordovician alkaline-

.C' • 

carbonatite magmatism in the general region is the 

f 
\ 
: 

Cretaceous Monteregian igneous event, it i8 possible 

that the veins represent a manifestion of the 

Mon teregian alkaline magmatism in the area. 

4. The faults of the Upper Ottawa Valley appear to be 

continuous with those of the Lower Ottawa Valley (and 

also with faults of the Nipissing and Timiskaming 

Depressions, to be described later, see Chapter X and 

XI) and the chronology of faulting in this entire belt 

may be broadly similar, although in detail it may differ 

from one part to the other. 

5. The indications of 8eismic strain release on the 

St. Lawrence Valley and Lower Ottawa Valley faults, 

applies e~ually well to the fauIts of the Upper Ottawa 

Valley area. 
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The foHowing conclusions appear to be consistent with. the abov~ __ _ 

Itnès of evidence. 
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~. 
The faulting initiated at the same time as in the 

,:.l'\ 1.1 

Lower Ottawa Valley, probably related in time and 

cause with the emplacement of the Grenville dike 

swarm, in the Hadrynian. The lack of stratigraphie 

evidence for the existence lof pre-Middle Ordovician 

faults in the area is not a serious objection to 
• 

the above conclusion. 

2~ The faults since their initiation appear ta have been 

reactivated, at least once after the Middle Ordovician. 

Minor stress release may be taking place on these taults 

at the present time. The linear scarps in the area seem 

to have been produced largely by post-Middle Ordovician 
1 

movements. A major part of these movements may have 

taken place during the mid-Mesozoic more or less 

synchronously with the Monteregian magmatism in 

St. Lawrence Valley area. 

Structural Effects of Normal Faulting 

The high-ang1e faults shown in Figure 23, outline a graben structure 

along the Upper Ottawa Valley (Fig. 3 of Kindle and Burling 1915; Kay 

1942) - the Ottawa-Bonnechere graben of Kay - and break up the Madawaska 

Highlands area into a series of tilted horst-blacks. this graben structure 

~ 
is actua1ly the continuation of the graben along the Lower Ottawa Valley, 

and the two structures together are general1y referred ta as the Ottawa 

graben (Wilson 1959, p. 316). Between Ottawa and Pembroke where the valley 

• 
\ 
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i. a nearly vertical-walled trench, the graben structure is well-
.', 
1 

defined and only slightly asymmetrical, the structural subsidence 

along the north boundary being somewhat greater (Fig. 24). The 

valley floor in this area is broken by longitudinal faults into 

several blocks which are tilted. The cuesta-like ridges within 

the valley appear to represent the uptilted edges of these blocks. 

In the area, south of Pembroke, the longitudinal fault blocks in turn 

are broken by cross-faults to produce rhombic patterns. 

Westward from Pembroke, the north boundary fault zone 

to assume more and more the role of key fault of the graben with 

south boundary fault-zone possibly assuming the raIe of a hinge 

fault. In this area, the graben appears ta show much greater 

asymmetry with greater structural subsidence again on the north side. 

The morphotectonic relations in this area are probably as shawn 

schematically in Figure 25. Âccording to this scheme, the asymme 

(topographically) north branch of the valley i8 located largely over 
1\ 

the dip slope (or the back slope) of the tilted graben block; the 

highlands between the two branches of the valley a"re located over the 

129 

uptilted edge of this block; the south branch or the valley lies along 

the south boundary fault-zone and may actually be located over a 

narrow fault trough produced by play of antithetic faulting (consequent 

to hinge faulting and fissure formation). "'-The preservation pattern of 

Paleozoic outliers in the Upper.Ottawa Valley indicates that the 

structural subsidence~ncreases progress1vely from northwest ta south-

east along the structure. The structural subsidence along the Lower 

1 Ottawa Valley struc ture on tha other hand \increases from east to west. 

~erefore, the Ottawa graben as a whole i8 cradle-shaped. 

Q 
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I~ view of the'earlier discussions on ages of fault movements 
~ 1 

in the Lower and Upper Ottawa Valleys the following conclusio~s can be 

made regarding the age and development of tne Ottawa graben. 

1. The Ottawa graben is a post-Grenville structure which 

appears to have formed as a result of N-S directed 

horizo~tal Itensional forces but partly controlled by 

a prevalently northeast and northwest trending 

"regional fracture pattern". " ,) 

2. The present structure includes pQst-Ordovician 

structural subsidence. 

'. 

, 

3. The ear~iest post-Grenville record of a N-S directed 
'7 

horizontal t~nsional stress regime, similar ;to the on~ 

reqc1red to explain the formation of the graben is 

related to the emplacement of the Grenville dike swarm 

"'. .. . 
in the Hadrynian. .~~ initiation of this dike swarm , 

-::. ,f. " 
'1.' 

and of the graberf ooyhave been mutually connected : , .. \,. 

events. 

4. The post-Ordovician graben subsidence may have taken ~ 

place, largely in the mid-Mesozoic, synchronously with 

the Monteregian igneo~s activity. Also, several other 

minor episodes of alkaline - carbonatite activity, 

apparently of late Precambrian and Pa~ozoic ages, occur 

1 
along the graben structl,lre and may be related ta re-

activations of the structure, perhaps of local extent • 

,'\ 

\ 
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,PHYS IOGRAPHY AND STRUCTURE 

In the Upper Ot,tawa Valley area, most if no t aU, of the known 

faults were inferred initiaIIy on'physiographic expression (Iinear, 

" '\ scarps) -and Iater supported with geological ~vidence (e.g. see Kay 1942). 
, . 

This ex~ellent correlation b~tween geological and physiograph~c ev:i.dence 

for faulting, seems sufficient justificati~n to warrant confidence in 

purely physiographic evidence fdr faulting in t~e area ~hen geological 

evidence is not available. The exhumation of the basement topography 

in the area probably took place reiatively recentIy (Ambrose 1964) 

and it appears that sufficient, time has not elapsed to cauSe any large 

scale effacement by erosion of basement topography related to faulting. 

SUMMARY AND CONCLUSIONS 

The Upper Ottawa Valley is underlain by alcomplex graben - the 

r 
Ottawa-Bonnechere graben of Ray (1942). ; This st~ucture togeth~r with 

the graben along the Lower Ottawa Valley (see p.114) form the Ottawa 

graben which is about 400 km long and 30 to 65 km wide. 

The Ottawa graben ls di~cordantly superimposed on GrenviIIè . . 

structural trends (bedding, lineation. foliation) but the directions 

~ . 
of graben faults are thought to be largely c?n~r611ed by a regional 

frac-ture pattern which is prevalently oriented northwest and northeast. 

The graben appears to be cradle-shaped longitudinally, the d~epe8t 

part bein~ near Ottawa. There i8 cottblusive evidence that structural 

subsidence along the g·raben took place in post-Ordovician :times. It 

i8 thought that a large part of this structuraI subsidence took place 

1 
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in. theo mi,d -Mesozoic"':")' synchronousI1 vi th the alkaline-carbona ti te 
, 

1 

activity (Monteregian) at the east end of .Fhe graben. There are 

iJ~cations, however, that the post-Ordovician movements took place 
~ G • 

along an oider structure of tensional origin which also May have 
CI 

been a graben. It is proposed that the ~in of the anoestral 

structure was related to the e~placement of the Grenville dike swarm 

in the Hadrynian. The graben and the dike swarm are closely related 

in space. 
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CHAPTER X: SHIELD SEGMENT A: 

• 
THE NIPISSING DEPRESSION 

INTRODUCTION 

The topographie low of the Upp~r Ottawa Valley continues west-

wards past Mattawa to include the Lake Nipissing basin and this 

continuation is referred to here as the Nipissing Depression (Fig. 20). 

West of Lake Nipissing, the depression ean be traeed through the 

French River valley system into the North Channel of Lake Huron for 

a total distance of over 200 km. 

_é 1 

Between Mattawa and Bonfield, the morphology of'the depression 

is mu~h the same as that of the adJacent parts of the Upper Ottawa 

Valley (Fig. 25); it is a composite topographie low aoout 25 km wide, 

eonsisting of two elosely spaeed paraI leI branches separated by a 

strip of highlands .~The south braneh is general1y less than 5 km 

wide. Its floor lies about 150 m below the adjacent highlands and 
, 

is partly oeeupied by a series of water courSeS and lakes. The 

Canadian National Railway line follows this low ground. The north 
\ 

br aRch has a highly asyrnrnetrical cross-profile and is bounded on the 

north side by a south facing scarp,which is the westward continuation 

of toe Coulonge scarp. This searp itself is no more than 50 m high 

but ta the north of it elevations rise another 200 m or so within a 

short distance. 
...". 

' .. 
Just west of a N-S line through Bonfield the strip of highlands 

( -\ 

\ 

/ 
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Fig. 26. Map of the Nipissing and'Timiskaming Depression areas. Black: lakes 
and other water courses. Orange: the depressions as outlined bv the 300 m 
(generalized) contour. From National Topographie Series maps (1:500,000) 31NW 
and 4lNE. 
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between the north and south topographic l~~ dies out and the depression 

ceases to be composite. Thence, it continues'westwards as a shallow 

topographic depression, poorly defined except on the north side. In 

the area of lake Nipissing, the d~pression widens considerably (Fig. 26). 
- 1 1 

West of the lake, further widening of the depressioq is accompanied by 

the tendency of its boundaries to be indistinct, and the depression as 

a whole to become indefinite, except for the narrow depression extending 

westwards through the French River system . 

., 
GEOLOGICAL CHARACTERISTICS 

General 

The Nipissing DepreSs~on, like the Ottawa Valley, is largely set 

in the Grenville province. Grenville rocks in the area make up a 

plutonic igneous-metamorphic complex with variable trends but the 
R . -
dèpr~ssion, for the most part, is superimposed discordantly on these 

trends. 

The unit y of the Nipissing Depression witn~he Upper Ottawa 

Valley is not restricted to their morphology but applies to a who1e 

range of post-Grenville geological events. 

1. The Nipissing Depression lies a10ng a zone of severe 

block faulting (Lumhers 1971, pp. 65-68) which appears 

to he the westward continuation of the Ottawa Valley 

high-angle faulting. 

') 

/ 
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2. The Grenville dike swarm continues into the Nipissing 

Depression area (see Fig. 54) and conforms weIl with 

the trend of the depression. 

3. The alkaline dikes of the western part of the Upper 

Ottawg Valley develop into a regional dike system in 

the Nipissing Depression area (Lumbers 1971, p. 54) 

and are associated with at least four alkaline-

carbonatite centres, 

4. Middle Ordovician platformai rocks (sandstones, lime- ,," , 
.../' \ . 

stones~ shales) occur as smaii out1iers in the 
• 

Nipissing Depression a1so, (Lumbers 1971, pp. 54-56)~ 

indicating that,the Grenville rocks of this area too 

were once buried under Paleozoic strata but are now o 

almost completely exhumed. 

The bedrock surface, especially in the low laying areas of the 

depression floor, is usually buried under a veneer of Quaternary 

deposits composed mainly of tili and post-glacial lacustrine deposits. 

Alkaline-Carbonatite Intrusives: Lake Nipissing Alkaline Province 

The main alka1ine intrusive centres are central complexes of 

mafic alkaline rocks and carbonatite, four of which are known (Fig. 27) • 
." 

They are the Iron Island, Manitou Island (Heinrich 1966, pp. 386-389), 

Callandar Bay (Currie and Ferguson 1971, pp. 498-517; Ferguson and 

Currie 1972) and Burritt Island (Lumbers 1971) complexes. The Brent 

crater would be a fifth complex located in the same general area if 

Currie's endogenic view (Currie 1971a) of its origin is correct • 

138 
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Lumbers (1971, p. 47) suggests that another comp1ex may be present 

o 0 
approximate1y at Lat. 46 26 1/2' and Long. 79 48 1/2' (Fig. 27). 

Numerous dikes of related rocks (mainly lamprophyres) and patches of 

fenitization are present around the central complexes. Lamprophyre 

dikes similar to those associated with alkaline-carbonatite complexes 

are present elsewhere in the depression area, and a1so as menti,ned 
~ 

earlier in the adjacent parts of the Upper Ottawa Valley, and form a 

regionally developed dike system. Currie (1970) has included aIl 

these igneous bodies in a petrographie province which he calls the 

Lake Nipissing alkaline province (Currie 1970, p. 411). 

Thé Lake Nipissing a1kaline province, as such, has been 

recognized on1y recently (Currie 1970). It is likely that both its 

geographical extent and its igneous body distribution are only 

140 

imperfect1y known. Even the known cèntral complexes are poor1y exposed. 

Natural exposures of dikes are a180 rare mainly becau8e of their 

recessive weathering. Currie (1970) points out that virtua11y aIl the 

exposures of dikes that have been observed are in recent1y b1asted 

road cuts. 

The Manitou Island complex i8 the best known, largely because 

it has been intesive1y prospected for niobium ore deposits. The complex 

is a roughly el1iptical ring structure of a1kaline rocks, carbonatite 

and fenite, about 3 km long (north-south) and 2 1/2 km across (Rowe 

1958, pp. 44-65; Heinrich 1966, pp. 386-389). It intrudes Grenville 

rocks (hornblende-granite-gneiss) and ls over1ain in places by 

Ordovician strata • 

, 
1 
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The dike rocks of the Lake Nipissing alkaline prov~nce are 

mostly lamprophyres that are chemically similar ta monchiquite. 

Thin dikes of pale pink 4arbonatite and potash-rich chocolate-brown 

trachyte a1so occur (Currie and Ferguson 1970, p. 526). Cross-cutting , 
relationships indicate that aIl three types of dikes are rough1y the 

same age (Currie and Ferguson 1970, p. 526). 

Biotite from carbonatite of the central cpmp1exes yielded a 

mean K/Ar age of about 565 m. y. (Lowden et al. 1963; Gittins' et al. 

1967; Shafiqu11ah et al. 1968) indicating that they forrned around the 
, 

beginning of the Cambrian periode Sorne of the trachyte dike rocks 

from around the Brent crater have 'ie1ded younger ages of about 310 

ta 450 m. y. (Shafiqu11ah et al. 1968; Hartung 1968). Currie (1971a 

p. 496) ~ggests that these 10wer ages may actua11y be due to argon 

10ss from potash feldspar which was the main source of K40 from 

trachyte. A1ternatively, aIl dikes of the area need nat be of the 

same age. 

High-angle Fau1ting 

The use of physiographic evidence ta di1ineate fau1ts in the 

Upper Ottawa Valley was a1ready discussed (p.133). Lumbers (1971, 

p. 65) has shown that in the Nipissing Depression too, prominent 
0' 
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lineaments (scarps, 1inear val1eys) coincide with faults. He found the 

following features in rocks exposed on or near the lineaments: 

1. displacement of geological contacts 

2. major discordancies in foliation trends 



• 3. zones of mylonitization, brecciatio~and shearing 

4. locally intense hematization 

5. quartz vein nètworks. 

The high-angle faults of the Nipissing Depression and Upper 
..... 
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ottawa Valley, a1though described separately in this thesis should he 

regarded ~d'~arts of a continuous fault system. 

The fault pattern of the former area is prohably as shown in Fig. 27. 

The faults can be grouped into two sets accordin& to their 

dominant strike directions: 

1. a major set trending west-northwest; the strike 

directions of this set actua11y range from west to 

northwest and is nearly paraI leI to the trend of the 

depression. 

2. a lesser set trending northeast, the strike directions ~ 

of which varies from north-northeast to east-northeast. 

Presumed fault traces are nowhere clearly exposed.and fault planes 
... 

have not been observed. The character of faults, therefore, has ta be 

inferred on indirect evldence. Lumbers (1971, p. 65) points out that 

the associated mylonitization zones, slickensided surfaces and breccia 

a zones dip near vertically, although locally as Iow as 60 , in a manner 

suggesting that the faults are high-angle normal faults. 

Although sorne of the taults strike nearly in an E-W direction 

and conform with the trend of the depression, the majority of faults th 

the area tend ta canfarm ta twa prevalent strike directions, oriented 

" 

" 



• 

.. 

• 
.lI 

/ 

approximately northeast and west-northwest. This tendency is 
.",. 

interpreted as reflecting a control from a pre-existing'regional 

fracture pattern" (see p. 42), also oriented prevalently northeast 
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and west-northwest. if the faults are normal faults, as they appear 

to be, then the fault pattern cou1d iave been produced by a horizontal 
. 

tensional stress field oriented approximately N-S sa that the main 

stress releaBe took place along west-northwest oriented fractures in 

the area, and minor stress release and block adjustments occurred along 

northeast oriented fractures. That the w~st-northwest fractures 
1 

opefted up into fissures is indicated by the fact that sorne faults of 

the west-northwest set are intruded by mafie dikes. The n~rtheast 
> (.~ 

set on the other hand is not associated with dikes (Ltnnbers (i971, p. 67). 

Ages of High-angle Faults 

The faults are definitely post-Grenville but apart from this the 

chronology of fauItin~ in the area is poor1~known. Sorne insight into 
, ., , , 

the age question may, however~ be gained from the fol1owtng evidence. 

1. The Grenville dike swarm extends through the area and 

nearly conforms with the west-northwest trending 

longitudinal se~ of faults. At least sorne of the dikes 

occur along faults (Lumbers 1971, p. 46). These 

characteristi'cs -indicate that 'the faulting and dike 

formation may be chronologically related. As mentioned 

earlier the diabase dike swarm appears ta have been 

emplaced in the Hadrynian • 



• 

144 

• 2. A few dikes are sheared and brecciated by faulting 

(Lumbers 1971, p. 47). Therefore, sorne fault 

movements have occurred after the emplacement of the 

dikes. 

3. Most of the northeast faults are diplaced by west- -. 
1 

northwest faults although the reverse relationship has 

also been noted in one 10cality (Lumbers 1971, p. 67). 

However, it is likely that both sett o,f fault~ .. tormed 

during the same general period of faûfting. ~ 

j 
The Lake Nipissing alka1ine magmatism (K/Ar age 565 m.y.) 4. 

in the area may have been acçompanied by faulting. In 
.. 

fact, faults of the northeast system appear to be mostly-' 

concentrated in a broad zone trending northeast to 

include the area in which the alkaline complexes are 

located. It is possible that the complexes are localized 

at intersections of faults of the northeast and west-

nofthwest sets. 

" 
According to the above evidence, it appears that faults probably 

originated in'tne Hadrynian, synchronously with the emplacement· of the 

Grenville dike swarm and have since been reactivated, at least once around 

the ~Èleginning of 'the Cambrian. Although there is conclusive e~idence 

for post-Ordovician movements in the Ottawa Vall'ey area, there is no 

clear evidence for such move the Nipissing Depression. However 

, 
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, . 
because the faults in the two areas appear to be parts of a p( 

" 
continuous fault system, it Is likely that post-Ordivician movements 

occurred in the Nipissing Depression also; the preservatiort of 

Ordovician outliers in both are as may be in downfaulted blocks. 

Structural Effects.of High-an~le Faulting 

The structural effects of high-angle faulting in the Nipissing 

Depression are a cannot be evaluated with certainty from local evidence 

alone. The available evidence together-~th regional considerations, 

however, indicate that the overall structure along the depression is 
'-,,~ 

eSSéntially a graben.(~_ 28). 

'. The Coulonge scarp which in the Upper Ottawa Valley area forms 

the north boundary scarp of the Ottawa graben, can be traced/west of 

Mattawa as a continuous south-facing scarp along the north side of the 
~-- ~., 

. Nipissing Depression. Slickensided surfaces accompanied àccasiona"Uy ~ 

by brecciation and mineralization, ar ta be characteristic of the 

this scarp, indicating that the scarp in this 

'" 
a~a' too, is related to a fault zone (Mattawa River Fault, Gtystal 

Falls Fault, see Fig. 27). The physiographic relations and the 

evidence from slickensided surfaces suggest that the indicated fault 

zone, like the Coulonge Fault, has its south side downthrown. West-

wards from Mattawa the scarp diminishes in height, possibly reflecting 

a similar chang~ in the throw of the fault zone. On the south side of 

the depr~ssion, a prominent zone of en echelon faults (B~ss Lake, 

" Restoule River and Nipissing faults; éee Fig. 27) appears to be· present 

,(Lumbers 1971, p. 67). "This fault zone can be traced esst-southeast 
'-' 

• 
___ --L __ 
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unt!l it merges with the south bound~ry fault zone of the Ottawa graben. 

In the N,ipissing Depression area, the displacement' pattern on this 
, 

fault zone is not' known, although 'in thé case.-o.f-the Nipissing fault, 

Lumbèrs'(197l, p. i61.thinks that the pre~ervation pattern of Paleozoic 
, ' 

rocks on the no~thside' of the fault.sugge~ts·that its north side is 

dbwnthrown. ~us, despite uhcertainities, the available evidence , , 
indicates that the overaii ~tructura: effect of high-angle (a~ltin~. 

in the arèa is structural subsidence. This structurally depressed zone 

is a continuation of the' Ottawa graben is suggested by: (i) the 
<:> • 

continuity of the morphototectonic features of the Ottawa graben into 

the Nipissing Depression (ii) the continuity, from one area ta the 
• 0 

other, df high-angle fauIts, t~e Grenville dike swarm and of the 

products of thé Lake Nipissing alkaline province. In the Nipissing 

Depression area, the structure will ~e refer~ed to as the Nipissing 

graben (Fig. 28). It i5 not known how far w~st of Lake Nipissing the 
, 0 

structure continues but the following
o 
features are pertinent ta the 

question. 

1. Except for the relatively narrow topographie low along 

• c . 

the French River, the main topogrJlphic low and the " 
. . . ~, 

die out westwards associated lin~i1ments and becom~ 

indistinct featurês aoout 40 km west of theélake, 

'suggesting that the structure itself be:g ins to die 
: 
" 

. iI\" ~his general area. 

out 

2. West of the lake, the depression widens~ Also the 
ri \ 1 , 

fault system as well'as the Grenville dike swarm fans out • 

• 

.. . 
.. 

rl 

.. 

' .. 
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{ 
These features suggest sp1aying out of the structure. 

Splaying out characteristica11y occurs Where graben 

structures die out (d~ Sitter 1964, p. 124). 

3. The Grenvill~ dike swarm which is spatially related to 

the Ottawa-Nipissing grabens-is not known to extend west 

of the North Channel of Lake Huron (See Fahrig 1970, 

p. 132). 

The above features indicate that the Nipissing Depression fau,lt 

~ystem terminates somewhere in the area of ,~e North Channel of Lake 

Huron. This is contrary to the view expressed earlier by Kumarapeli 
... ' 
and SaulI (1966a) that the Nipissing Depression faults continue we~t-

wards throu~h the Lake Superior area and further southwest into the 

~ 
continent. 

Lumbers(197l, p. 69) states that the Crystal Falls Fault can 

be traced westwards, as a lineament to within p few kilometers of the 

Grenville Front and that it i8 on strike with the Onaping Lineament 

(see Church 1972, p. J55) and that the Nipissing-Bass Lake-Res~lute 

River fault zone can be traced through French River and across the 

o 

Grenville Front to merge with the westerly striking Murray Fault system 

(see Church 1972, p. 353) Which extends a10ng the north shor~.of Lake 
,) 

Huron. The Murray Fault system and the Onaping lineaments (Church 1972) 

are probably much older structures than the Nipissing Depression fauit 
o 

system. The apparent continuity of the younger fault system with the' 

• 
older faul,s is thought of by the ~Lter as due to terminal control of 

0, 
the former by the latter. 

, .. .. 

\ 

. . 
, " 
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In view of the earlier discussions on ages of high-angle fauIts, 

the following conclusion~ can be made on the age and development of the 

Nipissing graben. \ 

, 

1FiV.:-28. 
":":f r' iU!i 

1. The Nipissing graben is :1 post-GrenviUe str:.ucture 

which developed as a part of the Ottawa graben, probap'ly 

due to N-S oricnted ten~ional stresses, but controlled 

by a prevalcntly west-northwest and northeast oriented 

regional frac turc pa t tern. The earl ies t known post-

Grenvillian event indicating a N-S directed tenslonal 

stress regime in the area is tGe initiation of the Grenville 

dike swarm, wh ich may have heen mutual1y related in time 
... \l 

and cause ta the initiation of t~e graben. 

2. Although there i5 no clear evidence for post-Ordovician 

graben subsidence ln the area, regional considerations 

suggest that the post-Ordovlcian graben formation along 

the Dt tmon Valley may have extended into the Nipissing 

Depression. Tension fracturing may aLso have taken place 

1 

Jn the Arca, around the beginnlng of the Cambrian, 

synchroT'ol!sly with the Lake Nipisc:;ing alkaline magmatism • 

[', (" i or :1(,r'O;,', Il\" ;;iri.:::Si1,r .rnb .. n. For locat.ion of U1(' line of 
itl l\l~~.~"r,. (ri~ll!s :1. l~·jr..d to lt v,·rtical. : ". A-i< , 

J 

\ 
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SUMMARY AND CONCLUSIONS 

The Nipissing Depression is under1ain by a zone of intense block , 

faulting which a1so appears to be a zone of downfaulting. Although this 

faulted zone and the Ottawa graben are described separately in this 

thesis, they should be regarded as parts of a single graben structure. 

For the pir t along the Nipissing Depressio'n, the na!lle Nipissing graben 

\ is proposed. The Nipissing graben faults appear ta terminate sornewhere 

in the area of the North Channel of Lake Huron. 

J 
J 

.f 
1. ,~ 

The products of two post-Grenville ign~otls events: (i) the 

Grenville dike swarrn of Hadrynian age (ii) alkaline-carbonatite 

i~trusions of the Lake Nipissing alkaline province with K/Ar ages 

,?f about S6~ m.y., are c10sely asso~ated with the Nipissing graben. 

ft is though\ that the graben initiated synchronously with the' 
<i. -\ 

. efuplacement of the Grenville dike swarrn and that the graben fau~ts 

wënt through a period of reactivation, synchronously with the 

Lake Nipissing alkaline rnagrnatism. "Renewed graben subsidence 

rnay have accurred along the structure in post-Ordovician 'times, 

synchronousl' with the post-Ordovician graben subsidence along 

the Ottawa Valley . 

.. 

" 

'~ , 
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CHAPTER XI: SHIELD SEGMENT A: 

THE TIMISKAMING DEPRESSION 

INTRODUCTION 

Upriver from the head of the Ottawa Valley, the OttaWa River lies 

'- 0 
in a rocky gorge extending approximately N30 W, which further upriver 

~xpands to f~rm a wide triangular depression containing Lake~imiSkaming 

and traceable northwards to about the Hudson Bay watershed, a total 

distance of over 225 km {Fig. 26). To this topographie feature, the .. 
term Tiruiskaming Depression is applied in this work. 

The rocky gorge in whieh the Ottawa River lies is about 1 1/2 km 

wide and has a slightly zig-zag course. Its steep to nearly vertical 

wal1s rise 125 to 175 m above the general level of the river. The Lake 

Timiskaming basin is about 20 km wide at its northern tip. The west side 

of the lake basin i8 bounded by an abrupt, Iinear fault-line scarp 

(Hume 1925, p. 47) which in sorne places rises about 100 m above-the 1ake 

leve1. The east margin of the lake basin is quite irregular and along 

this ~ide the slope towards the lake i8 graduaI. The lake wat.er is 
> 

rèported to be about 125 m deep (see Barlow 1897, p. 231 I), therefore, 

the maximum depth of the de~ression below the surrounding country is 

about 300 m. North of the lake, the depression continues to widen to 

form a rather ill-defined, topographie low of composite character 
') 

consisting of several narrow, northeast and northwest trending linear 

depressions separated by patches and strips of relatively high ground 

(Fig. 36). 

-
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Parts of the depression, particularly the area northeast of 

Lake Timiskaming,are partly filled with stratified clay that was 

deposited in glac laI lake Barlow-Ojibway ,(Grant and Hobson 1964; 

Lee 1965, pp. 18-19; Lovell and Caine 1970, p.6). The thickness of 

clay generally varies from 0 to about 100 m. In one locality, however, 

a thickness of as much as 200 m has been estimated (see Hobson and 

Lee 1967). 

GEOLOGICAL CHARACTERISTICS, 

General 

The southern part of the Timiskaming Depression is in the 
... 

Grenviile Province and its northern part is in the Superior Province. 

Throughout its length, the depression is superimposed discordantly on 

both Grenville and Superior trends; it exte~ds across the Grenville 

Front almost at right angles (Fig. 29). A group of three closely.spaced 

Paleozoic outliers composed mainly of carbonates and shales occuT as 

downfaulted blocks in the depression (Fig. 29), indicating that the 

shelf environment of the St. Lawrence Platform extended into this area. 

Unlike the platformal sequences in Ottawa and St. Lawrence Valleys, 

strata as young as middle Silurian are preserved in one of the outliers 

(Hume 1925, Ollerenshaw and McQueen 1960). The oldest rocks present are 
" 

Middle Ordovician. In the context of the present work, the most 

significant geological characteristic of the area is the existence of 

regional high-angle faults (Fig. 29). The larger faults ar~ parallel 

to the general trend of the depression and there ls sufficient space 

Î 

l 
, , 
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correlation between the fau1ted be1t and the depression to ~arrant 

the view that they are related features. 

High-angle Faults 

Fau1ts in the area have strong physiographic expression, common1y 

in the form of narrow linear depressions, tens of kilometers"long, 

occupied by water courses and fi11ed in varYing degrees by glacial 

debris. Such 1ineaments form a systematic pattern in the general are a ... .. 
consisting of a strongly-developed northwest set and a less wel1-

developed northeast set. They are such conspicuous features of the 

physiography of the area that they attracted the attention of early 

workers who debated their origin (Bell 1894, p. 364; Miller 1905, p. 36; 

Hobbs 1905, p. 19; Pirrson 1910, pp. 23-32; Wilson 1918, p. 39; also 

see Quirke 1936, pp. 267-288). Over the years, increased geo1ogica1 

observations have 1ed to the acceptance of faulting and/or jointing 

as the primary cause of their origin (Chagnon 1965, p. 229). 

The nature of faults in the area is poor1y known, except in a 

few instances where they cut Pa1eozoic rocks or have been intersected 

in underground mine workings (e.g. see Ninacs 1967, p. 153). One of thEi 

ear1iest known and better documented faults in th~ area is the one 

re1at~d to the scarp along the west margin of Lake Timiskaming (Hume 

1925, p. 47). The Lake Timiskaming West Shore fault (fig. 29) as it 

is referred to, appears to be a normal fault. It strikes approxi~ate1y 

N40oW, dips about SOoNE, and can be traced for a distance of about 50 km. 
, 

Of the three Pa1eozoic outlierJ, the 1argest one i8 preserved on the 

.' 
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• downthrow side of this favlt, and the vertical displacement of the 

downthrown black (of platformal rocks) is a litt1e over 300 m (see 

Hume 1925, p. 48). The other two smaller out1iers are preserved in 

a step-1ike downfau1ted block between the Lake Timiskaming West Shore 

fault and the parallel Mc~enzie fau1t (Thomson 1964). Paral1el ta the 

above faults, and ta the west of them, is the 'Cross Lake fault (Figs. 

29 & 30), extending through Cross Lake and a10ng the Englehart River 

valley. This appears to be one of the longest fau1ts in the area; 

the lineament associated with it can be traced for a distance of over 

250 km. In two localities the fault has been intersected by underground 
V 

mine workings (Lovel and Cain 1970, p. 4; Ninacs 1967, p. 153). The 

observed dip is 6S
o

NE, movement is dip slip with northeast side down-

thrown. This fault is presumed to eut a composite granite intrusion 
. 

known as the Round Lake batho1ith. Gibb and van Boecke1 (1970) found 

that t~e leve1s of the Bouguer gravit y field over the supposed faulted 

halves of, the batho1ith are differen t. They showed that the anomaly ean 

be explained using two mutua1ly exclusive models: one invo1ving normal 

faulting of a granitic batholith of uni~orrn density and the oth1f based 

on density variations corresponding ta an observed facies change within 

the pluton. Based solely on the first model, Gibb and van Boeckel 

(1970) estimated that the northeast half of the pluton has dropped 

about '3 km. Southwest of the Cross Lake fauIt, other parallel high-

angle faults of regional extent have been inferred l~rgely on physio-

graphie evidence. Examples are the Montreal River fault (Ginn et al • 

• 



• 

.' 

155 

Fig.30. Vertical airphoto lineament of the Cross Lake FauU, Timiskam:1ng 
DRpression. National Airphoto Library, Ottawa, Photo No. A-13126-125. 
Scale-1:50,OOO appr9x. 
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1964) and Net Lake fault (Thomson and Savage 1965). The nature of 

these faults and the movements involved are not known, but they, 

together with ~he Lake Timiskaming West Shore'fault and the Cross 

Lake fault, appear to form a single fault system. On the east side 

of Lake Timiskaming there appears to be at least on~ fault ,of regional 

extent - the Quinze Dam fault (Fig. 29) which is nearly par~llel 

(strike N30
o

W) to thé faults on the WFst side of the lake. Little 

is known about the nature of this fault exc~pt that its physiographic 

expression is compatible with a downthrow to the southwest. Thus, 

apart from the Lake Timiskaming West Shore fault and the Cross Lake 

fault, the nature of other northwest trending faults is poorly known, 

but the close space association and parallelism of the faults indicate 
). 
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that they are parts of a single fault system. Based on eharacteristics 

of the better known faults the following generalizations can 'ne made on 

the fault system. 

1. The faults are probably of the no~l type. 

2. The faults on the ~est side of Lake Timiskaming dip NE. 

The northwest trending faults described above fan out northwest-

wards. This tendeney for the strain to be distributed over an inc~asingly, 

wider area ~robably represents a splay out pattern suggesting that the 

faults die out northwestwards. The associated lineaments extend weIl 

beyond the northern liroit of the depression, for another 100 km or sa 

before they finally become lost. Southeastwards. sorne of the lineaments 

can be traced ta the Upper Ottawa Valley . 
1 

For example the'lineaments of 

.. 

_ .... ~l 

'J 
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Quinze Dam and Net Lake faults can be traced to join the Upper 

Ottawa Valley,suggesting that the faults in the two 
\ 

areas may also' be connected. If this be the case, it follows that the 

Ottawa graben faults bifurcate and extend along the Nipissing and 

~ Tirniskaming Depressions. Su ch a bifurcation is also consistent with 

i~ 
l' ~ the following considerations: 

1. Because the Nipissing Depression faults and Tirniskaming 

2. 

Depression faults appear to die out westwards and north-

westwards respectiveIy, a bifurcation of the Ottawa 

graben as postulated would fit in as part of a splay out 

pattern. 

o The Ottawa graben, Where it appears to branch, bends 30 

counterclockwise as though to accornrnodate a bifurcation 

and if not for this bend, the graben trend wouid bisect 
'1" 

the 60-degree angle between the trends of the Nipissing 
1 .... 

and Tirniskarning Depressions. 

There is a much less prorninently developed northeastern set of 

157 

fauIts, best known from the Cobalt si1ver rnining district (Jambor 1971, 

p. 23) 10cated on the west side of Lake Tirniskaming (Fig. 29). Sorne of 

o 
the N20 E striking lineaments northeast of Lake Tirniskamtng. ,(see Fig. 26) 

a1so rnay refiect faults of this set. The directions of the two sets of 

faults were probably controlled by a pre-existing regional fracture 

pattern (see P:42 ) . 

... 
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, 
Ages of High-angle Faulting 

The Lake Timiskaming West Shore fault cuts middle Silurian rocks 

and therefore, contains post-Middle Silurian movements. Close to the 

Quinze Dam Fault, kimber1ite dikes occur in two 10calities (Lee 1968; 

Satter1y 1948, p. 13) about 'SO km apart. Materia1 from one of these 

occurrences (for location see Fig. 29) has yielded a K~Ar age of 

151 ± 8 m. y. (Lee and Lawrence 1968, p. 1). It is likely that the 

emplacement of these dikes and fault movements in the area occurred as 

mutually connected events. TQerefore, at least sorne of the post-Silurian 

movements may have taken place in the mid-Mesozoic. Evidence of post-

Pleistocene fau~ movements have been observed by ~iller· (1913). Minor 

stress release may be taking place on these faults at the present time, 
~ 

, because a large earthquake (M - 6.2) that took ~~ace in the area in 1935, 

appears to be Iocated on these faults (Smith 1966a). , 0 

~ There are indications that :~"-~~s-t--s-ome of tre faüIts in the 

area existed in the Precambrian. For instance, in the Cobalt District, 

the northeast trending fau1ts appear to b~ pre-ore (Thomson 1967, p. 137) 
'. 

and the ore i8 believed to be genetically related ta the Nipissing 

d!abase whose K!Ar age ,is about 2095 ± 105 m. y. (Lowden et al. 1963). 

Furthermore, the unusua1 thickness of Proterozoic sediments in an 

area northwest of Lake Timiskaming may be an indication that subsidence 

occurred a10ng and near the Cross Lake and Lake Timiskaming faults ear1y 

in the Proterozoic ,(Jambor 1971, p. 23). 

The chronology of fault movements in the area can a1so be considered 

~ 
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• from a regional,point of view.\. If. the Ottawa Valley fau1ts and the 

faults along the Nipissing and Timiskaming Depressions are parts of 

a single bifurcating fauit system, then l!ke the faults of the two 
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1 

former areas, the Timi~aming Depression fa~lts als.o may have originated 

in the Hadrynian, synchronously with the emplacement of the Grenville 

/dike s~âr;; (see P.~;l,ll )'. Al though this dike swarm i8 not known to 
" 

extend along the T~skamirig depression sorne of its dikes in extending 
",' " 

past the southern part of the depression do tend to orient themselves 

northwest (see Fig. 54)'. But as discussed above, sorne of the Timiskaming 

1 
depression taults, such as the Cross Lake fault, may,have existed long 

before the Hadrynian. This is not in conflict wi th the hypothesis that 

the faulting in the three areas i6 related in time and cause however, 

because the indications for older faulting are present on1y in the part 

of the' fault system that extends into the Superior Province; it is 
.' 

conceivable that older faults of favourable orientation already existed 

in this area when the Hadrynian faulting became operative. 
" 

j 

Structural Effects of High-angle Faulting 

Since Wilson (1903) first speculated that the Lake Timiskaming 

is the physiographic expression of a graben, increased geological knowledge 

of the area has led ta the general acceptance of this view (Wilson 1959, 

p. 316; Ollerenshaw and MacQueen 1960; Lovell and Caine 1970). The name 

Timiskaming graben is proposed for'this structure. 
" /.) 

The Timiskaming graben appears to be a highly asymmetrical structure 
, 

bounded on the southwest side by a zone of step faults formed by the 

. 
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northeast dipping Cross Lake fàult, th~Kenzie fault (Fig. 31) 

The ~'\ontreal Ri"er and '~et La1:;e fatrlts and the Lake Timiskall1'1ng Hest 

Shore Llult ma)' .11so hclong to thlS s:tep fault bystem. The precise 

L~ .::;d __ ...;s,-,-

~ , 
... ,ct 

Fig.31. ~;f'C'; ic'l1 'h:ross th(' 1ll1l1;,kaminf flrq1)pn. For location of U18 linE; of 
i ' A Il' l' 'Il) , , " ~HC ,.lOn SP0 -', ln 'lg ..... tlr'wlIllPnL.tllon: 1l1IOrlf>njp.l-Pr, ~lJ.mbrl'1n rocks; 

ori"l1 i ed-l~Jrly Pa]pozoi di liCldlt. Orrlovidan t 0 ; lid'll.' :' ilurian) pla trormal 
rOCK~: ,,'ir'r1inr-W~t'l'n:~l>}it:tI,r] ~uat(rnflry S.dl ,n~;,. 

r61~ of the Quinze Dam fault ts not known. However, because this fault 

app~ars ta be downthrown to the southwest, a ,dip in the same direction 

would be consistent for a normal fault (see Lovell and Caine 1970, Fig. 2). 

As mentioned earlier, there are indications that thi Ottawa graben 

fauits and thé Timlskaming graben faults are connected but the actual 

connections are poorly known. H~wever, Deca~e the two grabens are 

structures of, r,egional extent, their close spatial arrangement in a 

branch~g dispostion Indicates that they are parts of a single structure. 
-~ \, 
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SUMMARY AND CONCLUSIONS 

The ~imiskaming Depressfon overlies the axial zone of a complex 
, 

, 
161 

graben, faT \vhic.h the name Timiskamirrg graben is proposed. ,The structure 

~an be traced for a distance of ~bout 200 km and possibly more. North-

" 

westwards its faults fan out, suggesting splaying. Out ana termina{:ion 'of 

the structurS'. 

There can be little doubt that the Timiskaming graben is fi branch 

of the Ottawa graben, the other branch being t\e Nipissing,graqen. 
~. 

Thus, 

it appears that the Ottawa grab@n, after extending for'a distance of 

about 400 km along the Ottawa Valley bifurcates. Each of the' two' 
j 

branches extends for over 200 km and appears ta terminate by splaying " 

out of tWeir sf~~ctures. This branching graben system wAioh und~~lies 
the Shield se~men~A, probably originated in the Hadrynian, sy~chr?nously 

with the emplace~ent of the Grenville dike swarm and underwest subsequent 

reactivations of its faults. Along a large part the Shield S~ent A, 

there is conclusive evidence for post-Qrdovician graben subsidence which 
~ 

may have taken place in the mid-Mesozoic synchronously with the emplacement 

of the Monteregian intrusives (at the east end""of the graben ~,ystem) and 

the late Jurassic-early Cretaceous kimberlite dikes along the Timiskaming 

graben. 

. 
;..~ 

'. 
t \, 

,'(\ 

.r 

\, 
.. \' 

: 

~ { . ' 1 ~~~ 
1 j, 

.~----
,. ! 

c' 

1" 



• 

1 

i 
1 

l , 

o 

.. 

CHAPTER XI 1: SHIELD SEGMENT R: .. 
THE SAGUENAY-LAC ST. JEAN DEPRESSION 

INTRODUCTION 

From the lotrer end of the St. La\vrence Valley. two nearly a 

parallel canyons, 
o 

spaeed 6 ta 10 km apart, extent N?O W across the 

Laurentian Highlands. One of these is occupied by the Saguenay River 

and the other by the Moulln-i-Baude and Ste. Marguerite Rivers. 

About 100 km from the St. Lbwrence River, the canyons widen and 
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eventually eoalesce, to form a distinct topographie low, whJ~h continues 

west-northwestwards to include the Lac St. Jean basin. This topographie 

low together with the two canyons and the intervening strip of country 

i5 referred ta in this thesis as the Saguenay-Lac St. Jean Depression 

Fig. 32. • Physibgraphic sketch of the Saguenay-Lac st. 
Depression and vicinity. , 
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(Fig. 32). The entire feature is horn~shaped in outline, the narrow 

end being at the St. Lawrence River. The Laurentian Highlands in 

the general area has elevations ranging from 300 to about 1000 m 

above sea level. If the 300 m topographie contour is taken as 

delimiting the depression, then its width i5 ab~ut 6 km at the 
r 

St. Lawrence River, about 55 km just west~ of Lac St. Jean and alfout 

100 km where it looses its identity in the Shield Region; its total 
tJ: 

length is about 300 km. 
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The Saguenay canyon is a spectacular topographie featu~. Its 

steep ta vertical walls (Fig. 33) rise as high as 450 m above the 

level of the river. In the river, depths of over 225 m have been 
') 

recorded (see Dresser and' Dennis 1944, p.' 1.~6) 80 that in places, the 

canyon walls are over 650 m high. The Ste. Marguerite-Moulin-à-Baude 

~anyon (see Fig.' 34) is partly filled witn glacial d~ris; its 

actual~:depth (in bedrock) is not known. In Many places, however, 
'. , 

this c~~àn i8 as wide as the Saguenay 'canyon. 
'IIr \ 

wt~i of where the canyons coalesce, the depression lies between 

north and south facing scarps, about 100 m high. 'The nor'th facing 

scarp is only slightly dissected whereas the south facing scarp is 

highly dissected. Westwards both scarps ihcrèase in amplitude, until 
" 

in the area of Lac~St. Jean the more pro~nent north facing'~Brp 
attains a height of as much as 200 m. Futther westwards the scarps 

decrease in amplitude and finally become lost. The Lac St. Jean basin 

is a shallow featu:e; the lake level is about 100 m above sea l~vel 

and water depth i8 less than 60 m . 
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Fig. 33. Oblique airptl.Oto of the SagLenay canyon, sauth wall. National Airphoto :Sibrary, Ottawa, 
Photo No. A-1672-98. ,. 
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Fig.34. Vertical airphoto lineament of Ste.(Margl!eri te "trel1ch", SaguenL.y- Lac 
St.Jean Depression. Scale 1:50,000 approx. The river in the picture i8 Ste. 
Harguerite. National Air Photo Library, Ottawa, Photo No.A-13941:;-23. 
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GEOLOGICAL CHARACTERISTICS 

, 
The Sa'guenay Lac St. Jean Dep'ression lies entirely within the 

Grenville Province. Grenville crystal1ine rocks form the bedrock , 

under much of the depression. They make up the walls of the canyons 

and, the faces of the bounding scarps of 'the depression. In two 

separate areas within the depression, however, outliers of Paleozoic 

p1atformal strata over1ie Gr~nville rocks (Fig. 35). The rocks are 

simiLar to parts of the platformal succession of the St. Lawrence 

Valley and consist of nearly flat1ying Midd~e and Upper Ordovician . 
1imestones and shàles (Dresser 1916), probably 1ess than 100 m thick. 

The depression extends with little regard to Grenville gneissic 

trends which in places make large angles with the depression trend. 

~ 
The 1inear crysta1line scarps aSBociated with the depression have 

traditionally bee\interpreted as fault-line scarps and the 
. il 

depression itself as been regarded ~s the physiographic expression 

of a graben - the Saguenay graben Ce.g. see Kay 1942, p. 641). 
1 ,. 

The recent discovery of a carbonatite cornplex - the St. Honoré 

cQmplex (Vallée and Dubuc 1970, pp. 346-356) 
" i 

adds weight to the graben Interpretation. 

the St. Honoré Carbonatite Complex 

\ 
within the depressi~~ 

Th~ carbonatite complex was discovered in 1967 and 'is the only 
. 

such complex known in the Sa~uenay-Lac St. Jean Depression. It la 

lO-ea.ted in the area of . .the. Paleo7...oic .outlier north of the Saguenay 
~ 
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River (Fig. 35), 2fld is overlain by Paleozoic (Middle Ordovician) 

rocks. Material from the intrusion has yielded a mean K/Ar age 

of 564 ± 4 m. y. (Doig and Barton Jr. 1968, p. 1403), an age 

almost identical ta that of Lake Nipissing carbonatite complexes. 

Vallée and Dubuc t1970) state that the carbonatite body is 

roughly kidney-shaped with dimensions of 5 km by 3 km approximately. 

It is made up of dolomitic, sideritic and calcitic ~arbonatites 

(with minor urtite bands) containing niobium deposits ~f economic 

importance. 

The St. Honoré complex is in contact with three other 

intrusive bodies, two of dioritic and one of syenitic composition. 

Also, about 8/, km northwest of the complex is another circular complex -

the Shipshaw complex - wi~ a possible ring structure consisting of 

syeniti$, granitic an,d gabbroic bands around a gabbroic core 
\' 

! 

(Vallée and Dubuc 1970, p. 348). Apart from the close space 

association, it is not known whether the latter intrusions are 

related to the carbonatite. 

In 1966, Kumarapeli and SaulI emphasized (see Kumarapeli 

and SaulI 1966a, p. 656) the possible use of the structures along 

St. Lawrence Valley system as a regional guide to prospect 

for niobium-bearin~ carbonatite bodies. The subsequent discovery 
0/ 

of the St. Honoré Carbonatite comp1ex adds more weight 

te toPis view. It is possible that further search may 
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lead to other discoveries especially in the Upper Saguenay and 
o 

Lac .. ,St. Jean areas and rnay eventually reveal in these ar"eas an 

1 
alkaline-carbonatite province sirnilar to the Lake Nipissing alkaline 

pro,vince. 

High~angle Faulting 

, Atthough high-àngle fauIts of regional extent have been 

a~cepte~~ the prirnary spatial determinant of the Saguenay-Lac 
r" 

St. Jean depression, the presurned faults are nowhere~nown to be 

exposed. The faults are inferred from the foilowing Iines .of evidence. 

f} 

, , 

1. Abrupt sub-parallel linear scarps up .to 200 rn high or 

.. 

vertical-walled canyons up to 650 m deep occur along the 

depression rnargins. The trends of these lineaments 

transect Grenville trends,.comrnonly at large angles. 
, 

Although the canyons may have been initiated aiong 

• 
faults or joints and '8ubsequently overdeepened by 

" glacial erosion, the systematically lower elevations of 

the depression flocr, as compared with the elevations of 

the-aùjac~ht areas cannot be attrihuted to differences 

in erodibi1ity of rocks (see C1ibbon and Bergeron 1963, 

pp. ,4-7) but i8 consistent ~ith downfaulting along the 
1 

deprèsi~on. Therefore, faultlng appears to èxplain fi 

~ adeq~ate1y th~,linear scarps, the systematically lower 

elevation of the depression floor and possib1y also the 

vertiê~1-wal1ed canyens • 

'r 
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2. Dresser (1916) states that on the south side of Lac 

St. Jean, near Chambord railway junction, Paleozoic 

rocks almost straddle the south boundary fault-line 

scarp and the Paleozoic formations theré show drag 

(with dips ranging from 24 to 30oN) typical for a 

normal fault with'north side downthrown. 

3. Numerous minor faults, presumably related to the larger , 
faults reflected by topography, cut the Pale~zoic 

formations. These minov faults, in Jil well-document~d 

instances, are known to be of the normal type (Dresser 

1916) indicating that the larger faults in the area 

are also normal faults. 
<, 

4. The presence of at least the one carbona\Jte complex 

and the preservation of Paleozoic outliers are compatible 

" 
with deep fauiting and crustai subsidence along the 

depression. 

- 'l'he' most persisten t regional faults of the area appear to be 

those related to the boundary Scarps of the-depression. The faults are , 

1 
1 .. 

assumed to follow cloirely the bases of the scarps (Fig. 35). Eastward, 

therefore, these fauit zones would.extend into the canyons. They may 

continue along the canyons to join up with the Marginal Segment fault 
\, . 

system. -5uch a connection i8 also indicated by t~e pr~sence of the 
, 

uplifteq, mass of the Laurentide Parc massif between the ~aguenay-Lac . ''''-.., 

St,~ Jean Depression and the St. Lawre[lce Valley. Westward the boundary 
~ " ~ '" 

'...-' 

fau1 ta zones of the Saguenay-Lac St. Jean Depression curve ,,~o assume 

1 
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a northwest orientation 'probably indicating a directional cantrol 

from the northw~st oriented component of the regional fracture 
~ / 

pattern (see p.42 ) of the area. The lineaments (scarps, water t .' 

courses) along the north boundary of the depression show a conspicuous 

en echelon gtrangement indicating that the related fault zone may 

also have a similar arrangement. 

Apart from the longitudinal faults, a less prominent set of 

fransver~,e fa~ts is also present in the depression area. The~.e" 
.... _--

latter faults strike from north to northeast and are probably contro\led 

by the northeast component of the regionai fracturé pattern (see p.42 ) .. 
of the area (Fig. 35). Where they cut PaIeozoic rocks, tpe faults are 

weIl authënticated (nresser 1916, p. 37). But other transverse faults 

are,probably reflected by low, dissected scarps·fhat extend across the 

depression. An example is the north-sou~~'trending scarp, 60 to 120 
> 

m high and 10cated dbout 40 km west of L~c' St.OJean (C1ibbon and 

Bergeron 1962, p.'2). Co~pared with thé,lbngitudinai faults, the 

~rànsverse faultrs appear to be shorter and to have smaIler dis-

placements. 
1 

'\ 

\ 

normlil The fauIts are believed to be mostly of the type bet!ause: 

" 

~~ 1. The observable minor faults in the area are normal faults. 

- Q 

jt C~ambord, the drag ~ssociatdd w~th,the SOU~h' boundary 

fault indicates that in this 10cality at lepst; the fauit 
" 

19 of the normal type. 
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2. The general elevation difference between the • 
depression and adjac~nt highlands is consistent with 

downfaulting corttrolled by gravit y faults. 

3. 'Emplacement of carbonatite complexes su ch as the 

St. Honoré complex, commonly takes place in élose 

space association witb tension-fractu~ed ~ones. 
\) 

Throws in Grenville rocks are probably not determinable but 
~ 

throws in Paleozoic rocks have been estimated in sorne places. A throw 
. . 

(in Paleozoic rocks) of about 150 m, with northside down, has bpén 
" . 

estimated on the south boundary fauit (Clibbon and Bergeron 1963, 

,p. 12). Philpotts (1965, p: 7) ~as reported strike-slip movements , 
, 

Q\~f as much of 1800 m on what appea~. to be th~, eastemmost part 

the north boundary fault zone. 
'; 

Ages of High-angle Faulting 

The chronology of fau1.t movements in thE a'rea is poorly knbwn. 
\ 

The following are the pertinent l~nes of evidence. 

1. 

2. 

Faults that cut the platformal rocks in the area have 

substantial post-Ordovician movements on them. 

The intrusion of the St. Honoré carbonatite compléx 

indicates that a tension-fractured zone existed Jin 

the are a around the beginning of the Cambrian per~od. 4 . ' 
Structure lu -, 

That the phystd~raphic and ~eological charactéristics of the 
~ , 

Saguenay-Lac St~an Depression are ~es~ explained,ss reflecting;à 

, 
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( 
graben-1ike zone of downfaulting was recognized by ear1y worker~, 

(e.g. Wilson 1903; Dresser 1916, p. 46). Over the years, the 

structure under1ying the depression has come ta be accepted as a, 

f 
graben, which as mentioned ear1ier, is referred ta as the Saguenay 

graben (see Kay 1942, p. 641). The baundary fault zones of the 
'" 

depression are abviously the key faults of thi~. graben (Fig. 36); 

, 
the transverse faults can be ascribed ta black adjustments which must 

have accompanied structural subsidence of the main graben zone. 

5 10 
r - , 

tfig. 3(). ~~f'cj i0n .'lCroSS th0 ::l8gu0nay rraly'n. [' nr 10er! t lon (lf ~,h, Üm: nf 
s0ction fi(;(> Fj g. )). Ornamr'lltation: unorip!1 t C'd-Grr·nvi11e cry~ t a11in8 ro('ks; 
orient f.rl-l..arly Pa l"ozoic(tliddl') 'll1ri Urpr r n r rlovici3n) plat fOr;] 0.1 rocks; 
stippling-unconso} id3. tpd Quatc>rnary Siedim.'nt s. 

Although the reality\of the Saguenay graben can hardly be 

doubted, details of its structure are poor1y known. ,. There are indications 
" " , 

~~hat its structure may actually be a complex graben. For instance, a 

roughly rectangular area of the ~aben floor, lying between the Saguenay 

River and Kénogami Lake (See Kénogami Upland in ~ig. 35) has elevations 

, 1 
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systematically higher (about 75 m) than tho~e of the adjacent parts 

of the graben floor. The higher elevations cannot be explained in 

terms of differences in erodibility of bedrock in the area. but are -...., 

adequately explainable in terms of a horst-block (Olibbon and 

" 
Bergeron 1963, p. 13). 

As mentioned earlier, the possible connections between the 

Saguen~y graben faults and the Marginal Segment fault system are 

poorly known. However, because the Saguenay graben and the Marginal 

Segment faults are tensional structures of regional extent, their 

close spatial association in an intersection disposition suggests 

that they are probably connected. 

~ ? Westwards from Lac St. Jean, the boundary faults of the 

Saguenay graben 'fan out. At least, the north boundary fault, appears 
( 

to split into several faults. These faatures are thought ta be parts 

of a splay-out pattern related ta termination of the graben structure • 

. SUMMARY AND CONCLUS IONS 

Since Wilson (1903) speculated that the Saguenay-Lac St. Jean 
/ 

DepreS9i~n is a rift valley, increased geQ10gicai knowledge'of the 

area has led to general acceptance of the rift valley concept and the 

related graben has been referred to as the Saguenay graben. Although 

the possible connections of the Saguenay graben faults and the 

Marginal Segment faul~s are p~o~ly' knbwn, there can be Iittle doubt 

\ 

\ 
\ 

\ 
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that the two fault system are connected, the acute angle between 
o 

them being occupied by the/ Parc des Laurentides massif which appears 

to be a block mountain. 

Downfaulting, along the graben occurred in post-Drdovician 

times, but the existenc~ of an earlier tensional structure is also 
1 

indicated by alkaline-carbonatite activity around the beginning of 
\,~ 

the Cambrian period. -

,. 
""~ 

'~" 
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CHAPTER XIII 

THE OUTER PART OF THE LAURENTIAN CHANNEL 

/ INTRODUCTION 

As men~ioned in Chapter VII, the Laurentian Channel branches 

on the downstream side of Anticosti Island and at this bifurcation 

o the main c~annel bends clockwise through an angle of about 45 ; its 

continuation thence, is referred to in this thesis as the outer part 
~ 

'" A 

of the Laurentian Channel (Fig. 15). This part of t~e channel is 

the most impressive part of the St. Lawrence Valley system. It is 

nearly straight submarine trough, about 500 km long and about 100 km 

wide and for the most part has a U-shaped cross-profile. Depths of 
J('" 

over 400 mare common, with a few elongate depressions descending to 

depths of over 500 m. The deepest depression is in the western part 

of Cabot Strait and has a maximum depth of 535 m. On each side of 

the Strait, land r~ses to an elevation of about 500 m within a short 

distance from the shorelines. Therefore, the total amplitude of the 

topographie low in this area is about 1 km. 

1 As a segment of the St. Lawrence Valley system, the QPter 

part of the Laurentian Channel is unique. It is the only part that 

extends across the Appalachian foldbelt. For the most part, the 

channel appe~rs to be in Permo-Carboniferous sucees sor basin deposits 

and Mesozoic and Tertiary platformal strata (Fig. 37). Acadian and 

older Appalachian structures seem to emerge through cover rocks only 
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where two fault-controlled structural highs cross the chann~l area. 

(Fig. 37). One of them is near the entrance to Cabot Strait 

(Sheridan and Drake, 1968). The other, known as the Scatarie ridge 

(Fig. 37) i8 directly east of Cape Breton Island. 

" The outer part of the L~urentian èhanne1 attracted the 

attention of early workers .(e.g. Spencer 1890). Over the past 80 ' 

years or so four different hypotheses have been advanced to explain 

its origin. These hypotheses are brief1y out1ined and commented on 

in Appendix V. The proponents of these hypothesis advocate two 

basically different views of its origin. 

1. The channel over1ies a structure of regionai 
o 

~xtent (e.g. Gregory 1929). 

2. Tt is an erosional feature with little or no structurœl 

control (e.g. Shepard 1931). 

For sirnplicity these two views will be referred to hereafter as 

"structural" and "arosional" hypotheses respectively. 

In 1966, Kurnarape1i and SaulI (1966a) advocated, a structural 

hypothesis for the origin of the channel. They favoured the view that 

the under1ying structure is a rift zone and that this rift zone is a 

branch of a large rift system, coextensive with the St. Lawrence Rift 

system.~his hypothesis has been crlticized by severa1 workers . 
(Sheridan and Drake 1968; King and MacLean 1970a; Keen 1972) who 

support an "erosional" origin for the channel. The criticisms are 

based 1argely on interpretations of geophysical results. In the 

1 
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discussions to follow, the writer will atternpt to show that the 

geophysical data, as known at the present time, are not fatal to 

the idea of a structural origin, and that a structural origin, has 

certain attractions. 

Gravit y Surveys 

GEOPHYSICAL SURVEYS 
"..;, 

1 <-. 

/ 

Gravit y surveys have been carried out by Loncarevic (1965), 
. 
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Goodacre and Nyland (1966), Loncarevic and Ewing (1967), Goadacre et al. 

(1969), Stephens et al. (1971) and Watts (1972).' A Bouguer gravit y 

map of the area is shown in Figure 38. Sorne of the gravit y trends 

show no deviation of their trends as they cross the channel margin. 

However, several of the larger gravit y anomalies deviate from their 

strong linear trends as they cross the margins of the channel. The 

Orpheus grauity anomaly ("A" in Fig. 38; Loncarevic and Ewing 1967), 

for example, is disrupted at the southeast rnargin of the channel. 

Also, the trend of anomaly marked "B" in Figure 38 changes at the 

southwest margin and terminates at the northeast rnargin (Stephens et al. 

1971~. These disturbances of the gravit y trends indicate that 

Appalachian structures, in crossing the channel, undèrgo sorne change 

which might be brought about by a dislocation. 

~etic Surveys 

Mas-etic surveys over the Q~ter part of the channel have been 

/ 
carried out by Bower ~62), Loncarevic and Ewing (1967), Hood (1967) 

and Watts (1972). A ma~etic map of the ares ia shown in Figure 39 
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It is seen that the magnetic trends (total field) related to the 

Appalachian structures are distorted as they cross the channel 

margine For example, the intense magnetlc high ("A" in Fig. 39), 

presumably related to the pre-Carboniferous meta-volcanics and 

meta-sediments of the Scatarie basement ridge, becomes much less 

pronounced in crossing the southwest wall of the channel. These 

~. 
distortions of the magnetic field cannot be attributed to channel 

" 

topography because the channel wa11s are made up of relatively non

magnetic post-~rboniferous rocks (King and MacLean 1970a,Fig. 6). 
// 

Therefor~"( the rnost viablE! interpretation of the distortions of the 

rnagnetic field is that the normal Appalachian trend6 are in sorne 

way disturbed by a transverse trend along the channel. 

Seismic Refraction Surveys 
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Seismic refraction surveys across the out~r part of the channel 

have been carried out by Press and Beckmann (1954), and by Sheridan 

and Drake (1968). The former workers concluded that their results 

support the presence of a graben-like structure along this part of 

the channel, thus supporting Gregory's (1929) hypothesis. The key 

fault of this stf,u.fture was interpreted to be along the northeast /-/ 

" 
. margin of the channel. Sheridan and Drake .(1968) on the other ha{!d, 

found nO evidence in theJr resul ts to support the existence of a 

large fault as suggested by Press and Beckmann(1954). Furthermore, 

they argued that Press and Beckaann's (1954) resu1ts cou1d be 

revised and reinterpreted to sqoW no large downfau1ting aYong the 
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.. 
northeast margin of the channel. Sheridan and Drake (1968, p. 357) , 
mention, however, that the basement configuration ihdicated by 

seismic evidence along two refraction profiles (their profile 141 

and the ~einterpretation of profile 18 of Pr~s and Beckmann 

be related to a high-angle fauit (Carboniferous or younger) along 

the southeast side of the channel. 

Sheridan and Drake's (1968) work casts doubt on the rea1ity 

of the structural section, across the channel as interpreted by 

Press and Beckmann (1954) but it is not clear whether Sheridan and 

Drake's seismic refraction results are oppos~d to the hypothesis of 

" a regional structure along the channel. On the contrary, the fault 

suspected by them (along the southeast side of the channel) may be 

a part of sucn a structure. The 1ack of èlear cut evidence in the 

refraction results, together with the gravity-magnetic picture as 

known in 1968, led Sheridan and Drake (1968, p. 357) ta conclude 

that~ 

. / 
"there is little exlsting evidence to support the 
presence of a significant southeasterly trending 
structure through Capot Strait~and the Laurentian 
Channel" • 

The ~resent gravity-magnetic picture however, render~ the 

above ~nluSion much less viable. 

Seismic Reflection surveys 
t 

Shallow (depth p:nètrationN 200 m) seismic reflection surveys 
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of the area have been carried out by King and MacLean (1970b) These _ 

) 

t 
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inc1ude two contin~ous cross-profiles (for ldcations see 1-2 and 

6-8, Fig. 37) the results qf which have been the basis (or two 

geological sections across the channel (King and MacLean 1970a, 
\ 

Fig. 6). Along both sections, the pre-Tertiary erosion surfaces 

on Cretaceous and Pennsy1vanian strata are characterised by deep 

valleys which are filled with Tertiary deposits. In section 1-2 

(for location see·Fig. 37), valleys are cut into penn~anian ' 

rocks to depths varying up to 125 m. In section 6-8 (fo\ .,c~tion 

see Fig. 37) one of the val1eys is at 1east 800 ID deep (actua1 depth 
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not known) and it is ap~arertt1y cut into Cretaceous strata and fil1ed 

with ,:!jertiary sediments. Some.\of the se valleys might be carved a10ng 
, 

fault lines but the seismic re~u1ts do not provide an unequivocal" 

answer, mainly because of the shallow depth penetration of the survey 

method. King and MacLe an (1970a) interpreted the paucity of 

conclusive evidence for faulting in their seismic records, in favour 
f , 

of an "erosiKnal" origin (similar ta the one advocated by Shepard 

in 1931) for the outer part of 'the channel. They supported their 

inte~pretation with the same geophysical (gravity~agnetic) arguments 

as used ear1ier by Sheridan and Drake (1968). Because the present 

gravity-magnetic data can be interpreted ta support a Irstructural" 
.- -

orig1n for the channel (Stephen et al. ~97l) it is not clear whether 

King and MacLean's (1970a) seismic reflection results are a challenge 

to a "structural" hypothesis'1; 

King and MacLean (1970b) however, did postu1ate a fauIt along-

( ~\ 
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'" 
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th~ outermost part of the channel (see Fig 37), mainly to account 

for a ,zone of mild deformation that ~hey detècted in the Cretaceous 
, ; . 

strata of the area. They placed this fauit along the nQrtheast 

margin of. the channel (see Flg. 31.,),'. Thus placed, it coincides with 

~ part of the major fault suggested by Press and Beckmann (1954). - . 
Although the fault is assumed to be paralle1 to the\trend of the 

1 channel, IKing and MacLean (1970b) grouped it with the\ eastward 
• 

extension of the FundY 'graben structure through Chedabucto Bay. 

They identifi~d the, continuation of this f~ult with what the writ~~ 

il believes (s~e Kumarapeli and SaulI 1966a, p. 6~3) to be the oceanic 

extension of the Laurentian Channel structure. This suggeated 

oceanic continuation 8Ktends along the south m&rgin of the Grand 

~r Banks and along 'the Southeast Newfoundland Ridge to meet the mid-

Atlantic Ridge in the area of the Azores (Ff~. 40). Along this 

suggested continuation, a fracture zone has been postulated by 
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~ 
, several workers Se.g. Le Pichon 1968; Watson and Johnson 1970) and 

has been called the Newfoundland Fractur~. Zone by Auzende et al. 

(1970). It appears reasonable to assume that the eastward extension 

of the Fundy graben structure from Chedabucto Bay across th~ shelf 

is along the Orpheus gr~vity low "A" in Figure 38:, The anomaly 

probably reflec~s the 10w density sedimentary ~il1 in the fault 
, 

.1 F, "\ 
trough (Lancarevic and Ewing 1967)." However, as mentioned ear1;ler, 

' .. ~ '!r.. ...-

the Orpheus anomâly 'deviat~trom its strong linear trend at the 
" \..' /F 

southéast margin of t~e Laurentian Channel. Within the channel the 

, . fi' 
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gravit y anoma1y assumes a pincer-1ike form*, pernaps suggesting that 

the structure goes in~ aOsplay before dying out. The same conclusion 

oan a1so be reached when the Fundy graben is looked at from a regional 

186 

Fig.I.O. tlnp ~,b0'line; !.lI" noar ~;:,lÏin"3rii,v of th(~ Laurr:ntian :::1-,3.nn'"l, the 
con t inE"ntal mnr~in off-set in ':.h" Grand l-anks area, an~ th,,:: SOùtheast 
Nowfoundland Ridge. 

,. 
~' 

{l 

*The pince't-like farm is clear!y 6e~~1f in the gravit y Ii1IPP of Lancarevic-' 
and Ewing (1967). In the'map pf Stephens ~t al. (1971) reproduced 
ln Figure 38 the cut off of gravit y contours (in the westernmost part 
of the Orpheus anomaly) i8 due to ;Lack of field data •. 

• 

a, 
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point of view. The graben structure divides into two branches at 1 

the northeast end of the Bay of Fundy (in a manner simi1ar ta the 

branching of the, Ottawa graben into the Timiskaming and Nipissing 

grabens). This branching may be the actua1 beginning of a splay 

out pattern re1ated to an impending termination of the structure. 

It is however possible .nd quite likely that the Fundy graben 

faults are refracted on meeting a structure along th~ Laurentian 

o Channel, but it is unlikely that they, after bending through 70 

(to conform with-the channel trend), would continue for any great 

distance let alone as far as the mid-Atlantic Ridge. Thus, to the 

writer, the assumption of King and MacLean (1970b) that the 

Newfoundland Fracture Zone represents the continuation of Fundy 

graben faults through Chedabucto ~Bay, appears ad hoc and artificial, 

whereas to identify the former 'structure with the extension of the 

Laurentian Channel trends seem more natural (see Fig. 40)! ) 

In summary, the existing geophysical evi~ence does not(appear 

to be incompatible with the hypothesis pf a structure, transv 
, 

to the Appalachians, along the present site of the channel. 

hypothesi8 i8 attractive in the co~text of the 

schemes. 

1. The hypothesis of an anticlockwise rotation of 

the Newfoundland arc incorporates the concept that 

transcurrent fau1ting has taken place probably along 

the present site of the channel • 

• r 

\ 

o 

, . 

. • 
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• 2. The branching pattern of the Marginal Segment rift zone 

at the south end of the St. Lawrence Valley is very 

similar ta the branching pattern at the ends of the 

Rhine graben or the Eritrean graben (Fig. 42). In each 

of these latter grabens two similar bifurcations occur 

at either end. If the structures of the Shield and 
,. J 

Marginal Segments do combine ta form a large graben 

system, then symmetry considerations necessitate, in 

addition to the Esquiman Channel structure, another branch 

structure somewhere along the site of the outer part of the 

Laurentian Channel. It was partly on this basis that a 

c branch structure of the St. Lawrence Rift syste~ was 

postulated along the outer part of the Laurentian Channel 

(Kumarapeli,and Sa~ll 1966a). , 
Those who favour the ~pothesis of 

". 
a rotation of Newfoundland, .. 

suggest tnat as much as 300 km of pre-Carboniferous transcurrent 

movements may have taken place along the site of the channel (King 

1951, p. 91). Although sorne of the geophysical anomalies (gravit y , 

'" magnétic) are distorted as they cross the channel margins (see Figs. 

38, 39) the overa11 geophysica1 picture dpes not support the hypothesis 
• 

of substantial lateral offsets of the pre-Carboniferous structures. 

For example, the gravit y and magnetiG anomalies, presumably related to 

the two' basement ridges (Fig. 37) show little or no lateral offsets 

as they cross the margins of the channel. 

r. • 
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• The evo1ution of a structure along the channel will be 

discussed 1ater (see Chapter XV) within the framework of the 

evo1ution of the ~t. Lawrence Rift system. According to this 

scheme, the structure is envisaged as a relict fracture zone, in-

herited from a rif"t (graben?) which cut across the site of the 

Appa1achian geosync1ine during its ear1y deve10pment. Such a 

structure could conceivably produce the distortions of sorne of the 

gravit y and magnetic anomalies as they cross the channel. Post-

Triassic movements on it may have disrupted the Fundy graben structure 

and its sedimentary fil~ causing the distortions of the Orpheus 

gravit y 10w at the southwest margin of the channel. The postulated 

fracture zone is compatible with the following features of the 

region. 

1. The fracture zo~e i8 paraI leI to one of the dominant 

direction~' of faulting in Nova Scotia and in the 

• 
adjacent shelf (Cameron 1956). 

}" It is parallel to a magnetic trend of regional extent 

(reflecting a deep fault?) through 

Island (Battacharyya and Raychaudhuri 1967). 

3. The p08tulated fracture zone and the Newfound 

fracture zoneiare nearly collinear (Fig. 40) 

suggesting that they may be parts of a continuous 

·structure. 

• " .. 
• J 

• 1 

..... 
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SUMMARY AND CONCLUSIONS 

The outer part of~the Laurentian Channel is topographically 

the,most impressive part of the St. Lawrence Valley System. The 

question whether it i8 underlain by a regional structure (transverse 

to the Appalachian trend) or not, has been disputed for over 40 years 

and is still an issue of dispute. Much of the av~1~b1e evidence is 

equivocal on the quéstiorr, although the latest grà~ity-magnetic' 

data seem to indicate the presence of a structure. The hypothesis 

of a structure is geologically attractive in the contexts regional 

geology and symmetry Iconsiderations of the high-angle fault pattern 

of the St. Lawrence Valley system. The postulated structure is 

assumed to be a re1ict fracture zone inherited from a rift (graben?) 

which cut across the site of the Appa1achian geosyncline during its 

ear1y deve1opment. This fracture zone may be in an unhealea state, 

to a greater or lesser dégree, at the present time. 

) 
; 
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CHAPT ER XIV: THE CONCEPT OF A 

ST. LAWRENCE RIFT SYSTEM 

GENERAL STATEMENT 

The geological characteristicS of the various topographic 

depressions that make up the St. Lawrence Valley system are described 
.... 0 

in Chapter IV through to XIII. In these descriptions the main emphases 

were on (a) the structures that underlie or are presumed to underlie 

the depressions (b) magmat~c products that appear to be related to the 

structures. The main characteristics of these structures including 

their ages are summarized in Table 1. Also included in Table r 

are the tectonic Interpretations given to the structures by various 

workers. The following generalizations can be made regarding these 

structures. 

VU·· 

1. The Shield Segments are underlain by grabens. In Segment 

A there is a main graben (the Ottawa graben) and two 
f 

minor branch grabens (the Nipissing and Timiskaming 

grab~ns). Together they extend for a total length of 

over 600 km. The Segment B graben (the Saguenay graben) 

is about 300 km long. 

2. A considerable part of the Marginal Segment is water 

covered and the geology of these areas is poo~y known. 

~neralizing from areas of better known geology, it 

appears that two structural belts can be recognized. 
• 

One ia largely restricted to the narrow strip of platform 
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TABlE 1 ST. LAWRENCE VAlLEY mlEl~: STRUCTURE AND nCTOIIIC IHTUPRETATIOI 

\ 

MAJOR Sua-
REFERENCE APPROXlK'TE IWIGE Il 

SECTlOll PIIGES OF lENGTlI WIIJTH 
DIY/SIQI TlIIS PAPER IN KIl IN QI 

STRUCTIJR( 

!llod: fl.l:.Y. .-,j à....",.-:x: .. e<j by pllY of moy_nu 011 
hlq'l-i"glt 'l.l:s CZ'Slstlng malnl)' of llIIljor set of 

ST. LAIIRfNCE VAllEl 
10ngltu:".1 'l. ~:s a">.1 two minor sels of obllque faults, 

«-67 450 2S-/00 The hylts 1:~~H b be ro5tly of the nomal type. ex-
cept for cr~ • 'l..~ ~.t"e huIt Ind posslbly l>Dre 011 
the eut sl;~ :1 t."e •• ,ley, On thh slde the hlgl\-
angle h.l:s c; :ull ISSOClated with eut·dlpplng thruJ\ 
flu'ts. 

Bloct fI.l:~ l'~ s:rJcturally depressed by play of 
IIlYe:-.ef\t.S c~ ". ; .... ·,le hults whlch tin br grouped Into 

175 Hl .. 70 
1 rAJor set c' i~';1t.Jdtnal hults and 1 .Inor set of 

CIWIl'LAIN YAlLEY 68-80 transvnse I •• ~t.s. fa.IU on the western part of the 
Villey Pr:~~~~1 .re IXlrr.al hults. ln the tlstenl 
part. reari''; ~"e ~:;.alach1lns, nol'lNll. hlgh-lng'. 
reverse a-c etH dlp~in'il thrust hults occur ln C'OSI 

l'iARGIIIAl a550<:1ltlo .... 

SEIil'lItT 't 
Evi<l<!"<:e fr:.a c:.stal ~lt.s indlClte that the 1~1l h 
structurali, :~;'~5s~d, r.alnly by movtmenU on 1 set 
of lor,;\t_~'·.li '.;"-a".'e fAUltS. On the Newfound-
land sl:!t. ~ .. oe t:,s~al belt cut br steeply northwest 

ESQUll'M CHANIfEl AAEA 81-97 500 40-250 dlçplrg tn .",r:l :.1 r,~r-.al faults and steeply soutl\-
~ast dl~;'''Ç ~ .retlCal hlgh .. angle reverse faults. 
The n.llr:l': c:~s~~1 ~eltco"talns normal faults 
(dc-.... cn:;;~ !::> ~' ... sCJt-east) and other longltudln.1 
nl .. h-~-.ie 'l,::S Gf ,,'>Certain type. So"-! of the 1 

h tter f •• i:.s t;;.Hr b t.a V~ tr.nscurrent IIllverent. 
of lus t".L'l 1 I::L 

Strvct~re ...-ce,.... .... in. The arel for the mst part 
waur co.!"?~. LH;e hlç"-angle fau1 ts with soutll 
side dcv:"~ l'\..-..-1 fro:! Anticosti ls11nd, EY1-

IH'IER PART OF Tl« ~nc!! of nc'Ti11 flJ1ti09 .aralltl to the channel 1" 

U.URfNT1AN CHANNEl 9S-104 800 lS-(5(J tlle Set Is;~ aO"H, ,,,",,se pieus of evldence. COli-
side.,,-j t.;;,,:-er .,t~ the physlographlc and tectonlc 
settlng Of : .. ~ Qa--el. lend some Justification 10 
thlnl< t'.t t~ St la_renCf Valley Ind üqulllln 
Chanrel aru h~1ts 'U.l he continuou, through the 
chaTlM1. 

Blod-faJl~~ t-.d structural1y downdropped by play of 
lO~(R OTTAWA VAlUY 105-1\1 125 75 IIOVE!"'~~ts cr ~..o sets of hl gt>-angle faults: 1 !1Iljor 

set of lC"Çlt~~lr .. 1 hults and 1 set of oblique flults. 
Faul ts I;;~U t.o boe of the normal type. 

Block .... ·:@o~ .':1 strJctJra11y downdropp~d by plly Of 

UPPER OTTAWA VAllET 113-l~ 275 i JO..60 
roVEO:e"ts D'\ ~ sets of htgh-angh flults: 1 Blljor 
set af l:"i':"~1f.A1 fau1ts and a mlnar s~t of trlns-
vern fl.l:.s, F'Jlts ';;;l4!ir to be of the no,.,.l 
t~. 

SHIElD St.e~l, :;x<-' •• ;ted an~ possibly structura11y cIown-
dro;:-~. .!,;:!arJ to ~ the continuation of the 

SEGM1:NT lI';per Ct~.l H'1el structure. Faul ts Cln he grouped 
NIPISSIHG [)[PRfSSIOlI 135-149 >200 2S-')100 Into a le';l!":l'al set and a transverse set. SOIIII 

A of tl'~ fa. ~ ts l;;ear to utend as 'ar as the North 
Ch;ar"~l of Loke H.lron but they posslbl, tell1\lNu fil 
thfs arN, 

Stn><:t-~rtl1, o..~;;:ed by play of mo.enents on hlgh-
angh f •• l:.s t:-:sts'tin; af a II1Ijor set af longitudinal 1 

taul:.s ,,~f:.': fan o.t rort",,"estwards and 1 lllinor set 1 

TlMISKA.'-lING DepRESSION 150-161 > 225 2->100 
of t .... -S'!r'5e f!.Jlts. Faults Pl'llblbl, of the normal \ 
ty;oe.. ~e 1~lt.~lna1 hu'U mal be connecttd witt! 
tte C!tz., Tl ~ 'luIts. They appur to utend for i 

a éi sta-c~ ,,, C\"ff' 100 bi beyond the north tlp of . 
late Thr1stui"i. p 

i 
StnJ-:t ...... 'IIJ ::;.. ..... -:rc~;:e:fl;:y plly DT move'-.~u on n~9n-

SHIUO an,ll! f •• l:s ~-slstlng of • Njor set of 10n91tllllllll' 

SAGUENAY-LAC ST. JEAII flults .. ~lc.'l c.rve Ind fan out nortlntestllards .nd • r 
SE&.'1E1fT 162-115 ~300 10 >'00 

.Inor set of trios_erse hulU. Faul ts probabl, of r. 
()EPRESSIOII the IlOMIolI t;>-;:>e. Th longitudln.1 faul ts are poss tbly a' 

1 corr:~tl!d .1 t~ the St, la..-renct Vallf' flults. They c. 
Ip;lHr tg ttrllll1lte a:,out 75 lcII northwl!st of lie St. 
JIu.. 

OUTER PART OF TH[ 
176-18t 500 

Evl~ce ec;~h·oc.l 15 to whethtr tht Channtl h und.,... 
\1 95 1.ln b, • struct:lrt or not. Hypothtsls of • structure 

LAUllENTlAII ClfANMEl geologie.lly .tUtetiR. 
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_'~lstln9 malnly of. major $et of 
~'1 t..o /Olnor sets of oblique fnlll. 

'J ~ n)stly of the nomtl type, U
N,ene fault and posslbly more 011 

., YA 11 ey. On thls slde the h1gl1-
,1 assocuted wfth ust-dippln9 thr~st 

,:rJct~rAlly deprused by pl.y of 
',; e faults wh le h can bt grouped 1 nto 

'. t.11 ral hults and. mlnor set of 
fa" 1 u on the wes tem part of the 
r~r-~l hults_ ln the tlsteM! 

":.!lachian., nol'1Tlll, hlgtt-lng1e 
• ;>H',. thru~t faul ts occur ln cloSt 

al t>elts Indlcate thlt the are. h 
• ~1. r.alnly by IOOvements on a set 
--a'.le fauHs. On the NNfound
:. 1 ~ 1t cut by 5 teep ly northwest 
• : r-.a 1 faults and steeply soutll

'_1:.1 'ngh-angle n!verse hults. 
" :~1:. (D1tains oorlll.!l faults 
. s: J~"ea.tl and other longitudinal 
-' _-.certain type. Solre of the 

ta t.a ,e transcurrent II'Ovenents 

POe area for the II'Ost part 
;e ",;~-angle hults w1th soutJt 

.• .., fro:l "nHcostf Island. EYi

.Itirg parallel to the chAMel ln 
7~se pieces of evldence. cao

. ~ t .. e Ohy. iographi c and t~tonlc 
"el, 1 end SOJre justfflCltion to 
',.renet! Valley and Esqulll4n 

, rÀ:/ be cont inuolis through the 

\: ru= t J ra 11 y do..",dropped by 
:5 of hlgh-angle faults: 1 lIIjor 

, hults and a set of oblique faults. 
, of t~ nol'1llll1 typt. 

":-;e-:l :'y plly of l'lOverents on hlgh
;:ln. of a major ut of longitudinal 
": rort~estward5 Ind 1 IIlnor set 
:s. Faults probably of the normal 
~"al faults may he conntcted wfth 
'!Jl ts. They appear to extend for 
1 Xl "'" beyond tlle north tlp of 

.1n~ of a, set of longftu411111 
è-,:! hn Out northwestltards Ind • 
ers!! faults. Faul ts probably of 
-e longitudinal faults Ire posslbl, 
St. La .. rence Valley flults. They 
a~ut 7S km northwest of lac St. 

to whether the Is 
Hypothesls of 1 structure 

, 

AGES OF HIG.K NlGlE FAIJ..TIIIIi 

Faults ln the two .~as fOI11l 1 contlnuou, hult systa. 
Evidence for post-Ordovlclln roovements tonclusiv •• 
Ilhat appears to be ancestral faul ts lI1.!y have existed ht 
the Cambrien or tarHer. The post-Ordoylclan nJOytlll!nts 
may have taken place ln the mld-I'lesozolc. synchronously 
wl th the Montereglan Igneeus Ict Ivi tJ. 

Evidence for post-Ordovldan mvenents conclusive. Seme 
hults cut roc~s as young as Carbonlferous. Possible an 
cestrll faul ts appear to have orlgfnated about 800 •• y • 
ago synchronously ... Ith the emplacerrent of dlabase <lU. 
sWlnns, and eruption of flood baults ln the Stralt of 
Belle Isle are •. 

Taults on Anticosti Ishnd cut mlddle Silurian rocks 
.nd thos~ tn Sept (sles ana cut 0l1ddle OrdovfcfM -
rocks. 

raults 1 n the three areas fom 1 contlnuous f.lllt 
system. llay have originated ln the Hadrynlan. 
synchronous 1 y wlth the enp lacement of the Grenville 
dlke 5"'lnn_ Cvnclus Ive t!yldence for post-Ord;)vfclln 
(mfd-l1esozolc?) movements ln Looer and Upper Otta"" 
Valleys. Several Paleozoic eptsodes of Ilhl1n, .nd 
alka1fn~-carbonatlte magrnatlsm, Inc:1uding one major 
eplsode ln Lake Niplsslng arta, Indlcate relCtlvltlons 
of faulU. posstbly of IOCll e.tant. 

Co"cluslve evldence for post-mlddle Sl1urfan II'Ovelll!nts 
on one major faull of the longitudinal tault systello 
but the,e post-lI1lddle Silurian faults may have takltl 
place on the other faults as weil. Tht age of ont of 
tlto kllfberl1te dlke occurrences assochted wltJt u. 
fault systetl suggest th.t sorne Il least of the post
SOurian movemenls ma, have hken phce fn .1d
~sozolc. Ancestral flults lppear ta haVI ex1ste4l 

[vldtne, for post-Ordovfclen lI10Vemtnts conclusi ... 
E'Tller movements Indlc.ted b, the close spaat 
ISsoclatlon of faults wlth one known alhl1.
carbonltlte c~ltl dated at lbout 56S •• y. 

.. -
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HtTOIIIC lHlERPRETAllOllS 

\ 

A rift zone - l'.Irglnal Seg~nt Rift Zone - whlch lit 
Soo.! areas hls • graben-l ike cross sectlOft • 

Source: This paper-
Also Kur>arapell and Sault 19661. 

Gr.bens. I:orronly asyrnetrlcal and brlllching f. 
the tise of Se.;'1!nt A Il r.bens. 

SouTces: III han 19i1] 
Klndle I/ld Surl1ng 1915 
Kay 1941 
11115011 1959 
Lovell and Ca1n. 191Z 
Aiso this paper Ind Kur.ara;>ell II1d Sauli 19661. 

l'ngfnll Segnent ri ft zone wlth the Nevfoundland 
Fncture l>3ne. SO\lr~:ThIs ,.pu and ~ .. apl1t ;) 



• 

• 

and consists mainly of a belt downfaulted on 

longitudinal normal faul ts. Cross sections of this 

belt vary. In the Champlain Valley area the cross 

sec tion appears to be that of a complex graben; in 

the St. Lawrence valley and on Anticosti Island a 

series of longitudinal crustal blocks downdroppea 

away from the shield margin; and in the southwest 

part of the Strait of Belle Isle, a graben. This 

downfaulted belt. containing mainly dislocations of 

tensional origin, will be hereafter referred as the 

Marginal Segment Rift Zone. The feature is about 

......wOO km long and has a sigmoid shape. The other 

structural belt of the Marginal Segment lies innnediately 

• 
to the south and east of the Marginal Segment Rift Zone 

and in sorne areas straddles the north and west boundaries 

of Logan's Zone. In this belt normal faults, high-angle 

reverse faults and low-angle thrust faults occur in 

close association. The age relations of the different 

types of faults are poorly known. The high-angle reverse 

faults and the thrust faults dip towards the Appalachian 

foldbelt and appear to be structural elements created as 

part of orogeny in the Appalachian geosyncline. 

3. In many parts of the Shield and Marginal Segments there 
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ls cQnclusive evidence for post-Ordovician normal faulting 

, 



• 

• () 

1 
and substantial structural subsidence (including post-. 

i Silurian movements in the Timiskaming Depression and " 

on Anticosti Island, and post-Carboniferous movements 

in parts of the Esqbiman Channel Area). There are 

a1so numerous inpicat~ns that the post-Ordovician 

tensional structures were superimposed on older 

structures, presurnably also of tensional origine 

Therefore, with regard to ages, it is convenient to 

divide the St. Lawrence Valley system structures into 

two age groups (i) post-Drdovician structures 

(ii) ancestral structures. 
1 

4. Evidence i8 equivocal as to whether the outer part of 

the Laurentian Channel is underlain by a structure. 

The hypothe8is that it i8 underlain by a fracture zone 
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(of uncertain type), 1inking the Marginal Rift Segment Zone 

with the Newfoundland Fracture Zone, ls attractive in 

the contexts of regional geology and symmetry considera-

tians of the St. Lawrence Valley system structures. 

The Shield Segment'A grabens and the Margin&! Segment Rift Zone 

are connected. A con~tion between the Shield Segment B (Saguenay) 

graben and the Marginal Segment Rift Zone ia very probable. Now, if 

we assume that the Shield Segment grabens and the ~rginal Segment 

Rift Zone are parts .of a single structure an interesting pattern emerges • 
. 

The pattern (Fig. 41)elosely resemblès the branching pattern of a large 
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continental rift system such as the Rhine graben. The similarity of 

patterns becomes complete if we include in the St. Lawrence pattern 

a branch structure along the outer part of the Laurentian Channel. 

For this pattern, which at least in part is underlain by rift 

structures, the name St. Lawrence Rift system is proposed (Kumarapeli 

and SaulI 1966a). By analogy with large continental rift systems 
" 

(see Fig. 42), the trunk rift'-zoné of the St. Lawrence system appears ta 

be the Marginal Segment Rift Zone along the St. Lawrence Valley and along 

the inner part of the Laurentian Channel (Fig. 41). In the following 
\, 

sections, the various characteristics of the St. Lawrence Rift 

system are compared with those of the three classical rift systems 

in East African,the Rhine and the Baikal regions. 

If a comparison of the St. L~wrence Rift system with other 

large continental rifts is to be seen in correct perspective the 
~ 

following points must" be taken into account. The St. Lawrence Rift 

system is an inactive structure except possibly for mild seismic 

~ strain release. The present d~y tectonic stre~ses in the St. Lawrence 

Region appear ta be horizontal compressional rather than tensional 

(Voight, 1969). There is no evidence that the rift system was active 

(in the sense of the qenozoic activity of the'classical rift systems) 

~ 
in the Cenozoic; the latest episode of magmatism along it took place 

in the Cretaceous (Monteregian magmatism). In cbntrast, the three 

classical rift systems of the world are active systems characterized 

~y Cenozoic tectonism and volcanfsm (Beloussov 1969) • " 
t,,, 
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Fig.41. The rift zones of the St.Lawrence system. 
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POSSIBLE RELATION TD A CRÛSTAL UPWARP 

Grabens are general1y located in cresta1 regions of upwarps 

(Cloos 1939). For example, small but well-defined grabens occU'r <,along 

crests of some anticlines and ln aval uplifts related ta diapiric 
, 

intrusions of salt. Graben structures also occur along axes of up-

warped fold moun~ain belts Ce.g. in the Appalachians; Bain 1957~ and 

along the crestal regions of mid-Oceanic rises (Heezen 1960) • 

. Similarly, large continental rift systems also traverse crustal 

,l'!'' 

o '" 

swells or upwarps, many thousands of square kilometers in area. 

For iastance, the northe~ part of the East African Rift system 

(sometimes calleQ,the Eritrean grabên system) i8 set in a vast crustaI 

swell about 2000 \km wide (Fig. 42B). It exposes a crysta~e 
Precambrian core which is surrounded by Mesozoic and younger sedi-

mentary'~ks. The central part,of the upwarp forms a plateau at 
: I~. ~ 

an altitude of 2 ta 3 km. The altitude in the peripheral areas ls 

about l km. The maximum stunctural uplift of the Precambrian basement 

is estimated at 5 km (Be1ou9sov 1969). The upwarp i9 be1ieved to have 

formed in late Eocene, Just before the grab~ns began ta develop (Mohr 

1961 in Be1oussov 1969). Similar upwarps a1so form the habitats of 

the East African Rift system pro~er, and of th~hine and Baïkal Rift 

system (Beloussov 1962, pp. 583-584). Largely as a result of this 

distinctive ~etting, the rims df many grabens are higher than the 
, ...... ft 

adjacent high1ands. However, some_~bens especially those at the 

ends of rift systems (e.g. Gulf of Suez, Gulf of Aquaba, Roer and., 

o 

\ , 
') 

1,/ 



a 

• 

, 1 

198 

~~~--, 
/~ ~' 

.. 
( 

-- ---- / -" " --- -- \ /' 
" " \ 

\ \ 

\ 
1 1 

1 

\ 1 1 ( 
\ ( 

\ 
( ;., / 

1 \ \ 
\ / 

1 i' / \ 
J 1 

/ 1 
1 

/ 1 , 
1 

( 
, 

( 

1 

/ 1 

1 

! 1 1 

\ 1 1 

\ \,~\:/ 
~ " ' _.-" 

B 
. , 

c 
Fif'./,2. f'j<lf'r'lll1 i 1111,' t'r, , inf( th, ,;;l1Ii j'tri':, 1)1' f~r'd'. Tl FI" (l'li' (A)Hhin' r,rnlll·n 
(H)Kritrean grabfm (C);~',.LRwr"nn( Hif'! ~.~.:I"m (l')!'IW~'\lr" 1'3,11, l'n., in an 0val 
llrliP c'xp<:'1'il'l"I1'qll:: rr0dl1'" 1 t,v- iLY.G::..)v::.id~·. In (A) Rrl'i (p; nl' :,hn\Yn 
schematic structnral 'contours ,of the I:.ritrean and Rhenis!: upwarps. Th~ Eritrean 
graben i8 5h0\.11'1 at nearly one-tenth and the St. Lawrence Rift system nearly one-

sixth the scale oC the Rhine gra~en. 
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1 
Ruhr Valley grabens) do not have elevated rims (Freund 1966, p. 330). 

A crustal sweJ,l simi1ar to those that form the habitats of 

the classical rift systems cannot be discerned in the St. Lawrence 

Region. If such a feature did exist duri~ the early development of 
, 

the rift system, and has sinee been 10st by erosion, then by ana10gy 
1 

with the situation in other areas, the crustal swell may have been 

r : e11iptical in outline with the trunk rift zone along lts long axis 

and about a half of the crustal swel1 wou1d have been on the Shie1d 

Re~ion and the rest on what is now the Appalachian Region. There 

are, in fact, sorne featu~es of the Shie1d Region that are compatible 

with the concept of a deeply eroded crustal swell as specu1ated above. 

1. The Shield Region has undergone exceptional1y deep 

erosion. Grenville rocks that formed in a catazona1 

environment, p05sib1y at depths of 15 to 20 km 

(Wynne-Edwards 1972, p. 322), are now exposed. In 

fact, the Grenville Province (which ls almost co-

extensive with the Shie1d Region) despite being the 

youngest structural province of the Canadian Shie1d 

is the IDost deeply eroded. It is suggested that this 

unuBual11y deep erosion was probab1y linked with crusta1 

upwar~ng in the St. Lawrence Region. 

2. The deep drainage 1ines (of the Shield Region) which 

appeàr to be fracture contr011ed (see p.42) forro a 

rat?er distinctive pattern resembling the latera1 

fracture pattern that deve10ps on an ova1 up1ift 
, 

(compare Fig. 42D 'With Fig. 43). 

.. 
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3. In the Shield Region, the main rivers are deeply 

entrenched and have their sources to the north of 

the present height of land but flow southwards 

through canyons and gorges, against the regional 

slope 
• 

These 

for considerable distances (Appendix II). , 
features can be satisfactor.i1y explained 

by assuming that the streams originated as vigorous 

consequent streams on lateral fracture zones ~,.$he 
.. ' , 

north scarp of the trunk rift valley and they later 

extended (also alang lateral ~acture zones) ahead 

of the height of land by headward erosion. 

" What appear to be the resurrected parts of the eroded crustal $well, 

are the block mountains in the Parc des Laurentides, Adirondacks and 

Madawaska Highlands areas. It ls interesting to noté that the 

uplifted blocks in these arèas are tilted away from their bordering 

depressions giving the depressions elevated edges. 

Apparently, the deep valleys were establish~d and structure 

adjusted in pre-Ordovician times (Ambrose 1964) and the deep erosion 
.' .... 

• J 

.' 
of the Grenville Province to -tiré catazone was complete about 800 m. y. 

ago (Wynne Edwards, 1972, p. 322). Ther~fore, if a crustal swel1 did 

exist, it may have been related to the ancestral structures (see p.194) 

rather than ta post-Ordo~ician rifting. It ls possible that the 

presumably skeletal resurrections of the crustal swell in the Parc , 
des Laurentides, Adirondacks and Madawaska Highlands areas are related 

ta post-Ordovician rifting. 

\ 
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The classical rift systems produce rather distinetive patterns 

on continental plates. These patterns are remarkably similar, de-

monstrating perhaps, the similarity of mechanical factors related to 

their formation. This similarity seems to be virtually independent .. 
of the scale of the patterns. For.example, Figure 42 shows the 

resemblance between the Eritrean and Rhine grabens, although the former 

is about ten times the size of the latter. The patterns are similar 

to the fracture patterns experimentally produced by M.V. Gz~vsS3y 
(in Beloussov 1962) on a mode1 of an oval uplift (Fig. 41D). The 

longitudin"l fractures are the first ta form, followed by laterai 

fractures. Where the uplift plunges, the 'longitudinal fracture system 

splits into two branches. As seen from Figure 42C, the pattern of 

the ~t. Lawrence Rift system is similar to the pattern produced by 

Gzovskiy. The longitudinal fractures are represented by the Marginal 

Segment Rift Zone along the St. Lawrence Valley and the inner part 

of the Laurentian channel;the lateral fractures by the Saguenal graben 

and the pos\ible fractures along deep drainage lines of the Shield 

Region (Fi~. 43); thf ~ain bifurcations of longitudinal fractures are 
\ ' .,. 

~presented by the splitting of the Marginal Segment Rift Zone at the 

south end of the St. Lawrence Valley and east of Anticosti Island. 

The branching pattern of the St. Lawrence Valley fault.system 

with the Ottawa and Champlain Valley faults resembles closely the 

fracture pattern produced by Cloos (1939)jby swelling and aval shaped 
1 
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Fig.44. Fractllre pat1 el'll experiment aJ.1Y producpù by C100s (1939) 
by :,'v/pllj ng anr-:,lwal-shapen hot waLer 'bottle coat.erl "ri th moi~t clay 
(upper dingrarn) cOTTipnt'pd wjth Lhe fault paU,,'rn al, the souf.h end 
of the St. Lawrnnc8 Vallpy. 
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Fig • .'~5~. Hooden blocks fl(.ating in '..Ja'''r ~,' illll~\r~,'·

the for.na l.ion of a rift vall'3y 'and tLc:l concpq'J':;nt i il' ing 
of the marginal blocks (after Taber 19~7). 

Fig.!~5B. Experimental graben produced in a ca~'3 of clay 
arched over a balloon (after Hans Cloos 1?39). 
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hot water bott1e coated with moist clay (Fig. 44). Thise close 

resemblance is compelling evidence that the Marginal Segment Rift 

Zone and the Shield Segment A graben system are casually related. 

DIMENSIONS 

Width 

The rift zones Ipf the thre~ classical areas are sirnilar in 
",' 't , l 1 

Generally, the widths range from about 35 to 60 km. These width. 

~f'widths are of the same arder of magnitude as the thickness of the 

continental crust, a relationship also b~ht out in the model 

experirnents of Cloos (1939). Ta explain this relationship, 

205 

Holmes (1964, p. 1061) advanced the simple theory that when the crust 

is bent slowly, it generally cracks into pieces having average width 
• 

about the same as its own thickness. Because of the wedge shape of 

the c~ustal blacks, however, the width at the surface would be some-

what greater than the thickness of the crust. 

" 
Taber's (1927) model of tlfloating blockstl (Fig. 45A) was 

one of the earliest adopted for, eXPtaining the various 

grabens. Despite its many 8rawbacks (see Freund 1966, 
, 

features of 

p. 333) lt 

is still widely used, especially by geophysicists (for example 

see Girdler 1964, p. 720). Adopting this mode1, Vening Meinesz 

(1959, in Freund 1966, p. 333) computed that for a crust 35 km thick, 

the surface width of a graben should be about 65 km • 

Î 
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, 
Table II shows the similarity of widths between some weIl 

'known continental grabens and the various parts of the St. Lawrence~ 

Rift system. 'j 

Table II·: Widths of Continental Rifts 

,. 

Rift Widths - km 
<: 

~ 

~ 

Gulf of Aquaba / 50 
l 

Dead Sea 35 

Gulf of Suez ' . 35 

East African (connnon) 30 

Rhine 
\, 

40 

Baikal 50 1 ,-' 

Ottawa graben .... \ . .. 
Lower Ottawa Vallèy 60 

Upper Ottawa Valley 55 

Niplssing graben .. 30 

Timiskaming graben 30 

Saguenay graben 55 

Marginal Segment Rift Zone 

St. Lawrence Valley 30 ? 

Champlain Valley 357 

Esquiman Channel 150 ? 

Data on .the East African, Rhine and Baikal rifts are from Belous8ov 
(1969). ~~Th~ parts of the St. Lawrence Rift sones listed in the 
Table LI vary in wldth. In genera! they are wider at one end and 
narrow grad~lly towards the other end. The vaiu~e glven ariithose 
of the med~al sections. The width of the Marg nal Segment ft 
Zone is uncertaln. 

\ 
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Length \ 

The exact lateral extent of the three classical rift zones i9 

imper~ectly known. Near the end of an individual graben, its main 

" 
faults usuaIIy split into several divergent smailer faults - the so-

called "splays". The graben structure itself becomes wider and 

shallower and its topographie expression becomes indistinct. The 
1 
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rift faults May, however, "continue beyonè this area, for a considerable 

" distance before dyi,ij,g out. Even excluding such possible continuations, 

the Iateral extent of the large continental rift systems is impressive. 

For exampIe, the East African Rift system, the largest of the 

continental rifts, extends from the Turkish-Syrian border on the north, 

ta the lower course of the Zambesi River on the south, a distance of 

over 6500 km. The Baikal rift zone is shorter, yet it extends for 

a distance of about 2500-3000 km (F1orensov 1966, p. 175) from north-

western Mongolia to South Yakutia. The Mittelmeer-Mjoesen Zone, as 

'envisaged by Hans Stille (see Bederke 1966, p. 214) is a180 about 

2000 km long; its better known parts, the Rhine and Oslo grabens are 

each about 300 km long. 

The termination of rift structures of the St. Lawrence Valley 

8ys,tem are a180 poorly known. For exampIe, ft i8 not certain where 

the Timiskaming graben faults terminate. They may'continue several 

• tens of kilometers beyond the northern Iimit of the depre8sion (see 

Lovell and Caine 1970; }'arkinson 1962l.,rp. 95). 
" 

t" 't 

Also, the Nipfss,in,g .,' 

graben faults appear to ex tend into the north channel of Lake Huron 

(see p. 14n but where they terminate i8 conjectural. The postulated 
'-, .,.. 
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branch the outer part of the Laurentian Channel might 

be continuous with the Newfoundland Fracture Zone (see Le Pichon 

and' Fox 1971), which can be traced as far as the mid-Atlantic ridge. 

Excluding the se possible extensions, the St. Lawrence Rift system as 

measured from the nor~h end of the Tirniskaming Depression to the 

northeast end of the Esquiman Channel Area i5 about 2200 km long. 

GEOMORPHIC FEATURES 

General Features 
o 

Topographically, the rtft zones of the classical areas are 

commonly reflected as deep broad valleys with steep edges. A chain .... 
of lakes rnay sometimes occupY the valley ~loor. The bottoms of some 

of the lakes are weIl below sea level. For exarnple, the bottom of 

take Tanganyika is about 650 rn below sea level. Elsewhere, the valley 

floors for the Most part are fIat and are remarkably even. This 

evenness is commonly due to sedimentation in former!y exten~ive lakes 

rnasking the irregularities on bedrock. The most common interruptions 

of the plain-like topography of the valley floors are longitudinal 

asymmetrical ridges reflecting uptilted edges of subsidiary fault 

blacks, block mountains of various shapes and land forms of igneous 

origin. 

Compared with rift valleys of the three classical area~, those 

of the St. Lawrence System are shallower and often poorly defined. 
a 

These differences can be attrihuted to a comhination of long inactivity 

and deeper erosion of the rift' zones. Four large lakes: Timiskaming, 

A • 

• 11 
J 

Î. 
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• Nipissing, Champlain and St. Jean occupy parts of the St. Lawrence 

Valley system. The bottom of Lake Champlaip lies about 100 m belo~, 

sea~level;the other lakes have their bottorns slightly above sea-

level. Mention should be made here, that immediately after the 

Wisconsin glaciation, mu ch of the now emerged parts of the St. Lawrence 

Valley system were occupied by the transient Champlain Sea. It lasted 

~ 

for about 1500 years and gave way t~ a lacustrine phase (mainly in 

the St. Lawrehce Valley) which also was short-lived (Elson 1969). 

Large parts of the St. Lawrence and Lower Ottawa Valley floors 

are nearly fIat plains that are part1y a reflection of the near 

horizonta1ity of the bedrock strata and partly due to masking of 

bedrock irregularities by Champlain S ea sediments. The' flat terraces 

around Lake Champlain and Lac St. Jean show former lake levels. 

Positive topographic features of tectonic and igneous origin can be 

found in the following areas of ,the St. Lawrencé Valley system: 
o 

asymmetrical longitudinal ridges in the Upper Ottawa Valley (the 

Muskrat, Doré, Eganville, Shamrock and Pakenham scarps; see p. 

of this thesis); block mountains in the southwestern pa~t of the 

,4. St. Law?ence Valley and the adjacent areas of the Lower Ottawa Valley 

(Oka and Rigaud Mountains, St. André Hi1ls); hi11s re1ated to igneous 

intrusions in the southern part of the St. Lawrence VaLJ.ey (Mon'teregian 

Hi11s) • 

Fault Lin~ Scarps 

fault line scarps, especially those related to the boundary 

faults of rift valleys, are perhaps the most impressive features of 

.. 

d 
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rift valley scene~y. Sorne of the scarps of the Eàst African Rift 

.. 
Valleys are old and deeply dissected by erosion, but the more 

recent ones are steep and sharply defined. A few are noted for thei~ 

height. 
1 

For example, the Livingstone Mountains scarp, 09 the ea~t 

side of Lake Nyasa is about 2000 m in height (Dixey 1956, p. 17),:,\, . .. 
More commonly, however, the scarps are not unusually high b'~t yet\.\ 

they appear as imposing features of the landscape because of their'" 

characteristic setting against the fIat valley floors. 

Fault l~nes scarps of great height are not associated with the 

St. Lawrence Rift system. This feature also probably reflects the 

long inactivity and deep erosion of the rift system. Sorne of the 

" 
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scarps, although deeply dissected and rarely exceeding 500 m in height, 

are abrupt and appear linear for long distances on small scale maps. 

Such are thè Coulonge and Grenville scarps on the north side of the 

'l Lower and Upper Ottawa V~lleys respectively (Figs. 46 & 47), and the 

Laurentide scarp in the area of Parc des Laurentides massif (Fig. 48) 

Other well-defined scarps are the St. Patrick scarp (Fig. 49) on the 

south side of the Upper Ottawa Valley and the Adirondack scarp,on 

the west side of the Champlain Valley and the Long Range scarp to the 

soutbeast of the Esquiman Chann'ëL AJ:~. 

Block Mountains 

In places elevated fault blocks form black Mountains w1thin 
'~ ~ " 

rift valleys. The pighest mountain of this t~ ls Ruwenzorl~(5125 m), 
" 

which 1e by far the high~et non-volcanfè mountain in Africa . ...,iLt ,\oécure 

, ; 
( 

"-



• 

\ 

.. 

• 

• 

Fig.46. Vrew of the Coulonge scarp, loeking north froID 
J. Chapeâu (Allumette Island). 

Fig.47. ev of the'Crenv~~le scarp at Fassett (about 
east of Mq~tebello); lodking north froID Highway 17 • 
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Fig.I.S. Vipw of the' Laur 0 nticl,-' scarp, ] ooking n0rthw0st from 
the s0ut!H'ast shore of t.he St. Lawrenre River near Montmagny, 
about 5Q km northnast of Quebec City. 

Fig.L~q. View of the St.Patrick scarp, Looking south""est from 
Cormae about 5 .km west5northwest of Lake Clear. 
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at the ~ifurcation of the western Rift Valley and rises much higher 

(about 4000 m) than any other f~ature in the general area. Other 

block mountains of similar setting are Mt. Lebanon, the Danakil 

Mts. in Eth1.GIl!a~ and Mt. Mebya in Tanzania. 

Rigaud and Oka M~~~ta;rns at the southwest b~furcation of the Marginal 

Segment Rift Z~ne appear to be block mountains of the type mentioned 

above. However, they stand only about 200 m above the genera! level , 
of the valley floor .... Although they are dwarfed by the imm~nsity of 

the Ruwenzori massif, yet tbeir tectonic setting and structure appear 

to be quite similar to those of the latter. 

The acute angle between the two branches of a bifurcating rift 
\ 

may also be occupied by a oTock m9uRtain (Brock 1966, p. 108). An 

example of this is the Sinai Peninsula. In the St. Lawrence Region, 

the Adirondack Mountains and the Par~des Laurentides massif appear 

to be block mountains of this type. 

Block Mountains also some~imes border rift valleys. Examples 

are the Vosges and Black Forest areas on either side of the Rhine 

graben. In the St. Lawrence Region, "block mountains of similar 

setting are the Madawaska Highlands and the northern part of the Long 

Range Mountains. 

-
TECTONIC SETTING AND TREND RELATIONS 

The large-continental rifts of the three classical areas are 

chàracteristically superimposed on cratons. The East African Rift 

< 0 
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system' is set chief1y in a vast shield area. The gross trend of the 

rift system is N-S~ and the Precambrian basement in the area ls also 
q 

characterized by the same genera1 trend. Despite this overa11 con-

formity of tre~ds, notable discordancies betweenfue strikes of the 

Precambrian rocks and of the rifts are observed when they are 

co~sidered in detai1. Trend relations are essentia11y simi1ar in 
, 

the Baikal region (Beloussov 1969, p. 543). The Rhine graben on the 

other hand is discordant1y superimposed on Pa1eozoic ~nd Precambrian 

structures. The gross trend of the graben is about 200 east of north, 

u 
but different parts of the graben trend north-northeast and northwest, 

\ 

\ 
whereas the oider rocks in the area strike northeast. 

Apart from the'postulated branch structure along the outer 

part of the Laurentian Channel, the St. Lawrence Rift system is set 

on craton. The gross trend relations are similar to those of the 

East African and Baika1 rift systems in that: 

1. the gross trend of the St. Lawrence Rift system conforms 

~ith that of the Grenville belt on the one hand and that 

of the Appalachian beit on the other, 

2. in detail t~ere are notable discordancies between the 

trends of the rift zOnes and those of oider rocks; an 

extreme example is the extension of the Timiskaming 

graben across the Grenville-Superior boundary. 

With regard to tectoniê setting and trend relations, the Rhine 

grapen shows similarities to the Shield Segment grabens, rather than to 

the St. Lawrence Rift system as a whole: 

1 
/ 
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2. 

the Rhine and the Shield Segment grabens are super
f 
~ 

imposed on older pocks discordantly, 

their trends are at right angles to the associated 

foldbelts; AlPine belt in the case of the Rhine graben 

and Appalachian belt in the case of the Shield Segment 

grabens. 

STRUCTURE 

Structure of Continental Rift Zones 

215 

Sorne of ~be points which arose from the 1965 UMC/UNESCO seminar 

on the East Airican Rift system were as follows: / 

1. The struct~re of the rift system ~s highly complex and 

2. 

, , 

" 

variable along its length, so much so, that practically 

no generalization can be made as to the structure of the 

entire rift system (Dixey' 1965, p. 123). The grabens that 

make up large segments of the rift system are of the c~p1ex 

type. 

In addition to segments characterized by graben structures, 

broad block-faulted and/or downwarped areas are included 

in the rift system. For instance, in northern Kenya and 

northern Tanzania, 
f 
the rift faults diverge and broad 

dowqwarped areas are customari~y included in the rift 

system (Baker 1965, p. 82; Pa1lister 1965, p. 87). 

3. On the surface at least, noteworthy discontinuities are 

apparent iri the rift sy~tem (e.g. see Tertiary fau1t map 

of Tanzania, Pa1lieter 1965, p. 90). 
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, 
In attempting ta compare the gross structure of the St. Lawrence 

Rift system with that of the classical rifts, a point to be reckoned 

with is that no less than half of the S,~, Lawrence Rift system Is 

submerged, and the precise st+ucture of these parts i8 poorly known. 

Also ~ome of .the parts that are not water-covered have not been studied 

to the extent that thelr detailed structure is known (e.g. Saguenay 

graben) . Based on the structure of the better known parts, ,the 
• 

following conclusions can be made. The rift system is made up of 

-
complex grabens and graben-like zones of downfaultt~g. Even if a 

relatively short segment of the rift system is considered, the structure 

is'va~iable along its length. For example, near Ottawa the structure 

1f the Upper Ottawa Valley is a well-defined complex graben but near 

hattawa the structure appears to degenerate into a single tilted-' 

jbloCk (compare Figs. 24 and 25). Where rift fauIts diverge as in the 

northern part of the Timiskaming Depression, the western part of the 

Nipissing Depression and the northwestern part of the Saguenay-Lac 
1 

St. Jean Depression, broad downwarped areas are included in the rift 

system. Thus, as far as Is known, the gross structure of the 

St. Lawrence Rift system i8 similar to that of the three classical 

rifts. 

Structural Configuration of Grabens 

~ 

(a) Transverse configuration 

In the East African Rift system, grabens common1y have 

asymmetrica1 cross-sections. In fact, 'symmetrical, two-

sided grabens of the type experimenta11y produced by 

C100s (1939) are relative1y rare. In a number of cases 

as in parts of Ethiopia, Kenya, Nyasa and other rifts, 

l 
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a major fault is present only on one side, and the 

other side is controlled by down-flexing or hinge-

faulting; one shoulder may be uplifted considerabl~ 

more than the other (Dixey 1965). In the Baikal 

system too, Florensov (1965" 1969) emphasized the; 

structural asymmetry of grabens. 

AlI the better known grabens of the St. Lawrence system 

appear to h~e asymmetrical cross-sections. 

The only near-symmetrical structure is the Ottawa graben 

between Ottawa and Pembroke. Extre~ structural 
, 

asymmetry is shown by the Timiskaming graben. In the 

neighbouring parts of the Ottawa and Nipissing grabens 

a major fault seems' to be present on1y on th~ north 

side, the south side being controlled presmnably by 

hinge-faulting. 

(b) Longitudinal configuration 

Structural subsidence along trains of grabens that 

constitûte large graben systems vary along their length. 

Ho1mes (1964, p. 1065), has pointed out that at least 

sorne parts of the East African Rift system consist of 

cradle-shaped grabens (see Fig. 50) separated by 

transverse "arches". This iB probably why a long rift 
f 

valley such as the Western Rift Valley of East Africa 

i9 accupied by a chain of lakes (Lakes Albert, Edward, 

Kivu and Tanganiyaka) instead of one long lake. 

217 
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The St. Lawrence Rift system a180 contains cradIe-

shaped rifts. For example, the Marginal Segment Rift 

Zone is cradle-shaped between the Beauharnois axis and 

the rise of the basement in the Quebec City area. The ... 
Ottawa graben is also cradle-shaped, the deepest part 

bei~g around Ottawa. The Timiskaming, Nipissing, 

Champlain and Saguenay grabens may also be cradle-

shaped with their deepest parts occupied by lakes, 

a1though this cannat be demonstrated with any 

certainty. 

As Ho1mes (1964, p. 1065) has pointed out, the formation 

of cradle-shaped grabens separated by transverse "arches" 

is dictated by the 8pherical shape of the earth. The 

top of a narrow strip of earth' s crust on which a long 

chain of grabens i8 superimposed, has the shape of an 

arc of a circle. With continued subsidence, su ch a strip 

wou1d tend ta settie towards the,corresponding chord. 

But as the chord i8 shorter than the arc, the strip may 

buckle into a wave-like form, the wave crests forming the 

transverse "arches". Figure 51 which includes a section 

218 

through the tl-unk rift zone of the St. Lawrence Rift system, 

shows the wave-like configuration of the basement surface • 

" .. 

/ 
/ 
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Fir.')O. I1lrwr,Hn illll~t rnljnp: 'li" ('fln""l'f 01' ,r1 (T;1'11r3-shapf)r] 

'r,rnl\f>n. A nI)}' ]<"lou::;;; ClV (lt)(),~). , 

:(c)j]nternal structure of graben blocks 

The complex grabens that make up large segments of the 

classical rift zones corrnnonly consist of combinations 

of longitudinal tilted blocks and/or small grabens and 

horsts. Similar structures charac te rize the St. Lawrence 

rifts, at least where the intèrnal structure of rift blocks 

is known in sufficient detail. An e.xcellent example of a 

complex graben consisting of a group of longitudinal 

tilted blocks Is the Ottawa graben hetween Ottawa and Pembroke 

(Fig. 24). The Marginal Segment Rift Zone in the Champlain 

Valley area consists of a combinat ion of minor grabens 

and horsts (Fig. 14). ln the southern part of the 

~ 
St. Lawrence_Valley and in parts of the upPer Ottawa Valley, 

rift floors are broken into fault blocks of rhomboid 

shape (Fig. 52E,F) . 

l' 
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~raben Depths 

Because the grabens of the large rift zones are common1y crad1e-

shaped longitudina11y, and are asymmetrical transversely, variable 

structural subsidence is involved. The maximum vertical displacement 

of ~he Eàst African and Rhine rifts is estimated to be about 3000 m 

(Beloussav 1969, p. 539) and that of the Baikal rift system ta be more 

th an 7000 m. 

The amount of structural subsidence along the St. L1wrence Rift 

system cannat be determined with any certainty because of deep erosion 

of the rift system and the fact that there are not many places Where 
, 

structural subsidence cauld be estimated. The following pieces of 
~ 
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evidence are thought to give sorne idea of the magnitude of post-Ordovician 

structural subsidence. 

1. In the Ottawa graben, the maximum structural subsidence 

of platforrna1 rocks does not seem to exceed 500 m (see 

Fig. 22). Also, if it is assumed that (i) much of the Shield 

Region was once covered by Lower Paleozoic platfarmal rocks and 

(ii) no great lowering of the Grenville surface has taken 

place since its exhumation (Ambrosé 1964), then the elevations 

at which Lower Pa1eozoic out1iers are preserved within the 

grabens (e.g. Ottawa graben, see Fig. 24), when compared with 
~ 

the e1evations of adjacent areas of the Shield Region, indicate 

that the~tota1 vertical movements does not exceed 500 m • 
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2. In the Marginal Segment, the stratigraphy of platformal 

rocks indicates that the regional slope of the Grenville 

surface (during the deposition of the platform cover) wàs 

towards the Appalachian geosyncline. This slope, although 
1 

somewhat intetrupted by post-Ordovician faulting has not 

been changed t0 any great extent (see Figs. Il & 17). In, 

fact the transverse structural asymmetry of the Marginal Segment 

RLft Zone appears to be large1y inhe!ited from the configu-

ration,prior to post-Ordovician rifting,of ,the basement surface 

and of the platformal rocks. These features indicate that not 

more than a few hundred metres of structural subsidence can 

,r 'be attributed to post-Ordovician movements. Thus, it appears 

that the maximum post-Ordovician vertical movements along the 

rift system are small in comparison with the vertical move-

ments of the classical rift zones. Larger vertical movements 

may have taken place during the evolution of the ancestral 
( 

structures but there appears to be no way of det-ermining' 'the 

magnitude of movements related to these structures. 

Faults and Fault Pattern§ 

Faults that make up the classical rift systems (Freund 1966; 

Beloussav 1969) ~re either vertical or dip steeply in the direction of 

the downthrowh' side (i.e. normal faults). Reverse faults are rare, but 
,f 

strike-slip faults have been recognized from severa! parts of the East 

African Rift system (Freund 1966; Freund et al. 1970) notably a10ng the 
o 

.. • (~ 

. ( 
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Dead Sea rift (Quennel! 1959). Longitudinal faults are the most pro-

minent. T~ey produce step-like patterns on the sides~of grabens. 

Transverse faults also have rather widespread occurrence. , Fau1 ts often 
/ . 

have curved traces with the maximum throw about midway of their length. 

An individual faul t rarely extends for more than a few tens of kilometers 

,before being replaced by another, usually in en echelon fashion. 

The faults of the St. Lawrence Valley system, have been described 

i 

earlier i1\ Chapters IV to XII under the heading "high-angle faults". The 

0lose space association of normal faults, south- and east-dipping high-

ang'le reverse faul ts and low-angle thrust faul ts, along the south and 

.4 east sides of the Marginal Segment, can be explained in' term of the 

marginal habitat of this zone with respect to the Appalachian foldbelt. 

Apart from this complicated zone, the St. Lawrence Valley system, as,far 

as is known, is outlined by high-angle fauIts whose nat1,!.re and 4rrangement 

are similar ta those of the rift faul ts in the three classical areas. 
, 

Sorne prominent examples of fault patterns are shown in Figure 52. Strike-

slip movements of less than 2 km have been postulated on the northwest side 

of the Esquiman Channel Area (Davies 1968, pp. 270-271, also see p.92 of 

this thesis) and 
/ 

northwest end of the Saguena,y graben (Philpotts 1965, 

• p. 7, plso see p.172 ,.df this thesis). It is not certain whether these 

movements accompanied the rifting ,itse1f' (see Freund 1966, p. 332), or 

are due to response of pre-existing_ ~ét.u-lt:~ to stresses related to 

orogeny in the yearbY Appa1achian geosJncline. 
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Control of Rift Faults by Older Structural Lines 

Dixey (1965;also, see Brock 1965) has pointed out that faults of 

the ·~st -African Rift system, which are Miocene and youngèr, frequently 
~~ , 

follow structural weaknesses" aêt~~ined by earlier faults (main!y 

Precamb~ian) and tectonic trends, particularly where they lay in the 

'general direction of the later stress Kelief. Florensov (1966, p. 195) 

notes that in the Baik~l Rift system too, "the Tertiary and 1ater taults 

are contr~bterozoic and Caledonian struct~res. 
l ' ____________ 

In several areas of thê'--st ~ Lawrence Rift system, there are 

indications that the directions of rift hults were, controlled by a 

pre-existing fracture pattern, oriented prevalent1y northeast and north-

west (see p.42). The rift,faults and the rift zones themselves for the 

most part are oriented or tend to be oriented 4n 
these two directions. Th~ Marginal Segment Rif~ 

, ' 

north-south trending in the north~n part of th} 

one of the other of 

Zone, although nearly 

Champlain Valley, swings 

nearly t,o a northeast direction irt the southern part of the Champlain 

Valley. Also, -the,Saguenay graben which trends naarly east-west between 

the Marginal 'Segment Rift Zone' and Lac St. Jean, swings to a northwest 

orientation westwards. The two east-west oriented segments in the Lower 

Ot~awa VaLley and in Anticosti Island area appear to play the, ro1e of 
, , 

links between,northeast and ,northwest oriented segments of the rift 

system. The Nipissing grab~n does not fit into the above scheme of~ 

northeast and northwest oriented fegments linked by eaBt~west or~ented 
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segments. It is oriented approximately e~st-west but does not play 

the role of a link. Its direction might have been dictated by older 

east-west faults, perhaps by an eastward extension of the Murray Fault 

system (see Chu~ch 1972, p. 355). A feature inherited from northeast 

and northwest directional control of 'fauits appears to be that in rift 

segments conforming ta these directions, longitudinal faufts are O$ually 

weIl developed Ce.g. Timiskaming Depression, a1so Upper Ottawa and 

St. Lawrence Valleys), whereas in the se~ments that do not conform to 

these directions, the longitudinal faults are weakly deve10ped (Fig. 53), 

and usually consist of relatively short en echelon faults (e.g. Nipissing 

graben, Champlain Valley, Lower Ottawa Valley). 

SEDIME~TARY-VOLCANIC FILL 

The fault troughs of the ciassicai rift zones are fil1ed in varying • 

degrees by c1ast~ sediments and volcanics of Cenozoic age. In the 

deeper parts of the fault troughs, the rift fill can be two ta three 

thousand meters thick (e.g. see Doeb1 1970). In one section of 

the Baikal Rift system, the thickness of sedimentary fill is estimated 

\ 
to be 5000-6000 m (Florensov 1966, p. 173; 1969, p. 452). 

The fauit troughs of the St. Lawrence Rift system have neither 

Cenozoic volcanics nor substantial thicknesses of sediments. Their 

floors are covered by a veneer of Pleistocene and recent sediments 

but these are ~sually less than 100 m thick. In the above respects, 

the St. Lawrence Rifts are similar ta the Oslo graben (see Bederke 1966, 

p. 213) and in bath areas the' 1ack of a Çenozoic sedimentary-volcanic 

• 
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fill is consistent with the long inactivity of the rifts. 

IGNEOUS ACTIVITY 

Igneous Activity Associated with Continental Rifts 

Many workers have noted the close association of volcanlc activity 

with continental rifts (e.g. Holmes 1964, p. 1051: Freund 1966, p. 332; 

Beloussov 1969, p. 543) and have concluded that rifting and the volcanism 

are interrelated phenomena. Other workers (e.g. Florensov et al. 1968) 

feel that this association has been rather overemphasized ~n the litera-

tu~e, and that the Cenozoic volcanism associated with the East African, 
.,.( 

Rhine and Baikal rifts, is part of widespread phenomenon, and should 

strictly speaking, be regarded as independent of rift formation. These 

workers point out that although the East African Rift system is often 

cited as an example of association between volcanism and rift struc-

tures, volcanism also appeared at about the same time in other parts 

of Africa, such as between Guinea Bay and the Chad Lake depr,ession 

in Nigeria, in the Comore Islands and in Sorne other areas. However, 

they admit that when certain quantitative aspects (volume of volcanic 

products, thickness and number of lava flows, number and size of 

volcanic forms) of Cenozoic volcanism accompanying the large rift 

zones are considered, a correlation exists between the s~a1e of 
v 

volcanic phenomena and the scale of rift structures. For"g'jeample, 

the three classical rift systems, arranged in dec~asing order of size 

" • 

" 

1 



• 

• 

229 

and accompanying volcanic products are (i) the East African Rift system 

(ii) the Baikal Rift system (iii) the Rhine graben. This type of 

cor.elation does indicate sorne interre1ationship between the size 

of rift structures and the magnitude of the accompanying volcanism. 
( , 

As has been suggested by several workers (Shackleton 1954;Bailey 1964; 

Harris 1969; King 1970; Gass 1970), it is quite like1y that doming or 

regiona1 up1ift, accompanied by deep faulting and magrnatism, are the 

manifestations of a more fundamental process that originates in the 

upper mantle. Deep faulting rnay~ may not combi~e ta forrn lar~ rift '-

systems. According1y, the development of large scale volcanism inde-

pendent of rifts seems reasonable, and yet the association in space and 

time of volc~nism with rift zones does not appear fortuitous. 

One rather outstanding characteristic of igneous activity 

aS80ciated with the East African Rifts i8 the unusually large scale 

development of a1kaline p1utonic and volcanic rocks often with foid-

bearing differentiates. -Petrochemically similar rocks are also asso-

ciated with the Rhine graben. The most cornmon plutonic bodies of the 

alkaline series are central ring complexes of ultrabasic rocks and 

carbonatite. Carbonatite in general (Heinrich 1966) and Kimberlite 

in particular (Dawson 1970) are rock types res~ricted to the contirtental 

environrnent. They are intimately associated with deep fault zones 

related to crustal upwarps. The 3lkaline-carbonatite areas of the 

East African and Rhine Rift zones are common1y characterized by 

/ 
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diatrerne pipes (e.g. Swabian tuffisite pipes; Cloos 1941) and specta-

cular explosion craters (e.g,. ring craters around Ruwenzori; Holmes 
, 

1964, p. 1073) indicating the creation of f1uidized systems (Reynolds 

1954) by high pressure gas movement and sudden re1ease of constricted 

gas. There is abundant evidence that the gas responsible is COZ 

(Heinrich 1966, p. 296). Compared with igneous rocks of the East 

African and Rhine rifts, those of the Baikal Rift are less alka1ine. 

They consist dominantly of n~mal olivine basalts, andesite-basalts 

and sorne moderately alkaline types (Florensov et al. 1968). Greatly 

undersaturated feispathoid-bearing rocks which occur not infrequently 

in the East African and Rhine lava series, are unknown in the Baikal 

region and carbonatite aRd ultrabasic aikaline rocks seem to be 

altogether absent (Florensov et al. 1968). 

Olivine basalts, both normal and mildly alkaline, a1so form 

part of the volcanic products of the East African and Rhine Rifts. 

Furthermore, large volumes of tholeiitic basa1ts a1so occur in the 
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East African system (Harris 1969; Gass 1970) but seern to be restricted 

ta the Red Sea area and the Afar depression. Harris (1969) points out 

that the basaIt type changes along the East Afr~can Rift system, 
1 , 

becoming more aikaline away from the Red Sea ar~a. He a1so suggests 
" .., 

that in areas of intense voicanism, as for exarnp1e in the Afar triple 

junction area, the basaIt type tends ta be less alkaline. Harris 

(1969) attempts ta explain the main differences in the basaIt types 

-
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t 
along the rift system, in terms of differences in the geothermal state 

of those parts of the upper mantle from which the magmas were derived. 

The spatial distribution of igneous activity in relation to 

the rifts shows, among others, two interesting features. Firstly, 

ev en in Easf Africa where a genetic link between rifts and igne9us 

activity is most manifest, considerable sections of the rift zones 

are not associated with igneous rocks that can be related to rift 

formation, and in the Baikal, volcanic rocks occur only in two of 

the ten large grabens (Florensov et al. 1968). Secondly, although 

it might seem that the boundary rift faults should control much of 

the igneous activity, this is actuaIIy not the case. It is true tfiat 

in the East African rift zones, sorne igneous centres are arranged along 

longitudinal rift fauIts, but a majority of them seem ta be controlled 
) 

by lateral fractures, some of which extend for long distances from 

the rift zones. Thus, man y of the igneous centres occur outside the 

main rifts. This, in fact, is the most common habitat of carbonatite 

complexes. Within the rift zone, notable concentrations of igneous 

activity occur at their intersections and bifurcations (Bailey 1964) 

cand also where grabens terminate (e.g. in Buf~mbira and eastern Calilee; 

Freund 1966). The Rhine graben, tao, is asdenEated with lateraI volcanic 

lines (Bederke 1966) and also has notable concentrations of igneous 

activity at graben terminations. The above features show that areas 

most conducive to magmatfsm forrned outside the main grabens; on the 
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flanks of related upwarps, where the crustal plates have cracked, to 

p~ovide open fissures. Within the grabens igneous activity has 

ocèurred most1y where structures bifurcate, terminate (usua11y bY 

splaying out) or intersect with other graben structures. Perhaps the 

enormous weight of the subsiding rift b10cks, keeps the boundary 

faults tightly c10sed most of the time in most places (Holmes 1964, 

p. 1951). 
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Time relations between igneous activity and evolution of 

continental rifts are complex. In the East African Rifts, for instance, 

the most intense phases of ign~ous activity were not synchronous in 

different parts of the rift system. For example, there is no evidence 

of Tertiary volcanism along the Western Rift. However, intense volcanic 

activity began there in the Pleistocene (Be1oussov 1969). Also, the~e 

are practica1ly no signs of éenozoic volcanism in the southern parts 

of the rift
c 

system. There, the youngest activi ty is represented by 

the rocks of the Chilwa alkaline province of Late Jurassic and Early 

Cretacéous age. 

In attempting to compare the scale and nature of igneous 

activity in the St. Lawrence Region with those of the three classical 

rift zones, a point ta be reckoned with is that whereas the three 

latter rift zones are characterized by Cenozoic volcanism, no igneous 

activity of this age is known in the St. Lawrence Region. Older 
, 

volcanics, of course, have mu ch less chance of survival • 
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• Igneous Products Associated' with the St. Lawrence Rift System 

(a) The Grenville dike swarrn 

This diabase (tholeiitic) diké swarm is about 650 km long 

and has been discussed earlier (p.lll). rts close asso-

ciation with the Ottawa and Nipissing grabens is seen frorn 

Figure 54. Despite sorne deviations, especially in the Lower 
J. 

Ottawa Valley area, the dike swarrn and graben~tructures show 

a rernarkable unit y of trends and patterns. In the western 

part of thé Nipissing graben the dike pattern fans possibly 

sirnulating the splay pattern of the structure. In the western 

part of the Ottawa graben erere are indications that sorne 

of the dikes change direction ta conforrn with the Tirniskarning 

~raben trend. The precise ages of these dikes are uncertain. 

The dikes are definitely post-Grenville and they are not 

kno~ to cut the Ordovician rocks of the Ottawa Valley area. 

They are regarded as Hadrynian (See Fahrig 1972, p. 576). 

The presence of diabase di!e swarms in the crust is inter-

preted by rnost authors (e.g. Fahrig 1970, p. 134) as indicating 

a tensional stress environrnent at the time of their ernplace-

ment. In the Ottawa Valley - Nipissing Depression areas, 

the near-parallelisrn and close space association of the 

dike swarm with graben structures indicate that diking and 

high-ang1e (rnost1y normal) faulting occurred under the sarne 

stress regirne. Whether sorne of the dikes were feeders for 
. 

flood-basaIt eruptions is an interesting speculation . • 
1 
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• Cb) Frontenac Axis dikes 

In the Frontenac axis there are two sets of post-Grenville 

diabase dikes that are paraI leI to faults of the St. Lawrence 

~ift system. They are: 

1. an east-northeast set parallel to the longitudinal 

faults of the St. Lawrence Valley 

2. a northwest set parallel to the faults of the Mada-

waska Highlands (qIsO of the Upper Ottawa Valley). 

Dikes from the Frontenac axis area have yielded K/Ar ages 

between 400 to 450 m.y. (Park and Irving 1972). 

(c) Flood Basa1ts and Diabase Dike Swarms in the Belle Isle 
area and in Nopthern Long Range Mountains 

~ 

The Hadrynian diabase dike swarm in the northern Long Range 

~ountains (Pringle et al. 1971) and the presumab1y consan-

guineous dikes and flood basalts of the Belle Isle area , 
(Williams and Stevens 1969) have already been discussed 

(see p.90). The flood bAsa1ts are transitiona1 between 

tholeiitic and al~aline basalts (Strong and Williams 1971) 

and appear to be similar in petrochemistry to the early 

Cambrian or late Hadrynian Tibbit Hill volcanics of the 

Pinnacle formation in northwestern Vermont and adjacent 

Quebec (see Cady 1969, p. 148). Both volcanic groups occur 

10w in the stratigraphic sequences ~n the respective areas 

• 
/. 

• 
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and their spatial relationships to the St. Lawrence Rift 
.~ 

system on the one hand and to the Appalachian foldbelt on 
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the other are similar except that the Tibbit Hill volcanics 

are a little more in the geosyncline and hence are deformed. 
~ 

It is possibly significant that the ,Tibbit Hill volcanics 

occur Just ta the east of intersection of the Shield Segment A 

with the Marginal Segment Rift Zone. It will be proposed 

later, that the ancestral structure of the St. Lawrence Rift 

system represents a part of a larger continental rift system 

that developed as a prelude to the Appalachian evolution and 

that the Tibbit Hill vol~anics, Belle Isle volcanics and 

the associated dike swarms, and the Grenville dike swarm 

are mutually related in time and cause with the origin and 

development of the ancestral structure. 

(d) Alkaline and Carbonatite Complexes and Related Minor Intrusions 

Twenty central complexes and numerous dikes, sills and plugs 

of alkaline ~ c;rbonatite rocks ranging in age from early 

Cambrian to Early Cretaceous are known ta accur in close 

association with the St. Lawrence Rift system (Fig. 55). 

These have been described in earlier Chapters. Intrusions 

in the Nipissing Depression area and in the southern part 

of the St. Lawrence Valley occur in two well defined petroï 

graphie provinces; the Lake Nipissing and Monteregian 1 
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\ " 
petrographio, provinces., In addition to the se igneous rocks 

of Phanerozoic age, thére are other a1ka1ine and carbonatite 
~, .. " 

intrusions of Precambtian a~e in the St. Lawrence Regi~n. 

These include the Meach Lake carbonatite bodies (nogarth 1966) 
.1 , J" , ' 

.; 
Just north of Ottawa with K/At ages of about 920 m.'y.; a1kaline-

, , 
syenite plu~ns i~ the Mount Laurier area (Wynne-Edwards et al. 

~ 

~966, p. 25) about 100 km nort Ottawa Valley, 
~ 

with K/Ar ages ~anging from 822 to 1005 m.y. (Doig and 

Barton Jr. 1968); a1ka1ine and êarbonatite intrusions in . , " 

"" the Ha1iburton-Bancroft area' (Chayes 1942) about 100 km 

southwest of the ~per Ottawa Valley, witQ K/Ar ages ranging , . 
from 900 ta 1000 m.y. (Maclntyre et al. 1967). These intr-usions 

." . r 

mig~ be connect~d w~th ~vents that leacl to the initiation of 

'the St. Lawrence Rift system (~ee Sutton 1969, 1970), a1though 

this can~ot be establi9he~ witli any c.ertainfty-.. But the 

younger intrusions mentioned earlier are probab,ly related in 

time and cause t-{i th r.ifting along the St. Lawrence Valley 

" system. 

The alkaline rocks of the St. Lawren~e Region close1y resemb1e 

the ~ub-vo1canlc assemblages of the East African and Rhine Rift zones. 

Rocks o-f ,aIl three areas are strong1y alkaline. Distinctive rocks .such ' 

as carbo~attte and kimberlite, characteristic of the East~~frican and 

Rhine alkaline provinces, have their counterparts i~ ,the St. Lawrence 
1 

• 
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Region. For instance, of the twenty central. complexes known from the 

St. Lawrence Region, six contain carbonatite. Kimberlite, is relatively 

rare: the only known occurrencJs are dikes at the north end of the 

Timiskaming graben, and a pipe at Isle Bizard in the western part of 

the Monteregian province. Alnoite Which is closely akin to kimberlite, 

however, is present abundantly as dikes in the western part of the 

Monteregian province. 

Jhe space relations between alkaline centres and graben struc-

tures of the St. Lawrence, East African and Rhine rift zones are also 

similar in sorne respects. In the St. Lawrence Region only two of the 

known alkaline centres (Baie-des-Moutons complex, C~~tham-Grenvitle 
C> ~ .. 

complex) ,re located along a boundary fault of the rifts. Of the 
.... 

intrusive centres that occur within the rift zones, the carbonatit~ 

complexes in the ~ipissing graben and the single known complex in the 
, 

Saguenay graben occur where the respective graben structures begin 

~~}aying out. The Rigaud and Chatham-Grenville stocks and the Monteregian 

intrusions are lar~ly localized at a major bifurcation of the St. Lawrence 
/ 

Rift system. The Monteregian line of intrusions extends across the 

Marginal S~gment Rift Zone and continues heyond the eastern limit of 

the rift zone for a considerable distance. Thus, the dispo8itfon of 

the Monteregian line with respect to the rift zoqe i8 similar ta that 
~ 

of the lateral v61canic lines in th~ East African and Rhine settin~.r" 

, 

o 
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. However, this line of intrusions May simply be set along the eastward 

con~~uation of the Ottawa graben faults which, as discussed later 

(see p.256 ) appear to extend across the Marginal Segment Rift Zone 

into the Appalachian foldbet. \ 

The alkaline igneous rocks and carbonatites in the St. Lawrence 
:.. 

, Region show a wide scatter of ages (Doig 1970), a feature which is 

also character±stic of the East African situation (King 1970). The 

wide ranges in ages of igneous activity probably indicate similarly 

wid~ in ages of tectonic activity. The KfAr ages of alkaline 

rocks and carbonatites 1isted in Table III range from 580 m.y. to 

90 m:y. Quantitatively (considering the number of central complexes, 

dikes sills, plugs, breccia pipes and extent of hydrothermal altera-
4 

tion) however, the bulk of the magrnatic products have appeared in 

two distinct periods: one about the beginning of the Cambrian Period 

including rocks of the Lake Nipissing alkaline province, St. Honoré 

carbonatite, Baie des Moutons complex and dikes; the other in late 

Jurassic - early Cretaceous periods including rocks of the Monteregian 

province and the kimberlite dikes along the Timiskarning graben. Other 

igneous products that are included in the latter group are the north-

west trending lamprophyre dike on Anticosti Island, with a KfAr whole 

rock age of 138 m.y. (Poole et al. 1970, p. 298) and the northeast 

trending lamprophyre dikes in Notre Dame Bay area. Newfoundland (Fig. 55) 

with K/Ar ages (on biotite and hornblende) ranging frbm 115 to !44 rn.y. 

(WJnless et al. 19&7, p. 114), a1though the Notre Dame Bay dikes are 

, \ 
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TABLE III 

K/Ar ages of post-Grenville alkaline rocks and carbonatites asso iated with 
the St. Lawrence Rift system 

Area 
Code in Igneous Bodies 
Fig. 55 

6 Monteregian rocks 

7 

12 

10 

2 

4 

3 

8 

Lake Champlain dikes 

Notre Dame Bay Lamprophyre dikes 

Anticosti Island 1amprophyre dikes 

Kirk1and Lake kimberl ire dike 

Buckingham dikes of mica peri
dotite 

• .. 
East view carbonatite dike 

Bon conseil syenite and mica
pyroxenite body 

5 Chatham-Grenville a1ka1ine syenite 
stock 

5 

9 

1 

1 

Rigaud alkaline syenite stock 

Ste. Sophie a1kaline gabbro dikes 
.... 

St. Honoré carbonatite comp1ex 

A1ka1ine dikés near Brent cra~r 
• 

Manitou Island carbonate comp1ex 

Il Baie des Moutons a1kaline syenite 
stock 

Detailed Lo
ca1ity refer-
ence(s) Fig. yrs n 

10 90-130 .,.n. a. n.a. 

13 120-150 n.a. n.a. 

115-144 n.a. 

138 n.a. 

29 151 n.a. n.a. 

21 275 1 

21 320 n.a. n.a. 

9 428 20 3 

21 450 27 6 

21 450 22 7 

9 520 3 2 

35 564 4 3 

23 558-576 n.a. n.a. 

27 565 4 2 

16 568 8 3 

Data from Doig 1970 and Doig anq Barton Jr. 1968 and other sources. d is the 
sample standard deviation for the number of age determinations n used to 
compute the mean age. n.a. - data not avai1able. , 
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located at a considerable distance from the rift system. These two 

phases of magmatism are widespread in the St. Lawrence Region and 

may reflect tectonic movements of a general nature along the rift 

1 
system. The other alkalfne intrusions have appeared at various inter-

mediate ages in different localities along the rift system and prob~bly 

are related to movements of a more localized nature. 

(e) Explosion Craters 

Explosion craters and diatrerne breccia PiPestltaracteristic 

of 'the alkaline-carbonatite areas of the East African 

and Rhin~ .rabens have already been discussed. In the 

alkaline-carbonatite areas of the St. Lawrence Region, 

also, high pressure gas movernent creating fluidized systems 

are indicated by the presence of numerous diatreme breccia 

pipes, especially in the western part of the Monteregian 

provinte. Also closely associated in space with the 

St. Lawrence Rifts are three explosion craters: Brent, 

Charlevoix and Manicouagan (Fig. 55). The Brent crater is , 
on the south boundary fault zone of the Ottawa,graben and , 

is in the area of the Lake Nipissing alkaline province. The 

Charlevoix crater is on a north boundary fault of the Marginal 

Segment Rift Zone. The Manicouagan crater is located on 

what seems to be the splay-out of a cross-fracture in which 

the Manicouagan River i9 entrenched. AlI three have igneous 
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• 
rocks associated with the~. Brent has one dike-1ike mass 

" ' 
of olivine-normative a1kaline trachyte, and severa1 dikes 

of 1arnprophyre (ocellar monchiquite) which are 'sirnilar 

petrochernically and in age (Currie 1971a) to the Lake 

Nipissing a1ka1ine rocks. The Charlevoix crater has hydro-

therrna11y-a1tered breccia sorne of which is simi1ar ta the 

suevite of Ries, Germany, and pseudotachylyte dikes and in 

the glacial deposits in the area of the crater are blocks 

of fused rocks ("impacticite" of Rondot 1971). Srna11 

ca1cite-f1uorite veins with ga1ena and spha1erite presumab1y .... 
re1ated to the igneous rocks are a180 present nearby (Rondot 

1968). K/Ar age determinations of the igneous material have 

yielded ages in the range of 320 to 370 rn.y. (Rondot 1971, 

p. 5421). Currie (1972, p. 140) states that at Mani~ouagan 

the pile of igneous rnateria1 includes, frorn bottorn to top, 

tuff breccia (suevite), alka1ine basaIt with u1trabasic 

inclusions, recrysta11ised aphanitic doreite, fine-grained 

doreite and coarse-grained doreite about 200 rn thick. A 

K/Ar age of 210 ± 4 rn.y. has been obtained from the igneous 

rnateria1 (Wolfe 1971). Shock metamorphic features have been 
{) 

found in aIl three areas; the main on es being the presence of 

rnaske1ynite and shock 1ame11ae in quartz indicating high 

strain-rates and melting of quartz to lechate1ierite indi-

cating high temperature effects (Short and Bunch 1968) • 

• 
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The Brent and Charlevoix craters are located on major faults 

of the St. Lawrence Rift system. The Manicouagan crater a1so appears 

to be associated with a Iaterai fracture related to the rift system. 

The ages of igneous rocks of the craters are within the span of time 

(early Cambrian to Early Cretaceous) of a1kaline magmatism associated 

1 
with the rift system. A1so, the igneous rocks from the Brent crater 

resemb1e the alka1ine rocks and carbonatites of the Lake Nipissing 

alka1ine province with regard to age and petrochemistry. The ab ove 

relationships suggest that the craters are manifestations of vo1canism 

related to the St. Lawrence Rift system. However, the shock meta-

rnorphic features associated with the craters have been interpreted 

by sorne in favour of a meteorite impact origin for them (Brent: Dence 

1~65, 1968; Denee et al. 196R. Charlevoix: Robertson ]968, Rondot 1969, 

1970, 1971. Mancouagan: BeaIs et al. 1963, Denee 1965). The prernise 

on which this Interpretation is based is'that such features as shock 

lamellae in quartz and the formation of maskelynite, require extrernely 

high shock pressures of several tens or even hundreds of kilobars 

(see Horz 1968) and that such pressures are significant1y outside the 

domain of normal ge~logical pro cesses (see French 1968). This prernise, 

however, is not accepted by aIl geologists (for examp1e see Currie 1968, 

197Ib). '1n this connection it rnay be pointed out that the energy 

expended during the 1883 vo1canic explosion of Krakatao, lndonesia 

has been estimated at not 1ess than that cbuld be liberated by 5,000 megaton 
• 
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hydrogen bombs (Holmes 1964, p. 339). The above energy figure is much 

lar~er than the yield of underground nuc1ear explosions that have 

produced shock metamorphic effects comparable with natura1 examp1es. 

Also, shock metamorphic features are present in sorne breccias and 

adjacent rocks in the vicinity of sorne porphyry copper deposits 

(Godwin 1973) and these must surely have formed by sorne endogenetic 

proc~s. Thus, in the present state of knowledge, it appears that 

both impact and endogenetic processes produce shock metamorphic features 

in rocks. Accordingly, the endogenetic hypothesis of Bucher (1963) 

and others (McCa11 1964; Snyder and Gerdemann 1965), based largé.ly on 

the fact that a considerable number of known explosion craters are 

systematically re1ated to earth structures and areas of well-known 

igneous activity, should be given first preference in explaining 

craters that show such relations. Thus, an impact hypothesis for the 

three discussed explosion craters seemS improbable because they are so 

patently related to the St. Lawrence Rifts. 

GEOPHYSICAL CHARACTERISTICS 

General Statement 

• 
To a large extent~ geop~ysical characteristics of continental 

rifts are similar. They are usually characterized by negative Bouguer 

gravit y anomalies, above average heat flow, and shallow seis~icity. In 

the following sections the geophysical characteristics of the St. Lawrence 

) 

/ 
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Rift system are compared with those of the three classical rift zones. 

Gravit y Anomalies 

Bullard' s (1936) gravit y measurements in East Africa demonstrated, 

for the first time, the presence of negative Bouguer anomalies over 

the rift valleys of tha.t region. Later surveys have revealed similar 

anomalies OVer other rift va11eys and it is now be1ieved that these 

anomalies are a characteristic feature of large continental rifts 

(Girdler 1964). The maximum ampl itude of the anomalies is about 

50 milliga1s. 

There is 1ittle agreement among students of graben problems 

as to the cause of these negat~tye anomalies. Most workers attribute 

the anomalies to the effect of thick accumulations of relatively low 

density uft'Çonsolidated sediments that commonly occur in the fau1t

troughs (e.g. see Zorin 1966a). Others think that the gravit y lows 

cannot be fully exp1ained this way (e .g. Mueller 1970, p. 31) and 

seek additiona1 causes of deep-seated origin, but there is no agreement 

amongst them as to the nature of these causes. Thus, various models 

with differing crust-upper mantle parameters (below rift zone., have 

been proposed: e. g. thicker-than-average crust (Bulmasov 1960); 

thinner-than-average crust with an "antiroot" (Freund 1966); an 

upper mantle 'With a crust-mant1e mix (F1orensov 1969). 

The Bouguer anoma1y map of the St. Lawrence Region· (Bouguer 

gravit y anomaly map of Canada 1969) shows that~ uRlike the rift zones 

of the th'ree classical areas, the St. Lawrence Rifts are not associated 

/ 
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with conspicuous Bouguer gravit y lows. The only part of the St. Lawrence 

rifts with discernible gravit y lows (~ 20 milligals) is the Marginal 

Segment Rift Zone albB~/Champlain and St. Lawrence Valleys. These 

gravit y lows probably reflect downbowed platformal strata (Cambro-

Ordovician) whose basal formation (Potsdam) is a low density (2.5) 

sandstone. The Oslo graben is another rift, which according to the 

Norwegian gravit y map shows no gravit y low (Thompson in Bederke 1966). 

It is interesting to note that both the Oslo graben and St. Lawrence 

Valley system have no noteworthy arnounts of low density sedimentary 

fillings. Thus, it seems reasonable to conelude that the absence of 

conspicuous gravit y lows over the St. Lawrence rifts i8 largely due 

to the lack of thick sedimentary fills in the fault troughs. However, 

because of the long inactivity of the ~~. Lawrence Rift system, if 

any deep seated causes contributory ta a negative gravit y field did 

exist originally, such causés could have largely disappeared with time. 

Heat Flow 

Of the three classical rifts, heat flow measurements are most 
f , . 

advanced in the Baikal. ~easurements in the other two areas are 

seant y but the indications are th~ the heat flow characteristics of 
, 

aIl three rift zones are similar. In the platform region on the north-

east side of Lake Baikal, the heat flow values, on the average, are 

about 1.0 HFU and increase eastwards to about 1.6 HFU on the west coast 

of the lake and ta 2.6 HFU on the axis of the rift along the 1ake 

~, (Lubimova 1969) • 

• 
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From the ana1ysis of heat f10w data by Horai and Simmons (1969), 

i~'appears that the average heat f10w for the Appalachian Region 

(1.32 HFU from 32 ,\t?lues with a 0.38 st,ndard d~viation of mean) is' 

somewhat higher than for the Canadian Shi~ld (1.09 from 21 values with 

a 0.46 standard deviation of mean). Within the St. Lawrence rifts, 

a few heat flow values have been determined in the St. Lawrence Valley 

(SaulI et al. 1962; and Crain 1967) and in the Ottawa Valley (Jessop 

and Judge 1971). The indications are that the heat flo~ in the 

St. Lawrence rift zones i8 not different from that of the Shield Region 

(a1so see Diment et al. 1972). Thus, it appears that unlike in the 

Baikal and also in the other rift zones (see Hanel 1970; Von Herzen 

and Vacquier 1967) there is no abnormal heat flux through the rift 

zones of the St. Lawrence. This differenc~ can also be explained as 

a result of the long inactivity of the St. Lawn~nce Rift syS,tlem. 

Seismicity of Continental Grabens 

The main continental seismic zone\of the wor1d inc1ude the 

Baika1 and the East African Rift Zones (Miyamura 1969). The records 

of the Baikal region are more complete as regards geographical coverage 
" 

and go further back in time than those of East Africa. The Baikal 

"" records show that the level of seismicity there (see Solonenko 1968b) 

whether reckoned from the annually recorded number of earthquakes 

~ ,. 

or by their intensity, is higher than that of East Africa (see Woh1enberg 

1970). The Rhine rift zone shows only mi1d seismicity (Hagle and 

Woh1enberg, 1970) . 

J 
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• The earthquakes of the continental rift zones are shallow focus; 

the depths of foci are commonly 1ess than 40 km in East Africa 

(Wohlenberg 1970) and Bàikal (Treskov 1968),\ and less than 25 km 

in the Rhine (Ahorner 197P). 

The characteristics of the stress state in the Baikal and 

East African seismic zones have been interpreted from studies of focal 

mechanisms of earthquakes by Bakalina and others (1969). These 

interpretations, however, are based on certain assumptions (see 

, J Garland 1971, pp. 87-91) and are not unequivocal. Balakina and 

coworkers (1967) state that the Baikal region is characterized by 

non-unifqrm horizçmtaf "expansion", mainly normal ta the r~ft ~ones, 

and the East A:f·rican rift zones are characterized by horizontal 
./ 

compression para1lel and horizontal tension normal to the graben trends. 

/. 

~ese inferred stresses are compatible with the 4enera11y accepted view 

,of graben formation by tensiona1 stresses. In the Rhine region, however, 

the contemporary' s~ess st~te appears to be different from the stress 

regime under which crusta1 updoming artd graben formation took place. .. 

The focal mechanism studies indicate horizontal compressiona1 stresses 

of regional extent in the area, the greatest principal stress direction 

being northwest-southeast (Ahorner 1970, pp. -164-166). 

Examination of epicentre maps (East Africa: Fig. 1 of Wohlenberg 

1970. Rhine: Fig. 1 of Ahorner 1970. Baikal: Treskov 1968) of the 

classical"rift zones show certain space relationships between the 

geographic distribution of epicentres and rift structures . 

• 
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'" The gross patterns of rift structures and epicentres _ 

"ft" , ~) 

correspond fair1y weIl espec{a11y when plotted on small 

scale maps. 

2. The epicentre patterns spread dver wider areas than 

the rift zones themse1ves. 

3. Sorne parts of the seismic zones have unusua11y great 

accu~ulations of epicentres. 

Sorne parts of the rift zones are aseismic. 

5. 
r 

Sorne of ~he associated seismic zones cannat be corre1ated 

with any known geologica1 strl!~iures. < "" 

'. Seismicity of the St. La\\frence Region 

The St. Lawrence Region is seismical1y active. Five shocks of 

magnitudes ranging from 5.9 to 7.2 have occurred in this region s!nce 

the turn of the century, and on the average about 20 minor shocks 

CM ~ 2-5) per year were recorded during the periad 1954 ta 1959 

(Smith 1964). In Table IV are listed 'shocks of M ) 5 that are knGlwo 

ta have occurred in the region. 

The earthquakes in the region are described in a series of" 
. 

catalogues (Smith 1962; Milne and Smith 1963, 1964; Smith 1966a; 
1 

Stevens et al., 1972, 1n~( ~nd are discuf:ed in severa1 papers (Smith 

1966b); Hamilton 1966; S~.1th 1967; Mime 1967; Miln~ et al. 1970). 
J f'::"... ~ '1 ' 1 

Epicentre ~p~ for thè'1'>eriods 1534 ta 1927 and 1928 ta 1959 have been 

~ .. - ~ 

l'i , 
l 

~ . 0 

250 



1 

• 

• 

) 251 

TABLE IV 

Larger earthquakes in the St. Lawrenee 'egion. 
"" \ a~d othE!r sources 

Data from Hodgson 1965 

Date Approximate Location of Epicentre 

1638 St. Lawrence River near the mouth of the Saguenay 

Ibb'3 Near 'the. mouth of the Saguenay . ... 
1665 Near the mouth of the Saguebay 

1732 At Montreal 

1791 .St. Lawrence River near the mouth of the Saguenay 

1816 Near Mortt~~i"'(.·~ 
1 

1831 Two earthquakes of about equa1 inten~ity at 
the rnouth of th~ Saguenay 

1860 Mouth of the Saguenay 

1861 At Ottawa 

1870 ~. Lawrence River near the mouth of the Saguenay 

1897 Near Montreal (two earthquakes) 

1924 In the Upper Ottawa Valley 

Estimated Magnitude 

7 

7.5 8 

6.4 

7 

6.4 

5.5 - 5 

5.5 6 

6.5 - 7 

5.5 - 6 

7 

5 - 6 

6.1 
r 

1925 St. Lawrence Valley near the mouth._.of the Saguenay 7 . 
1929 Grand Banks, Newfound1and 

1935 Timiskaming Depression' (at Timlskaming) 

1944 At Cornwall, Ontario 

1967 Lower St. Lawrence River s?utheast of Sept Iles 
, 

..f> 

u 

• 

'. 
'. 
' . 

! , .. , 

7.2 

6.~ 

5.9 
" ~ -

sA 
"'" 

-
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pub1ished ($mith 1962, p. 1966). The former map contains most1y non-" 

.. 
instrumental data and ls bound ta be biased by populationodi~tributio~; 

the latter which contains only instrumental data is reproduced in 

Fig. 56. This map i9 probably satisfactory for inferring broad seismo-

tectonic trends bu~ is unsatisfacotry for detailed seismic-structural 

correlations because of uncertainties (± 20' of arc) in epicentral 

locations. ' Such uncertainties act to diffuse trends. Alsa inc1uded 

in Frgure 56 are the rift zones of the St. Lawrence system. An exami-

nation of the Figure shows the fo1lowing seismo-tectonic patterns. 

'.~"" "" 

, 
1. Whep the number of epicentres and/or the size of shooks 

2. 

'! 
3'. 

q 1 

" 

are considerèd, the greater part by far of the seismicity 

of the general region is closely associated with the 

St. Lawrence Rift zoneS. 

\, "'" , 
There are two areaS of marked epicentre concentrations: one 

extending from Quebec City downstream t~ about Anticosti 1 , ' 

Island and mor~ or less straddlin~ the Marginal Segment 

Rift Zone, and th other extending across the south end 9f 

the St. Lawrence 

to as Zones A and 

There is a mino~, 

the southeast part 

"to ,a~ 

, . , , , . 

~, 

.1 

Zone \C. 

\ 

\ 

of 

. 
°11 ' 

p 

These two zones wil11be referred , 

of epicentres along 

e Appa1achians. It will be referred 
.. 
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, .' 
A closely grouped cluster'of half a dozen pr so epicentres 

occurs at the mouth of the Laurentiart Channel . . 
S. Two segments of the rif~ system are nearly aseismic. One 

is between Zones A and B and the other is east of Zone A , 

(except for the cluster o~ epicentres at the mouth of the 

"' Laurentian Channel).- / 

, 
Zone A follows the Marginal Segment Rift Zone for a distance of 

about 500 km. The part between Quebec City and the Saguenay outlet is-

characterized by a dense cluster of ~picentres. Th'(s cluster o'f ep,;i.-
~ . 

centres straddles the north boundary fault zone of the Marginal Segment 
, 

Rift Zone and is centered around the high1y faulted aréa associated 

with the Charlevoix c~ter. It is a1so in an area of neotecfonic 

253 
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t' .-
movements (Frost and-\Lilly 1906; Vani!.ek and Hamilton 1972; Nyland 19713) 

and is characteri~d by intense microearthq~ake activity (Leblanc ~t al. 

1973) . 

Zone R extends from the northern par~ of the Champlain Valley, 

northwestwards across the southern part of,the St. Lawre~ce Valley and 

thence for another 300 km or sa. In this 'latter part, the seismic zone 
"> 

fans out to include the Shield Segment A (excluding the Nipissing graben) 

and a large are a of the Shield Region to the northeast. As seen from 

Figure 56, there is a suggestion tha\,-the Zone B extends south-eastwards 

ta irtclude the cluster of epicentres (grouped with Zone C) just north 

of Boston. Recently, several workers'have commented on the possible 

l~) 
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Q 
significance of this so-called Ottawa-B~)ton seismic zone (e.g. Leblanc 

et al. 1973; Sbar and Sykes 1973). Five possibly interrelated lineaments 

lie along the Ottawa-Boston seismic zone. 

f 

1. The Ottawa graben (also part of the Timiskaming graben) 

2. 

.. 
and the east-west trending faults in the southern part of 

r 

the St. Lawrence Valley. Thes~ latter faults co~in~ to 

• form a graben-like crustal sag (see Clark 1972, Fig. 18) 
t; 

which may actually be the eastward continuation of the 

Ottawa graben across the Marginal Segment Rift Z~ne.' 

The area over which the epicentre pattern fans out 

(Fig. ,56) is a part of the Shie1d Region where the pre

valently northeast and northwes't oriihted "regional 

fracture pattern" is well deve10ped (e.g. see Fig. 6). 

This fracture pattern could conceivably control the 

epicentre p~ttern, but nothing definitive can be said 

because of the uncertainities of epicentre locations. 

The Beauharnois axis (see fig. 9). , 
" 

:3. The Monteregian line of intrusions excluding Mt. Megantic. 

4. The 1ine of intrusions of the White Mountain Magma Series 

(see Chapman 1968, p. 189). 

5. The axis of the Ne~ England Salient (of the Appalachian 

'. 

" , 1 

, foldhelt) \dt1ch ,.iS<~oinçident with a transverse geosynclinàl 

trough that first appeared late in the Precambrian and persisted 

" 

• 
" 



• 
as a transverse trough throughout the evolution of the 

û 

Appalachian foldbelt (Cady 1969, p. J5) . .. 
The Ottawa graben, the graben-like crustal~g across the 

south end of the St. Lawrence Valley and the transvérse geosynclina1 

trough a10ng the axis of the New,Eng1and Sa1ient, succeed o~ another 

a10ng a 1inear zone (trending on the average S600E) suggesting that 

the y may be aspects of a single continuous 1ineament. It is proposed 

that during the early development of the St. Lawrence Rift system, the 

ancestral Shi~d Segment A extended across the southern part of the 

St. Lawrence Valley and further southeast a10ng the site now occupied 

by the transverse geosynclinal trough coincident with the axis of the 

New Eng1and S~lient. Reactivation of deep fau1ts of the postulated 

extension of Shie1d Segment A cou1d have b~en mutual1y re1ated to 
f' 

magmatism of the Monteregian Province "proper" and of the White Mountain 

Magma Series; contemporary stress re1ease on sorne of the unhea1ed fau1ts 

may account for the extension of the seismic zone B tnwardA BORton. 
t 

Recent1y, Diment et al. (1972) have suggested a connection between the 

Ottawa~Roston seismic zone and the Kelvin seamount chain which Le Pichon 

and Fox (1971) have interpreted as a fossi1 transform fau1t - the K.~~n 

Fracture Zone (see Fig. 58). This transform fault Ig heliev@d to have ~ 

formed during the early opening of the Atlantic Ocean in the Jurass\c, 

and Cretaceous (~('h~Ilf1. ~. 19to; Le Pichon and Fox 1971) t a time 
~ j ~ ~ " 
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r. 
period which is roughly co.incident with the timing of the Monteregian 

and White Mountain Magma Series,magmatism. 5\ill more recently Sbar 
-:'> 

and Sykes (1973, p. 1875) have pointed out that the Kelvin Fracture 
(. 

Zone and the Ottawa-Boston seismic zone lie on the same small circle 

about the centre of rotation for plate movements during the same 
, 

period. They sllggest that the seismic zone is located along the 

continental extension of the fracture zone and that the creation of 

stresses in the area of the seismic zone may be due ta a change in 

"'? 

the driving force of 1 ithospheric plates at the present time. ' While 

the scheme suggested by Sbar and Sykes (1971) could explain the build 

up of contemporary stresses in the area of the seismic zone, the 

tectonic fe'r.turp to which the seismici ty appears to be related is the 

St. Lawren~e Rift system. The Kelvin Fracture Zone it~elf may be a 

feature inherited from a li<ne of structural weakness created by a' 

southeast extension of the Shield Segment A - New England Salient"axis 

tectonic line. Similarly, the cluster of epicentres at the mouth of 

th. Laurentian Channel may be related to the St. Lawrence Rift system 
() 

on the one hand and to the Newfoundland Fracture Zone on the other. 

Thus it appears that excepting the rather weak seismic Zone C (which 

is located along t~APpalachian foldbelt and q part of which may belong 

to the Ottawa-roston Seismic Zone), the largest single tectonic feature 
, 

to whiCh~eismicity of northeastern North America ls spatially 

tel~iS th~ St. Lawrence Rift system. , 

• 1 
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Hodgsdn (1964) and later Woo11ard, (1969) recogriized a seismic 

trend to include Zones A and B of the St. Lawrencè Region and extending 

southwestwards through Lakes Erie and Ontario ta the head of Mississippi 

Embayment. This trend, however,'has little relation to known tectonic 

features except in the area of the St. Lawrence Rift system and at the 

head of the Mississippi Embayment where the earthquake pattern appears 

to be spatially related to a zone of normal faulting. Sbar and Sykes 

(1973) argue that the seismic trend is not, in fact, as continuaus as it 

appears on WoolJard's epicentre maps (1969, Pig: 1) which contain 

both instrumental and non-instrumental data mixed together. 

In relation to other seismically active zones of the earth, 

the St·. Lawrencé Rift zones may be described as mildly active, an 

expression which also appropriate1y describes the seismicity of the 

Rhine and Os] 0 grabens. Neverthelèss the occasional' lad~e shocks 

(M ~ 7) that are characteristic 'of the St. Lawrence,~egion, have no 

known counterparts in the Rhine or Oslo Rift zones (Max < 6). In 

comparison with the seismic activity of the Baikal and East African , 
'f 

Rift zones, t~e activity of the St. Lawrence Region is distinctly loweT. 

" 
Alsa; the epicentral pattern of the St. Lawrence Region does not out1ine 

the gross pattern of the rift zortes ta the same degree as in the case 

of the other thtee rift zon~s. Accurate depth determinations of the 

St.; Lawrence Regionearthquakes are 1acking, but they appear to be , 

\ 
, 

//" 

/, 

':;, 
" 
~ 
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.,~#r shallow focus ('\, 25 km, see Smith 1967), comparable with the depth 

of focii of the thre~ rift zones. 

1 
Seismicity and Contemporary Stresses of the St. Lawrence Region 

In the pre1iminary paper on the St. Lawrence Rift system, 

Kumarapeli and SaulI (1966a) su~~sted that the seismic activity of 

the St. Lawrence Region may be a manifest!ition of, present tectonic 

activity of the St. Lawrence Rift system. Since ~e writing of the 

paper results from in situ stress measurements combined to a limited 

extent with fau1t plane solutions, have shown that the stresses' 

throughout a large part of eastern North America including the 

St. Lawrence Region are compressional, and that the greatest principal 

" 
stress is large, nearly horizontal and dominantly east ta northeast 

trending (Sbar and syke~ 1973). Voight (1969) was the first-Ito draw 
<II 

attention to this compressive stress field and he proposed that the 

St. Lawrence Rift system is not an active extensional feature at the 

present time, a situation not unlike that of the Rhine Region (see 

~horner 1970). He further suggested that the large horizontal 
, 

Qom~ressive stresses '(which also appear ta be present in Europe) might 

be related ta the mantle flow pattern that drives sea-floor spreading 

as weIl as to glacio-isostatic rebound. Regardless of what the causes 
1 

of the large str~sses are their existence ~~ems sufficientIy weIl " , 

established to warrant the conclusion that the seismicity ls caused 
... 

hy the release of thèse stresses (Voight 1969) on unhea1ed faults . 

, , 
J 
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The close spatial association of the seism city with the St. Lawrence 

Rift system suggests that unhealed deep fauits in 
\ 

northeastern N0F,th 
J 

Âmerica are mainly those of the St. Lawrenc~ Rift system. 
, 

SUMMARY AND CONCLUSIOJS 

Table V gives in summary forrn the main features discussed earlier 

in detail, of the St. Lawrence Rift system and ~f the three classical 
\ 

rift zones. The following are the main points arising from the 

discussion. 

\ 

1. The St. Lawrence Rift system is over 2200 km long. Its 
" 

length, although only about one third of the East African~ 

Rift system, is êomparable with the length of the Baikal 

Rift system or that of the Mittellmeer-Mjoessen Zone. 

2. Widths of the St. Lawrence Rift zones are comparable 

'with the common widths of grabens (35 to" 60 km) of 

"' the ciassical rift zoneS. , 
3. For convenience, rifting along the St. Lawr~ce system 

4. 

can be assigned to two time phases (i) post-Ordovician 

(ii) ancestral (Ordovician and earlier). Most of thk 

post-Ordovician rifting may hav~ taken place in the mid-

Mesozoic and the ancestral rifting appears ta have 

begun sometim; in the ~drynian. 
~ '. ~ J 

,. 

The classical rift zone~ have been active systems during 

the Cenozoic Era. The East African and Baikal rifts 

• ~ 
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TABLE V. Comparlson of sorne selected features of the rift systemtof East Afrlca, the Salkal, the Rhtne and of the St. Lawrence. 

FUTURE ...:.."'" 
COI'PAREO l' EAST AFRICA'l RIFT SYSTEM BAIKA!. RIFT SYSTEM RHINE GAABEN ST. LAWRENCE RIFT SYSTEM 

Length ln km 6500 2500 ' 300 > 2200 
Cannon wldths 50 50 30 30-60 
of rifts 

Tectonlc Settlng On crustal swel1 in Craton On crustal swel1 partly ln craton and On crus~al swell ln craton On craton A crustal swell cannot 
partI y in foldbelt (Transbaikalian) bu be discerned in the arel. 

, the rIft nainly on craton. 

Gross Trend N-S conforms ... !th the :-lE-Soi co~forr'lS ;/lth the general trend ',-S Dlscordantly super- ~E-S>l Conforms ... lth the general 
genera-l trend of the Pre. of t~e precarlbrian structures l'r"~osed on the Paleozoic trends of the Precambrian and --...// 
cambrian basement. ~ • Jnd Precar"brlan structures Paleozoic structures ( 

Structure C~plex 9rabens boun4tH for the most part by step faults and e~ ecrelon fault zones. Conmonly Shlelè Ségments unCerlaln by complex 
• asyrmetrlcal in cross-sectfon and crddle-shaped longltudlnally-ver:tTëal dlsplacements up to grabens, structural1y Slmilar to 

s.~veral t~ousand l;1e~res. largeH ln the 0 l'al (> 700 m) - grabens that l'ld,e up the c1asslcal 
gra~en syste~5 MagnItude of vertical 
rove-enté not "nown. The i'ldrglnal 
Seg-ent arpears to be underlain by a 
r1ft zone whlCh ln places has graben
hke cross section 

Sedimenta,y- Fault troughs partly filled wlth Cenozoic sedIments and volcanlcs, which in the deeper parts of No Cenozolc volcanics floors of 
volcanle f111 the troughs are several thousands of metres thlck, thlckest ln the Balkal, 2000 'to 6000 m. the fault troug~s covered only by a 

,< veneer of unconsol idated sediments 
usually less than 100 m thlck. 

ASSOelated Ig- tllvlne basalts nomal Slmllar to the 19neous rocks aSSOCla- Igneous rock asse'"1blages Tholel1:1c d1'e swarns, mlnor flood 
neous ",clcs and mildly aHallne~ , ted wlth the ~ast Afnean Rift Sll1\i1ar te those of the basa1ts, aH,al1ne cOTl'plexes and 

thoT~l1tic basalts. A~so System but greatly "ndersaturated East Afrlcan RIft System. cdrbonatites. 
plutonlc and volcanic alkaline rocks and carbonatites 
equlValents of ultra- are unknown. ' 

• ma fI coa 1 ka li ne rocks 
and carbonatites 

Geaphysleal Rlft lone~ co~nly cnaracterlzed by negative Bouquer anomalies (mdxl~um about 50 mllligals), Appears to ~ave no geophyslcal ex-
Characteristlcs above average heat flow and shallow foc us seismlcity. pressIon except for mlld shillow 

fecus selsMlclty. 

Contemporary HOrizontal tensIon normal and hOrizontal çorr,presslon parralel to HOrizontal conpresslonal POrllontal c01pressloltl11 stresses 
stresses the rift zones. stresses of reglonal of reglonal eJ<.tent ... Hh the greatest 

extent with t~e greatest prlnClçal stress dlrectlon east to 
~ prlrClpal stress direct- northeast. 

_ ~- Ion nort~",est-southeast 

.~ 
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are zones of active rifting at the present time but 

the contempo~ary tectonic stresses in the Rhine ragion 

appear to be horizontal compressional and evidently 

different from tectonîc stresses under which rifting took 

place. Unlike the classical rift zones, the St. Lawrence 

rift system appears to have b~en an inactive rift during 

the Cenozoic. Mild seismicity associa~ with the rift 

system is probably due to release (on unhealed rift fauIts) 

of horizontal compressive stresses that are present over 

large parts of eastern North America. 

5. 'The pattern of the St. Lawrence Rift system reSembles the 

branching patterrts of the classical r\ft zones. 

~ 6. A crustal swell similar to ~hose on which the c1assical 

• , rift zones are see cannot be discerned in the ,St. Lawrence 

Region. However, certain features of the Shield Region 
1 

Ce.g. deep erosion, deeply entrenched drainage'lines) are 

It+campatible with the hypothesis of a crustal swell that has 

been deeply eroded. Such a érustal swell, if real was not 

relat~d to the post~Ordavician rifting but ta the early 

development of 
",~ 

in the areas of .. 
the ancestra\ rifts. " . The ~lock mountains 

Parc des Laurentides massif, Adlrondack 

Mountains and Madawaska H1gh~and may represent skeletal 

• l' ... 
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" resurrections of parts of an old crustal swell, during 

post-Ordbvician rifting. 

7. With the exception of volcanic features, landforms that 

are associated ~ith classical rift zones have their 

cou~terparts in the St. Lawrence Region. However, the 

rift valley scenery of the St. Lawrence-Region is distinctly S 

less pronounced whether one c~nsiders positive or negative 

landforms. This, as weIl as the absegce of landforrns of 
il 

volcanic origin, can be explained as a resu1t of long 

inactivity and deep erosion of the St. Lawrence Rift system. 

8. Excepting ~he possible branch structure along the outer 
, 

part of the Laurentian Channel, the re~t of the St. Lawrence 

Rift system is set on craton. AlI three classical rift 
p 

systems are a1so set on craton8. 

9. The gr08s trend of the St. Lawrence system conforms with 

the general tectonic trend of the craton on which the rifts 

are superimposed, but when the trends are considered in 

detail notable discordances are evident. The above trend 
1 .. 

refations are not unlike those of the East African Rift 

system or of the Baikal Rift system. The Rhine graben i8 

~iscordantly superimposed on the aIder structures Qf the 

r~ion: a situation similar to that of ,the Shield Segments 

of the St. Lawrence Rift system . 

<. 
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10. A1most aIl the structural variants shbwn by rifts in the 

three c1assical areas have their counberparts in the ~ 
1. 

St. Lawrence Rift system. The post-O~dovician rifting 

do~s not seem to have)brought about m~re than 500 m of 

; 
structural subsidence, whereas up to several kilometers 

of'~enozoic structural suhs~dence have taken place in the 

classical areas. Greater structural subsidence may havQ 

taken place along the St. Lawrence Ri ft system, "during the 

evolution of the ancestral structures, but the magnitude 

of any such mQvements cannot be determined. 

Il. rhe fauit troughs of the St. Lawrence Rtft system have no 

noteworthy thicko~sses of Cenozoic sediments whèreas ,sorne 

parts of the classiçal rift zones have a few kilometers of 

_~.fodiment in them. The lack of sediment fill in the 

St. Lawrence fault troughs can be understood in terms of 

their long inactivify and deep erosion. 

12. Tholeiites and transitional types between tholefites and 

alkaline basalts appear tà have accompAnied early rifting 
{ 

along the St. LaWrence Rift system. Later igneous products 

have ~.steep bins towards being alkaline (e.g: alkaline-

carbonatite c~mplexes of the Lake Niplss1ng ana Monteregian 
~ -
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- provincés') • Apart from the 19ck of large volumes of volcanics ,~ , 
r. ' 

(this can be explained as resulting from long inactivity and 

deep erosion of the ~ift system), the 19neous products 
f 
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associated with the S~. Lawrence Rift system are typical 

of continental rift zones. 

13. Whereas the rift zones in the-three classical areas are 

associated with conspicuous geophysical anoma~ies, no 

notable geophysical anomalies apféar to be associàted ~ 

with the St. Lawrence Rift system. The mild s~ismicity 

- ,9, in the St. Lawrence Region appears ta be unrela ted to 

rifting processes. The lack of geophysical anomali~s 

is compatible with the long inactivity of the S,t. Lawrence 

Rift system. 

From the above, it 

St. \ L,àwren~e Rift system 

can be ~een that the similarities of the 

' .. 
ta the rift systems in the three~ssical 

areas are not rest'ricted Just ta gross patterns but a'pply ta a 

whole range of criteri.f includin~ g~omorphic, struct\).ral and magma'tiC:. 

aspects.~ There are differences, however, the main ones being t~è 

lack of conspicuous geophysicil anomalies and the absenc~ o~ large 
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, 

volumes of volcanic products alf.ong the rift system. As already mentioned', 
'1' 

the,t;e dif,ferences can be'understooq. in terms of the long .inactivity and 

deep erosion of the rift system, but they also may partIy be refated 

ta the rift systemt~ mode of origin which will be d~scussed in 

Chapter XV. 
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Chapter XV: TRi ST. LAWRENCE RIFT SYSTEM: GENERALIZATION(' 
..,'-... 

~ .. ~~ 
AN~ SPECULATIONS ON 1TS AGE AND OR~GIN 

Ages of the St. Lawrence Rift System 
, 

As pointed out earlier (see p.194 ) it ls convenient to divide 

the St. Lawrence Rift structures' into two age groups (i) post-Ordbvician 

structures and (ii) ancestral structures. While the' évidence for 
, 

post-Ordovician riftlng is conclusive, at least in the better known 

parts of the rift system, rconclusive evidence for ancestral rifting 

Is difficult to obtain. The following are the main lines of evidence , 

for the earller rifting. 

.J' 1. The occurrence of regional diabase dike syarms of Hadrynian 
j 

age, along the entire length of the Sh1eld Segment A and '~ 

in parts of the Esquiman Channel Area. In the latter area 
t 

dikes are associated with flood basa1ts . . ' 
2. The occurrence in wide1y separated parts of the St. Lawrence 

1 

Valley system of alkaline-carbonatite comple~es (see Table III) 
ot .\.. 

and presumab1y related dik~s, giving K/Ar ages near the 

Hadrynian-Cambrian boundary. 

3. The lithological and sedimentalogical characteristics of 
:11'" • 

the basal aren-ite~- ~~ the p1atforma1 séquence (St. Lawrence 
" 1"'1'\ ''1 
~ , 

Valley: Lewis 1971 and p.59 of this paper. Champlain 
(, -> 

Valley: Wisnet 1961:ànd p. 76 of'this paper. Esquiman 

Channel Area: C1if~~d 1969 and p. 93 of this paper~ Lower 

Ottawa Valley: Wilson 1946 and p.1l2 of this paper) Jndicate that 
/ 

" 

" ; 
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the arenites accumulated in fault-margined, graben-like 

basins. The upper parts of these arenites are Cambrian 

but the lower parts may be Hadrynian. 

, , .. In addition to the alkaline-tarbonatite complexes with K/Ar 

ages near the H~drynian-Cambrian boundary, thera are in the St. Lawrence 

Reg~~, oider alkaline-carbonatite complexes with K/Ar ages as much 

as about 1000 m.y. (see p. 238). Although the emplacement of these 

older intrusions might be connected with events that ~ed to the 

formation of the St. Lawrence Rift system, the earliest and most 

pervasive igneous activity along the St. Lawrence Valley system has 

been the emplacement of diabase dike swarms along the entire length 

of the Shield Segment A (Grenville dike swarm) and along the north

eastern parts of the Esquiman ~annel Area. In the latter area the 

dike swarms are associated with flood basalts (Light House Cove 

formation). These flood basalts appear to be remnants of once exten-

sive plateau basaIt fields. The writer proposes that the emplacement 

oi these dike swatms, possibly accompanied by large scale flood basaIt 
1 

eruptions. is related in time and cause with 'early rifting along the 

St. Lawrence Rift system. The Tibbit Hill voicanics may:'iiiso be a 

remnants of the early rift voicanics (see p.235). The precise ages 

of the above igneous rocks are poorly known. The dikes in the north-

eastern Long Range Mountains, which are presumed to be comagmatic 

with dikes and flood basalts in the Esquiman Channel Area, have yielded 

1 

.. 
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K/Ar ages of about 805 m.y. (Pringle et al. 1971). The isotopic age 
D 

of the Grenville dike swarm (a10ng Shield Segment A) i9 poorly {known, 

but has been quoted as 675 m.y. (Fahrig 1972, p. 576). The Tibbit 

Hill volcanics may be ear1y ~mbrian or late Hadrynian (Cady 1969, 
f 
- \ . 

~. 148). Thus, the existtng(~idence indicates that the deve10pment 
, -,,' 

of the above diabase dike sJarms and volcanic rocks may have continued 

from approximately 800 m.y. ago to the beginning of the Phanerozoic. 

Such an age spread is pernaps [[ot unus)JalJor as Sutton (1972, 

p. 366) has pointed out that diahasp dike swarms along rift systems 

develop over periods of 200 - 300 m.y., although this is ...... 

not established with certainty. The alkaline-carbonatite complexes;' 
,'-

- \, 
with K/Ar ages of about 565 m.y. (see Table III and Fig. 55) and the 

comagmatic dike swarms appear to have been emplaced towards the end 

of the period of diabase diking and basaltic·weruptions along the rift 

system. Thus the indications are that the St. Lawrencç,Rift system 

began about 800 m.y. ago. The Light House Cove lavas and Tibbit Hill 

volcanics occur at or near the bases of the Appalachlan stratigraphie 

sequences. Therefore, in the areas where tnese volcanics occur, 

rifting appears ta have taken'p1ace before or about the time the 

geosynclinal fills began ta aceumulate. 

It was suggested earlier that certain features of the Shie1d 

Region are compatible with the concept of a deeply eroded crustal 

, 
> 

/ 
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swell which may have formed as a prelude to the initiation of the i 

St. Lawrence Rift system (see pp. 197 t0201). If su ch a crustal 

swell did exist and did rupture, rapid erosion of its steep edges 

(facing the rifts), would lead to accumulation of coarse immature 

clastics in the fault troughs. In the Shield Segments no such 

clastics are known at the base of the early Paleozoic platform cover. 

One explanation is that clastic accumulations were removed by deep 

erosion of the r~fts, before the early PaIeozoic marine transgression. 

In parts of the Marginal Segment Rift Zone, however, the plat formaI 

sequence begins with coarse immature clastics. Examples of such 

269 

deposits are the Covey Hill formation in the St. Lawrence and Champlain 

Valleys (see p. 47 ) and the Bateau formation in the Belle Isle area 

(see p. 85 ). 
:l. 

The Bateau formation is probably Hadrynian because 

Oit underlies t~ Light House Cove formation of probable Hadrynian 

age, and as already mentioned eariier, the Iower part of the Covey 

Hill formation may also be ,rynian (Hofman/n 1972, p. 4). 

Recently, Rodgers (1972) has pointed out ~hat along the western 
.,.. 

Appalachian basement anticlinoria, the Appalachian miogeosynclinal 

succession usually begins with large volumes of coarse clastics . 
(e.g. Labrador group in northwestern Newfoundland; Mendon group 

to Cheshire quartzite in central Vermont) that appear to have 

accumulated in rather uneven basins during a time period extending 

- ~ 

-, -
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from the Early Cambrian weIl back into the Hadrynian but always 

post-Grenville. He states (p. 511) thàt 

iJ 
"the provenance of the clans tic material is un-
certain; directional indicators in later better 
sorted sediments suggest mainly a northwestern 
source. The coarseness of the debris and the 
abundance of feldspar in the less_yel~ sorted 
rocks suggests a relatively mountainous terrain 
exposing much granite or gneiss. This terrain, 

. might have been a mountain chain produced'in the 
Grenville belt by the Grenville orogenie cycle, 
or at least by the later movement15 of that cycle". 

The writer proposes that the clastic debris were derived 

from the Shie+d Region (principally the Grenville Province) following 

the domai uplift of'the area during the early development of the 

ancéstrai structures of the St. Lawrence Rift system. Inclusion of 

these clastics as rift sediments implies that the deeper fault troughs 

related to the ancestral structuréS occurre~lto the east and south 

of the Marginal Segment Rift Zone. SUCR a configuration of th~ 
~ 

ancestral structures is consistent in the context of the rift system's 

origin as hypothesized in the section to follow. 

Origin of the St. Lawrence Rift System 

There are two main aspects ta the problem of origin ot the 

",' 
St. Lawrence Rift system. One is the question"~f the origin of ~arge 

rift systems in general, and the other is the close space and time 
~ ..,. .' 
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as~ociation of the St. Lawrence Rift 'system with the Appalachian f~ldbelt. 
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The first aspect of the problem has been extensively studied 

relation to other large rifts (continental as weIl as oceani~ and 
IJ 

the résults of these studies are briefly discussed in Appendix VI. 

The secopd aspect which i~ specifically related to the St. Lawrence 

Rift system will be the'main subject of the discussion in this 

section. 

Any genetic model of the origin and evolution of the St. 

~71 

Lawrence Rift system must provide a coherent rationale for the fo1l~ng 

space and time relations between the rift system and the Appa1achian 

foldbelt. 

1. The Marginal Se&ment Rift Zone lies aîong the northwestern 

edge of the foldb~lt. 

2. The Shield Segment A graben system extends into t~e 

continental interior from the axis of a salient - the 

New England Salient - of the foldbelt. (The Shield Segment B 

graben whlch appears to be one of several laterai fractures 

related ta the St. Lawrence Rift system (see Fig. 43) is 
..-...... 

apparently not associated with any special feature of the 

foldbelt). 

3. The postulated bran ch of the rift system, along the outer 
fil>' 

part of the Laurentian Channel extends from a reentrant 

of the foldbelt • 

(/ 

" 
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4. The first appearance of the ancestral structures of the 

1 

rift system and the begirtning of the Appalachian strati-

graphie sequenèe may be near contemporanous. The ancestral , 
structures ap~ear to have undergone reactivations during 

-, the evolutidn of the Appalachian foldbel t. 

5. The greater part of the post-ordovician s~ructures of the 

r·ift system may have '1P"ormeg in the mid-Mesozoic after the 
.,...t 

Appalachian geosyncline ceased to be a mobile belt. 

From the above, it can be seen that the rift system and the 

foldQelt are intimately related in space. Furthermore, the evolution 

of the ancestral structures of the rift system, appears to be related 

272 

in time with the geosynclinal evolution. These space and time relation-
" 

ships suggest a causal relationship (see SaulI 1967) indicating ~hat 

not only tbe foldbelt but a1so the ancestral structures of the rift 

system are products of geosynclinal -évolution. If this were so, it 

shou19 he possible to explain the origin of the ancestral structures 

of the rift system within the framework of models of Appalachian 

evolution. 

Recently, proposed models of the Appalachian evolution have 
1 

already heen discussed earlier in Chapter II. Of these, Bird-Dewey 

model (~970) and Chidester-Cady model '(1972) were considered as 

representative of the two main schools of thought. Although the 

two mode1s are fundamentally different, both suggest that the geo-

synclinal activity began, late in the Precambrian, when a rift system 

• - 1 
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developed somewhere along the present ~ite of the Appalachian eugeo-

synclinal belt, possibly just east and south of the edge of the 

Camhro-Ordovician North Arnerican continent as interpreted hy Rodgers 

(1968, also see Fig. 4). The rift system which will hereafter he 

referred to as the eo-Appalachidn rift system was set in a contihent 

consisting of North America and Africa th en joined together. The 

rift later widened ta forrn the Proto-Atlantic,qcean (Bird-Dewey model) 
, 

or a downwarped zone occupied by a broad inland sea similar ta the 

present Mediterranean with a dominantly sialic floor (Chidester-Cady 

model). Whichever the case might be, the writer propose~ tnat the 

St. Lawrence'Rift system can he understood as a feature inherited 

from the eo-Appalachian rift system, which with continued activity 

led to the development of the Appalachian geosyncline. 

The crustal upwarping and distension related to the formation 

of ~he eo-Appalachian rift system and further crustal distension 

related to subsequent widening of the rift (Bird and Dewey 1970; 

Chidester and Cady 1972) led to extensive black faulting of the \, 
crustal plates on either side of the main rift. Ta the north and 

~ 

west of the rift, the black faulting extended as far as the present 
1 

limit of the Marginai Segment. Much of this block-faulted terrain 

was suhsequently incorporated into the foldbelt except in the Marginal 
1 

Segment Ritt Zone, where high-angle faults remained largely unhealed 

and susceptible to later reactivation. The eo-Appalachian~ft 
, 

system may have contained two triple junctions which forrned over local 
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mantle upwellings or umes of hot material (see Morgan 197~). An 

arm of one of the triple junctions extended along the axis of the 

New England Salient and thence across the southern part of the 

St. Lawrence Valley and along the Shield Segment A (see Burke and 

Dewey 1973, pp. 420-421). This arm later became an aulacogen* and 

the other two arms became parts of the geosyncline. This explains 

the transverse trend of the Shield Segment A ta the foldbelt and 

the location of the former at a salient of the latter (see Fig. 57). 

The second triple junction 1ay under the 'present site of the r.ulf of 

St. Lawrence. One arm of this three-pronged rift extended along the 

site of the outer part of the Laurentian Channel, the other two arms 

became parts of the geosyncline. Although the former lay across the 

site of tfie geosyncline, it survived the mountain building processes 

as a relie fracture zone, Just as the eastward extension of the 

Shield Segment A graben system seems to have survived as an unhealed 

fracture zone (seé\b.~56). It is proposed that as a result of 

tensional stresses related to the opening of the Atlantic Ocean in 
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, -------------the Mesozoic, the unhealed faults along the Marginal S~~~ 

----------
*Unlike the "type" examples of aulacogens (Shatski 1946, 1947, 1955; 
Nalivkin 1963) in the USSR (the subsurface Paehelma and DRieper-Doneç, 
aulacogens in the southeast part of the Russian platform), the Shield 
Seament A graben system does not contain great thickness of sediments. 
Neither is there any eviqence that it developed into a wide intracratonic 
downwarp and went through a mild compressional phase during later stages of 
its evoluti~n. However, i~ has the basic characteristics of an aulaeogen 
in that it is an intracratonic graben that extends from a foldbelt far into 
the interior of the foreland craton (Hoffman et al. 1973). Moreover, if 
rifts that didc not deve10p into geosynclines ~re regarded as aulaeogens 
(Nalivkin 1963; Hoffman et al. 1973) th en according to the genetie mode1 
presented in this paper, the Shield Segment A is an aulacogen . 
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• 
Shield Segment A and the relic of the branch structure along the r 

• outer part of the Laurentian Channel became reactivated and combined 

to form the St. Lawrence Rift system as proposed in this thesis. 

When the ini~ial break of the conti~nts occurred in the 

Mesozoic, the fracture zone a10ng the outer part of the Laurentian 

Channel led to the creation of a contine~tal margin offset (see 

Fig. 58). This continental margin of~set in turn led to an offset 

on the plate accretion axis (see Wilson 1965), i.e. a transform fauit. 
~ 0 

As the Atlantic Oc~an continued ta open, the residual inactive trace 

of the transform fault~ecame the Newfoundland Fracture Zone (Le Pichon 

and Fox 1971). The above genetic model takes into account aIl five 

requirements mentioned earlier. According to the model, the ancestral 

structure of the St. Lawrence Ri.ft system originated as parts of the 

eo-Appalachian rift system. Thus, the genetic relations are the same 

whether one relates the Belle Isle and Tibbit Hill volcanics (p.235 ) 

ta the ~ncestral structures of the St. Lawrence Rift system or ta the 

eo-Appalachian rift system. The same can be said of the dike swarms(p.233-

234 ) alkaline carbonatite centres (p.236 ) and sediments (p.269 ) 

1. 

which were interpreted as related to the development of the ancestral 

structure. The model implies that the pattern of the St. Lawrence 

Rift System is also largely inherited from the pattern of the 

eo-Appalachian rift system. Also the sigmoid shape of foldbelt ig 

interpreted as a feature inherited from the branching pattern of the 

• " ~ 
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1 

eo-Appalachian rift system. It follows that the apparent skewness 
- / ' 

of the Newfoundland arc wlth respect to the mainland arc (see p.25 

also can be viewed as a feature inherited mainly from-the shape of 

the eo-Appalachian rift system. Mention should be madé<here that 

Black's (1964) finding of a 30-degree discrepancy between paleo-

) 

magnetic pole positions of Lower Cambrian rocks of western Newfoundland 

and rocks of similar age in New Brunswick and Nova Scotia, has commonly 

been cited (e.g. Clifford 1969) as evidence of a 30-degree counter-

clockwise rotation of Newfoundland. Pole positions of Ca~~niferous 

rocks from Newfoundland a~d the mainland apparently coincide and 

hence the rotation is believed to have taken place in the Devonian 

~ or earlier. Later work by Robertson et al. (1968) has shown that 

because of uncertainties involved in detecting the components of 

remanent magnetization, the available paleomagnetic results cannot be 

used to establish conclusively the hypothesis of a rotation of New-
,/ 

foundland. 1hey state that paleomagnetic data do not provide inde-
~ 

pendent evidence that rotatiôn of Newfoundland has occurred. 

Coarse immature clastics similar in age and lithology to those 

that were interpreted as rift sediments of the eo-Appalachian system 

(p. 269) also occur along the western basement anticlinoria of the 

central and southern Appalachians (Rodgers t972, p. 510). Also 

volcanics similar in yetrochemistry a~d age to the Belle Isle and 

Tibbit Hill volcanics twhich were interp~eted as eo-Appalachian rift 
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\i 
volcanics) odeur further to the south (e.g. Càtoctin lavas: see 

Reed, J.C., Jr. 1955, Reed and Morgap 1971, pp. 526-548, Stropg 

and Williams 1972, pp. 43-54) along the 

foldbelt. Thus, if rifting of a larger 

west sid. ~ thé Appalachian 

continent ~J ,t0' the irti.-

• 
tiation of the geosynclinal cycle in the northerniAppalachians, it 

~is probable that ,the rifting 

the site now occupied by the 

, 

ôcccur~e~ along the e~\ire length of 

foldbelt (see Rodgers 1~2, p. 517). 
Il 

Also, the tensional stresses that led to the opening of the Atlantic 

Ocean must have prevailed along th~ entire length of the pre~ent -

a continental (North American) margin. Therefore, it follows that 

rifts similar to the St. Lawrence Rift system are 'to be expected in 
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association with the central and southern Appalachians. Also other fossi1 

/ transform faul ts similar to the Newfoundland Fracture Zone can 'l)'e 

expected in the North Atlantic, off the continental margin of North 

America. No feature comparable ta the Marginal Segment Rift Zone is 

known from the central and southern Appalachians, but there i8 at 

• 
least one prominent rift zone or aulacogen - the Rough Créek graben 

(Fig. 57) - which like the Shie1d Segment A graben system, extends 

from a sa1ient of the foldbe1t into the continental interior 

(W~lsôn 1959). to by Wilson (1959) 

to have spac~ ~~ 
A possible basement graben referred 

as the south New York graben (Fig. 57), also appears 
" , f 

relations r~th respect to the Appalachian foldbe1t) similar to that 
() 

of Shi~ld Segment A. The orig1n of Kelvi~ Fract~~.Zbne~ C~e Fear 
i ,"M~_ .~. 

Fracture Zone and Bahama Fracture Zone (Fig. 58) may be ~r~ilar to 

that of the Newfoundland Fr~cture Zone • 
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MAJOR CONTRIBUTIONS 

., 
Some oÏ these contributions were anticipated in a joint pap~r 

by Kumatap.eli Gand Saull (1966a). The others have been aeveloped 

independ~ntly, since then, except as noted in the body of the text, 

where collaboration and prior wor~ i9 acknowledged. 

1. Evidence has been col1ected, from previous published material 

and from field and airpheto studies' of the St. Lawrence Region and 

synthesized to show that the St. Lawrence Valley system is carved 

out mainly along rift zones. This work has led to new inter-

pretat10ns as grabens or 'graben-like forms for the structures 

along the St. Lawrence and champlain Valleys, inner and midd1e 

)-

parts of the Laurentian Channe~ and the Esquiman Channel Area. 

The outer part of ih~ Laurentian Channel has been interpreted 
é 

as carved out along a fracture zone of uncertain type. 

2. A mega-structure - the St. Lawrence Rift system previous1y unknown 

in the form and extent described in this paper, is nroposed. A 
i' of' 

hypothesis of its origin is advanced. 

3. The St. Lawrence Rift systeJll ls compared and contrasted"with 

the continental rifts of the three classical areas, namely East 

AfYlca, Rhine and the Baikal. The main differences of the 

St. Lawrence Rift system are exp1ained in terms of ,its long 
/ 

inactivity and its mode of origin. 
n 

a 4. Some of th~ geomorphic peculiarities, BUcq as the aeep valleys 

of the Shie1d Region and the unusually deep erosion of th~ 

.. 

" 

279 

• 
ù / 

, J 

.. 



• 

• 

Grenville Province are interpreted as features inherited from 
f 

deep erosion of a crustal swell in the, St. Lawrente Region. 

5. Ten gravit y profiles across Logan's Line which extends alon~ a 

part of the east margin of the St. Lawrence Rift sys~m have been 

compiled and their results are interpreted. 

6. One gravit y profile across the Shield margin on the west side of 

the St. Lawrence Valley~as been compiled and the results are 

interpreted (Kumarapeli and Sharma 1969). 

7. The recurrent alkaline magmatism in the St. Lawrence Region has 

been interpreted as related ta tectonic activity along the 

St. Lawrence Rift system. 

280 

8. A seismotectonic scheme, that the mild seismicity of the St. Lawrence 

Region i9 related to release of contemporary.regional stresses on 

the fractures rela~d ta the St. Lawrence Rift system, is presented. 

9 .. ~~ geological basi§ for the presence of explosion craters in the 

" 
St; Lawrence Region is proposed. 

10. A hypothesis explaining the apparent skewness of Newfoundland with 

respect to the mainland is advanced • 

-
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APPENDIX 1: PtIYSIOGRAPHIC CHARACTERISTICS OF 

THE APPALACHIAN REGION 
" 

~ 
Physiographic Expression 

The physiography of the Appa1achian Regi10n (Go1d thwait 1924, 

Bostock 1970, King 1972a) is dominated by up1ands - the Atlantic 

Up1ands - whose height above sea 1eve1 varies from about 200 m to 

about 800 m. The up1ands consist largely of ro11ing terrain, ... 
developed over re1atively resistant rocks. Their continuity is 

interrupted by belts and broad areas of 10wland that are co11ective1y 

referred to as the Carboniferous-Triassic Lowlands. These low1ands 

have deve10ped on 1ess resistant rocks. 
,1 

The surface of the Atlantic Uplands slopes gently to the 

f 

southeast. The higher northwestern part is characterized by prominent 

mountain ranges: Long Range Mountains (altitude of the highest peak 

814 m), Notre Dame Mountains (1268 m), Sutton Mountains (968 m) and /' 

Green Mountains (1130 m) (Fig. 1). Broad1y viewed, these ranges 
., 

form a high rim that overlooks the adjacent St. Lawrence-Valley' 

system depr~ssions. The southeast sloping surface of the region 

meets the waters of the Atlantic Ocean in a drowned coastline which 

has been subsiding at the rate of 15 cm/century during the past 

4000 years (Grant 1970). 

Physiographic Evolution 

, Earlier workers (e.g. Goldthwait 1924, Twenhofe1 and 

303 

MacClintock 1940) recognized dissected and t11ted penep1ains (see Fig.59) 
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in the upland surfaces of the Appalachian Region and discussed the 

physiographic evolution of the region in the light of Davis' hypo

thesis"of cyclical erosion (Davis 1889). Modern geomo~phic theory 

(Hack 1960), however; considers that naturely dissected landscapes 

such as those of the Atlantic Uplands are essentially in a state of 

balance between the processes of erosion and resistance of the 
., 

rocks. King (1972a) has recently s~gested t~~t the uplands and 

lowlands of the Appalachian Region developed progressively together 

in response to a long and possibly continuous erosion cycle that had 

its beginning in the Jurassic Periode King (l972b) further sp~culates 

that the uplift which initiated thi: erosion cycle~might h1re 

related to ramping (see yogt 1970) of the contiqental margin, 

been 

during 

the initial stages of continental rifting that led to the opening 

of the present Atlantic Ocean. Uplift was followed by subsidence 

and sedimentation along the continental margin and the adjoining 
t 

o 

ocean ba~in; the latter processes seem to have persi~ted to at 

least the end of the Tertiary Period (King 1972a). 
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APPENDIX II: 

PHYSIOGRAPHIC CHARACTERISTICS 
, ), 

"'l-~ - l "'" 1 .. 
_- f~ 

OF THE SHIELD REGION , " 

Phis\ographic Setting 

The Cqpadian Shield is approximately e1liptica1 in plan. 

t Its morpho10gy, considered in the broadest sense~ has been described 

as ~rude1y saucer-shaped (Cooke 1947, p. 11), because io its central 

part is a great depression - the Hudson Bay depressioo -loutward 

from which land general1y rises in a1l directions to form a wide rim 
o 

.of highlands. The Shield Region is in the southeasterh segment of • 

the high1and rim. A major portion of the region is referred ta as 
~. . 
'Vthe Laurentian Highlands (Bostock 1967). The part near the Atlantic 

seaboard is known as the Mecatina Plateau (Bostock 1967). 

A large part of the high rim of the Canadian Shieli ia fair1y 

uniform in e1evation. Altitudes common1y vary between 200 m and 

500 m. The rim i8 considerably higher in parts of the Shie1d Region, 

where e1evations of SOO'm to 1,000 mare common. The Shield margin 

attains mountainous heights in northern Labrador/(2~OOO m) and in 
, , 

B~ffin1and (2,500 m tQ 3,000 m). 

Topography 

The Shi'eld Region can be regarded as a cowposite plateau; much 

of- Hs surface stands about 400 m above sea level. Wi{hin the 

306 

region, severa! areas with' elevations syate~t~cally' high:r than those (~ 
of the surrounding areas, can be recognized. A large area~f higher 

}, 
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elevations lie between the Betsiamites and Romain Rivers. Much of 

the surfacf in this area lies between 500 m and 1,000 abo~e sea 
, 

level. To 'the northeast of this area, the Mecatina Plateau has 
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elevations of 500 m or less, and to the southwest, the elevations .' 

generally decline towards Georgian Bay but not without interruptions. 

These interrupti9ns occur in the areas of the Parc des Laurentides 

i\ 
massif (maximum elevation 1,166 m), Adirondack massif (1,639 m) 

and Madawaska Highlands (587 m). These three upstanding topogra~h~c, 

masses are fault~block mountains and stand several hundreds of meters 

above the generai level of the surrounding areas. 

At the margins of the St. Lawrence Valley system depressions, 

the surface of the Shield Region descends abruptly towards the 

depressions. These steep edges of the region are most1y interpreted 
ç 

as fault-line scarps, 100 to 30D m high. The related faults are 

discussed in detail in Chapters IV through to XII. The scarps are 

deeply dissected, ~o much so that when the Shield Region is viewed 

from within 'the St. Lawrence Valley system depressions, it has a .. , ,..' 
$. , 

mountainous appearance, and in sorne places ruggedly so. 

Generally speaking, the surface of the Shield Region is charac-
l 

terized by low to moderately high rocky hills and ridges, interspersed 

with valleys and sundry-shaped depressions, the floors of which~are 

invariably mantled by glacial debris and often occupied by swamps and 
,\ ' , 

lakes. SOrne of the vaileys have remarkab1y linear or tig-zag courses 

that range in length from a few kilometers ta,several tens of kilometers. 
" 

" 
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The areas of higher elevations mentioned earlier aré deeply dissected 

and are characterized by rugged topography. Relief of about 300 m 

'ts common in these areas. The rest of the Shield Region 'is less deeply 

dissected, relief on the average being about 100 m. 

Drainage Charaçteristics 
." « 

The pré~ent drainage system of the Shield Region has been modified 

ta sorne extent by Pleistocene glaciati~n. A typical main drainage line 

consists of a succession of l'akes connected by stretches of fast water. 

The lakes ar~ merely expanses of quiet water impounded in valleys 
u 

by dams of glacial debris. Here and there, hawever, deep and well-defined 

valleys persist for 19n9 distances. Sorne of these valleys attain dept~s 

of 300 m or more and yet even the deepest of them is filled to a 

greater or lesser extent with glacial debris. Examples of deep valleys 

are those of rive~ Jacques-Cartier, Gouffré, Saguenay, Ste. Marguerite, 

Betsiamites, Manicouagan and Moisie. These valleys are more or less 

transverse ta the Shield Region and at their lower ends join either 

the St. Lawrence Valley or the Laurentian Channel. 

Typically, the deep valleys are drowned for a few kilometers 

upstream from thei~ lower ends, and beyond that for several kilometers 

they commonly have a fairly uniform grade on reworked glac~al sediments. 

AboVe the graded section there is usually a stretch of narrow gorges or 

canyons and at sortl~ point in the ;tatt~r section the- present river descends 
'0 

abruptly from the plàteau above, 'into the deep canyon below (thus, these 

'rivers have great hydro-electric potential). These valleys did not form 
~, 

, 
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in post-glacial time for post-glacial streams are still in the process 

of eroding and reworking the glacial fill in them. According to 

o Ambrose (1964) not only the deep valleys but also the entire drainage 

system of the S&ield Region was established and structure-adjusted 

in pre-Ordovician times and became reactivated when it yas gradually 

exhumed in relatively recent times . 
• 

A noteworthy feature of rivers in the deep valleys is that 

their sources lie to th~ north of the present height of land but 

the deep canyons enable them to flow southwards against the regional 
., 

slope. For example, the Saguenay after heading in Lac St. Jean, 
t;. 

which is no more tha" 100 m above sea level, crosses a plateau whose 

altitude i8 about 350 m. The zig-zag course of this river across 
} 

the high-plateau, ~owever, lies along what appears to be deeply 

eroded 'faul t' lines. The other rivers in deep va-U .. eys also have 

conspicuously tinear or zig-zag courses and appear to be controlled 

by faults and/or joints. 

The drainage pattern of the Shield Region, with many of its 

main rivers deeply entrenched and flowing against the regiona1 s10pe 

in their upper courses, fas(hnated early workers (e.g. Wilson 1903; 

Cooke 1929). A view common1y expressed by them, i~ that the rivers 

in deep valleys are examples of antecedent drainag lines: originally, 

the rivers had established their southward flow as consequent streams 

and were able to main tain their course against a re regional 

slope. This hypothesis calls for a state of rather balance 
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to exist for a long period of time, between the presumed rates of 

reversa! of the regional slope and of down-cutting of rivers, a 

situttion perhaps unlikely or at most rare in n~~ur~. Renee, thts 
, 

view is now largely abandoned, although the writer knows of no alternate 

view advanced ta expIa in the origin of these unusual drainage 1ines. 

It is argued in Chapter XIV that the peculiarities of these drainage , 
1ines were inherited by deep erosion of structures impressed on the 

l' 

Shield Region during the initiation and development of the ancestral 

structures of the St. Lawrence Rift system. 

~iews on Physiographic Evolution 

So~e workers have postulated upland erosioo surfaces in the 
\ 

Shie1d Region (Dawson 1897; Wilson 1903, p. 630; Cooke 1947, p. Il; 

Blanchard 1933, see Dresser and Dennis 1944, p. 200; Parry 1962). 

Several workers have correlated these surfaces with the presumed 

Cretaceous and/or Tertiary surfaces of the Appalachian Region (Crawl 

1959, Parry 1962). Such correlati6ns, however, seem untenab1e in the 

light of later studies by Ambrose (1964). He has advanced the hypo-

thesis that the surface of the Shie1d Region is a pre-Ordovician 

paleoplain that has undergone litt1e modification since its exhumation 

after being buried under a Paleozoic platform cover. The principal 

basis for this view i8 the presence of small outliers of Lower Pa1eozoic 

'beds (Ordovician) in the Shield Region (Fig. 5). Few of these outliers 
\ 

seem to occupy hollows of the pa1eo-surface (e.g. see Osborne 1937, 

p. 9). A1so in some places. Lower Paleozoic rocks extend as "t-Qngues" 

1 
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along valleys (ut in the old surface (e.g. see_Osborne 195&, p. 159). 

These criteria do support Ambrose's view (1964). Yet, the majority 

of Lower Paleozoic outliers including aIl the ones thai are far 
1 

removed from present areas of extensive platform cover, appear to 
1 

be preserved as downfau1ted blocks in grabens. Thus, the preservation 

of these outliers do not necessarily prove Ambrose's (1964) contention 
... 

that "no great lowering of the Precambrian surface has occurred 

since exhumation" . 
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APPENDIX III r 

GRAVITY STUDIES OVER LOGAN'S LINE 

INTRODU~TION 

The western boundary of the Appalachian foldbelt lies along , 

the eastern half of the St. Lawrence Valley and is known as Logan's 

Line or Logan's fault after Sir William Logan (1863) who fLr~t 

~ 

recognized it. In geological maps this feature is usually shown as 

a continuous, east-dipping thrust fault that ~tends from the north-

east e~d of Lake Champlain to the vicinity of Quebec City and beyond 

(Fig. 9). However, outcrops indicating its position and nature are 
1 

exposed only in Lake Champlain and Quebec City areas. In the former 

area, Logan's Line is, in fact, a zone of thrust faults (Clatk and 

t~ McGerrigle 1944, p. 396) dipping 200 towards the Appalachian fold-

belt. In Quebec City area too, it is an east-dipping thrust fault, 

but the dip there ranges from 400 to 70° (ElIs 1888; p." 15K~ Raymond 

1913; Graham and Jones 1931). In between the two above localities 

which are actually about 200 km apart, Logan's Line is placed to 

explain str~tigraphic anomalies and widespread brecciated zones 
i 

(e.g. see Clark 1964a, p. 75). The gravit y traverses discus8ed below 

were carrie~ out 'acr08S the presumed trace of Logan's Line in this 

200 km section (Fig. 60) where neither its exact position nor its 

fault. geomet!y i8 known. 

Kumarapeli and SaulI (1966a, p. 665) piscussed the nature of 

Logan's Line in the context of possible rifting along the St. Lawrence 
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Valley and ernphasized the problematic nature of structures included 

in Logan' s Line. They suggested the possibili ty that the scale of 

thrusting postulated by sorne of the earlier workers may be exagge-

rated, implying that the thrust f~lts may steepen downwards and 

extend into the Precambrian basement. The gravit y studies were 

undertaken (during the summers of 1966 and 1967) on 

assurnptions (i) the subsurface strfocture of Logan's 

a basem~nt step, the downdrop b~g towards the St. 

the following 

Line includes 

Lawrence Valley 

(ii) there is a significant1y high density contrast between the 

basernent and cover rpcks. However, contrary to assumption (i) above, 

the concensus has grown in recent years, in support of gravit y 

driven "thin-skinned" tectonics on Logan's Line (e.g. Williams 

et al. 1972, pp. 192-194; Zen 1972, p. 13). 

GENERAL GEOLOGY 

Rocks on the west side (foot-wall side) of Logan's Line 

are Middle and Late Ordovician in age. They belong to the 

parautochthonous St. Germain complex (Clark 1956, p. 4) and consist 

of an intense1y deformed sequence of shales and ca1careous Eh8les 

with minor sandstone and limestone bands. An interruption in the 

St. Germain complex oà~urs in the St. Dominique area. There, an 

elongate "island like" block of re1atively undeformed p1atformal 

rocks emerges through the crumpled St. Germain rocks (Fig. 61). The 
-\ 

traditional interpretation has been that these platformal rocks . 
have been pushed up as a thrust slice - the St. Dominique slice 
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• (Clark 1947, p. 17) - during the general westward thrusting along 

Lo~nls Line. Recently, the writer suggested that the St. 

Dominique slice may have been pu shed up by black uplift along high-

angle faults that are related ta the normal faults of the St. Lawrence 

Valley (Kumarapeli, 1969). Subsequent drilling at the west margin 

of the St. Dominique slice, however, has shown that certain formations 

are repeated several times by faulting (Quebec Dept. Natural Resources, 

open file) a situation supporting the thrust fault hypothesis. 
,) 

The rocks on the east side (hanging-wall) of Loganls 

Line are Cambro-Ordovician. They consist mainly of sandstones and 

shales of the Sillery group except in the southern part where gravit y 

traverses land 2 are located. There, the hanging-wa1l rocks are 

a part of the Stànbridge complex (Clark and Eakins '1968), mainly 

composed of pelites with minor limestone lenses,.and on the whole 

not too different from the roek& en the foot-wall side. 

Along the gravit y traverses bedrock is exposed only at a 

very few places. Elsewhere, the surface material consists of un-

consolidated sands and clays whose mean density may be as low as 

2 g/em3 . The variations in thicknes8 of this low density material -

is not known, but thickness up to about 30 m might be expected. 

FIELD DATA COLLECTION 

1 
The gravit y traverses were made along roads that cross Loganls 

Line at or nearly at right angles (Fig. 60). The lengths of the 

profiles varied from 5.6 ta 18.9 km and the total 1ength of the , 

• • 



• " 

traverses is 106.8 km (Table VI). The station spacing was approximate1y \ 

• \ 244 m (800 ft), except in profile 8 where a 122 m (400 ft) station 
~ 

spacing was adopted. The gravit y measurements were carried out with 
, 

a Worden gravimeter and the elevations of stations were determined 

by differential leve1ling using precision instruments. Drift of the 

gravimeter was checked every hour or sa against a "floating" base 

station estab1ished on each traverse. 

Over 125 samp1es of rock, most of them weighing more th an 

300 g, were c011ected for density determinations. The samples were 

taken from outcrops on or near the gravit y traverses. A sampling 

-bias can be expected because rocks that have a higher resistance 

to weathering and erosion tend to outcrop more frequently than those 

that are less resistant. Exeepting for the Sillery group, in which 

sandstone members appear ta outerop far more frequently than the shale 

members, the sampling blas ls probably not serious. 

, 
ROCK DENSITIES 

Parasnls (1952), in a study of rock densities of the English 

Midlands, emphasized that the "field" density of a rock must lie 

between the dry and saturated densities. Because the amount of\~ 

pore water in a rock in situ is un kn own , Parasnis suggested that the 
" 

saturated density is probably the best approximation t6 "field" 

density. The rocks in the survey area are mostly sedimen~ry rocks. 

In sedimentary rocks the difference between the dry and the saturated 

denslty ls often very signlficant. In the present study, densities 

• \ 
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TABLE VI 

SUMMARY DATA: GRAVITY PROFILtS ACROSS LOGAN'S LINE 

Profile No. 
in Fig. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

.. 

.. 
r'i 

" 

No. of Stations 

41 

39 

" 
41 

... _.?1 

80 

69 

24 

68 

33 

, 
35 

481 

l 
,.; 

! 

"", 

1 

/ 
9.49 

9.49 

12.43 

.---.~ .. 88 

16.41 

5.63 

8.05 

7.56 

8.37 

106.77 

'" 

3.18 
" l( 

.. 

1, 

, 
, ' 
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were determined after the samp1es had been immersed in water for about 

1 ~eek, using the fo110wing relation p = wl /(wl -w2) where p is the 

density, w
1 

is the weight of the sample in'air, w
2 

is the weight'of 

the samp1e in water. A total of 104 density deterrninations was made. 

Location of samples, their description and density values are given 

in Tables VII to X. The number of samples (N), the mean density (M) 

and the standard deviation are 1isted for each rock grouping in 

Table ,XI. The mean density obtained for the Sillery group is probably 

the least reliable. In addition to the sampling bias as a1ready 

discussed, the samples taken from the shale members were found ta be 

weathered, although every attempt was made ta obtain samples as 

fresh as possible. On bath counts above, the mean density of the 

Sillery group, as obtained from the density determinations, may be 

on the low sid~. 

GRAVITY FIELD DATA REDUCTION 

The land surface along the traverses and in the nearby area~ 

is characterized by gentle slopes. The grades along the traverses 

are commonly less than 1%. The maximum grade encountered was about 47.. 

Accordingly, topographie corrections to the gravit y readings were 

regarded as unnecessary. 

The mean densities of rock groups (as determined from density 

determinations, see Table XI) on either side of Logan's Line vary 

from 2.62 g/cm3 for the Sillery group to 2.67 g/cm3 for the Stanbridge 

complex. A value of 2.65 g/cm3 was taken as an approximation of 
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the Bouguer density. 

, " 
Using thi~ value 'for 'PB' a ~9mbin~ Free Air and 

Bouguer correction of ?190/.? mgai~!m (0.060 mgals/ft) ~as applied to 
", 

every reading. On each profile, the "observed" Bouguer gravit y values 

of stations were ca1culated relative to a "f1o~t,ing" base, to which 

a gravit y xa1ue of zero was assigned. The Bouguer gravit y profiles 

along the 10 travergeS are shown in Figs. 62 to 71. 

bISCUSSION OF GRAVITY PROFILES 

Profiles 1, 2 and 3 

These three profiles are discussed together because the y are 
, 

essentially similar (Figs" 62, 63, 64). Going from west to east, 

aIl three profiles sho~ negative horizontal gravit y gradients: 

0.75 mgais/km, 0.5 mgals/km and 0.3 m~a1s/km respectively. Just about 
0( 

wh~e the profiles cross the geological1y inferred trace of Logan's 

·Line, the gradients change from the above values/to n'ar 'Zero in aIl 

thre~ cases. JAn examination of the regional gravi~ map of the are~ 

(Fig. 60) shows that Othe three profiles lie across an approximately 

north-south trending gravit y trough between two gravit y highs (A and 

B in Fig. 60). The east-s10ping 1inear segments of the gravit y profiles 

probably lie on the east flank of the gravit y high A. The eastward 

f-lattening of t'!le s1o-~es may be due to: 

i) a gravit y effect related to Logan' s Line 

,~ 

ii) a change in the regional gravit y trend reflecting 

proximity to gravit y h1~ B 

iii) a cumulative effect of both (i) and (ii) above. 
r. 

" 
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There i~ little basis for giving·preference ta any one of the three 

~ 

. ~models given above. HoweVer.oa profile 3*, there Is the suggestion 

/ that the slope after flattening resumes its earlier value further to 

th~ east. Such a feature, if reàl, indicates that the change in the ~ 
/ 

gravit y field on this profile may be explained using a "step model~' ' 

(Grant and West 1965, p. 262) which in tw~ dimensionai gravit y analysis 

is customarily used ta represent a fault. AS,suming that the above 

synthesis is correct (personai bias acknowledged!) for profile 3 and 

also for profiles 1 and 2, the modei (i) ~as adopted for Interpretation 

purposes. Of the three profiles, profile 1 shows the largest change 

in the horizontal gravit y gradient and this profile was selected for 

detailed Interpretation (see p. 337 ). 

Profiles 4, 5 and 6 

~ésê~three profiles lie not only across L~gan's Line but also 

across the entire width of St. bominiqu~ slice. Their 'l(')cfltions with 

re~pect to the regional gravity_picture (see Fig. 60) shows that the 

profiles are on the west flank of the Green-Sutton Mo~nbain gravit y 

high (B in Fig. 60) and as such they do have horizQntal gravit y gradients 

~hat are positive eastwards. On the average, the gradie~ts are about 

,0.8 mgals/Km~ 1.1 mgals/km and 1.2 mgais/km, respectively. AlI three 

*Profiles -1 and 2 had, to be stopped 2 ta 3 km east of the' inferred trace 
of Logar's Line because thê roads along which these traverses were 
carrie4 out changed direction. But it was possible !o ex tend pro!ile 3 
for a dista~ce of over 5 km east of Logan's Line • 

f' 
! 

, 
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profiles show an eastward increase in horizontal gradient just about 

where they cross the inferred trace of Logan's Line, but soon settle 
.. 

, again at about their average gradients. The increase (in horizontal 
r 

gradient) i~ barely noticeable on profile 6 and is ~ost conspicuous 

on profile 4. This latter profile was setected f~r detailed analysis , 

rI, (see p.334 ). Over the St.' Dominique slice, the profiles show small 

but noticeable,gravity variations which are compatible with the 

slightly higher densi,ty ot r~cks which make"'up the St. Dominique 

slice. Between stations 170 and 176 on profile 4, gravit y values 
o 

fluctuate rather shaTply. In this section several relatively thin ~ 

rock formations (of Beekmantown, Chazy and Black River groups; see 
o 

Clark 1964b) succe'ed one another from west to east. The sharp fluctua-

tions of the gravit y field ptobably reflect the density differences of . 
these rock formations. Similar fluctuations, although expected on 

profiles 5 ~nd 6, were not recorded. 
r------------

r~profile 7 

Profile 7, like profiles 4, 5 and 6, is located on the west 

flank of the Green-Sutton Mountain gravit y high. The gradients on 

the profile are on the average about 2, 1/2 mgals/km, positive east-

wards. This profile, unlike the profiles discussed earlier, shows 

no noticeable change Wh~re it crosses the inferred trace of Logan's 

tine. Perhaps the very Jtrong regional makes it difficult to discern 
& 

a residual anomaly thatomight be present • 
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• Profile 8 

.. 

This profile was compiled with a station spacing of about 

122 ID (400 ft) i.e. about half that of the other profiles. The profile 

shows sharp fluctuations of gravit y values, superimposed on a generai 

gradient of about 0~25 mgals/km, positive eastwards. The sharp 

fluctuations of values mày reflect variations of Overburden thickness 

along the profile. The profile does cross severa! smal1 river valleys 

which may be filled with wedge-shaped masses of alluvium. lt is not 

at aIl clear whether this profile contains a gravit y effect that can 

be correlated with the inferred trace of Loganls Line. 

Profiles 9 and 10 

Profiles 9 and 10 are similar to profiles 1, 2 and 3 in that 

their negative horizontal gradients (0.4 mgals/km and 1.3 mgals/km 

respectively) flatten eastwards to near zero just about where the y 

cross Logan's Li~ In both profiles there is a hint that the gradient 

may become positive furthèr eastlolards.- -If- tA-is---be-1:llecase, the 

gravit y pattern indicated by the profiles is consistent with the , , 

regional gravit y pattern (see Fig. 60). In the case of these profiles 
1 \ 

too (as in profiles 1, 2 and 3), it i8 not clear whether the eastward 

flattening of slopes is a residual or a regional effect or a combination 

of both. The profile 10 was extended for a distance of over 5 km east 

of Logsn's Line but there is no indication on it that the gradient 

resumes its earlier values • 

, \ 
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INTERPRETATION 

Profile 4 

West of Logan's Line, profile 4 maintains a uniform horizontal 
'Il 

g~avity gradient of about 0.6 mgals/km for a distance of about 6 km. 
. '1 

(1 .... 

This linear segment of the profile was regarded as ~epresenting the 

regional trend. This trend was approximated by a straight line 

(g = O.566x - 5.071, see Fig. 65) and removed from the observed .. 
gravit y ~rofile ta give the tesidual anomaly shawn in Fig. 72. 

Interpretation of the residual anomaly was carried out.py 

using a two-dimensional model of an east-d~pping fault which càn be 

approximated by a semi-infinite black of anomalous material of 

finite depth, truncated by a dipping plane. This semi-infinite block 

has the following parameters. 

= 
r 

horizontal' and ~ertical positions of the 

point of :tntersection of the bottom of the 
r ' -. 

black with the dipping plane. 

horizontal and vertical positions of the inter-

section of the c top of the block with the dipping 

plane. 

6p = the density ~ontrast. 

Fitting of theoretical curves was done by non-1inear optimization 

334 

(Al-Chalabi 1970; Hjett 1973) using a digital computer. 
1 

The progr$JDllling 
, .' -

, 
was done by Mr. A. K. Goo dacre a t the Ear th Phys ics Branch, Ot tawa;' and 

", 
_,.the computations were run on the co~puter at the Earth Physics ij'ranch. 
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In computing ~eôreti~al curves the positions of U2 and W2 

were ~tstricted to within O., km of the location of Logan's Line, 

as given in geologica1 maps of the area· (see Clark 1964). The other 

parameters were unconstrained, although starting values were chosen 

by considering the amplitude of the anomaly and the density contrast ~ 

as determined by density measurements. According to the values given 

in Table XI, the dènsity contrast between the foot-wall and hanging

wall rocki is about 0.04' g/cm3 and negative. A negative density 

contrast, however, cannat expIa in the residual anomaly. The.refore, 

~p was allowed to vary through small positive values. The roQt-mean-
h 

square of the deviations between the observed and theoretical anoma1y 

v 

curves~(RMS in Table XII) was used as a measure of the best fit between 

the two curves. The minimum RM~ value was 0.19480 and the corresponding 

336 

parameters of the semi-infinate.block are as follows (see alsooTable XII). 

Thickness of the black = 4 km 

Dip of th.~ truncated edge (faul t) 

~p = 0.0206 g/cm3 

-1 Wl-W2 
= tan U -U E = 

1 2 

The parameter which is difficul~ ta reconcile with field measurements 

is the value of +0.0206 g/cm3 for 6p, which as determined from density 

measurements on rock samples Is -0.04 g/cm3 . This latter value as 

a1ready discussed, may be on the 10w side, and as such it ~s possibl~ 

that the density Of the Sillery group may be as high as 2.68 g/cm,3 • 

. , 
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It shou1d be mentioned here that the gravit y measuremènts on 

traverse 6 was used by Sharma (1968; also see Sharma and Ge1dart 1968) 

for analysis of the Bouguer gravit y anomaly over Logan's Line. He used 
\ 

a PB value of 2.0 g/cm3 and found that the Bouguer anoma1y consists 

of a trough and a peak simulating the grav~y effect of a single 

faulted bed (Geldart et al. 1966, p. 378). However, when a PB value 

of 2.65 g/cm3 is used, the anomal y as computed by Sharma disappears. 

~ The latter value of PB is more realistic (V.A. SaulI, pers. comm.) 

in view of the density determinations as surnrnarized in Table XI. 

Profile l 

West of Logan's Line profile 1 maintains a uniforrn horizontal 

gravit y grad1ent of about 0.75 mgals/km for a distance of about 7 km. 

This trend was regarded as representing the regional. It was 

approximated by a straight line (g = -0.7350 x +5.20) and sub-

tracted from the observed gravit y to give the residual anoma1y shown 

in Fig. 73. 

Interpretation of the residual anomaly was carried out as 

with profile 4. For the best fit of the observed and theoretical 

pr~files the parameter?~of the semi-infinite block is as follows 
\ 

:3ee also Table XIII). 

Thickness of the block = 3 km 

~ Dip of the truncated edge (fault) = 57.70 E 

= +0.0217 g/cm3 

, 
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The dip angle is higher than the observed value of about 200 in-the 

1 

general area (Clark and McGerrigle 1944, p. 396) but falls ~ithin 

the range of dips (400 to 700 ) of Logan's Line faults observed in 

Quebec City area. 

CONCLUSIONS 

The majority of the gravit y profiles show rather sharp changes 

of the horizontal gravit y gradient over Logan's Line. ~ most of 

the cases, however, it is fa~from certain as to what extent, if at 

aIl, the changes at~caused by gravit y effects related to Logan's 

Line. The changes may, to a smaller or larger extent, reflect 

variations of regional trends. However, with certain assumptions, 

interpretations consistent with the thrust fault hypothesis, can be 

given to observed gravit y anomalies. If the assumptions are correct, 

the bulk density of the hanging wall rocks (Sillery. Stanbridge) 

should be about 0.02 g/cm3 higher th an the bulk density of St. Germain 

Complex. \ , 
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TABLE VII 

Densities of rock s~Ples ~rom t~e St. Germain Complex 

~ample No. 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Il 

12 

Location 

Long. 72°51', Lat. 
45°39' approx. Orme 
brook, St. Hyacinthe 
area (Clark 1964b) 

" " fi 

" " " 

" " " 

" " " 
" Il " 

Description 

thinly bedded ~ark grey 
shale 

thinly bedded dark grey 
shale with some grey 
sandstone 

light grey sandstone 

thinly bedded dark grey 
sha1e 

" " " " 
" " " Il 

Long. 72°52', Lat. " 
450 39' approx. Orme 
brook, St. Hyacinthe 
area (Clark 1964b) 

" " Il 

" " fi 

" " " 

" " " 
Long. 7~5lt', Lat. 
45°39' approx. 
Diamond Drill core 
from the Ste.
Rosalie hole no. 2 
(Clark 1964b, p. 
129, samples 
supplied by T.H. 
Clark) , 

fi " " 

thinly bedded black shale 

thinly bedded dark grey 
shale with sorne grey 
sandstone 

" " fi " 
thinly bedded grey shale 
with bands of light grey 
sandstone 

thinly bedded dark gra~ 
shale 

, , 

• 

SG in gm/cm3 

2.67 

2.65 

2.58 

2.69 

2.67 

2.66 

2.67 

2.67 

2.59 

2.66 

B·57 

2.67 

r~ 



& 
\ 
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• TABLE VII continued 

pamp1e No. Location , Description SG in gm/cm3 

13 Long. 720 51t', Lat. thiI;lly bedded dark grey 2.67 
45?39' approx. shale 
Diamond Drill core 
from the Ste.-
Rosalie hole no. 2 
(Clark 1964b, p. 

'? 
129, samples 
supplied by T.H. 1 

Clark) .. 
1 

14 fi " " fi 11 Il 11 2.66 

15 Il fi t1 fi 11 " Il \' 2.68 

16 Il Il Il gre.y sandstone 2.56 

17 Long. 72°)6', Lat. black calcareous shale 2.68 
45°52' approx. 
ypton are a (Clark 
1964c) 

18 11 Il " fi " fi 2.69 

19 fi Il " fi Il Il 2.67 
0 

20 " " " black sha1y limes.tone 2.72 

21 " " Il 
.; 

black calcareous shale 2.67 

22 " Il Il Il " Il 2.68 

23 11 Il " " " " 2.68 

" 
. 

24 Il " " II' Il " 2.68 

25 " Il " Il Il 11 2.67 

26 Il A, " Il 11 " 2.68 
\ 

• -. 



• TABLE VIII 

DensLties of rock samples from the St. Dominique Slice 

~ample No. Formation Description SG in gm/cm3 

. 31 Beldens Formation light grey lime stone 2.69 ~ . 
-

32 " n fI'ledi um grey, fine-grained 2.75 
dolomite 

33 Il Il .. light grey limestone 2.7t!. 

34 St. Dominique For- massive grey limestone 2.72 
mation 

35 " Il " massive groy limestone 2.74 

36 " n " grey crystalline lime- 2.73 
stone 

37 " Il " fine-grained calcareous 2.56 
sandstone 

38 Il II " fine-grained sand stone 2.53 
\ 

39 Formations of the dark, fine-grained 2.71 
, Black River Group fragmentaI limestone 
~, 

40 Ir Il " dark, fine-grained lime- 2.72 '-
-,:1,"" stone 

41 " 11 " dark grey, shaly lime stone 2.67 

42 Formations of the dark grey limestone 2.74 
Trenton Group 

• 43 11' " " black shaly limestone 2.71 

44 11 
t
fl " black lime stone 2.72 . 

45 " " " thinly bedded shaly 2.69 
limestone 

46 St. Germain yomplex slaty roc~ 2.66 

" 

• 
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• TABLE IX 

Densi ties of rock samples from the Sillery Group 

Sample No. Location Description SG in grn/cm3 

51 Long. 720 46', Lat. fine-grained greenish- 2.66 
450 )Ot' Approx. St. grey siltstone 
Hyacinthe area 
(Clark 1964b) 

52 " Il Il coarse-grained grey 2.56 

1 
/' 

sandstone 

53 " " " medium-grained greenish- 2.61 ,r 

grey sUb-greywacke 

54 " " Il " " " 2.60 \ 
\ 

55 " Il " " Il Il 2.62 , , 
56 " " " red slàte 2.67 

57 Il " " " 11 2.67 f-
", 

58 Il " " red and green slate 2.68 c 

1 

59 Il " " red slate with minor 2.69 
1 bands of green 
" 

60 Long. 720.46' , Lat. - medi urn-grained greenish- 2.57 
45°32.J -approx. St. grey sandstone 
Hya~inthe are a 
(Clark 1964b) • 

61 
! 

" " Il " " " 2.58 

62 " : " " medium-grained greenish- 2.61 ( 
• , grey sub-gireywac.kê 

.: 
, 

,) 

63 " " " " Il " 2.60 
. 

64 Il " Il red slate" .... 2.66 
u 

• 
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') 

• TABLE IX continued 

Sample No. Location Description ffi in gm/cm3 

65 Long. 720 20t' to medium-grained grey . 2.59 . 
7202lt', Lat. sandstone 
46°00t' approx. 
Aston are a (Clark 
1964a) 

66 Il JI " " " ri 2.57 

67 Il " Il medium-grained reddish- 2.61 
~ 

grey sub-greywacke 
; 

68 Il " " ri medium-grained grey 2.58 
sandstone 

69 Long':-, 72020~' to medium-grained reddish- 2.61 
7202l~' J Lat. grey sub-greywacke " 
46~OOt" approx. 

( , 

70 Il Il " grey sandstone 2.57 
" 't-

71 " 
\ 

" " grey quartzite 2.56 . '" 
" 72 A1ông Nicolet red slate 2.66 

River between 
Route 9 and St: 
Lawrence (Yamaska-
Astcm Map area 
(Clark 1964a) 1~ 

73 " " Il " " 2.66 
. 

74 " " " red and grey slate 2.68 
, 

4, l'\ ,75 " ',' " " grey sandstone 2.57 
J'. 
! , 

76 " ( " " red crumbly shale 2.64 
, 

77 " Il 

" " black slate 2.64 
, 

78 Il " " red slate 2.66 

79 " " " reddish grey sandstone 2.57 ,. 
u 

• \ 

\ 

\ 

\ , 

\ 
\ 
\ 
\ .. Il . 
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• TABLE IX 'continued 

Sample No. Location Description SG in gm/cm3 . 
80 Along Nicolet red ~ grey slate 2.66 

River between \ 

Route 9 and St. 
Lawrynce (Yarnaska-
Aston Map are a 
(Clark 1964a) 

81 " " Il black slate 2.66 

82 " " Il red and grey slate 2.67 J 
83 " " " " medium-grained grey 2.58 

sandstone 

84 " " fi m.edium-grained greenish- 2.57 
grey sandstone 

85 fi " " cbarse-grained 
'. 

grey 2.56 
sandstone 

, ). 
86 " " " '.red and green slate 2.é8 

87 " " " red slate 2.67 
" 

88 " " " dark, almost black, slate 2.64 

89 " " " mediUffirr;'rained grey 2.57 
) 

sandst ne 
! 

Long. 71°31', Lat. 2.56 c90 medium-grained grey 
46°37'. From road- sandstone 
crop, traverse 
no. 10 

A' 
91 " " " reddish-grey siltstone 2.63 

, 

92 " " " medium-grained red brown 2.60 
sandstone 

93 " " " red slate 2.68 

94 " " Il Il Il 2.63 . 
i 

95 Il " Il green slate \ 2.65 • 96 " " " red and green slate 2.65 
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• TABLE X 

Densities of rock samp1es from the Stanbridge Comp1ex 

Descri~tion 
~ / 

gm/cm3 Samp1e No. Location SG in 

1 

101 Long. 720 57t' , Lat. dark grey, c1eaved shale 2.64 
45°10' approx. ( slate) \ 

(i-
102 " " " " Il " " 2.63 , 
103 " Il " " Il " " 2.64 

1 

104 Il Il Il Il 
, 

Il Il Il 2.62 
c-

105 Il Il " " " " Il 2.66 
• 

106 " " Il ble.ck shaly limestone 2.70 

107 , Il" " " " 11 " 2.71 

108 " " " dark grey slate 2.67 

109 " " " black slate .. 2.66 
( , 

liO Long. 72°58' , Lat. black slate -2.68 
\ 45°11' apprOK. 

111 Il " " black 1im.estone 2.71 
J ...... 

112 " " " black shaly 1imestone 2.70 
, 
113 " " Il black slate 2.64 

114 Il " " dark grey slate 2.63 
~ 

115 " " Il black shaly limestone 2.70 
-

_ 

116 " Il Il black slate 2.67 
-- r- A 

• 
,? 
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'0 

\ 
Classificatic>ps 

., 

\ 
. St. Germain Complex 

c 

/ 
s~. Dominique Slice 

Sillery Group' 

Stanbridge Complex 

\ 
/..-J 

~ 

, _ ~f 

-.. ' ..... 

.. 
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TABLE XI 

Rock Densities: Summary 

r-
-----~--- --~--------

Sample 
No. of Mean Standard Standard 

Rock Type (s) Samples" Density Deviation error of mean 
(N) (M) (cr) (cr/ IN) 

shales, calcareous 
shale, minor sand
stone 0 

limestone, sandstone, 
shale 

shale, sandstone - ,.-
~ 

slate, Wnor 11me
g~ .. ' 

, .' ,-, 

\ 

\ 
\ 

a 

26 2.66 

16 2.69 

46 2.62 

" 
16 2.67 

.039 

.062 

.044 

.031 

~ ~ . .... 

o 

..,t 

""- ~ 

"à' 
Ij". 

.008 

.015 ~ 

.006 

.008 

<, .. ~ 

., . 

"'" 

, 

--

w 
~ 
....... 
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TABLE XII. Computed data for semi-infinite block model, gravit y 
profile 4 across Logan's Line 
:1 

MCOi-1P RES ID XCL\O~P' 

,~ • -.OO7J2 --.OI/hO .0102P, S.?OOOO 
.00403 - . () "'D . ..l q • .() 11~17 :, • 4 ~,f. 0 n ' 
.l)n071 • () () i) b ',> ;.1 • (100 l'~ 5.7 ill n (l 

-.0J"27 _nll?') -. O~lj'i7 5.QHOOO 
,;09\1'4 • ,1 r 11 '1 .l~l'lt)l h.20000 
.17f-11) • fI ~? l ,) .141)-17 n.Sf)ü!)O 
• llf 7 4 ~ • [. u f l'~ • .') r J '-1 oh h.7~O()(1 

.10 /HIO .1) h l ~ l .O43?! 1.00000 

.111H; .07YhS ~(lJ~J7 7.3û()00 

.10517. • ()Yt:1 h ... .0()~81 

\ 
1.s~')()no 

, .OA71Q · l ] 4 ,) C -.()!lb82 1 • 7 <)CI () 0 

.15351 .1,...h7K .Oë67S 7.9S000 
:. 11{·d~~" • 1f t >i b + -.OI17h H,. 200 00 
• () 0 /+.) 7 .1 77..,; .... l 7-è.~S A.49000 

~t{)'i0(j .1RhQl -. ,) l 'Jhq K.7l0QO 
.;)t;lg:, .?Hlh4 -;'lYnY 9.2:>000 
• (~;:... 79,., • 3 })) ') c: -;ë'4è.S6 9.4UOOO 

-.220')9 .11;'-L32 -.SH401 '9.62000 
.S7S()f., .s!..:,",] • 0 f)?F1 ~ 9.90000 
.:)1534 .f'lllè -.Q157~ O.looon 
.AJJ69 .>=lfd-JI:) .. .Ol17.+ 0.3':>000 , 

1. l L~~'(l/+ v • y J81-{ r~ '. <: l 1) 16 IO.'6t)OO() 

1.11739 1 • Of-,-»~~ .251~1 1 .8~OOO 

"1.S1307 1.l'Q4] .]CJYf14 l .q ... )OOO 
1 • l, (+ 0 Il Ho l .', _~ (~'") 4 • è OY54 11.20000 
l . (~M 'LU) l . "' -~ -) ~J q. .1511h Il 44000 
1.1~qll:~ 1.S:'j~"'; -.,06276 Il.9RO')O 
1 • 3'~ ~ '-+ A l .,.., J') 7 7 ) -.t!H12Q 12. a()ao 
1.3S4 rl ] l. • 701'F'. -.3'+~b'J 12. ~O\)\Î 

l , 

U1 U2 \~1 "J2 ~rlÔ ~[(, 

15.fllA2J 
9.RIOB7 
4.01810, 

• no 3-Sb 
~?~62() 

-.?9066 

o 1 

• 

.. 

l 

. , -- - -

/ 

'> 

• 

J ___ __ -

~1., 

- ---------

" f 

'. 
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TABLE XIII. Computeâ data for semi-infinite block mo'del, gravit y 
profile l acrdSs Logan's Line 

349 

-4?t~7JO -.l:::'C)I~b '. -.071 u,h+ 4.02000 , 
.()OilS " -. 141'L 2 ~J .. 1'+')4] 4.29000 
.02 L,20 - ,;--;13'"3t)':) -

~ lSüO lj 
\ 4.52000-

.. n136 1
:; - \. - • l? l)j ':l • l.h 0 l ' 4.79000 

• f) 1 .. R 7 S - • l CJ t):.; 1 o 1"5461) , 5.05000 • 
• 017S0 -.0"u,-+3 .. 10 1'-) J S.30000 

-.1)67Lc;'; -.Ot'SOl .0011,0,6 '.:>.51000 
-.()S71S - • () b Ù ~i 9 • .()O3-/4 5.71000 

.()1':'6';-' ..' -.0-;704 .OS26~ '3.99000' 
-.OS210 ,-.01461 -.0378<.), 6.22000 .s 

.. 07050 .016"-19 • 053S'i ~ h.50000 
• (}(,720 • 0 .-+ ') -1 7 . .0212~ l 6.72000 
el:1 165 .OEH303 .04Jf)~ 6.99000 

-.1216S .1/:'918 -.250~J 7.21000 
.00710 .1~f,EH3· -.1797R 7.4-6000 

- - i __ __ 

" .. ] 71 AS .261 .}?. .10'.Nj 7.71000-
.5?-Sf,S • 3eFL~b .1373Y 7.9900Q 
.:'K600 .SY176 -,.00576 8.200(}~ 
.703nO .Al~(J5 -. 1142~) , .'1.48000 
.M73RS .<1b51CJ -.091]/4 B.71000 
.. q7t~20 - --1-:'oti(F~4--- ------- :.~: (04-64- --8 .'92000- -----~---

l • ~)L~ 7 9 Cl 1.1 .. t\179 .On511 9.94000 
1.21450 1.13::;54, -.12101.+ 9.50000 
L ?S60; 1.3h?3b -.121)31 9.63000 
1 .1+ 2 2 J () 1.432:'1 -.OJ021 ... 9.7MOOO 

'1 .. '17120 1~47Sd')"" ~. 09t.;]4 9.92000 , 
1. ;:;t.,26 0 1. S4 3-t 1-- -'-.0194Q 1'0.16000 -.- ------.---
1.AS76~) 1,.60U 1j7 .057S~ lO,,3~OOO 

~ 

RMS 

.10709 

1 

U2 "Il w _1 
~ RHO RCG----

... 

1.yr)9R? . " 
l' 

o..(!41:i=i 
2. >\<) C':lfJ, , , '-

, .n121~, 

.21hAO 
-.:nhr,R 

" 

, ~ 
r 
1 

• 
1" . 
; 
1 
1 

1 
f 



TABLE XIV , 350 

• GRAVIT.Y DA1~ LINE l 

Station No. Elevation Cf::t.) Gravit~,Value(mgals) 

" 
" 240 128.721;. 5.809 

241 131.,434 5.604 

242 i29.739 5.580 
) .. 

243. 127.984 5.32i" . .' - , 

244 13~ ~ 974 5.130 

i 1 24) 134.334 4.948 
1 1 246 131. 599 4.692 \ \ • 

\ 247 127.849 ... 4.432 I/L ' 
248 126.214 4.301 

24cr- 12:3 .479 4.217 

1 1 
2~0 120.679 3.876 

1 .) 

\ 251 " 118.484 3.580 

\ 
.. ' 

~ 

" 120.539 
. 

252 3.481 
le. 

{> 
253 124.199 3.204 

254 115.774 2.980 

-255 119.089 2.398 

256 120.424 
~ 

2.429 

257 p,\ li 126.504 2.-282 , ,,,,," 

• , ,n- i 

- ",'t- 258 127.819 2.073 

~ 259 ' ,126.159 1.917 
_ .:...t:t .. " 

,')0 ..... 

260 126.489 1.702 (, ~~ 

,.~ 

261 127.759 
, 

I.M~3 

13Î.4S9 l.J26 
r\ 

,262 "' ~ .tf ~ • 263 148. 79~ .. \ .~ 1.193 
e, 

1 ... , 

(.: 
264 160.979 0.956 ' .. 

.~ 

\ ,1 . , 

') !' . r' \ 



" ~ TABLE XII} continued 351 
, 
'-
~ 

-"~ GRAVITY DATA LlNE l • ' '-, 
", .. 

" , '-" 

Sta~ion Ng. 
<-

Elevation (ft} Gravit y Va1ue(mga1s) 

265 167.349 0.873 

266 ~ 179.499 0.708 1 
~ 

267 ' 18.8.029 0.574 .. 
1 , , , 

268 , :193.734 0.159 
" -, 

269 "211.589 0.104 

270 214.549 0.285 .. 
271 184.354 0.233 

1 
272 167.959 0.1/9 

" 273 163.039 0.051 

274 156.654 0.052 

.'. 275 

\ 
161.184 0.000 

.. l, .......... -
276 179/994 -0.178 

l' 277 174,.. 384 -0.188 
1 ...r 

1 
\ 278 183~294 -0.242 

~, 

279 
,,~ 

173.529 -0.186 'il 

280 179.994 -0.140 

281 190.119 -0.325 
... ., 

282 194.969 -0.399 
1 

, 
- -

. ) ., 

.. . , • .l' • 

C' 
1\ " 

f 



TABLE XIV continued 352 

• GRAVITY DATA LINE 2 1 
-, 

Station No. Elevation( fi,) Gravit y Value(mgals) 
l ~ 

290 133.469 4.200 

291 140.249 4.076 

! 292 141.254 
. 

3.907 
, f 

293 133.529 3.696' 

294 112.174 .3~ 519 
.J,--- ---

295 132.489 3.2'95 

296 
& 

141,089 3.234 
~ , 

297 137.,719 
1. ~ -, " J.I07 

, '298 135.129 
, , 2,857 , 

299 136.169 1 2.768 

300 125.029 f! 2.759 

301 136.169 2.509 

302 145.209 2.236 
t.'j. 

303 
'1--

150.099 2.099 

304 144.599 2.038 
'''.1 , 

", ... }y.r ~i' 

305 li 143 • .369 ' ): 1.870 

" r. 
306 144.519 J,.724 

307 "' 146.219 1.559 . ~ 
.. ""'-1 

308 149.054 -.. 1.524 - ~ 

'I CI • '" )09 " .. 151.~54 1.321 
1 ,. 

149.289 1.077 310 

311 S' 149.05~(~ O.~72 

--. 0:718 312 151.319 
0 

• 313 157.619 Q.641 
1\ -~----

~~-----
~-~'-----

, 
314 154.129 ;'~ 0.488 

----- r 
(\ 

-- -- ----

'~ 

~ < { 
.r 

.... ,J ... 

~~ 1\ , Q f'- ~ 



TABLE XIV continued 

• Station .Nos 

1 315 
~ 

0 

316 , 
317 1 

318 

319 <-

320 

~ , 321 

3~ 

, 
tJ 323 

324 

325 

326'" 

)'27 

328 

\ 
\ 

• " 
( 

- --- ----'---- ... 

GRAVITY DATA LINE 2 

1 " ,. 
;' 
L 

: 

Eleva tian ft) 

169.954 
" 

162.494 

160.679 

168.519 

179-.979 

209.134 

199.854 

21.2.854 

2'29.214 

226.434 

225.814 

. 
224.314 - -

223.069 

, , 

') 

.,. 

353 

Gravi ty Value ( mgals) 

0.306 

0.269 

0.237 

-0.044 

<;) '0.000 

-0.294 

-0.328 

-0.484 

-0.635 

-0.675 

-0.670 

, -0.733 

-- -'=-0. 686 

r '" , . 

-0.766 

o 

c' 

\ 



TABLE XIV continued e 
354 

1 • GRAVI~Y DATA LINE 3 
, , 

Station No. Elevation (ft) Gravit y Va1ue(mga1s)~ 

330 ' 149.272 
" 

2.514 
- <) 

331 150.042 2.433 

" lj - 332 151.492 2.388 
1 

. ~ ~ 033 155.202 2.403 
" 

334 157.562 2.278 

335 159.292 2.247 

336 169.557 2.050 

337 180.032 ~ 1.912 

338 179.592 1.872 

339 183.032 1.751 

.,.. 
340 187.182: 1.668 

\: 190.432 <II 1. 581 

l 202.952 1.477 

206.262 1.383 343 

344 206.882 1.303 

345 221.432 -1.148 
f1 

346 233.072 0.979 
1 .. 

347 247.847 0.885 

348 \ 256.857 0.714 
" .. 

349 252.287 0.652 ' , 
~ '. 

- .350. ': "246.3.37 0.565 ...J" 

, rI \ . .. 
" 

" 'Y'. 246.3.37 0.679 
~, 

.351 '. , 
" .' 

352 241.292 0.510 

• .353 244.892 0.501 ,. 
354 241.632 '0.464 



TABLE XIV continued 
355 

• pRAVITY DATA LINE 3 .t~. 

Sta~on No. E1evation(nî Gravitr'Va1ue(mga1s) 

" 355 240.747 0.544. 

356 245.007 0.491 

357 244.727 0.561 

'" 
358 248.737 0.412 0 

359 24'J':'~32 ' 0.410 

360 244.232 0.592 , 
361~ 234.652 0.585 

362 226.107 0.479 

361 222.567 0.289 

364 220.677 0.165 

365 220.627 0.068 

366 220.077 0.157 ". 

367 221.027 {7 A 0.221 

368 226.007 
Q 

0.189 

369 227.%7 0.173 

370 223.462 0.000 . 

,l, 
.~ 

j 

o 

" • \ 

"'~ " l, 
il 
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TABLE XIV continued 156 
~ 

'\ 

• GRAVrTY DATA LINE) 4 

Station No. Elevation(ft) Gravit y Value(mgal) 
ij 

160 116.401 -5.50, 

161 116.231 -5.445 

162 116.671 -5.172 

163 1J.~.301 -4.844 
\~ ' .. ,--

164 120.231 -4.475 

165 121.77 -4.261 
'" \ 

166 126.231 -3.847 

167 137.626 -3.477 . .. 
168 154 • .281 -3.327 

169 164.361 -3.031 

170 1190.506 -2.755 
" 

171 229.901 -2.253 

" ~172 222.561 -2.617 

.. 173 228.161 \_~ -2.431 

174 227.531 -2.400 
~ 

, 
/ 

\ 175 ç 233.681 -2.860 ./ , 
.~ . ( 

176 236.921 -2.146 

177 22,8.756 -1.985 

178 243.511 -1.842 
t~ 

179 251.381 -1. 706 
l' 

) 
.., 

1 180 Q' 252.571 -1.545 
1 1 / 

" 181 :/ 244.776 -1.431 - \ • 
182 

~-

\ ~ . 235.221 -1.059 .. 
"" • 183 232.426 

., 
-0.922 

, 
cl 

0 

'" .~ 184 239.311 
J' 

-0.809 
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TABLE XIV CONTINUED ON PAGE 358 1 

4 
tP 

\ 

\ 
\ , 

• D 

, 
\ 

-. 
, / 
/ ' -1' 

\ .~' 
/ 1 • 

S' 

II 

" 
. 

( 
&-l 

u ' .) 

• .1 ,. 
J t 

. ~/ ..... 
)~ '~ ,'!. 

"fl (.. 

~ ~~ 

, 
': 

'" '-
.... 

, , \ \ .' 
. \1 

~~ . 
" " , j , , 

:~ 
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TABLE XI~ continued 

\ , . 
" .358 

• \ GRAVITY DATA LINE 4 
\ 

Stgtion No. l , Eleva tion(.ft) Gravit~ Value{~a1s2 
\ 

Ü35 
\ 

248.506 \ 
\ -0.710 
\ 

-186 \ 
\ 260.096 -0.533 , 

t~ 

187 \ 267.386 -0.398 \ 
9 

"' 
188 269.476 -0.300 

189 ' 265.256 -0.123 

190 2b4.906 0.000 

191 264.496 0.034 
• 

192 248.426 0.341 

193 l" 243.156 0.522 ... 
194 236.781 0.613 

<> . 
195 214.441 0.449 

196 196.856 1.210 
\ 

197 190.236 1.404 

198 184.586 ':.1.557 

199 178.171 1.917 

200 172.711 2.374 

201 Cl 167.051 2.684 

202 1 160.651 2.979 
li 

b ' 

J 203, 164.l91 0 3.005 ... 'Il , 
~ ., 

f ~ "n 
3.188-" , ' 204 162.351 

t 

156.~~ 
~ , , • 

205 " 3.4'98 t 
r • 

lit" • .. 206 159.491 "', 3.480 ~ 
0' .. 

( 
,\ 

207 157.501 \ 1\ . 
.' "'1 4 •594 

.t~ .' , . , 

• '1 ' "t , .... 
" " 0 .. " 
• l,' .. 

/'~ . . , 
• .' ~ 1 .' ,1 • • ' .. .... 



TABLE XIV continued 
359 

• GRAVIT y DATA LINE 5 

Station No. Elevation( ft) Gravit y Va1ue(mgals) 

75 0 111.102 -12.480 

76 lll. 592 -12.160 , 77 112.322 -Il. 847 f 

78 113.232 -11;'658 

1 

79 113.,822 -11.504 

1 80 114.512 -11.082 
rl! ,. 

81 -115.182 -10.802 

82 115.282 -10.259 
" 83 115.692 - 9.798 

1} 

84 116.632 - 9.1./.22 

85 117.872 - 9.948 

86 118.772 - 8.653 

g7 119.972' 
0 

- 8.415 

88 121.152 - 7.812 .. 
( 39 124.602 - 7.362 

'. 

90 144.172 ~ 

- 7.037 ( 

91 152.602 
~ 

- 6.605 t 
92 .. 

, 
15Et.062 - 6.350 ~ 

" 
t' 93 

io. 
166.387 - 6.077 

• 94 171.6-\'1( - 5.819 
" \ Q 

95 178.577 - 5.478 
'-... .. 

' 96 188.817 - 5~254 
,. 

t 
97 "198.872 - S.OU '>'\1' ~ ,-

• 98 .. 204.352 - 4.876 
<J 

• f. 

99 .199.067 .. 4.542 J 
1" 

1 
, , 

" { 
9 .. 

~o 

J 

'" 
___ ~_~ ____ .'-_' ___ A 
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vt: TABLE XIV continued •. " 
GRAVITY DATA LI NE 5 

Gravit y V~Ue(mga1S) Station No. Elevation (ft) 

100 ,197.332 -4.343 

/ 101 198.512 -4.072-
1 c 

102 201.212 -3.832 
, 

iD3~ 204.622 -3.645 . 
104 205.772 -3.450 

105 210.652 -3.;;L39 

106 215.912 ,-2.934 
'-

107 213.532 
" -2.839 

108 215.732 -2.504 -

109 218.932 -2.' 
". 

110 220.912 -2.167 

Il''l 228.702" -1.982'" 

Il,, 230.522 .1.685 

113 240.982 -1.570 
l' 

llft l ,'j ~ t 240.137 -1.328 -
1 

115 240.102 -1.121 
cr ~ / 

F 7:/ 
116 240.072 -0.986 

• 117 .. 11 238.652 -0.803 

118 238.142 -0.662 

119 24~.687 -0.495 

" 120 • 240.517 -0.268 , 
121 238.267 0.000 ..., 
122 L242.567 1 .. 0.230 

• 25Qoi " 1.23 " 0.495 

,~ 
/ • / .' .. 

1 , 

-~ 
~ .' <Cl 

~ 
v fc 



'0 

0 

~ TABLE XIV continued 361 

. 

1 • GRAVITY DATA LINE 5 ( 

1 StlJ.tion No. E1evation(ft) Gravit y Va~IDgals) 

124 266.782 0.633 
.. 

125 o 273.967 , 0.899 
,t ... 

126 273.297 0.94.8 

127 276.142 . ' 
1.~1 

128 282.822 1.312 > 
1 

l~g 281.212 1.413 
r 

~ 
. 1)0 276.412 1.614 

> , 

131 266.667 ___ ~ "1.891 
~-_\. 

.' 132 257.972 2.026 8 

'-
"-

133 253.627 2.262 
, ~ 

228.167 2.4~2 134 
1. 

135 215.762 2.538 
" 

136 .~---- 208.792 2.8:35 

137 ,204.107 3.233 
0 

138 , 194.987 ' 3.417 
" 139 188.817 3.601 

• 140 ~5.737 3.798 , . . 1 • ... 141 l.S2..066 . 4.489 
0 ' , .1 

142 ~i~(;.496 4.553 , -., 
~: 189.656 

, 
4.814 0143 , 

,. 
.'ff 188.656 '" 144 4.9t11 .t 

r . ' ---
145 191.656 5.151 

, . 
" 
,'\ 146 1'91.156 - 5.480 , 

' .• f . 
6.004 

<., 

147 193.576 
.' ~ 

197.006 6.541 «t • US r .. 
, , 

.. 
J-" 

. ~. 
" • tf . . 

1 ' , 
! , \ 

1 / - .-, 
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TABLE XIV contirtued 
362 ., ... 

.< , '. '~ "" GRAVl+! DATA LI NE 5 • \1 ... , 

'" 

Station No. _. Eleva ti on( ft) Gravitl Val~~mgals) 
, 'J 

202.466 
.,..' 

149 . 6.704 
" 

~ 
ù 

150 207.236 7.02J..., 
'$ 

151 ~ 205.816 6.980 
• 

~.180 
'\ 

152 205.156 

15".3 205.471 fi 7.138 , 
~ (' 

-154 206.701 7.334 
'61- 155 208.351 7~391 . " 

t 

-- ~ .. 
156 211.086 , 7.584 , • ''i. l 

. 
~ 

~ . . ~. 

, j. 
'~ 

"- '. 

'\ ----------

\ . " 
. 

'l' 
1 

-1. Jo 
t 

f' .... < 

1 \. 

1 
'1 

li. 

, , . : 
l' ,/1 

\ . .. 
\~ ' . .. , " \ ~ 

,,'O~"-' 

Jr 
.. 

;' 
~ , of! ., 

, " ,/" 
t;, -. , -:-

,~ , -- .- , ., " . l' 6- " Il) c30 

,~ 1> \ 

.), " ... -1 : " . " . . ' 
" ., -'l1-

" / 
• r . " ,1" 

<1 , . " 
~ , 

~ 
, ..".. . 
• 

-,,', 

~ 
,., ",' 

.. ~. , l") 

, 
-0 C " ,.,,\, IF ... ;..., '. b . ·°1' , fI. \ù " ' , • f '-, ~ c:". 
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\ " (;' - , TABLE XIV con~inued 

...- 363 

• GRAVITY DATA LlNE 6 './ 
...l , ,. 

ft Station No. E1evation(;t:t) . Gravit y Value (mgals) , 
1 126.975 -Il. 503 

'. 
2 126.475 -11.084 . ~ ~ .. 
3 129.015 -10.718 

4 139.4BO ... , -10-..408 
" 

5 15,1.335 -10.015 
f .. 

6 166.400 - 9.764 
... l 

7 175.215 - 9.463 

,«li> 
8 174.545 - 9.022 

9 '174.665 - 6.708 

10 181.090 - 8.328 • J .-
,-

Il 189.900 - 7.949 

12 193.545 - 7.465 
a ,. 

13 199.240 - 7.131 ,. ~ 

'- 14 210.830 - 6.981 

",' 15 214.350 - 6.647 

16 220.730 - 6.349 

17 229.970 - 6.059 

18 228.010 - 5.806 

19 231~030 - 5.358 
... ' 

20 232.740 - 5.107 

21 ~1.690 - 4.830 
1 

ç 22 232.360 - 4.662 
<. 

- 4.380 
1'{ 

23 234.100 ' 

• 24. 238.910 
. 
- 4.0:31 

25 245.120 - 3. 965;~-:J 
~ 

" 
<.0 

~. 
'\ - . f 
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TABLE XIV continued 364 

• GR4VITY DATA LlNE 6 

Station No. Elevation (ft) Gravit y Value (mgals) 

26 255.720 -3.679 

27 25'7.740 -3.271 

28 • 258.050 -3.031 
,i,' 

29 260.760 -2.'826 
'. 

30 253.750 -2.380 

31 252.940 -2.059 

~.2 251.910 -1. 735 

33 252.980 -1.473 

.. 34 255.910 -1.078 

35 263.970 -0.722 
" 

36 26.490 -.0.-474 

3, 234.650 -0.319 

38 280.770 0.000 

39 283.010 0.202 

40 287.630 0.553 .. 
--.. 41 280.036 0.711 

, 42 270.620 1.133 1 
43 284.230 1.087 . 

, 
• 

44 273.420 1.463 

-------- 1.884 45 251.920 
i - - __ 

46 247.330 2.127 

47 243.130 ù 2.259 

48 230.420 v 2:528 , 1 .. ~.r: ",' .. 
49 . 229.160 ': 2.596 -

«", 

50 228.956 2",)842 !II 

,.,. 
< , .. .... , ' -



TABLE XIV' continued 
1 365 

b 

". GRAVITY DATA LlNE 6 

~ .. 
Station No. • ElevationLnJ Gravit~ Value(mgals) 

. 
51 206.546 3.189 

0 

0 

52 208.156 3.281 

53 213.336 3.485 

54 223.696 3 .. 503 

55 .211.190 3.730 

56 209.956 . 4.281 

57 199.281 4.604 
ù 

58 186.241 4.811 

59 187.242 5.295 
1 1 
60 186.822 

~ 5.458 

61 189.302 5.675 
;' 

62 193.342 5.770 . 
, 

63 198.232 5.891 

64 ~0.272 6.209 

65 205.292 6.506 

66 219.602 7.078 

67 226.067 7.157 

68 223.987 7.509 

69 
.. 
226.212~ 7.799 

( 

/ 

~ A. 'r' 
.- i' 

.~ 

:" , : 
.' l' 

• l, 
\ , 

.... 



/ 
366 TABLE XIV continued 

• GRAVIT Y DATA LINE 7 

Station No. Elevation( ft) Gravit y Value(mgals) 

210 290.845 -2.614 

211 280.325 -1.966 

212 282.925 -1.510 

213 .. 279.005 -0.958 

214 283.195 -0.536 

215 260.00 0.000 

216 253.395 0.584 

217 --1 255.435 0.885 

218 254.480 . 1.442 
t>'Q' -, 

(",' , . . ~-.~ 
219 252.485 2.179 !~~.,."I 

220 251.685 2.646 

221 252.485 3.203 

222 253.005 3.721 
..... 

223 253.085 4.398 0 

224 254.615 4.887 

225 256.370 5.461 

226 258.100 6.011 . Il v ... 227 . 260.060 6.673 

228 260.040 7.472 

229 ') t 262.655 1 8.161 

230 264.635 8.630 . "-
"- , 

"-

231 26€.655 "-
"- 9.669 

" 

232 272.205 9.979 -. 233 273.365 10.526 

.~ 

\ 
... 

0 ... 



TABLE XIV continued 367 

~ 
~ 

• GRAVIT Y DATA LINE 8 
'0 

'. (, 

Station No. Eleva ti on ( ft) Gravit y Va1ue(mgals) 

586 309.010 -2.037 
r,. 

587 313.00 -1. 925 

588 316.520 -1.890 

589 313.160 .' -1.882 

590 307.170 -2.009 

591 303.440 -2.034 

592 303.915 -1. 729 

593 303.575 -1.475 .. 
594 307.050 -1.415 

"-
595 309.170 -1.468 

" 
, 

596 309.110 -1.326 

597 306.580 -1.306 

598 
~ 
~ 307.110 -1. 242 

599 309.330 -1.204 

600 314.215 -1.365 ltI 

" 

601 316.515 -0.997 
" 

~2 316.065 -0.888 
l . 

603 )10.280 -0.792 
• 

604 306.345 î -0.743 

605 301.'525 -0.762 .,p 

~~ .. -" 606 r--- 299.265 • -0.793 , 
'~ 607 301.325 -1.055 

1 
1 .0 
1 608 ,.,. 

298.900 -1.000 ' 
./~ • 1 609 299.595 -0.979 ( J 

1 1 
610 299.945 -0.8GI 

"-

J 
1 



-------------~ - ~ ---------------....,..-----------

Il 

/ 

• 

TABLE XIV continued 

GRAVITY DATA LINE 8 

Station No. 

611 

612 

613 

614 

615 

616 

617 
Il 

618 

619 

620 

621 J 

622 

623 

624 

625 

626 

627 

628 

629 
.." 

630 . 

631 

632 

633 

634 

635 • 

Elevation (ft) 

300.675 

301.570 

302.285 

302.670 

303.575 

304.200 

305.140 

307.785 

309.945 

307.235 

306.180 

306.340 

306.830 

307.270 

307.285 

306.945 

306.945 

307.330 

307.485\ 
• (1 

308.6W\' 

310.415 

317.395 
1 

317.165 

313.195 

310.895 

'"J 

! • 

J~ 

368 

Gravit y Value (mgals) 

-0.802 

-0.802 

-0.868 
. 

-0.782 

-0.706 

-0.636 

-0.669 

-0.769 

-0.783 

-0.96J, # \- C 
1 

-0.963 

-1.111 

-1.101 

-1.159 

,-1.176 

-1.165 

·-1.~48 

-0.671 

70.763 

-0.412 

f -0.119 ; 

-0.012 

0.073 

0.000 

.-0 .. 319 

, 

r • 1 

,~ , 





TABLE XIV continued 
370 

• GRAVITY DATA LlNE 9 

Station No. E1evation(ft ) Gravit y Va]..ue(mga1s) 

375 292.410 2.096 

~ 376 295.335 1.982 
, 

377 298.265 1.803 

378 302~35 1J.>75 
(1 . 

379 308.715 1.630 

380 307.640 1.360 

381 316.275 1. t;<;3 

382 319.270 1.50~ 

383 "" 332.775 1.370 

384 339.880 1.149 

385 337.550 1.051 

386 338.610 0.944 

387 343.680 0.7'3 

388 J 347.375 0.840 

389 354.795 0.695 

. 390 " 354.080 0.711 

391 357.130 0.651 
~. 

392 364.290 0.481 

393 361. 760 0.314 

394 371. 72 0.137 

395' 370.060 0.113 

396 , 371.590 -0~09 

397 37ili15 \ -0.150 
... ~ • 398 379.830 -0.131 , 

~ 
399 381.310 -0.126 

.~ '" -" l'· 



TABLE XIV contihued 

.. 

• GRAVIT Y DATA LlNE 9 

Station No. E1evat1on(ft) 

400 390.385 

401 404.300 

402 400.240 

403 401. ;30 
,~ 

404 402.340 

405 
~ 

403.310 

406 41D.545 

407 416.485 

408 424.690 

\ ( 

• ( 
,\ 

o 

,j • 

, .. 

\. 
, t 

• 
37+ 

'" 

Gravit y Value (mgals) 

.:.-0.109 

-0.354 

-0.283" 

,0.323 

--0.266 

-0.162 , 

-0.083 

-0.043 

0.000 

~ . 

.. 

., , . 

• 
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TABùÈ riv contim;ed 

.. 
Station No. 

410 

411 

412 

413 

4~ 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

'425 

426 

427 

428 

429 

430 

4;1 

432 

433 

434 

'1 

i 

, ......... . " 

GRAVITY DATA LINE 10 

Elevation( ft) 

192.400 

205.115 

217.640 

223.010 

22.3.970 

1230.970 

238.605 

248.805 

260.700 

260.545 

273.235 

2'(2.685 

275.270 

278.790-

282.875 

,285.675 

284.445 

280.490 

27?650 

279.980 

<92.190 

294. 67J 

314.380 

312.905" 

310.990 • 

372 

Gravit y Value(mga1s) , 

-0.193 

-0.504 

-0.728 

-1.047 

-1.264 

-1. 703 

-2.070 . , 
-2.420 

-2.648 
r 

-2.839 

-;3.028 

-3.127 
/ 

-3.046 

-2.920 

-2.964 .. 
-3.013 

-3.194 

-3.221 

-3.294 

-3.313 

-3.253 

-3.030 

-2.734 

-2.762 

-2.861 

. Q 



TABLE XIV continued 373 
. , 

GRAVITY DATA LlNE 10 

1 • Station No. Elevation (ft) Gravit y Value (mgals) .. . 
" 

• 

435 310:. 760 , -2.899 

436 312.105 -2.774 

437 <> 314.745 • l" -;;'.759 

4.38 350.490 -2.411 

439 364.545 -2.849 

440 370.490 -2.811 

441 380.000 -2.760 

442 392.835 -2.617 
il 

443 397.715 -2.670 

444 403.720 -;3.806 

, 
" 

o 
- '\ 

• \ 

) 

.. 
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APPENDIX IV 

A GRAVITY PROFILE ACROSS tHE SHIELD MARGtN IN THE VICINITY 

OF ST. JEROME,'QUEBEC 

(Also see Kumarapeli and Sharma 1969) 

INTRODUCTION 

In southern Quebec, the margin of the Canadian Shield trends 

approximately northeast, and is largely outlined by a system of ~ 

echelon normal faults (Fig. 74). -The downthrown side of~~ese faults 

is ta the southeast and in that direction the shield surface dips under 

374 

the sedimentar~ cover of the St. Lawrence Platform. This cover consists • 
" of nearly flat-lyi~g Lower Paleozoic rocks, sorne 1500 to 3000 m thick, 

and there is reason to believe that it may once have covered much 

of the shield surface. The exhumation of the shield surface, in , { 

the Immediate y.réihity of the present Precambrian-Paleozoic boundary, '-

must h~ ~n place in recent times.> 
1/ 

The basal member of the platform succession is the Upper 
// c 1 

/ Cambrian Potsdam formation, which for. the most part i9 a crossbedded 

sandstone. It outcrops next to the shield margin a few kilometers 

southwest of St. Jérome (Fig. 74). Near St. Jérotne, however, the plat- h ),. 

formaI rocks that abut against the shiel~margin are not Potsdam, 

~ 
but belong to the Lower Ordovlcian ,Beekmantewn group, whose normal 

stratigraphie position i9 immediately above the Potsdam. It Is very 

likely that the P~tsdam formation in the St. Jérome area is faulted out, , . 
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.\ 
"" but th~ibi1ity that it wa~ never deposited there has not been 

ruled out (O}borne and Clark 1960, p. Q20). The gravit y profile discussed 
l't 

, 
below wa~ compi1ed in order to test the above possibi1ity and to estimate 

the thickness of the Potsdam formation at the shield margin if the 

Potsdam is indeed faulted out. 

GENERAL GEOLOGY 

The geology of the area of the gravit y traverse has been des-

cribed by Osborne and Clark (1960)~ Preeambrian rocks consist main1y 

of a diverse group of gneisses that vary from granitic to gabbroic in 

composition. 
.~ 

Their foliation direction is commonly north-south. The 

o 
Beekmantown group rocks, are composéd main1y of dolomite. Their dips 

are to the southeast and average between 2° and 3°. The thickness 

of the ~eekmantown group in the area is be1ieved to be around 900 ft 

(275 m) (Osborne and Clark 1960, p. 20) . 
. ' 

Ta a large extent, bedrock along the gravit y traverse is 

mantled by a veneer of glacial deposits eomposed mainly of clay, 

sand, and grave1. Preeambrian rocks outerop only at the nortp ehd 

of the traverse. Th~re they consist of mafie schistose rocks that 

are generally referred to as mangerite. 
---\ 

" FIELD DATA COLLECTION 

, l1 
The gravit y traverse was made alang the Canadian Pacific 

railway line and was 6.76 km long (Figs., 74, 75). The distance 
o 

between stations was approximately 250 ~ The grivity measurements· 



• 

• 
\ 

were done with a Worden gravimeter and the relative elevations of 

stations were determined by precise levelling. The total number of 

stations was 28. The gravit y readings were tied tO a floating base 

~~tablished on the traverse. 

FIELD DATÂ REDUCTION 

Along the traverse variations of the thickness of overburden 
o 

are not known with any certainty. The maximum thickness is probably 

no mote than 10 m. In reducing gravit y data, no attempt was made to 

correct for the possible variation of overburden. 

The grades along the profile are low and there are no sharp 
~ 

377 

upstanding masses in its vicinity. Therefore, no topographie corrections 

were deeme? necessary. 

The material constituting the overburden in the area has an 

average Cdensity of about 2 g/cm3 . This value ~s originally used 

~s PB in reducing gravit y field data (1972 submission of this thesisj 

Kumarapeli and Sharma 1969). However, the densit~es of the various 

rock types that underlie the area, are appreciably higher (V.A. SaulI, 

pers. comm.). The PB value used to calculate the Bouguer gravit y 

values giVen~ Table XV i~ 2.67 which i9 the average density of 

granltic rO~9. It i9 thought that thé latter value of PB is a good 

approximation of the mean deusity of the rocks in the area. 
{o. 

DENSITIES USED 

Ten Precambrian rock sample9 colle~ted -from the outcrop at the 

north end of the profile gave an average density of 2.82 ~/cm3. This 

, 
) 

, 
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1 , 
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\ 
l , 

value was used as ~hjidensity of Precambrian rocks along the profile. 
/ 

The average densitl ~alues for Potsdam sandstone and Beekmantown 1 .~ 

dolomite were, a~opted from measurements made by ear1ier wprkers: 

2.52 g/cm3 for Potsdam (Saxov 1956) and 2.71 g/cm3 for Be~kmantown 

(McDonald 1965). 

THE GRA VITY ANOMAL y 

Figure 75 shows the Bouguer anomaly profile a10ng the traverse 

1 after making free-air, Bouguer, and latitude corrections. To separate\ 

this anomaly profile into its probable regional and residual compo-

nents, the traditional ~ethod of visual ~othing was used. The 

gravit y profile is steepest over the area of the Precambrian-

Paleozoic boundary. and away from this contact zone the profile 

flattens and seems to settle at a grad.ient of about 0.30 mgal/km 

(Fig~ 75). This gradient was assumed as the slope of the regional 
" 1 , 

anomaly profile along the tr~erse (Fig. 75). It is possible that 

the actual gradient i~ flatter"than the one assumed above, but a 

steeper gradient seems to be unlikely. The residual anomaly profile 

obtained by removing the regional as estimated above ia shown in 

Fig. 15. It is a typica1 gravit y profileoacross a faulted bed or\ 

a fIat step of anomalous material. 

DISCUSSION 

For the purpose of mathematical analysis, a faulted bed or a 

fla~ step of ano~lous material can conveniently be approximated by' 

378 
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Fig.75. Bouguer gravit y profile across the Shield margin in St.Jérome area. Traverse No. 12. 
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Gel&art et al. (1966) have shawn that the total , 
gravit y due ta a semi-infinite block truncated by a dipping 

plane (r presenting a fault) at an arbitrary angle of inclination ls 

2nCPt, w ere G is the universa1 gravitational constant, p the density 

contrast f the block from the surrounding medium, and t the thickness 

of the s i-inftnite block. From Fig. 75, the observed change in gravit y 

is about 

anomaly 0 

.5 mgal. (This value i8 the same as the amplitude of the residual 

ained using a p of 2 g/cm3). If this anomaly is entirely 
& , 

due to the 

and 

group, has 

the Beek 

of 900 ft 

density difference~of about 0.11 g/cm3 between Precambrian 
4-

own rocks, then the total thickness of the Beekmantown 

be about 4000 ft (1220 m). But the total thickness of 

group is known to be much smaller, b~ing of the order 

(Osborne and Clark 1960, p. 20). Hence, the 

e in gravit y cannot be explained by the density difference 

between t e Precambrian and the Beekmantown alone. 

The presence of a layer of low density Potsdam rock (average 

~ density 2.52 g/cm3) below the Beekmantown can, however, account for 

the large change in the observ:d gravity. As shoWn in Fig. 76, ~a 

layer of Potsdam is present below the Beekmantown, then assuming each 

layér as a semi-infinite block, it can be shawn that the total change 

in gravit y due to the combined effect of the two blocks i8 

2nG(Pl t l - P2 t 2)' where Pl refers ta the density contrast between 

Precambrian and Beekmantown, P2 the density contrast between ?re

cambrian and Potsdam, t i and t 2 thicknesses of Beekmantown and Potsdam 

Hi 

ù 



• 

t, 
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respectively. The measured value of P2 is ;.32 g/cm3 , and substtt~ting 

this value of P2 in the expression for the total change in gravit y 
., 

due ta two semi-infinite blocks and taking Pl = 0.11 and t l = 900 ft 

(275 m), the value for the thickness of the Potsdam Formation cornes .. 
ta be about 1050 ft (320 m). This value probably represents the minimum 

thickness of Potsdam present, for if the actual regional gravit y 
f ....... 

gradient i8 less steep than the dne assumed in the regional-residual 

analysis, then the residual anomaly will have an amplitude greater than 

5.5 mgal and the thickness of the Potsdam Formation will come out 

correspondingly greater. In this connection it is interesting ta not~ 

that a drill hale located about 15 km southeast of St. Jérome passed 

through 1696 ft (517 m) of Potsdam without reaching the Grenville 

basement (Clark 1952, p. 17). 

The equation given by Ge1dart et al .. (1966) was used to compute 

the combined gravit y anoma1y of two semi-infinite blocks representing 

the Beekmantown Group and the Potsdam Formation. For ~he ca1cu1ations, 

the dip of the fauit plane is taken as 60°, t l = 900 ft (275 m), 

t 2 = lQ50 ft (320 m), Pl = 0.11 g/cm3 , P2 ; 0.32 g/cm 3, and the over

burden is taken ta be 20 ft (6 m) thick, having a density of 2.00 g/cm3 • 

The agreement between the theoretical and the residual curves' (Fig. 76) 

i'9 good except for s~a1]' irregularities in th.e residual curve. \CalCU

lations were a1so m~de with different values of t l and t 2, dip of t~e 

fault plane, and with slightly different values of Pl and P2'~ 
the computed curve of Fig. 76'seems to give the best fit with the 

observed data . 
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, 
For the application of the semi-infinite block formulae it is A 

nec~ssary to assume that the top and ~om of each faulted black are 

horizontal planar surfaces and that the faulted end itself is a single 

planar surface. It is very likely that the Beekmantown-Potsdam inter-

face is practically planar. The sub-Potsdam surface on the other hand 

may be irregular and may have a relief of 60 ta 90 m (see Ambrose 1964, 

p. 850). The upper surface or the Beekmantown on which the glacial 

deposits rest may also be somewhat irregular and the se irregularities 

may give rise ta signifieant variations of the overburden thickness. 

Also, the 'fault~ itself, instead of being a single break, may consist 

of a major fault and several closely associated antithetic and synthetic 

faults. The fault surfaces themselves may not be planar. Sorne of them 

may be curved. The above possible d~partures in the actual and assumed 

. 
conditions may be contributory ta differences in the observed and 

computed anomalies. The 'humps' in the residual curve are quite sharp, 

indicating that they are caused by near-surface sour, es such as variation 

of overburden thickness. 

The presence of a minimum of 1050 ft ~320 m) of Potsdam beds 
1 

below 900 ft (275 m) of Beekmantown rocks indicates that the shield 
, 

surface descends below the Lower Paleozoic platform cover in a step ,. 

>, 

representing a drop of about 1950 ft (595 m) or more. This is evidently 

a feature related to faulting, not :only ~cause ot; its ~ruPtness and 

large amplitude, but a1so because it transects the bedding and foliation 
, 

directions of Precambrian rocks at a large angle (about 45°) • 

\ v 



• 

• 

. . ' 
CONCLUSION 

Near St. Jérome, Beekmantown rocks that abut against the margin 

of the Precambrian Shield seems ta be underlain by a minimum of 1050 ft 

(320 m) of Potsdam sandstone. The absence of outcropping Potsdam beds 

along the shield margin can be'explained by faulting. 
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GRAVITY DATA LINE 12 

• 'J 

Station No. Elevation (fé) Gravit y Value (mga1) 

560 211.805 -5.865 

561 212.275 -5.818 

162 212.570 -5.789 

563 216.140 -5.495 

564 218.160 -5.370 

565 220.050 -5.281 
'-

566 223-é20 -4.951 

567 225.040 -4.785 

568 225.140 -4.613 

569 225.120 -4.7H 

570 225.220 -4.530 

571 226~900 -4.188 

572 231.190 -4.462 

573 235.215 -4.524 

574 239.085 -4.558 

<~ 575 2'~.035 -4.293 

576 24 .295 -3.928 

577 249.115 -2.538 
1 • 

578 249.335 -2.660 
~ 

579 ) 250.000 -1.554 

580 255.730 0.000 

581 261.000 -0.212 

582 267.810 +0.223 

583 276.640 +1.238 

584 287.970 +1.664 

585 306.790 ~ +1. 88'6 

586 309.112 +2.183 

587 312.560 +2.288 

#v 
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APPENDIX·V 

HYPOTHESES ON THE ORIGIN OF THE 

LAUREN'fIAN CHANNEL 

Hypothesis of Spencer 

Spencer (1890, 1903) was the first to propose a hypothesis 

ta explain the origin of the Laurentian Channel. He believed it ta 

have formed along the continuation of Logan's Line by river erosion 

fo~wed by drownin~. This view was 1ater advocated by Upham (1894), 

Goldthwait (1924) and Johnson (1925). Objections to this hypothesis 

are: 

1. Logan's Line does not continue along the outer part of the 

channel and hence cannat provide the necessary structural 
1-

control for this part of the channel. 

2. In the upriver continuation of the topographie low of the 

Laurentian Channel i.e. in the St. Lawrence Valley, the 

normal faulted structurally downbowed area clearly provides 

the necessary structural control for the topographie low 

(Chapter IV) and the association of Logan's Line seem inci-

dental. It is likely that the morphotectonic relations are 

rio different at least al&ng the inner part of the Channel~ 

3. The channel does not show features typical of drowned river 

valleys (sinuous trends, seaward sloping valley floor, etc.) 

but has'many features indicative qf glacial erosion. 

0' 

k r~. , 
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In view of the above objections Spencer's ry~othesis i8 now 

abandoned, although it ~ hardly be denied that river erosion has 

p1ayed an important raIe in the deve10pment of the channel. 

Hypothesis of Gregory 
~ 

The Grand Banks earthquake of 1929 (Hodgson I930~ which occurred 

-on the continental slope near the mouth of the channel, breaking the 
, 

Trans-Atlantic cables, stimulated new thinking on the origin of the 

channel. G~egory (1929) interpreted the trough-like form of the 

channel as having formed by subsidence of a strip of land along parallel 

fau1ts, i.e. a rift valley in the strictest sense. According to him, 

the earthquake shock and cable breaks were caused by fault movements 

related ta further subsidence of the channel floor. Hodgson (1930), 

Keith (1930) and Doxee (1948) advocated a similar origin. 

In interpr~ting the Laurentian Channel as 'a rift valley, Gregory 

(1929) took into account the possible downriver continuation of the 

St. Lawrence Valley structure, which Laflamme in 1908 had interpreted 

as a strip sunk between paralle1 fualts. This particular 1ine of .. 
Gregory's argument is perhaps his greatest contribution ta the under-

standing of the channel's origin. However, other lines of Gregory's 

argument are un~enable in the light of late~ work. For instance, 

Heezen and Drake (1964) have shawn that the Trans-Atlantic cables were 

cut by turbidity currents triggered by the earthquake, and not by 

fau1t-movements as Gregory suggested. Also, the view that the Laurentian 

'Channel i8 a land forro produced purely as a result of down-faulting is 

387 
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un tenable in view of later studies Shepard (1931) and King and 

~Lean (1970a) who have made a ~trong case for gl;cial and fluvial 

erosion along the channel. 

Hypothesis of Shepard 

Shepard in 1931 found clear e~idence of glacial erosion (hang-

ing valleys, undulating channel fJoor with unconnected depressions etc.) 

along the channel. He suggested that p,ior to Pleistocene glaciation, 

the ancestral channel was probably formed by river erosion, possibly in 

part along fault lines. Later during the glacial period, tongues of ice 

moved down the ancestral channel, caused great deepening and widening to 

produce the present channel. Thus, despite his admission of sorne possible 

fault control, Shepard's hypothesis advocates a 1arge1y erosiona1 origin 

for the channel. 

Shepard's recognition that glacial erosion has played a major 

role in carving out the Laurentian Channel i9 a very important s,tep 

" towards understanding its origin. Shepard emphasized that his ~othesis 
" ) 

explains the origin of the channe1's present morphology. In th!, 
1 

restricted scope, the hypothesis has been wholly subst~ntiated by later 

"\ 
work (King and MacLean 1970a). However, Shepard's hypothesis is perhaps 

" 
inadequate to exp1&in the channe1's origin in a broader sense (see 

pp.179 to 189). Shepard's arguments against a large scale structural 

control for the channel are no longer relevant because' they were directed 

specifical1y against Gregory's graben hypothesis which as discus8ed 

earlier, i8 outmoded. It should also be pointed out here that both 
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Shepa~d's and Gregory's hypotheses on. the origin of the channel were 

formulated in the context of a broader problem: the origin of sub-

marine canyons. As a resultp both hypotheses are based to a certain 

degree ona general'Ities which tend to ignore sorne of." the unique fea tures 

of the channel. 

Gregory's structural hypôthesls and Sh~ard's erosional hypo-

thesis represent a sharp polarization of views on the prigin of the 

channel. This polarization has had a profound influèh~e on la ter 

thlnking of the channel's brigin. This 18 unfortunate, because as 

will be evident later it now seems that its origin is related to an 

interplay of long continued tectonic activity and erosion. 

Hypothesis of McNeil 

McNeil (1956) suggested that the Channel was a tault controlled 

river valley and that the valley was subsequently drowned add 

modlfied by turbidity currïrts ta produ:é the present channel. Later 

~ork has failed to reveal turbirlities within the channel (Connolly 

et al. 1967) suggesting the absence of turbidity currents, as suggested 

t 
by McNeil. The current that broke the Trans-Atlantic cables in 1929 

may have originated on the continental slope.", 

(.) 

o 
o 
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APPENDIX VI 1 
, '0 

ORIGIN OF CONTI~ENTAL RIFTS 

There have be~~ two schools of thOU~ conCer~ing the origin 1 

of continental grabens. The first postulates that the floor of the 

graben has been lowered in relation to its sides between normal faults 
~ 

due to tensiona! forces (for example see Suess 1904; Gregory 1921). 

~e second school considers that the tloor of the graben is held down 

between reverse faults that fdrmed under compressiona1 forces Ce.g. 

Wayland 1921; Willis 1936). The second hypothesis is now largely 

discredited in v1ew of the almost ubiquitous'evidence for tensional 
i , 

normal faultink ~ssociated with rift zones. 

It is possible to explain the tensional environment and~ormal 

faulting along a rift zone as a result of crustal upwarping (Cloos 
(} 

1939), and the subsidence of the graben b10ck and also the rising 

of graben edges as a response 'ta isostatic adjustment of crustal 

blacks (Taber 1927) but both the observed crustal stretching and \ the 

amount of black subsidence are too large to be explained this way 

(Vening Meinesz 1950 in Freund 1966; Zorin 1966b; F~und 1966; 

t Illies 1970). But there Is 1ittle doubt that the growth of crustal' 
o 

swe11s and formation of grabens are Integral paF~s of a single 

phenomenon. Another aspect of' this'same phen~enon seems tg be 
"1", \ 

volcanism. It appears that growth of sw~lls'was accompanied by 

cracking of the crust and reopening of ancient joints and 'lineaments 
" () 

and that volcanism burst along sorne of these cracks. However, the 

,f 
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inte~relationships between volcanism, crustal updoming and graben 

formation are not clear. Sorne insight to this problem can, however, 

be gained from results of deep crustal seismological studies of 

graben zones, especia1ly those conducte? ~ the Rhine Rift zone 

(Mue1ler et al. 1969; Meissner et al. 1970, Ansorge et al. 1970). 

Models of crusta1 structure in the Rhine Rift zone, as interpreted 

from seismic data, have one common feature: a cushion-shaped inter-

mediate layer with compressiona1 wave velocities between 7.:5 and 

7.7 km/s is present between the crust and the mantle (Fig. 77); 

(Ansorge et al. 1970). Direètl'y beneath the graben zone the "rift 

cushion" occurs between depths of 25 and 40 km approximately. Laterally 

it i8 o be1ieved to extend as far as the margin of the Rhenish upwarp 

(Illies 1970). Intermediate layers ~th simi1ar P-wave velocities 
~ 

have also been reported from beneath the Baikal Rift and a1so from 

the Basin and Range Rift system (Meissner et"al. 1970). The Red Sea 

too has an intermediate laye~,(Drake and Girdler 1964), but it is not 

yet known whether a similar feature exfsts along the rest of the East 

African Rift system. A cushion-shaped intermediate layer (P-wave 

velocity 7.3 km/s) is also present along the "'graben crested mid-Oceanic 

ridges (e.g. the mid-Atlantic Ridge), which are believed to be the 

oceanic counterparts of rifted c~tinental crustal swells. It i9 

generally believed that "rift cushions" beneath graben zones represent 

linear injections into the 10wer cruet of hot, buoyant, mantle-derived 
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• 
material (basaIt) that flowed laterally lnto t~ shape of laccolithic 

masses under the influence of gravit y (Ramberg 1967, Illies 1970) . 

• 
In the case of the Rhine Rift, Illies (1970) has remarked that there 

are many indications to suggest that the emplacement of the "rift 

cusnion" may have led to the development of the crustai 9weII and 

the graben. These remarks should also apply equally weIl to rifted 

\1 
crustal swelis in other areas. Moreover, as mentioned eariier, simple 

bending of the r~gid crust by upwarping is insufflcient to generate 

the observed crustal stretching aiong rift zones, whereas the laterai 

spreading of the injected masses provides an adequate mechanism. There 

is one basic question that still needs explanation. What factors 

determine the space distrihution of these buoyancy injected masses? 

In the writer's opinion, the hypothesis that the y represent upcurrents 

of mantie convection ls appealing. 

The concepts summarized above have been developed by research 

work carried out mainly in the classical rift zones and the mid-oceanic 

ridges. They should, however, with pertinent modifications, be appli-

cable ta the problem of origin of the St. Lawrence Rift system. At' 
-' 

the present time it is difficuit to ratianalize further along these 

lines, because research studies on the ~t. Lawrence Rift system are 

not yet sufficiently advanced. For instance, it is not known whether 

1 the St. Lawrence Rift zone is underlain by a "rif t cushion" or not. 

The available information, although admittedly scanty, ind~cates it 
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Pfobab1y does not havé one (Rankin et al. 1969, Overton 1972). Such 
\ 

a situation, however, i9 not unexpec~ed because of the ~ery long 

period of relatiye inactivity of the rift system. 
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