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. ) : ABSTRACT ’ " " T
LY 6 2

»® The St. Lawrence yalley system is a branching group of narrow .

linear depressions, more than 2,000 km long, set l;rgelxxonqtns
i platform and the Shield just west of the Northern "Appalachians. The
| western half of the valley system is underlain by rifts some df which v
i are well-defined grabens. The structure of the water-covered eastern
half' is less cértailn but the available geological informgéion, although
- scanty, indicates that the submerged parts too. He along rift 2ones.
Moreover, the gross pattern of the valley system is closely simila% ’ - y
to the branching pattern of a large rift valley“system. Therefore,
it is hypothesized that the St. Lawrence Valley system is underlain
by a rift system to which the name St. Lawrepce Rift system is
applied. ’ , . ;
Many features of the St. Lawrence Rift system &bmpare closely |
with those of the rift systems in East African, Baikal and Rhine ‘
regions. However, unlike the latter rifts, The St. Lawrence Rift
system hgs little or Ao geophysical e#pression; if is not set along >
the crestal region of a discernible crustal sweli; its fault troughs °
are devoid of Cenozoie volcanic products and have no notewo;fhy
accumulations of Cenozoic sediments. These differences are‘tﬁought
to be largely due tp long inactivity ¥f the rift system.
In 1ts presefl. form, the St. Lawrence Rift system appears to
- have formed in théw&I} Mesozoic, possibly as a result of tensional *
stresses related oto the openiﬁg of the Atlantic Oceah. However, there
are indications that the pattern of mid-Mesozoic rifting was largely
superimposed ‘on pre-existing faults, also of tensional origiﬁ nd
possibly of Hadrynian age. These olaerufaults are identified as
structural elements inherited from the eo-Appalachian r£}t system -

of Bird-Dewey and Chidester-Cady medels of Appalachian evolution.

. -
» 4 t -~

o



. ~de la croute terrestre; les fosses tectoniques ne renferment pas de

RESUME
£

)

Le systéme de la Vallée du Saint-Laurent est formé d'un
ensemble ramifié d'étYoites dépressiohs linéaires, de plus de
2,000 km de longueur, situé en grande partie sur la plate-forme
et sur le Boyclier Canadien a4 1'Ouest immé _des Appalaches
Septentrionales. La demie Ouest de ce systdme 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 rareés, nous
montrent que ces parties submergées sont aussi des zones de failless
De plus, 1l'ensemble' du systéme ressemble beaucoup ay modéle ramifiéf
d'un large systéme de vallées faillées. Ainsi, nous émettons
1'hypothése que sous le systéme de 1a Vallée du Saint-Laurent on
Ltrouve un systéme de failles auque nous donnons le nom de systéme
de Vallées Faillées du Saint~Laurent.

3

Plusieurs charactéristiques de ce systéme de Vallées Faillées

*du Saint-Laurent se comparent de prés avec celles des systémes de

vallées faillées de 1'Afrique de 1'Est, de Baikal et du Rhin.

Cependant, contrairement 3 ces autres endroits, le systéme de Vallées

. Faillées du Saint-Laurent a peu ou aucune expfession géoﬁhysique; i1 -

="~ n'est pas situé le long d'une région de créte d'un gonflement perceptible

roches volcaniques ni de dépdts sédimentaires importants d' age cénozoique.
Nous croyons que ces differences sont dues en grande partie i la
longue inactivité du systéme de failles.

Dans sa condition actuelle,le systéme de Vallées Faillées
du Saint~Laurent semble s'@tre developpé durant le Mésozoique Moyen,
peut-&tre due é des forces de tension relifes 3a 1'ouverture de 1'océan
Atlantique. Cependant, il semble que le modéle de failles du Mésozolique

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

,aussi d'origine de tensiom et peut-&tre d'age Hadrynien. Ces failles plus

~anciennes sont des éléments de structure qui découlent d'un systéme de
failles eo-Appalachieda¢<apres les modéles de 1' evolution des Appalaches
proposés par Bird-Dewey et Chidester-Cady.

. P.S.Kumarapeli
o i . Geological Sciences

.



wn\\:  Chapter I: INTRODUGTION

GENERAL STATEMENT

T o

"St. Lawrence Valiéygsyétem" ag used here refe?s to a branching

‘

group of narrow, linear, tbpographic depressions in northeastern .,
.

North America (Fié. 1)2 For convenience of reference, this group of

depressidﬁé‘is best divided into eight p;iﬁcipal parts. Four of these

contain l;rge lakes - Lake Timiék;ming, Lake-NipYssing, Lake Champlaiﬂ)

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

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

Depression respectively. The twoseasternmost parts are narrow submarine *x .

troughs and are known as thé Laurentian and Esquiman Channels (also

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

literature) . % The two remaining parts of the St. Lawrence Valley

system gonsist of topographic lows straddling the Ottawa and the

St. Lawrence Rivers and will be referred to as the St. Lawrence and

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

the cityvgf Ottawa is commonly called the Upper Ottawa Valley, and the

7/

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 indéx maé of this region is give& in Figure 2.
. The chain of depressions consisting of the Champlain Valley, the

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

€
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KEY TO ABBREVIATIONS IN FIG.2

. . > /
AI - Anticosti Island - J.x
- AM - Adirondack Mountains T, ‘
BF - Bay of Funday ! '
BS - Betsiamites River .
CR - Connecticut River Y
CS - Cabot Strait - ‘ ,
EC - Esquiman Channel ,
GM - Green Mountains
GR - Gatineau River N
GP >~ Gaspé Peninsula ' S
- HAR -~ Hamiltom River ' : . ‘ !
LC - Laurentian Channel
LCH - Lake Champlain
LN - Lake Nipissing . \
LM - Lake Melville -~ ‘

LRM - Long Range Mountains
LSJ - Lac St. Jean

LT - Lake Timiskaming

M -~ Montreal

MER ~ Mécatina River

MH - Madawaska Highlands
MOR - Moisie River .-
MR - Manicouagan River °©

NFLD- Island of Newfoundland
NM -~ Notre Dame Mountains

| NR - Natashquan River
| NY - VNew York
| 0 - Ottawa
OR - Ottawa River”
; PIM - Parc des Laurentides masspf
| Q - Quebec City . T
| RR - Romaine River ‘ ; -
| SBI -~ Strait of Belle Isle ) L
| SI - Sept Isles '
‘ SJR - St. John River .
| SLR -~ St. Lawrence River
| SM - Sutton Mountains ”!
: SMR - St. Maurice River ”( - .
| SR ~ Saguenay River ' . . *1
| WM - White Mountain 4 -
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and the‘Esquiman Channel lies marginally with respect to the ﬁgrth
and west boundary of the Northern Appalachians (Fig. 3). For
simplicity, this part of the St. Lawrence Valley system will be
referred to hereafter as the Marginal Segment. The branching
depression consisting éf the Ottawa Valley, the Timiskaming and
Nipissing Depressions extends across parts of the Canadian Shield
and will be referred to 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, some of the earliest obée;vations on the
geology and physiography of the mnortheastern part of the continent
were made aldng some of these depressions. Early writings on these
depressions are of a descriptive nature and hardly touch on the
problem of their origin. With continuing studies, however, it has
generally been recognized that they are not purely erosional
features, but reflect in varying dggreeé their underlying structures.
A.W.G. Wilson (1903) was probably the first to suspect thatv
some of the depressions may be structurally controlled. He suggested
that the Timiskaming, Nipissing and Saguena§~Lac St. Jean Depressions
are geomorphic e€xpressions 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

£

LI



\
s

W\
\\\\\N D Ay
"

4309
See
[E— A A i 2 ~-=--1000- — Bathymatrt contours = motres
L I ] e e 200 MM
CANADIAN SWELD APPALACHIAN FOLD BELT ST.LAWRENCE VALLEY SYSTEM

AN === '

Fig.3., Map of the St.Lawrence Region showing the setting of the St,Lawrence Valley system with respect to
major tectonic elements,



/../

. - St. Lawrence Valls;\y lie along structurally depressed zones of normal
faulting. Further studies in thf Upper Ottawa Valiey:by Kay (1942),
/ .
Lower Ottawa‘V513;§ by Wilson4§1946, p. 34) and St. Lawrence Valley
by Oshorne (1956) have shown that Kindle and Burling's view is
, essentially cqrf%ct. Furthermore, Kay (1942) has demonstrated that

4
4 ’
‘ the structure of the Upper Ottawa Valley is a graben. Kay (1942,

p. 613) also has shown that the northern boundary fault of this
{

graben extenqs westwards as the key fault of a structural low along
1

the Nipissing Depression. Detailed studies of the Champlain Valley

L

*by Quinn (1933) and parts of*the Saguenay-Lac St. Jean and

Timiskaming Depressions by Dresser (1916) agﬁ Hume (1925) respectively,

have revealed that these topographic lows too, are largely underlain '
by block~faulted, structurally depressed zones. Following the above
studies, the structure of the Timiskaming and Saguenay-Lac St. Jean

Depressions ha%g gradually come to be accepted as grabens (e.g.

Wilson 1959, p. 316;011%renshaw and MacQueen 1960;Lovell and

Caine i§]0). The geology of the Esquiman and Laurentian Channels
is largely Eoncealed. However, onshore studies in Esquiman Channel

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

-

- part lies aleng a zone of downfaulting. High-angle faults also
-
probably dominate ¢the structures of the inner part of the Laurentian

Channel, because Anticosti Island, which 1s the only sizeable island

»

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

£ .

|

|

|

|

|

|

' in the Channel, is traversed by numerous high-angle faults
) Channel is underlain by a major structure or not is a matter of
| .

. contemporary debate (e.g. King and MacLean 1970a).




0f the St. Lawrence Valley system depressiogs, therefore, the
Timiskaming and Saguenay-Lac St. Jean Depressions and the Upper
bttawa Valley are topographic lows coincideng 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 also lie along structurally downfaulted
zone<,
Although graben structures have been known froa different
parts of the world for quite some time, they di& not, until about
1960, éeéeive ?he attention they now seem to deserve. Most geologists,

infiuenced by the Contraction Hypothesis of the earth, paid more

-attention to the study of structures such as folds and overtﬁ%ﬁscs

LY

in orogenic¢ belts, which were regarded aé manifestations of tangential
compression on a contracting earth. They dismissed, as secondary in
impértance, the tensional structures such as those of large graben
systems, although the East African Rift system was known to extend

for more than 6,000 km or a 52-degree sector of the circymference of
the earth. However, following 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 gradually realized that the earth need

not bé cooling and contracting as advocated by proponents of the

Contraction Hypothesis. Moreover, during the last 15 years or so

some workers have given serious attention to the hypothesis that the

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

t

n
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_The discovery of the world-girdling sub—oc%ﬁnic ridge system, which

&
for the most part has crack-like crestal grag%hs\gﬂeezen 1960),

-
i~

has shown that graben structures have developed in the earth's crust
. on a truly grand scalte. Also, iF has been argued that at least some
of the continental graben systems are extensions of the sub-oceanic
system (Girdler 1964, pp. 147-149). The prosghents of the earth.
expansiop theory regard large graben structures as manifestations
of earth expansion, just as proponents of the‘Contraction Hypothesis
regarded structures in fold mountains as manifestétions 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 upwelling of convection currenté (Wilson 1963). The ahtward flow
of currents from these zones is believed to drag the crust apart and .
produce graben structures. Furthermo;e, according to the recently
proposed hypothesis of plate tectonics (Isacks et al. 1968;
Le Pichon 1968;Md%gag 1968) the crestal grabens of the sub-oceanic
ridge system overlie zones of plate growth that are presumably
related to sea floor spreading, and some continental grabens are
."failed arms" of plume-generated triple junctions, the other two
arms of a triple junction having combined to form a plate bo;ndary
(Burke and Dewey 1973).
Thus, graben strucéures have assumed fundamental importance - |

w

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

~ -
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plate tectonics and hence are recelving increased attention. This is
refleqted ,in the fact that one of the three internation#l programs
selected for emphasis by the International Upper Mantle Committee (IUMC),
at its meeting iAcThqcow in 1964, was the world system of large grabens.
Since the 1964 meeting, the following meetings were held under the
sponsérship of TUMC: a seminar on the East African Rift System was held
in' Nairobi, in April }@65 (UMC—ﬁNESCO seminar 1965); two symposjia on
the World Rift System, one in Ogtawa in ?é%tember 1965 (see Irvinéi
ed. 1966) and the second in Zurich in September 1967 (some papers
presented are publiraed in Tectonop%y§ics 8, 1969) and an international
rift symposium (mainly on the Rh}ne graben) in Karlsruhe in 1968
(Illies and Mueller, eds. 1970).

Beyond the purely scientific reasons for the greatly expanded

interest in large graben structures, their study has been accelerated

»
‘beqause of the recognition of a close temporal and spatial relation-

ship between continental graben” structures and alkaline-carbonatite
magmatism. Carbonatites contain economic concentrations of some
elgments, particularly of niobium, rare earths and thorium. Also
mad& carbonatite provinces are kimberlite provinces and kimberlite

pipes are the primary source of natural diamonds in the world.

| / ~
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THE THESIS
b ) 9
"v:, The graben structures along‘thE!Upper Ottawa Valley, the
Timiskaming and Saguenay-Lac St.)Jeéh Depréésions are not isolated . -
G struetures but are parts of a system of elongate fault troughs
which are crudely coextensive with the St. Lawrence Valley System.
This system of fault tr;ughs not only resembles tMe gross- pattefn
v of avidage graben system but also has,man§ of the geomorphologicai
and geologicai characteristics of such a system. These similarities
» suggest that the St. Lawrence Valley system is underlain by a large
| continental graben system - the St. Lawrence Rift System (Kumarapeli
l and Saull 1966a). This, in essence, is the squect of the present
| thesis. This view of the tectonic significance of the St. Lawrence
; Vaﬂl}ey sys& should be of interc;st to those who are concernéd with ’
; the study of large graben systems’:}: It will be argued thatwens
| k along the St. Lawrence Valle;‘gys;eh‘represent a piece of evidence
‘ vital to our.understanding of the geoloéical evolution of the . .
Appalachian foldbelt. The graben concept also helps clarify the
problem,o£ seismicity and alkaline-carbonatig?tmagmatism and a host

of other geclogical and geomorphological peculiarities of the 4

St. Lawrence Region.

o PURPOSE, SCOPE AND. NATURE OF THE_ STUDY 'd.t '
’ The writer has three main aims in the present study? o
& u
.
] s o “
’ LI . Db ” X
- y 1T
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. 1. To‘synthesize selected .aspectc ~f the geological and

other characteristics\gf the St. Lawrence Valley ’ v
. . , &
system and ité environs (Chapters IT to XIII). These

& syntheses ‘do not constitute*a treatment of the entire
el

speclrum of geological and othér characteristics e

of these respective areas, but represent rather a
- ‘ o
» discussion of various aspects (e.g. high—ang%e faulting)
- ) i

which to the writer appear to be relevamt to-the grabéen

- -
Other characteristics are either priefly

mentioned or ofrittted altogether. ) >
- e ®

1

To compare and contrast the various characteristics of
® ? . o
the St. Lawrence Valley system structures with those of

the rift systems of the three plassicéﬁ areas! Rhine,

Baikal and East Africa (Chapter XIV).

Vi

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

aléong the St. Lawrence Valley system (Chapter XV). © |

:,:

von The St. Lawrence Valley system jextends over a very large area.
Its length from Ehe»north end of Lake Timiskgmﬁng to the mouth of\thé
Laurentian Channéi'is about 2,300 %m. Publishgd"geologieal information
on this vast region is voluminous. Much has been written, mainly '“
during the first half 6fﬁ&his century, on the geomorphology of the .

d.
region. These wrlt;fgs are largely Soncerned with the interpretation

L3
>
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.' of landscapes-: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 have since been gathering
momentum.,

Field studie;’by the writer included two summers (1966 and
' 1967) work in the St. LaQrence Valley. This woérk consisted 3?inly
of 10 gravity traverses over the Appalachian - pl[tform boundaryﬁbn
the east side of the valley (Appendix III) and on ’traverse over
' the shield - platform boundary on the west side of the valley
(Appendix IV). Visits of two to three dayé duration were made to
several other areas of thg St. Lawrence Valleflsyggem: the Uppef
Ot%awa Valley in summer 1966, the lower St. Lawren%; Valley and
the Saguenay-Lac St. Jean Depression in summer 1967, thg Lower ,
Ottawa Valley, the Nipissing and the Timiskaming Depressions in
summer 1968. During these short visits the main emphasis was on
the study of geomorphological and structural features.
In the winter of 1966, three weeks were spené at the National '
Airphoto Library, Ottawa, studying vertical aerial photographs of
JtheAZf. Lawrence Valley system and its environs mainly to collect

evi

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

aw

PREVIOUS WORK
¢ ) N /% 5

In 1966, the writer published with V.A. Saull (Kumarapell
v @ .

@

and Saull 1966a) evidence supporting the view that the overall
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structures along the St. Lawrence Valley system is that of a large
rift system to which the name St. Lawrence Rift system was
proposed. This publication contained the preliminary results and
conclusions of the present research project. Further results and

. .
updated conclusions are given in the préseﬁt paper. The 1966
publication has been quoted widel§ aﬁd appears to have generated a
considerable amount of interest among researchers,‘and éo have
helped focus the attention of some on the graben problem of eastern
North America (e.g. Poole 1967;Saull 1967; Doig and Barton Jr. 1968;

. .

Floremsov et al. 1968; Gerencher and Gold 1968; Solonenko 1968a;
Voight et al. 1968;Woollard 1969; Voight 1969; Currie 1970; Doig 1970;

»

Lovell and Caine 1970;- Lumbers 1971; Clark 1972). Since the
ﬁhblication of the preli;inary report, the writer also has published
on topics related to the present research problem (%:marapeli and
Saull 1966b; Kumarapeli 1969; Kumarapeli and Sharma 1969;
Kumarapeli 1970).
Prior to 1966 (Kumarapeli and Saull 1966a) the -St. Lawrgifé‘
Valley system as a whole had not been viewed as a geomorphic feature,
coextensive with a large grahen system. Parts of the valley system,
however, had been reéognized as ;eflecting graben structures and the
previous work on these parts has been qited earlier in thisxghapter.
Some workers have been critical of certain conclusions

contg}ned in fﬂL preliminary report. Sheridan and Drake (1968),

4 .
Keen (1969, 1972), King and MacLean (1970a) have criticized the

BN b
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postulation of a regional structure along the outer part of the
Laurential Channel. These criticisms are discussed in Chépter
XIII (see pp.182-187). Voight et al. (1968) and Voight (1969) have \\\,
criticized the concept of a presently active St. Lawrence Rift
system, dominated by extensional tectonics. This criticism appgars
valid and is incorporated in the present work (see pp.259-260). N
One other aspect that has been criticized (e.g. see Northwood 1966
in discussion of Kumarapeli and Saull 1966b) is the postulated ‘
extension of a branch of the St. Lawrence Rift System through Lake
Superior and thence southwards (Kumarapeli and Saull 1966a, p. 650).
“This extension was perhaps the most speculative aspect of the
original paper .. Because no additional evidence has since come to
light, and because the@e are indications that the branch in question 7
terminates in.the northern part of Lake Huron (see p.147 ), such
an extension now appears to the writer as improbable and it therefore
will not be discussed further in the present work.
SOME DEFINITIONS
*

The widely used term rift is applied in this paper‘fo
structures of regiona{ extent formed as a result of egtension,
without reference to tﬁé\actual geometry of,such structures
(Beloussov 1969, p. 539). '

N

The term graben is used strictly in a structural sense. It

is a rift consisting of an elongate, relatively depressed crustal



N ' '/I
unit or ?1ock tﬁat is bounded by faults on both sides (American &

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

3
A

examples,'symmetrical grabens are rare; all degrees of structural
asymmetry are usually present. The structures of large rift

sygtems for the most part are complex grabens of longitudinal,

tiited blocks, minor grabens and horsts combined to produce the
larger structural‘gepressions.

The term rift valley is used strictly in a geomorphic sense.
It is used to denote a topographic depression coincident or nearly
so with a graben structure (Dennis 1967).

Paleogeographic directions are referred to\the present day

. | N

geographip directions.
\
\ .
. \
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CHAPTER II: THE APPALACHIAN REGION R

A}

INTRODUCTION

The term “Appalachian Region' as used in the present work

applies to the northern part of the Appalachian foldbelt, extending
from abiyt latitude 43°N to its presumed termination off the north-

‘ : : ~
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
tectonic framework of the region and a summary of views on its
tectonic evolution are given here to orient the reader with respect
to certain aspects of the regional geology. A brief description of
the physiographic characteristics of the region is given in

|
Appendix I.

TECTONIC FRAMEWORK

.

The Appalachian geosyncline in the problem area developed
from late Precambrian to Permian (Poole‘}967). The foldbelt consists

of a group of distinct mobile zones that were subjected to episodes

[

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

v

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

Acadian orogeny was of wider regional’ extent; the Taconic orogeny




appears to have affected only a relatively narrow zone, about 100 km
. Y

wide, along the north and west flanks of the foldbelt. Also, the
Acadian orogeny led to the development of larger systems of nappes
-and deep-seated thrusts, to more intense metamorphism and was
accompanied by a largér scale of plutonism (Zen 1972, p. 50). )

The foldbelt is laterally zoned, stratigraphically as well
as tectonically. Several schemes of tectono-stratigraphic zones have
been proposeq (Schuchert 1930; Bird and Dewey 1970; Williams 1972a;
also see Zen 1972). They are basically similar; differences lie
mainly in the degrees of complexity of the schemes.- A brief and
generalized descria?ggn of the tectonic framework of the Appalachian
Region is given here using the three-fold subdivision proposed by

Bird and Dewey (1970; also see Schuchert 1930), illustrated in

Figure 4.

-

Zone A (Fig. 4) consists of a belt, first deformed intensively
during the Taconic orogeny and later affected to a minor extent by
the Acadian orogeny. Birg and Dewey (1970) divide Zone A into
two sub-zones: a northwestern strip called Logan's Zone (whose north
and west boundaries underlie the Marginal Segment of the St. Lawrence
Valley System) and a southeastern-strip 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-faulting, exogeosynclinal subsidence

-

(Zen 1972, also see Cady 1969, p. 33) and westward thrusting (Zen 1967,
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Fig.4. The three main tectono-stratigraphic zones of the Northern Appalachians. Slightly modified from
Bird and Dewey (1970). Heavy line indicateés the continental margin in Cambrian and early Ordovician times

as postulated by Rodgers (1968). .
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1972; Rodgers and’ Neale 1963; Williams 1972b) receiving from the
J
southeast large klippen and Taconic flysch followed by coarser

clastic sediments. This 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 Cﬂémplain Valleys the soles of Taconic
thrust sheets are believed to form a more or less continuous feature,
known as Logan's Line* (Logan 1863, Clark 1951) in the former area
and the Champlain thrust (Welby 1961, p.ﬂi93) 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 platfowmal
rocks owerlie a Precambrian basement of infra-crustal rocks with
K/Ar ages ranging from 800 to 1100 million years approximately
(Stockwell 1968). The southeastern margin of Logan's Zone lies
along‘an axis of great structural uplift: the composite Green
Mountain - Sutton ﬁountain - Notre Dame Mountain - Indian Head
Range - Long Range Mountain - anticlinoria. This zone was
apparently uplifted during the Taconic orogeny and was probably

1

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

)

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

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

*1+ is 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.

/
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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 late Precambrian to Ordovician eugeosynciinal
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 approximafely the site of a major facies change before the
Taconic orogeny: a Cambrian - eariy Ordovician carbonate/
orthoquartzite shelf facies in Logan's Zone changes southeastward

to a eugeosynclinal clastic-volcanic facies (Cady 1968; 1969,

pp. 15-17). Roggets‘&i968) has speculated that this facies
boundary wad a bang e&ge, similar to Phe 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

mobilized equivafeﬁts in Chester and related gneiss domes (Faul et al.®
1963, p. 7). . .
/ ~ » AY
Zone B is made up of Cambrian to Lower Devonian sedimentary-
volcanic asgsemblages 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).

2
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vZone C of Bird and Dewey (1970) comprises (i) a northwestern
strip called the Avalon "belt" (ii) a southeastern area called the

Meguma synclinorium (Fig. 4). The Avalon '"belt" is outlined by a

. s . ’ - w
, series of areas exposing late Precambrian rocks. These areas; if

° 3

not the entire)”belt", acted as geanticlines throughout thé Paleozoic
(Rodgers 1972, p. 514). The rocks consist of great thicknesses of
weakly to moderately metamorphoéed clastic, volcano-clastic and
_volcanicrsequences of Hadrynian ape (Poole 1967, pp. 14~16;

Poole et al. 1970, pp. 231-235; Rodgers 1972, pp. 512~514) intruded
5Qcaily by granite which give radiometric (Rb/Sr) ages close to = ’

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

Three interpretations have been given to the Avalon "belt"..

-~

1. 1t represents outliers of a platfo;ml— the Avalon
platform of Poole (1967).

2. _It is a post-Grenvillian rift zone of the Basin and

0y

Range type‘(Papezik 1970).
3. 1t represents groups (or possibly one lomg line) of
4

volcanic islands, flanked by originally deep water

7

basins,’ formed in the Hadrynian and probably consolidated

-

into a 1line df sialic¢ nuclei by the beginning of the
Paleozoic (Hughes and Brickner 1971;Rodgers 1972).
The results of recent studies of the Avalon '"belt'" appear to

fit_best the‘vo¥canic island hypothesis (Rodgers 1972; Wiebe 1972;

Hughes 1973;. Helmstaedt and Tella 1972, 1973).

o

3
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The Meguma synclingrium-was apparently the site of a deep-

water basin of eugeosynclinal character that lay t6 the southeast

. .
of the Avalonian "belt". Great thicknesses of Cambro-Ordovician
sediments and vdlcanics that accumulated in this basin were deformed
during the Acadian orogeny (Poole 1967; Poole et al. 1970). Thus,

the tectono-stratigraphic devélopment of the Meguma trough #ppears

L 2 ‘ . .

to be similar to that of Zone B.

¢
¥, .
The three tectono-stratigraphic zones above, when viewed
grap

o

broadty, outline two arcuate belts (Rodgers 1970, p. 4). One of

these extends from the southern limits of the region through southern
[\
LY
Quebec to Gaspé and is-convex to gﬂe northwest. The other arc spans

the Tsland of Newfoundland and is%égnvex to the southeast. The area

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

St. Lawrence. Just how the two arcs are interrelated through the
water covered area 1s rather obscure. Any scheme of correlation of
the two arcs across the Gulf has to take into account two main

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

Gylf, Zone B -#4,-about 250 km wide, whereas on the Newfoundgppd side,

Eyrd

it is only about 60 km wide. Williams et al. (1970) have suggested

~

o, ’ ) % -
that, If there was no original comstriction of the geosyncline,

the J;u%ual narrowness of Zone B in Newfoundlagd can be explained
by a combination of folding and transcurrent faulting. The other
petuliarity is that, in geological maps, the Taconian and Acadian
structures-of the Newfoundland arc l;pk askew in relation to those

[}
of the mainland arc. This skewness has been explained by sdime .as

Ly e
. Lo
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1

reflecting an original feature that existed during the developmental
' N
stage of the’'geosyncline (Poole 1967, p. 44; Sheriddntafd Drake 1968);

others however, favour the idegfthat the Newfoundland arc may be
offset to the right by faulting -along the present site of the

»  Laurentian Channel (King 1951, b. 91; Dréke and Woodward 1963;

Rodgers 1970, p. 4). 'The actual movement of the arc is believed to
be an anticlockwise fotation_of about 30 degrees (Du Bois 1959;

Nairn et al. 1959; Black 196&), the pivot being in the Strait of
————— N ﬁ .

Belle lIsle area. The suggested offset must have taken place in the

and later rocks 1in the o

Devonian or earlier because the Carboniferqus
Gulf of St. Lawrence are apparently not disrupted (King 1970, p. 96)

The .apparent skewness of the Newfoundland arc will be discussed

<

further in Chapter XV. . . . S
N [

Othér important features of the tectonic framework of the '
Appalachian Region are post-Acadian successor basins id which “great

= thickness of sed¥ments accumulated:(Belt 1968). The youngest ofgtheséu'

-

VBasins‘are clearly tensional’ features as exemplified by the Late

Triassic Fundy grabepi This grabeg is one of a chain-ef similar
LN 1 ’
fault troughs extending as far as Florida and Alabami (Rodgers 1970,

-
a -

PD. 203-210). ~ The overall arrangement of these fault troughs can®

be likened to a large rift system, comparable in sizé‘énd style to

~ the East African Riff System of today (Bain 1957; Sanders 1960).

Northeastward, the Appalachian foldbelt strikes out to sgea

éloﬁg the coast of Newfoundland'and probably*Tontinues to the edge of

S

L P
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the continentel shelf (éher!Jan and Drake 1968). Southeastward,
Jdt is covered by a platformal cover of Mesozoic and Tertiary

I

§trata (McIver 1972).

l ' s ‘ .

P
- 'GEOPHYSTCAL EXPRESSTON AND THE TECTONIC FRAMEWORK

Results of deep crustal seismic studles (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
also the Avalon "belt" have a single layer "no;ma]" crust 30 to 35 km
thick, whereas the Piedmont and Zone B has é thicker (maximum about
45 km) crust with ;; "intermedijate layer" (Dainty et al.1966). The

1"

&qntermediate layer" has P-wave velocities of 7.3 to 7.5 km/sec and

is underlain by an upper mantle with high P-wave velocities of
8.5 to 8:7 km/sec. The crust and upper manf%é‘characteristics of
the Meguma trough are not known.

The general level of the Bouguer gravity field over the
Appalachian Region is tens of miiligals higher than that of the
adjacent shield and platform areas to the north and west (Keen 1972).
This di;ferénce can be related to differences ifn crust and upper
mantle parameters as indicated by deep crustal seismology (Keen 1972;
Innes and Argun—Westéﬁ 1967). The change from thicker, denser crust
in Zone B and the Piedmont‘to thinner, lighter crust in Logan's Zone
must take place roughly along the Boﬁydary between Logan's Zone and

s "

the Piedmont. This boundary ié also rodghly coincfdent ;ith a

composite line of gravity highs which is one of the most persistent

o
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gravity features of the Appé&achian Region. Fitzpatrick (1953),
Innes and Argun-Weston (1967\, and Diment (1968) conclude that

this gravity high cannot be explained solely on the densities

‘of eﬁ%osed rocks. They explain it by postulating an upwarp of the

\ uppermost mantle material, roughly wedge-shaped in cross-section.

ere the gravity ridge attaigs its highest amplitude, the wedge-
shaped rise of mantle is beliebed to be some 20 km wide at the
to ‘have 25 km relief (Innes and Argun-Weston 1967, p. 74).
During eahly Paleozoic times, this {ine of crust/upper mantle
change was Qigo roughly coincident with an important paleotectonic
line (Rodgers\k?68). During the Tacowgic orogeny it was an axis of
structural uplift\(Green—Sutton—Notre ame-Indian Head Range-Long
Range Mountain anticlinoria) and intibsion of ultramafic rocks.
These tectonic-magmatic activities a&d.&he concept of a rise of the
uppe;most mantie material as postulated by Innes ;;a Argun-Weston
(1967) are mutually compatible. Before the Taconic orogeny the zone
of crustal change was probably coextensive with the boundary between
miogeosynclinai and eugeosynclinal basins.

In as much as the structural uplift,along the northeasgtern
margin of Logan's Zone is characterized b§ a gravity ridge, the
structurally depressed western part of Logan's Zone isvfharacterizéd
by a series of gravity troughs. Compared with thé gravity highs, the
lows are more open features. Along the east side of the St. Lawrence

Valley, a gravity trough parallels the St. Lawrence River.

Thompson and Garland (1957, p. 127) have suggested that the gravity
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trough there may be correlated with the presence of low density
sedimentary rocks. Innes and'Argun—Weston (1967, p. 74) however,
take a different view and suggest that the gravity trough in this

area may reflect changes in deeper crustal parameters.
L]

SPECULATIONS ON TECTONIC EVOLUTION

v

Several recent syntheses of the tectonic evolution of the
Appalachian Region have‘been‘formulated within the framework of the
plate~tectonic hypothesis (Isacks et al. 1968; Le Pichon 1968;
Morgan 1968). This hyp:thesis has become increasingly popular and
has quickly acquired many supporters but it also has been tlie target
of severe &riticism. Its strongest supporters believe that by means

i
of this hypothesis most tectonic-magmatic phenomena of the glanet
can be explained. The most severe critics (Beloussov 1970;
Meyerhoff and Meyerhoff 1972 a & b) on the other hand suggest that
the hypothesis is seriously in error, while still others question

its global applicability to tectonic-magmatic phenomena (Gilluly

1972; TIlich 1922). As a generalization, however, the plate tectonics

hypothesis lps explain many features of the ocean floors and of

the circupi-Pacific continental margins. It unifies the tectonic and

‘geophysical 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;

L] t

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



against its applicability to all fold-mountain belts seems relevant.

Gilluly (1972, p. 407) states that the hypothesis seems applicable
to many of the earth's fold—mount%in belts ~ especially those

.
containing considerable volumes of ophiolites - but the features of

other fold mountatns seem difficult or even impossible to explain

through plate fodels.

Syntheses Based on Plate Tectonics

Recent plate~tectonic synthesSes (commonly also referred to
as models) of the Northern Appalachians (Dewey 1969; Stevens 1970;
Bird andﬁDewey 1970; Church and Stevens 1971; Schenk 1971) are
basically sim;lar. Of these, the one by Bird and Dewey (1970) is
the most pertinent for the Appalachian Region and wii] be referred
to as the Bird-Dewey model. Bird and Dewey (1970) support this
model by a detailed discussion and interpretation of the tectono-

&
stratigraphic characteristics of Newfoundland and New England areas.

“

Bird-Dewey Model

It deals primarily with the pre-Devonian evolution of Zones
A and B. ‘The following summary description of the model is taken
A

from Bird and ﬁéwey (1970).

i

"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, bf a proto~
Atlantic Ocean. This oceanic opening and closing was
achieved by initial extensional necking and graben-like
rupture of a single North American-African continental
plate and then further expansion of the rift to oceanic
dimensions by lithospheric plate accretion, followed by

the formation of a Benioff zone and contractional plate
loss along a trench-island arc complex marginal to the
drifted North American continent. Pre-orogenic Appalachian
sedimentation patterns were essentially the same as those
found along modern continental margins".
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According to the above model, Logan's Zone with its 'normal¥

continental crust and steep gravity gradients represents the pre-

. Devonian continental slope and part of the shelf; the Piedmont with

élts two-layer crust, the gontidéﬁta] rise, and Zone B, also with

two-layer crust, the tel§StppEd part of the proto-Atlantic Ocean. '

The tWO”ﬁéjg brogenic epispdes that deformed Zones:A and B are

believed to record the collision of North America first with an

island arc system (Taconic) and subsequently with Africa (Acadian).
Bird and Dewey (1970) do not discuss the evolution of Zone C

in their plate~tectonic scheme. They simply assume (p. 1047)‘bbe

Zone B/C interface as a continental margin of indeterminate type.

Schenk (1971) speculates 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 remained

attached when the Atlantic reopened in the Mesozoic. Recently,

Schenk's synthesis has been severely 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 '"belt' may represent a discontinuous

chain of offshore volcanic islands formed in the late Precambrian,

g}obably consolidated into sialie nuclel by the beginning of the

Paleozoic, and incorporated into the foldbelt when the proto-Atlantic

Ocean closed in the Devonian. According to this scheme, the Meguma




32
-
synclinorium like Zone B, represents a part of 'the telescoped scar
‘of the proto-Atlantic Ocean.

?ost—Acadiap successor basins and in particular the Triassic
grabens are extensional features. They are generally believed to
be related to Mesozoic continental rifting, as a prelude to the
opening of the present day Atlantic Ocean (Deyey and Bird 1970,

p. 2633).

A survey of recent literature clearly shows that Bird-Dewey
model for the evolution of the Appalachian Region is popular among
many workers. However, there are those whBthink that the geological
characteristics of the region cannot be fitted into this model. The
foremost among thése is Cady (1972). He argues that the faunal,
stratigraphic, structural and petrologic evidence is contrary to
the concept of relict subduction zones as implied in the Bird-Dewey
model and that téere is no real basis for postulating an ensimatic
origin for the geosyncline, except perhaps in Newfoundland where
complete ophiolite complexes are present amongst ultramafic rocks
(Church and Stevens 1971; Dewey and Bird 1971; Upadhyay et al. 1971).
The alpine type ultramafic rocks elsewhere in the foldbelt were
apparently intruded into continental crust (Chidester and Cady 1972).
Accordingly, an alternative to Bird-Dewey model has been proposed
(Cady 1972, Chidester and Cady 1972) and is briefly described below.

Chidester-Cady Model -

According to this model, the Appalachjan eugeosyncline evolved
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largely along the site of a continental rift zone which initiated

L}

late in the Precambrian across a single North American-African
continent, 300 to 800 km northwest of ,the line along which Africa
and North America were to separate by continental drift begin?i?g
in the Mesozoic. At its northeast end, presumably off the north
coast of present day Newfoundland, the rift zone was‘cghnected to
an oceanic rift—ridgeusystem. Tﬁe protracted pre-Acadian orogenic
events (including the Taconic orogeny) were related chiefly to
extension and differential vertical movements. The apparently
compressive Acadian orogeny is explained by a partial closure of
the Appalachian geosyncline, by flexural folding’of the sialic
basement and the geosynclinal contents.

A principal difference between the Bird-Dewey model and the

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

- foldbelt is ensimatic and pericontinental whereas according to the

latter it is largely ensialic and intracontinental. This debate on
ensialic vs ensimatic origin of the Appalachian geosyncline is 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 interpretati¥§
bias. A part of this bias is perhaps peculiar to our discipline.

The absence of clearly defined ophiolite sequences, except g%‘
Newfoundland, however, seems to present a-big stumbling block to the

Bird—-Dewey model.

According to both models the Appalachian geosynclinal activity




began vﬂjﬁx¥ifting of a single North-American-African continent

late in the Precambrian and the line of rifting lay afong 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. “/

SUMMARY AND CONCLUSIONS

o

<,

The boundar& between Logan's Zone and the Piedmont is 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

. th}ck, crus; tg 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 miogeosynclinal (on the
northwest side) and eugeosynclinal basins. During the Taconic orogeny
it became a zone of axial uplift. Grenville crystalline 1ocks form
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 line of Grenville

L

. inliers. |

A feature common to recently proposed models of the Appalachian

i evolution is that fhe geosynclinal activity began with late Precambrian
' (Hadrynian) rifting of a single North American-African continent

|

\
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and that the line of rifting lay along the Appalachian eugeosyncl_inal

zone.* It will be pro&?sed later that faults related to-fhis initial
oW . 4

rift system gcted as ancestral structurés for the St. Lawrence Rift “x

bl

H

system.

e

—
—

Bird and Dewey (1970, pp. 1043-1044) place the line 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 1in the eugeosynclinal zone.
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CHAPTER ITI: THE SHYELD REGION

INTRODUCTION
¢

L]
The southeastern part of the Canadian Shield provides the

setting for ; major portion of the Sg: Lawrence Valley system (Fig. 5),
and is referred to in this paper as theIShield Region. The north-
western limit of the Shield Region égn conveniently be placed along
the watershed of the Ottawa-St+ Lawrence River system. Thus,

except for the lobe-like extension of the Adirondack Mountains, the
Shield Region comprises of a strip of territory approximately 400 km
wide and extending from Georgian Bay (Lake Huron) northeastwards to

the Atlantic coast, a distance of about 2000 km. Some aspects of

its geological characteristics are briefly discussed below. Some .

physiographic characteristics of the region are described in Aﬁbehdix

II.

GEOLOGICAL CHARACTERISTICS

General

The Canadian Shield has been divided into seven structural
provinces (Stoékwell 1964; Idem 1968; pp. 692-698), each province
consisting of .a part of the Shield with a broad unity of structural
trends and of isotopic ages. The protvinces are separated from ohe
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 (Fig, 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 Front. Intermediate lines-High-angle faults,
Fine lines-Genmeralized trends of gneissic foliation. Filled circles-Paleozolc outliers., Compiled from
Geological and Tectonic maps of Canada (Can,Geol.Surv, Maps 1250A & 1251A) and other sources.
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Both the Grenville and Superior Provinces possibly evolved
through Precambrian orogenies. Isotopic age dating (K/Ar) has <:§>
shown that the last orogeny in the Superior Province.took place

some 2300 to 2700 m.y. ago and this is referred to as the Kenoran

-~

orogeny. K/At values for the corresponding event in the Grenville

ProQiﬁce - the GM¢nvillian orogehy - are much lower, ranging from ‘

800 to 1100 m.y. (Helikian). Yet the Grenville Province is more

deeply eroded to ex —-grade metamorphic rocks (upper
amphibolite or granulite facies) formed in the catazonal environment,
spossibly at depths of 15 to 20 km (Wynne-Edwards 1972, p. 325),
indicééing that the area has since been;greétly uplifted. Wyane- -
EJwards €1972, %. 322) thinks that erés;oﬁ‘to the general leveluof

the catazone was complete about 800 m:y. ago. At the present level

of erosion, rocks consist mainly of a plutonic-gneissic compleé .
contianing numerous‘bod%es of granite, anorthosite and some distinctive

metasedimentary rocks (including marbles, quartzites and pelitic
métasedfments) to which the name‘GrenvillelSupergroup’has been
aséigned (Wynne-Edwards 1972, p. 290). The structural-metamofpﬁic
discontinuity that marks the northwest boundary of the Grenville
Province is known as the Grenville Front. Wynne-Edwards (1972,
‘Figuve 4) has ﬁ‘stul;ted that in general, the Grenville Front is a
southeast dipping thrust fdault. Northeast-trending structures

. :
predominate along the Grenville Front. “Elsewhere, within the Grenville

Province, such trénds are not always immediately apparent; curved trends

Lol




.-of great complexifty are the most conspicuous (Wynne-Edwards 1969). - «
| 2

Compared with the Grenville Province, the Superior Province -

’

seems to exgﬁsg,a higher level of an orbgenic edifice. In the 2

-

problem arg@3 the oldest pgﬁks are Archean volcanic-sedimentary |

L
They have dominantly east-west trends and have been intruded by

rockjjthat were probably déposited in a eugeosynclinal environment.

numerous bodies of grinite, and commonly metamorphosed to
. - . AY

amphibolite and gréenschist faéies. In much of the problem area,- .

they are overlain by a cratonic cover also of Precambrian age.

Diabase dikes are common in the Grenville and the Superior Provinces
"

and in some areas form dike swarms (Fahrig 1970).

High-Angle Faults

"

Several zones of high-angle faults of regional extent are .

a

known to affect the Shield Region. These faults are largely rebtricted \
. ‘.
to the steep edges of the region along the mdargins of the St. Lawrence

Valley system depressions gnd are discussed in detail in Chapters IV
¢

through to XII, but for the present some of their main features are

listed as follows: (i) they are high-angle faults (11) it is impossible

o E) s

to determine precisely their age w%th the present data (iii) the most

obvious effects of movement along them are (a) relative structural

subsidence of crustal blocks along éhe St. Lawrence Valley system ' .
(b) uplift and tilting of crustal blocks in the areas of Madawaska «
Highlands, Adirondack mas?if and Parc des Laurentides massif (see

Appendix II) which appear to be block mountains (iv) fhe faults have
n
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a tendency to conform to a regional lineament pattern (discussed

below) oriented prevélently NE and NW. : -

§

Lineament Patte¥n

Numerous linegments in the form of narrow rectilinear or

o

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

from a few kilometers to several tens of kilometers (Fig. 6). These

~

can be.clearly seen in vertical airphotos. Only a small portion of

2

these lineaments can be considered as reflecting bedding and foliation -

‘Jw" -

directions, for'many éf'them cut across these trends, and therefore
seem to be fracture (fault and/or joint) controlled. -
The lineaments in the Shield Region producé a remarkably

persistent pattern. They prevalently fall into two sets, one that

trends approximately northeast and the other approxiﬁately northwest

-(Fig. 7). That they reflect a regional fracture pattern is also 2

indicated by the fact that these directions coipcidé with two of
N

the three dominant directions$ of diabasepéikes in the Shield

(lespérance 1948, p. 10).

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

2
v

regional lineament pattern. In the diécdSsions of high angle faults
in Chapter IV thrpugg%to XII it will Qe shown that the tendency of
fauit-directions to conform with the regional lineaTent pattern is ¢
a characteristic feature of many areas of the St. Lawrence Valley

system. This might imply that the faults have Q¢veloped along éhe -

trends of earlier fractures ®r thagazhe>fracture pattern is a product °
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of -the same stresses that produced the faults. The faults v

are largely Mrestricted to 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 lineaments-do not appear to have a greater frequency in proximity
to the faults: it is thought that ghe fault trends are a result
rather than a cause of the general lineament pattern. This lineament
pattern 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. 1In addition to the poorly-established drainage {
lines there are deeply entrenched river valleysjwhich attain depths
of 300 m or more but even’the deepest of them is filled to a greater
or lesser extent with glacial debris. These deep drainage lines are
transverse to the Shield Regioﬁrand their rivers in the upper courses
flow against the regional slope. They commonly have zig-zag trends
the linear segments being parallel to the "regional fracture pattern"
(see above) and hence they appear to be controlled by joints and/or
faults. It will be hypothesized l;ter (see Chapter XIV) that these
deeply entrenched valleys lie along tension fractures which developed
in the Shield Region, as part of events that led to the formation of

ancestral structures related to the St. Lawrence Rift system. S

.
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Pig.7. Ctrike frogueney cdiagran of lineaments chown in the
part nar'h of Iatitude 46%n Uig.6,

SUMMARY AND CONCLUSIONS

The Grenville Province, that makes up the greater part of the
;hield Region, has been strougly uplifted and deeply eroded to exposet
catazonal metamorphic rocks, possibly formed at depths of 15 to 20 km.
Erosion to the general level of the catazone may have been complete
about 800 m.y. ago.

The surface of the region isﬁcharacterized by a prevalently

northeast and northwest oriented lineament pattern which probably

reflects a regional fracture pattern. It is thought that this fracture .

3}’

pattern controlled the directions of faulting and also the courses of
the deeply entreiched river valleys of the region.
High-angle faults of the Shield Region are largely confined to
the margins of the St..Lawrence Valley system depressions. Movements
on these faults have led to relative structural subsidence of the
St. Lawrence Valley system and toluplift of Madawaska Highlands, Adirondack
§ »

)
Massif and Parc des Laurentides massif areas to form block mountains.
4



CHAPTER TIV: MARGINAL SEGMENT: .

THE ST. LAWRENCE VALLEY

a4

INTRODUCTTON

The term ''St. Lawrence Valley" refers to the northeasterly

trending linear depression whose plain-like floor straddles the

- ‘"‘\"
St. Lawrence River, from'its confluence with the Ottawa River to
" F A0

N
where it is joined by the Saguenay River (Fig. 8). As so defined,

the St. Lawrence Valley is about 450 km long and varies in width

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

the Marginal Segment of the St. Lawrence Valley system. Tt is
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C

bounded on the northwest by the Laurentiaﬂ Highlands and on the
southeast by the highlands of the Appalachian Region and is
largely cut into a strip of relatively soft (higher ;rodibility)
rocks that lies between the Shield and the Appalachian géldbelt.

Between Quebec City and the Saguenay outlet the valley is
a moderately deep trench, 25 to 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 bordering
areas of the Appalachian Region. The rest of* the St. Lawrence
Valley is shallower, wider and has a plain~like floor. The
bogdering areas of the adjacent highlands rarely rise to more .
than 300 m above the valley floor. Southwest of Quebec City, the
valley widens to about 50 km in a distance of about 75 km through
several step-like egressions of the north boundary. Further
southwestwards, it continues to widen gradually, to attain a
maximum width of about 100 km at the south end (Fig. 8).

The St. Lawrence Valley of this thesis has sometimes been
called the St. Lawrence River valley. fhis latter term is

inappropriate because there is no evidence that the topographic

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

has undoubtedly modified the valley floor to some extent. Also, .

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

but this term is generally applied to the plain-like lowlands ‘
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coincident with the present St. Lawrence Platform (see Bostock ‘
1969). Thus, the St. Lawrence Lowlands include a major portion
of the St. Lawrence Valley, but the 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

¢

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 norkh wall of
the valley.

[ 4

General Geology and some Paleogeographic Implications

The strip of Appalachian rocks on the southeast #ide 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 is largely underlain by platformal rocks of
Cambro—Ordovician‘age. Between Quebec City and the Saguenay outlet
these rockg»are exposed in patches along the northwest margin of the
valley but may be continuous along the channel of the St. Lawrence
River.

M The platformal succession ranges in thickness from 0 to about

2600 m (Hofmann 1972) and overlies Grenville crystalline rocks. A
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Grenville. inlier of about }15 km?

in area occurs immediately north
of the confluence of the Ottawa and St. Lawrence Rivers and forms

a hilly area called Oka Mountain. Thé plétformal succession begins -
with the Potsdam group which as far as is known is restricted to

the part of the §alley southwest of the St. Maurice River. The
basal unit of this group, the Covey Hill formation is believed
mainly to represent alluvial plain deposits (Lewis 1971, p. 875)

and is typically composed of unfossiliferous coarse reddish and
greyish felspathic sandstones, quartz sandstones andvconglomeratic
sandstones, ranging in thickness from 0 to probably as much as

600 m (Hofmann 1972, p. 4; 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 is disconformably
oveglain and overlapped by the Chateauguay formation, the lower part

of which is a pure quartz blanket - a light-coloured, well-sorted,

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

< and containing some marine fossils - deposited by transgressing

seas in a subtidal, 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 suggested that the depositional basin in which
great thicknesses of Covey Hill sediments accumulated was a fault-~

«

bounded ''gravity sag" or "half graben' with faults along what 1s now



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

the Chateauguay formation contains dolomitic sandstone formed in ¢
an énvironment transitional to the stable shelf environment of
carbonéte 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 to
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), followed in the late Ordovician times by
coarser clastics (Queenston), apparently derived from the destruction
of Taconic Mountains. There is no definite record of Silurian rockér v
in the area, but on St. Helen's Island, near Montreal, a diatreme
breccia presumably related to Monteregian igneous activity ( to be
described later), contains blocks of Lower Devonian limestone
{Logan 1863) indicdating that the original platformal sequence
#ontained 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 to as Logan's Line (Fig. 9). Structures 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-

we
+
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angle faults that affects much of the valley area and the shield

margin to the northwest (Fig. 9).
The platformal rocks of the valley although much broken by
»
high-angle faults have a relatively simple structure and are largely
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). Elsewhere, the platformal strata are horizontal or nearly so.

~
~

Dips rarely éxceed 10° 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 éf
this syncline lies closer to Logan's Line than to the shield
margin (Fig. 9).

Products of a Cretaceous igneous event, referred to as the
Monteregian igneous activity‘(Gold 1968, pp. 288-302) occur in the
_southern part of thecgalley. They consist of stocks, dikes, sills
apd plugs of alkaline igneous rocks and carbonatite. Igneous rocks
which are petrochemically similar to these, occur typically in the
environment of contineg?al rifting. (Heinrich 1966, pp. 24-27).° |
Accordingly, these igne;us rocks ana also the fault systems in the
area are of particular interest to the graben problem of the thesis

and are described below in some detall.

Monteregian Rocks

Monteregian Rocks are a closely related group of alkaline
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igneous rocks. Detailed accounts of ‘these rogks are found in the
'works of (Adams 1903, pp. 239-282), Graham (1944, pp. 455-482),
Gold (1968 pp. 288-302) and Hodgson (1968) .

y
/
The largest concentration of Monteregian igneous bodies

accurs in a well-defined zone about 45 km wide, extending approximately
s75°E from St. André for a distance of about 225 km (Fig. 9). This
zone can be regarded as the Monteregian Petrographic Province "proper”

" proper" probably comagmatic rocks occur in

Qutside the province
Mt. Megantic and vicinity (Osborne 1935 in Graham 1944, p. 459; Lowden
1961; Fairbairn et al. 1963), and in the Champlain Valley region
(Zartman et al. 1967). The following brief 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.%l 5.

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

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

'
1

that other intrusive centres, not yet exposed by erosion, are present '
inzthe area (e.g. see Philpotts 1970, p. 400). The main plutons are
crudely circular in plan with areas ranging from about O.Skm2 to over
75 k;2. They are believed to be cylindrical or funnel-shaped bodies.

Genetically related dikes, sills and small plugs intrude the province

.

[

intensivel& (Fig. 10).

)

1
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The most unifying petrochemicali character of tHEVM§htefegian

igneous rocks is that they are strongly*alkaline. Their"alkali-pr -
s

lime indices (see Peacock 1931), as far as have been determined,

v

fall well below the 51% level (Gold 1968,/p. 2@3); which separates

~

oo

\

the alkaline from alkali-calcic rocks. Despite th}s unifying

character, Monteregian rocks differ widely, chemically as well as

mineralogically. 1In the main complexes, for instance, the initial

~— -
phase is usually ultrabasic or basic and later phases aré& more ,
»

g

silicic. At one extreme are peridotites, pyroxenites and titanaugite

a

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

s \

the two being apparéntly 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

Jocal chambers.

L 4
Monteregian rocks also show variations of a regional character.

v

For instance, westward along the pro@ince there is a progressive
decrease in SiO2 (Hodgson 1968, p.102). The easternmost pluton in

Mt. Megantic has a considerable amount of granitic rock associated .

ST
with it (Reid 1961) whereas the westernmost plutons, the Oka and

~
<

St. André (see Gleeson dnd Cormier 1971) complexes are largely made
up of carbonatite and other extremely undersaturated rock types. W
Fitzpatrick (1953) states that gravity highs as large as 19 milligals

are associat@d with individual plutons but the size ofutheuanomaly"

depends on the proportion of mafic material and the size of the
Py .
- ~

e
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- plutons. The regional gravity high associated with them parallels
the trend of the hills and decfeases in amplitude to the east, the

directioﬁ in which the plutons also become decreasingly mafic.

-

Ancther variation of a'regional character is the westward increase

of KZO/NaZO {Hodgson 1968, p.102). Potassic ultrabasic rocks such
. . )
3 as alnoite and kimberlite (Marchand 1968; Gold fnd Marchand 1969)

.are restricted to the western part of the province, west of the

Island of Montreal. This part of Ehe‘préviﬂce is also characterized
by numerous diatreme breccia pipes, (Gold et al. 1972), proBably )

- L .
representing a gas-rich pipe drilling phdse. Hodgson (1968, p. 131)

suggests that the pfobable explanatiod?}br the westward variations

of Monteregian rocks is that, in this direction, magmnas were derived

1
o -

from increasingly'gréater‘depth within the upper mantle.
Isotopic ages of Monteregian rocks vary from about 90 m.y.
’ O ‘

. . to 'abdut 130 m.y., (Lowden 1960, 1961; Hurley et al. 1959; b
Fairbairn et al. 1963; Shafiqullah et al. 1970:also see Clark 1972, ‘

[

- I 14 1 . " 0
p. 153) indicating that the magmatic event /took place‘in‘the Cretaceous.

‘Results of paleomagnetic studles (Larochelle 1959, 1968 and 1969) and

. ' * <&
of isotopic age dating are mutually consistent.

-

, Regional fault 'systems: Logan's Line . .

Excepti far a few minor offsets, Logan's Line is shown on most
o - small scale éeological maps as a continuous thrust fault that expends'
from the east side of Lake ‘Champlain (Missisquoi Bay) to the vicinity

of Quebec City and beyond (Fig. 93. However, outcrops indicating itd

i
.



position and nature are exposed mainly in the Lake Champiéin and

Quebec City areas. In the former area°the\fau1t is wetl exposed

on the east .shore of Miséisquoi Bay. Cambro-Ordovician rocks
(Philipsburg series) have been thrust westwaids over Middle
Ordovician (Trenton) shales along a fault plane that dips about

20° eastwards (Clark 1951, p. 20). In the Quebec City area, however, .
dips of faults are sfeeper, ranging between 40° to 70? but are
again towards the Appalachians (Ells 1888, p. 15k; Raymond 1913;
Graham and Jones 1931; Riva 1972). There too, Cambro=Ordovician
rocks have heen thru;t westwards over Middl~ Ordovician rcoeks. In
between the two above 1ocalitiest;MLch are about. 200 km apart,
Logan's Line’is placed to explain stratigraphic anomalies and wide
brecciated égnes and its exdct nature ana position are in doubt
(Clark 1964a, p. 75). '

Kumarapeli and Saull (1966a, p. 665) discussed the nature of
Logan's Line'in the c;ntext of possible~graben subsidence along the
St. Lawrence Valley and emphasized the problematic nature of
stfuctureg included in Logan's Eine. Téey-suggested the pogsibility
that-thé ;Eale of thrusting postulated by somé of the earlier wozkers’
may be exaggerated, implying that the thrust faults may steepen
downw;rds and extend into the Precambrian basement i.e. Logan's

s

Line is essentfally a structure involving '"thick-skinned" tectonics:-\\\

o

In order to test this hypothe§fs, the writér,used gravity traverses T -

to study the inferred trace of Logan's Line om® the southeast side

» P

\“ ¢ : '
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of the St. Lawrence Valley. The studies included ten gravity

|
traverses across this trace. The gravity work was planned on 1
the following aSSumpt%ohs: (i) the subsurface structure of s

Logan's Line includes‘a basement step, the downdrop on which is,

i

towards the St. Lawrehce Valley (ii) There is a significantly

/
high density contrast petween the basement ané’cover rocks,

!

}

]

|
/ |

i

Contrary to the assumpkion (i) above, concensus has grown, %ver-!

~ PR
whelmingly in recent yéérs, in support of possibly gravity drivev ‘

\

|

L

"tLin—Skinned" thrust sheets on Logan's\ging (Williams 1972b,
pp. 192-194; Zen 1972, p. 13). 1In view of\ihis, the residﬁal \ /
énomalies over iogan's Line have been interpreted in this thesis,
in terms of densiéy differences of rock masses on either side of

aﬁ east-dipping thrust fault, rather than in terms of a basement
step (Appendix TII). -

o

Regional Fault Systems: High-Angle Faults

The presence of high-angle faults of the St. Lawrence Valley
has been inferred largely from geological mapping (Béland 1961;
Clark 1952,1955, 1964a, b & ¢, 1966, 1972; Osborne and Clark 1960;
Rondot 1966, 1969;~also see Dufresne 1948; Houde and Clark 1961,
Osborge 1956) and from geophysical studies (Hosain 1965; McDonald
1965; Roliff 1968; Sharma 1968; Kumarapeli and Sharﬁa 1969; Frey
1973). Over the years, more and more faults have been interpreted

to give the braided fault pattern shown in Figure 9. Opportunities

for direct examinatioz of these faults are rare because the bedrock

[l
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over much of the valley area is concealed by unconsolidated
Pieistocene 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 outline a down fgulted terrain indicating
that the movements were controlled by gravity -
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 bx}the north—éguth line
of the Montreal subway tunnel system; it consists of a composite zone
of normal faults about 12 m wide and dipping at 70°s. L
It is, however, possible that some of the high-angle faults in
the eastern part of the valley close to Logan's, Line are reverse
fau)ts. For instance, the fault on the east side of Rougemont
(Fig% 9) is an ea;t dippgng high-angle reverse fault (Philpotts?
1972, p. 15). What appears to be the northward continuation of the
fault %s St. Barnabé fault (Fig. 9) which also ﬁéy be ;: east-dipping
high-angle reverse fault rather than a west-dipping normal fault
(Kumarapeli and Saull 1966a, p. 645). Thus, it appears thagdin the

©

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

LS

iy
faults and thrust faults occur in close association.

$

The high-angle faults of the, St. Lawr!nce Valley can be grouped
1

. . —
s [



into three sets according to their strike trends:

1. a principle set of northeaét 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 is: ]

1. longitudinal faults: the northeast striking faults
are nearly paraliel to the valley trend

2. transverse faults: thﬂlunthwest and E-W trending

. faults make large angle;Dwith the valley trend.

The E-W set of faults is best known f?om the southern part
of?the valley, and tﬁey appear to represent the eastward continuation
of lédéitudinal high~angle faults of the Lower Ottawa Valley (see
Fig. 21). Movements along them appear to have produced a slight
crustal sag in the southern part of the St. Lawrence Valley gsee
Clark 1972, Fig. 18).

Fault; striking northwest are known mainly from the Montreal
and Lac St. Pierre areas. Compared with other h}gh—angle faults,
the northwest-trending faults appear to be relatively short. The
northeast and northwest—trending sets,of faults conform with the
principal directions of the "regional fracture pattern' of the
Shield Region (Fig. 9) indicating, as discussed earliér (eee p.40-42),
that tﬁe development of these faults may have been controlled by an

older fractyre pattern. In the southern part of the wvalley all three

LN

¥?
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sets of faults are present, they produce an approximately E-W
trending zone of intense block faulting (Fig. 10). This area of

’ block-faulting has been the site of much of the Momteregian igneous
activity, The main intrusive centres are probably located at the

\ loci of intersection of faults as illustrated in Figure 10.

\

Ages of Faults

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

Most workers think that it formed as an integral part of the Taconic

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 all, movements along it may have taken
pﬁ&ce in Late Devonian, during the Acadian orogeny (Poole 1967,

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

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

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

A simple answer also does not seem to exist to the age question
of the high-angle faults. As discussed below, the indicatio;s are
that the faults as they now appear contain a sequence of movements
impressed on them since their formation sometime before the platform
cover bégan to form in Cambrian or possibly in late Precamgfian times.
Any éﬁtempt to answer this question has to take the following lines
of evidence and their implications into account. ]

1. The lithological and sedimentglogical characteristics

a
of the Covey Hill formation (Céﬁb}ian and ppssibly

. partly Precambrian) indicate that the Covey Hill



sediments accumulated in a gubsiding fault trough
(asymmetrical graben?) coextensive with the soiuthern
part of the St. Lawrence Valley (Lewis 1971, p. 873).
In the southwestern part of the valley, the Potsdam is
considerably thick even at the valley margin (Clark
1952, p. 17; Kumarapeli and Sharma 1969) but no Potsdam
is found.on the shield surface. Yet an ogtlier of

3 p ;

/
residual limestone west of Echo Lake 9dbout 15 km west
//

of the valley margin; see McGerri%}K 1939, p. 43) lies
on the Grenville surface such that its position with

respect to its correlatives within the valley appears -

to be in normal stratigraphic position (Osborne 1937,

60

\
N

p. 8). These observations suggest that a step, probably

representing a fault or fault-line scarp, existed along

the present valley margin when the Potsdam beéan to be '

deposited and that the fault was active-during the
accumulation of the Covey Hill sands.

Just northeasf of Lac St. Pierre, roughly in line with
the channel of the St. Maurice River, drilling for

0il has indicated a pre—Middfe Ordovician basement step

of nearly 400 m amplitude (Belyea 1952, p. 31), which

can best be explained as a feature due to faulting.

\ B
At St. Alexis des Monts (for location see Fig. 9), near

the northwest margin of the valley, a glassy pséudo—
. !

tachylite from one of the faults that cut Grenville

h
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rocks has yielded a K/Ar age of 975 + 50 m. y.
(Philpotts and Miller 1963), although what appears to
be the continuation of this same fauit, displaces
Ordovician rocks within the valley.

In the St. Sophie area (for location see Fig. 9), an

-

alkaline gabbro dike swarm perhaps related to faulting

i
along the valley margin, has been K/Ar age dated at
520 + 2 m. y._, (Doig and Barton Jr. 1?68, p. 1403).
Subsidence of the carbonate shelf (and the establishment
of deeper water conditions) in late Middle Ordovician
times, may have been achieved by movements 6n high-angle
faults (Zen, 1972, p. 49).
Seismic reflection data apparently indicate that at
least three periods of early Paleozoic normal faulting
took place-in the St, Lawrence Valléy and that thrusting
on Logan's Line took place aftgf the formation of large
normal faults (Frey, 1973). The pre-Logan's Line high-
angle faulting, however, could be pre-Middle Ordovician
or pre-Late Devonian, depending on which age is assigned
to Logan's Line.
High—angfe faults that affect the Vélley floor cut and
displace the Cambro-Ordovician platformal sequence (Houde

and Clark 1961), including the youngest Upper Ordovician

. In a locality in °
)

rocks (Becancour River) present.



Quebec City high-angle famlts cut thrust faults of

>

the parautochtonous sequence (J. Riva quoted by

E.W. Mountijoy).
8. Th;ere is a good space correlation between, the area of
block-faul ting in the southern part of the St. Lawrence
V:’alley and the distribution o,f Montere§gian igneous
bodies of the western half of the Moné;aregian Province
"proper" (Fig. 10). The eastern half also lies along
the possible eastward continuation of this zone of
block-faulting. These space relations suggests that
the Cretaceous-magmatic event and block-faulting may also
be chronologically reléted (Kumarapeli 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
faulting (McCall 1959; K’ing & Sutherla}'\d 1960;

Ginzburg 1962; Bailey 1/961, 1964) .

———

9. The St. Lawrence Valley area is characterized by mild

eﬂarthquake activity (Smith 196‘1) which can be attributed
A%

to movements along somd of thesa;"{,.faults at the present
N
time (Kumarapeli and Saull 1966a, p. 646).

The main conclusions consistent with the above evidence and

lines of reasoning are as follows.




&Y

~,
PS

63

1. The St. Lawrence Valley was an area of high-angle
fault movements in post-Ordovieian times. The greater
pért of these movements may have taken place in the
mid-Mesozoic synchronousl& with the Monteregian magmatism.

2. Before the platformal sequence began to form in Cambrian

or possibly in late Prec¢ambrian times, the préseﬁrw

-

St. Lawrgp¢e/Valley area, at least iﬂ part, had’ a fauit—
lined structural framework. Also there are indications
that some high-angle fault movements took place during
the deposition of the platform cover. These movements

and alse the post-Ordovician movements possibly
_—

represent renewed movements on older’ faults.

3. At leasﬂr;;me of the faults may be in an unhealed state

at the present time. e

The foregoing discussion gives same-imsight into {hgggz;?nology

of high-angle faulting in the St. Lawrence Valdey. Even a; pretence
of attempting a complete answer to the age question is unrealistic,
mainly because, excepting Pleistocene deposits, stratified rocks

younger than Ordoviclan are almost completely absent in the area.

This should be kept in mind when speculating whetheia major part

o
of the fault movements took place during a particular time period

or in several discrete time periods.

v

Regional Fault Systems and the Tectonic Framework

If the thrust faults of Logaﬁ's Line aré, in-fact, structures

\
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iﬁvolving'%hin*skinned'tectonics (p.55 ), then it is considered
likely that these faults became inactive soon after their formation

during 1he Taconic and/or Acadian orogenies. At least some high-
I

angle faults on the other hand, have apparently remained %ftive and

1

have dominated the tectonic framework of the valley area during the

entire Phanerozoic time and possibly even earlier. 1In places the

©
’

high-angle faults seem to have involved the entire crust and upper
mantle, as indicated by the close spatial association of some faults
with Monteregian alkaline magmatism.

Structural Effects of High-angle Faulting

Interpretation of the regional Structures produced by high-

angle faulys is complicated by certain unsolved problems. 1In the

)

area of Logan's Lime, for instance, dislocations of both tensional
JRaN and compréssional origins (normal faults, east dipping higﬁLangle
and ‘low-angle reverse faults) occur in close association. 1The
interrelations of these faults are largely unknown, but the
compressional dislocations are best viewed as structuralgﬁlements
created by orogeny (Appalgchian). Elsewhere in the valley, faulting
appears to be less comple% in that only high-angle faults are present
and these faults are probably of the normal éype. They combine to
forﬁ an elongate zone of downfaulting i.e. a rift zone. The structural
subsidence is largely controlled by the northwest marginal fault zone

and the high-angle faults to the southeﬁst of the zone may be synthetic

and/or antithetic in nature. The overall structure is not unlike that

-

l . M -
B

(&)
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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 2o,

- |

where the rift zone appears to be widest (V55 km) it consists of

a serdes of longitudinal fault blocks downdropped to the east in
' N
step-like fashion (Fig. 11).
Between the south end of the valley and Quebec City, the

longitudinal shape of the rift zome is cradle-like. This shape
-

w {

has been achieved, at least in part;’%y moxXements on transverse
faults. The rise of the basement towa;dé the south end of the valley
culminates in an ar;h—like structufe - the Beauharnois axis - that
extends across the south end of the valley (Fig. 9). The structurally
highest part of this axis seems to be at its west _end, where the
Grenville outliers of 6ka Mountain kand also of Rigaud Mountain and
of St. André, in the nearby areas of the Ottawa Valley) are located.

a-following 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 platformlcover, although ;: may have developed partly
during the deposition of the cover rocks as well. The post-Ordovician
structural Sugsidence may have taken place largely in the mid—ﬁesozoic,
synchronously with the Monteregian alkaline magmatism (Kumarapeli 1970).

However, an ancestral structure appears to have existed, possibly as .

a zone, of high-angle faditing, before the platform cover began to form.
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SUMMARY AND CONCLUSIONS

*

- 3
1

o

In the St. Lawrence“Valley,'the part }hat is underlain by
autochthonous platformal rocks, is a zone of block—ﬁaulting

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
L I R

part of the valley has a graben-like cross section. Between the

southwest end of the valley and Quebec City, the downfaulted zone is’

I6ngitudinally cradle-like. The rise of the basement towards the

sgythwest end of the valley culminates in a transversegarch (Beauharnois -

axis), the north flank of wh}cﬁ is severely block-faulted. This block-

¥

faulted area has been largely Eﬁe site of a major episode of alkaline-

‘carbonatite magmatism (Monteregian) in the early Cretaceous.

There is conclusive gvidence that structural subsidence along
the valley took place in post-Ordovician times. Much of,this
subsidence may have taken place synchronously with the early Cret;ceous
alkaliﬁe—carbonatitg activity.l There are strong ingications that the
post—0Ordovician movements represent, at least in part, renewed
movements on older faults which appear to have been in existence

3 \

during the early development of the Appalachian geosyncline.

Ty



CHAPTER V:

THE CHAMPLAIN VALLEY

, INTRODUCTION

o -

The topographic low of the St. Lawrence Valley hivideq at its

MARGTNAL SEGMENT:

¢

.

south end into two branches that follow the north and east sides of

Adirondack Mountains.
2
is tlargely occupied by Lake Champlain and

Champlain Valley (¥ig. 12).

3

is referred to as the

The Champlain ValTey extends northwards

¢

The branch on the east side of the Adirondacks

from the divide between the Hudson River valley and the Lake Champlain

basin, approximately for a distance of 175 km where it merges with

the St. Lawrence Va]lEv. Tn outline, the vallev is trumpet-shaped;

it is about 10 km wide at the south end and widens northwards gradually,

except at its north end (Fig. 12) where it opens out to attain a width

T T T e A~
)
g ”“w/w

bhyotographic skateh,éf Lhe Champlain Valley and
vicinity. " . )

pl
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of about 70 kfi. It is bounded for the most part by abrupt scarps,
200 to 300 m high., The Champlain Valley, like the St. Lawrence
Valley, is largely cut on a strip-of rock of relatively higher

erodibility, that lies between the Shield and the Appaldchian foldbet.
/

-

GEOLOGTCAL CHMARACTERISTICS

- ~

Tectonic Setting

*

Like the St. yawrencé Valley, the Qhamplain Valley i5 set dlong
.the boundary between';he Appalachian foldbelt (Logan's Zone) and the
platform, the larger part being over the platforth. The eastern—boﬁndary,
of the Appa]aéhian allochthon, which in the Chgmplain Valley a¥fea 1is

called the Champlain thrust (Cady 1945, p. 565; also see Doll et al,

L .

1961; Cady 1969, pp. 63-64) extends along the east side of Lake

Chémp]aib (Fig. 13). Although the thrust zane is generally marked

{-‘s . . I [
by a minor scarp, the rise to QQe Green Mountains is 10 to 20 km'east
4

of the thrust zone. Therefore on the east side, a narrow strip of the

- "‘
Champlain Valley extends on to the Appalachian foldbalt. .
The Adirondack Mountains on the west side of the”valléy are a

part of the Grenville structural province. At leasf parts, if not all,

of the Adirondack Mountains were:once covered by Paleozoic platformal
5 ,

-

y r6cks,"for remnants of these rocks still persist in some places as
downfaultq@ outliers (N.Y. State Mus. and Sci. Ser.— Geol. Surv. map
- D7

and Chart serv. No. 5). ~ : .-

.
. . -
N ‘-

P~



General Geology

The platformal autochthonous sequence of the Champlain Valley

is essentially similar to that of the St. Lawrence Valley. 1t begins

»-

with the Cambrian Potsdam Zandstone, overlain by dolostonesof the

Beekmantown group (Lower Ordevician). Discomformably above the

4
Beekmantown ig a Middle Ordovician sequence, consisting of a lower

1imestone (several thin units), and a thick upper black shale that

becomes sandy towards' the top. This succession is about 750 m thick
t v

1

on the west 'side of the valley (Rodge;s 1970, p. 72) and increases
in thicknesé towards the east. ‘

On the foot-wall side of the Champlain thrust, the platformal
rocks are generally crumpled and %]anked on the east side by minor
thrust slices such as the Highgate Springs slice (Kay 1958). AThis : '
crumpled belt is actually the southward continuationgof the %ar— ) )% |
autochthonous St. Germain Complex of the St. Lawrence Valley, “The

BN

belt is absent at the south end of the valley but widens ta about
15 km at the north end of the lake (Hawley, 1967). West of the
crumpled belt, the platformalwyocks are not folded but they are
broken by numerous high-angle faults, mostly of the normal type
(Quinn 1933; Welby 1961, pp.ri99—210). The strata in this area are
. .«Bither nearly Flaé—lying“or dke tilted at varying angles. Along the

west margin of the v§11ey, they havy fault contacts or overlapping .

relationships with the Grenville crygta]line rocks of the Adirondack

-Mountains. °

« RN
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The hanging~wall side of thg'Qhamplain thrust is in places
characterized by thrust slices (e.g.'Rosenberg slice, Rodgers 1970,
p. 73) in the form of synclinoria, containing rocks as old as Lower
Cambrapn which have overridden the crumpled shales (Middle Ordovician)
of thé platformal sequence. t
The Paleozoic rocks as well as the Grenvill® crystalline rocks
'
in the Champlain Valley area have been intruéed by a closely related
group of a]kaling igneous bodies, mginlv in the faorm of dikes. These
alkaline igneous rocks and the high-angle faults in the ar®a are of

special {mportance to the present problem and hence will be described

in some detail below.

Alkaline Igneous Rocks @
Numerous igneous bodies of petrochemically related types occenr
in the Champlain Valley region (Kemp and Marsters 1893; Welby 1961,
pp. 186-190; Woodland 1962). These igneous rocks, like those of the
southern St.\Lawrence Valley area, have strongly alkaline affinites,
and hence; some workers prefer to include the Champlain Valley area -

in the Monteregian Petrographic province (Gold 1968, p. 290).

’

The igneous bodies are mostly dikes; a few sills and plugs

also occur. The majority of them are in the platformal.and Appalachian

X N
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 fall into two general types, light

coloured bostonites and dark coloured lamprophyres. Bostonites are

t o 1
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~ i

the more common and form thicker intrusions. The thickest bostonite
~dike in the area is’ about RZ m in width (Kemp angd, Marsters 1893, p. 59).
‘ ]

Many of the so-called bostonites are in reality bostonite breccias

containing blocks of earlier formed hostonites or of country rock.

e

0f the lamprophyres the most common types approach the
. composition of camptonite while others can be classified as monchiquitess
The lamprophytes generally form thinner bodies than do the bostonites.

The thickest lamprophyre dike krnown is about 6 m (Kemp and Marsters

1893, p. 59). . !

S )

3
It is generally believed that the bostonites followed the
i lamprophyres. Most of the cross cutting relationships, seen in the
- field, confirm this view, although instances where lamprophyres

cutting bostonites also have been reported (Welby 1961, p. 189). It

is probable that the two types of rocks are consanguinous and were
eﬁplaced during the same general period of magmdtismy

Two K/Ar dates of Champlain Valley alkaline rocks have been
published. ~An age of 136 *7 m. y. has been obtained by Zartman et al.
(1967, p\{862) for biotite frop a lamprophyre dike. Zartman et al.

think that this age value is probably the true K/Ar age, although they

were not able to check the result by the Rb/Sr method because of an

, ‘unfavourabHE Rb/Sr ratio for the biotite. The other age is a value of

-

111 + 2 m.'y. for the syenite of the Barber Hill stock (Armstrong and
Stump 1971) which is associated with bostonites. These Jurassic-—
Cretaceous ages are similar to “those determined for the Monteregian
& N

-

\ 2
. roé:ks of t® St. Lawrence Valley area.
: ¥




High-Angle Faults

High-angle faults (Swinnerton 1932; Quinn 1933; Rodgers 19137,
p. 1683; Doll et al. 1961; Welby 1961, pp. 199-210; Cady 1960,

pp. 91-92; Rodgers 1970, p. 72) affect the autochthonous and par-

»

i ]
dautochthonous rocks of the'valley and in places cut the allochthonous ‘5 ¢

rocks further to the east (Welbvy 1961, pp. 204-209). Numerous high-
angle faults also cut the Grenville rocks of theﬁAdirondack Mountains
on the west side of the valley. The distribution of faults is shpwn
in Figure 13. They form a well defined pattern which apparently
splays out southwards, to involve a considerable area of the Adirondack
Mountains. The faulfs can be traced into the Mohawk Valley area,
beyond which they have not been traced (Rodgers 1970, p. 72).

The fault traces are rarely exposed; only in a few places,
have fault—plénes been actually observeq\(e.g. see Welby 1961, p. 199;
Fisher and Hanson 1951, p. 809). However, some of the faults have
been well authenticatgz by geological mapping, although many others,
especially those believed to affect the floor of Lake Cﬁamplain and
the Adirondack Mountains, have been inferred on physiographic evidence.
Some of the fault traces appear to be rather sinuous or curved, but on
the average, the Mult trends fall into two sets: one principal set
trending north-northeast and hence mare or less parallel to the vélley
and the other set approximately transverse to the valley direction.

+
The longitudinal faults are best known from the west side of »

the valley and from the adjacent areas of the Adirondack Mountains,
.




and are believed to be normal faults (Quinn 1933; Rodgers 1970, p. 72).

Many of the faults of the Adirondacks strike north;ast,,inqtead of
north-northeast as in the valley, The faults on the wést SidF of

the valley generallv have throws up to ahout 600 m i& Pnléozn?c rdtks
and in onc extreme case a throw of about 1200 m (See Quinn 1933,

p. 120) has been estimated. The fault planes, where ohservable, dip
between 60° and 70° but some are almost vertical. Manv have down-
throws to the east, although, the reverse is sometimes the case.

Where the faults are downthrown on the east, the blocks tend to be
tilted west and vice versa. Welby (1961, p. 197) states that although
majority of the longitudinal faults on the east side of the valley are
normal, some are reverse., Further to the south, Zen (1972, p. 27) e
also reports both normal and reverse faults from the autochthonous
shelf rocks on both sides of the Taconic Klippe.

The cross-faults intersect longitudinal faults of the vélley
almost at right angles and are knowq‘to extend eastwardsNinto the —
allochthonous rocks on the west flank of the Green Mountains. They
cut the Champlain thrust and the flanking thrust slices (Welby 1961,
pp. 205-210; Rodgers 1970, p. 73): The cross-faults are believed
to be nearly vertical normel faults (e.g. Welby 1961, p. 204).

Throws in Paleozoic rocks up to about 600 m have been reported along

e

them (Welby 1961, p. 204). The cross~faults, together with the

longitudinal faults, break db the Champlain Valley floo n}o a mosaic

of blocks. As mentioned earlier, the majority of these blocks are tilted

west longitudinal faults; they are tilted north and south along

9

cross—fwults
E

P
N
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No conclusive evidence has yet come to light concerning the
relative ages of longitudinal and cross-fualts, although evidence
of an indirect nature seems to indicate that, in some instances,
1ongitgd§nal faults are off-set by cross—faults (Quinn 1833, p. 120;
Welby 1961, pp. 210-211). Nevertheless, most workers agree that the
two sets of faults are probablygarelated in time and cause.

The high-angle faudts of the Champlain and St. Lawrence
Valleys although described separatedy in this paper, should be
regarded as parts of a single fault system because:

5 -

*
défj. faults in the two areas are similar
»

2. the tectonic setting of faults in the two areas "is
idehﬁical -
3. presumably comagmétic rocks are associated with some
- of the faults of both areas
4. some of the faults in the Champlain Valley extend
into the St. Lawrence Valley
© 5. the faults in the two areas appear to have similar

evolutionary histories (see‘gelow).

Ages of High-Angle Faults N

The high~ang17/?adtts Sf the Champlain Valley cut the youngest

Ordovician rocks present, which are late Middle Jrdovician (see

Rodgers 1970@cﬁ. 72). They alsoe cut the Champldairf Thrust, but these
~ o ‘

movements c&n be post-Ordovician or post-Devonian, depending on which

X ) \“\

age 1s ad%igned to the Champlain Thrust. Wiesnet (1961) has pointed

out that the progressivély greater abundance of felspar in the Potsdam, R

towards the eastern edge of the Adirondack massif, may indicate

. *

&
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pre-Potsdam normal faulting in the Precambrian basement. He suggests

that high-=angle faults in the Champlain Valley area may be related to
[e]
movements along buried pre-Potsdam faults. Zen (1972, p. 28) thinks

2

that large vertical movements took pldce on these faults in Middle

N

Ordovician times, roughly synchronousely and mutually connected in
cause with the Taconi~ orogeny and that the "faulting regulted in
crustal subsidence that led to deeper water conditions and deposition

of black shale in the area. Evidence for Middle Ordovician and/or
' 3
pre-Middle Ordovician normal faulting has bheen observed by Fisher and%

Hangen (1951, pp. 808-809).
Some of the high-angle faults in the area cut mafic dikes
(Hudson and Cushing 1931, p. 101) and both cut and are cut by felsic
dikes (Buddington and *Whitcomb 1941, p. 26). Because the two types o

of dikes appear to be consanguinous, the above cross cutting

N

relationships indicate mid-Mesozoic faulting. Mild seismicity and

.

éossible evidence for postgglacial faul%ing in the area (Oliver et al.
1970) indicate that some of¥the faults may still be in an unhealed
state. Thus, apart from uncertainities introduced by the lack of
record, the chronology of high-angleé faulting of the area appears

to bg similar to that of the St. Lawrence Valley area, and can beg

summnarized as follows.

2

" 1. The faults were active in post-late Middle " o .

N
i

Ordovician times. Some of this faulting may havé-
N -

\ N
taken place in the mid-Mesozolc synchronously with .

! /
the alkaline igneous activity in the area.

c
L
¥

a
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. Significant fault movements also may have taken

|

place roughly synchronously with the establishment
of deeper water conditions in the Middile Ordovician
2 times.
3. High-angle faulting may have occurred along the
west margin of the valley before the deposition of
the Potsdam, the upper part of which is late
Cambrian.
4, Some of the faults may still be in an ynhealed state. >

Structural Effects of High-angle Faulting

v 3
The part of the valley overlying the Champlain thrust has

a complex structure. There, normal faults, high-angle reverse faults
and east-dipping low-angle thrusts occur in close association. The
interrelationships of these faultsrare poorly knowQ. To the west of
this area whére autochthonous plat%ormal rocks are cut by normal
faults, the structure consists of a longitudinal belt of structurally
down-droppeéed graben—hoFst terrain (Fig. l4)z Along the greater part -
of the Adirondack margin, structural subsidence has taken place on
en echelon faults which in places overlap to produce step faulting.
.

The overall strﬁcture of the downfaulggd zone is ‘probably that of

a complex graben. 1Its east margin is rather indefinite but the

normal faults have not been traced to any significant distance, east

of the Champlain Thrust. Thus the width of the dgﬁnfaulted zone may

t A ’

be about 50 km at its north end and gradually decreasing southwards

to about 20 km at the south end of the Champlain Valley. The length
L



79

~

of the downfaulted zone is about 200 km and it together with the '

3

zone of downfaulting along the St. Lawrence Valley forms a continuous

xrift zone about 650 km long.

In view of the earlier discussions on the ages of high-angle
s ”

g r
.

faults it appears that significant structural subsidence along the
Champlain-St. Lawrence Valleys took plage in post-Ordovician times.
A major part,of this subsidence may have taken place in the mid- "

N Mesozolc, synchronously with the Jurassic-Cretaceous alkaline~c¢arbonatite

activity. There are indications thdt the post-Ordovician movements,

* . .
at least in places represent renewed movements on carlier faults

——

which appear to have existea during ghe early stages of Appalachian

’

evolution.
'] R
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- 77~ -- downdreopped--horst-graben terrain whose gross structure appearséfo
- R Al 5
<

3

: SUMMARY AND CONCLUSIONS ) .

N

The Champlain Valley is largely underlain by a structurally

be that qf a'complex graben. Southwards, the faults related to the R

structure appear to terminate in the Mohawak Valley area. Northwards

]

it is continuous with the zone of downfaulting along the St. Lawrence
A

Valley, and together these zones form a continuous rift structure .

°

about 650 km long. This structure is characteristically restricted

to thgﬁnarrow platform along the western margin of the Appalachian

foldbelt. Significant structufal subsidence along this rift zone ) |

took place in post-Ordovirian times. A large part of this subsidence
probably took place in the mid-Mesozoic, synchronously with the

Monteregian alkaline-carbonatife activity. The post-Ordovician.

u

moﬁfmgnts may be related to renewed activity on older faults which

»
? €

possibly existed during the early stages of the Appa;achian evolution. ’

‘
e . . ! - .
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CHAPTER VI: MARGINAL SEGMENT:

THE ESQUIMAN CHANNEL AND VICINITY

INTRODUCTTON ‘ '
v ’

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 1argééq t;ibutéry of the
Laurentian Channel, and branches off from &he/latter just southeast of
Anticosti Island (Fig. 15). Then;e it extends under the St. Lawrence
Gulf, betwesn Newfoundland and the mainland and loses its identity as a -
distinct topographic feature before reaching the Straig of Belle Isle.
The Esquiman‘Channel itsélf is set within a much wider topographic low,
lying between the Long Range Mountains of Newfoundland where elevatibns
of 300 m éo 700 m above sea-level are common, and the Mecatina plateaug§
;f the Shield Region where elevations generally range from 200 m to 500 m.
ngg wider topographic low will be referred to as the Esquiman Channel
Area and is the topic of discussion in this chapter. The topographic

low ihcludes not only the area under the Gulf of St. Lawrence but also

the dtrip of lowlands on the southeast side of the Gulf ~ the New-

foundland Coastal Lowlands. —_—

'

The Esquiman Channel is a ‘trough-lfke submarine depression.
Where it joins the Laureptian Channel 400 m depths are common. Similar

depths continue only for about 25 km along the channel, but 200 metre

~ o~
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Fig. 15. Physiographic sketch of the Laurentian/and Fsquiman Channel areas,
Key to abbreviations: Al-Anticosti Islandj MP-Mecatina Plateaus IM-Long Range

Mountaing; SBL=Glrail of Belle [sles; $95-5hickshoek Mountains. T
B .
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depths are common for a distance of about 250 km. The Esquiman Channel ’/////g
is widest (about 100 km) where it joins the Laurentian Channel and

. tapers of f in the direction of &he Strait of Belle Isle.0 The Esquiman
Channel 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 gradual but the rise to the Long Range Mountains

GEOLOGICAL CHARACTERISTICS

Tectonic Setting

«

m\

oo
The tectonic setting the Esquiman Channel Area- is similar to

Y

that of the Champlain - St. Lawrence Valleys, being mainly a narrow
platform, lying between the Appalachian foldbelt and the shield.

General Geology ,

7, <f

s,
E2N
kl

commonly takes the form of an abrupt scarp, 200 to 300 m high.
|

|

|

|

\

|

|

|

E The Esquiman Channel Area contaims a thick sequence of Palebzoic
i strata which is believed to overiie a Grenville basement. Grenville

3 rocks are exposed along most of the mainland coastline (Fig. 16) and
Grenvillé—like rocks also occur in Long Range Mountains (Clifford
1969), the Indian Head Range (Williams 1967) and on Belle Isle

(Williams and Stevens 1969). The covetr rocks consist mainly of ™ - i

N

(a) an autochthonous shelf sequence ranging in age from Early Cambrian
or possibly from late Precambrian to Middle Ordovician, (g? an
o

allochthonous euéeosynclinal sequence of about the same age as the

shelf sequegce, and (c) Carboniferous successor basin deposits.

l
N
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The basal portion of the autochthonous shelf sequence (Labrador

(@)
»

ﬁ group) consists of Lower Cambrian clastic rocks ranging from white
and pink quartzite and reddish arkosie sandetone to dark shale; minor
beds of limestone or Molostone occur near]y.everywhére 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 mpf rock is preserved there. Dips.are
gentle to the southeast, away from the shield. Across the Gulf,/on
the northwest side of the Long‘ ange Mountains, dips are ste;;lyo the
northwest, away from the Precambriqn core. The Labrador group gé a

: i

S

whole becomes thicker and more shaly to the southeast. Baséitic e
voleanic rocks (Light House Cove formation) and also probable
feeder.dikeé occur at the base of the Lower Cambrian strata in several
northeastern areas (Witliams and Stevens 1969, pp. 1151-1152). Also
from Belle Isle, Williams and Stevens (1969) have described boulder
conglomerate and arkosic sandstone overlain by thick white quartzite
(Bateau Formation) at the base of strata known to be lower Cambrian.
These rocks as well as the basaltic voncanics may be in part late
Precambrian (Williams and Stevens 1969, p. 1147). The major rock
unit overlying the basal clastic sequence is a thick (gbO to 1200 m),
massive carbonate (St., George group), mainly dolostone and some
limestone i; the upper part. These rocks contain Lower Ordovician

fossils. Disconformably overlying the carbonate sequence are lower

Middle Ordovician limestones, commonly argillaceous, and becoming more



g

shaly upwards, grading into graptolitic black shale (Table
. '
Head formation). The upper shale unit of this formation was

»

derived from the east (Williams 1972£, p. 192), and is believed to

represent the eastern part of a westward transgressing flysch wedge.

In the Esquiman Channel Area black Shalsf appear somewhat lower in

the Middle Ordovician than in the Champlain and St. Lawrence Valleys. ‘
In the area south of the/Straig,of Belle Isle, the Cambro- ' 1

Ordovician shelf sequence is nearly flatlying, whereas in the Northern |

Coastal Lowlands and further to the southwest it 1s 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 is essentially horst-like,

b;ing 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 Ehickening

.

]
seems to be reflected in the pattern of the magnetic field over the

area, It is highly drregular on the northwest side of the Esquiman
Channel Area, indicating that in this area the more highly magnetic
Grenville basement is buried, if at all, only under a thin cover of
shelf rocks (Keen et al. 1970, p. 271). On the southeast side of
the Channel Area, the magnetic field is relatively smooth presumdably

reflecting the greater depth of the basement there. The thickness Sg‘

the shelf sequgpce along line A-B of Figure 16 has been estimated to

.



be about 1.é\§m

refractf%n worll.

The

Channel Areé, are similar to those of the Champlain and

heridan and Drake 1968, Fig. 10) by seismic

eoéraphic implications of the shelf sequence in the

St. Lawrence Valleys and can be gsiummarized as follows.

LA |

1.

The southeast

thicknening wedge of shelf rocks, at
:

least in the area to. the west of the Long Range

massif, was deposited 1n a graben-like trough

(asyﬁﬁettical

befdre the deposition of the basal beds in the Early

graben?) which began its development .

Cambrian and possibly in the Hadrynian (Clifford

1969, p. 651).

In the basal units, the presence

of immature arenites and boulder conglomerates,

presumably of

.

local derivation indicate high relief

ofl'the adjacent Precambrian areas.

\

The carbonate sequence of the St. George group,

suggests that

in the Early Ordovician the Esquiman

Channel Area became a stable éarbonate shelf.

The deposition of early Middle Ordovician flysch

indicate' deeper water conditions possibly brought

about by subsidence of the carbonate shelf. The

influx of flysch and movement of klippen (discussed

below) from, the southeast, are probably related to

uplift in the geosyncline (Equivalents of the Taconic

Mountains? ).

The subsidence of the carbonate shelf

87
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L3

\yin the Esquiﬁan Channel.Area appears to have taken
place slightly earlier than in the Champlain and
St. Lawrence Valleys.
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 under a eugeosynclinal sequence of about the same
age as tpe shelf rocks (Fig. 16). The eugeosynclinal rocks are
believed to be allochthonous (Rodgers and Neale 19637 Kay 1969)
forming one or two klippen that moved to their présen; position
(: ¢from a source area to the east) in Middle Ordovician times, a
situation similar to that of the Taconic Klippe‘area, southeast of hd
the Champlain Valley. The allochthonous ?ocks include ultramafic
rocks (e.g. see Smith 1968) which are believed to be basal parts of
ophiolite complexes (Williams et al. 1972, p. 236).
Southwest of the Indian Head Range area,  the Cambro-Ordovician
shelf‘rocks are overlain by Carboniferous successor basin deposits,
laid down in a rift zone (Fundy Basin Rift, see Belt 1968). Also in
the northwest coast of Port-au-Port Peninsula, some 450 m of Early
| Devonian (possibly also Late Silurian) strata composed ma¥hly of red N
beds and lighter clastic rocks (Calm Bank formation) are éresent. ¢
L . Two aépects of the geology of the Esquiman Channel area (i)
high-angle faulting (ii) post-Grenville igneous activity (which may
be chronologically related to faulting), are Af special interest to
the graben problem as conceiyed in this paper. These two ;spects ?re

. “discussed in some detail below.

A "
2 -
o2
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Post-Grenville Igneous Activity

Baie~des-Moutons Central‘Complex and the Associated Dike Swarm

Spatially associat;d with the faults of the mainland coast
are post—gfenvillg igneous bodies of alkaline affinities. One main
intrusive centre, referred to as Baie-des-Moutons intrusion (Fig. 16),
is known. It is a roughly circular pluton, gbout 25‘km in diameter
and is composed mainly of coarse-grained syenitic rocks (Davies 1968).
Closely associated with the syenitic complex 1is a dike s&arm'of
varying composition, but of“di;tinctly alkaline cbaracter. Like the
faults in the area, the majority of dikes are parallei to the coastline.
The dikes have been divided, according to their age relations with the
gentral complex, into two main groups (Davies 1968). The group,
consisting of basic lamprophyres and aplitic 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

i

4Gerencher and Gold 1968). They range in composition from alkaline

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. ¥.

(Doig and Barton Jr. 1968, p. 1403). Of the younger dikes, a single

dige of 470 m.y. (Rb/Sr on biotite) from an alkaline gabbro dike

. (Davis 1968, p. 217)'13 available. Alkaline gabbro dikes are the

oldest of the younger group of dikes.

4
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Flood Basalts and Dike Swarms in the Belle Isle Area

-

IS the Bellé Isle area, thin undeformed sequences of flood
basalts_are exposed in two areas (Clifford 1965; Williams and
. Stevens 1969; Strong and 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
° )V the Long Range massif. The lavas in the three areas have been
‘ ( Porrelated because of their similar petrochemistry and stratigraphic
\ position, and have been named the Ligh House Co;e f;rmation by .
\\ Williams and Stevens (1;69). It is believed that these lava

| occurrences are the remnants of one or mere once extensive plateau
.

° o basall fields. Diabase dikes are ubiquitous in the general area :

o
'S

of the flood basalt occdrrendéq and in the northeastern parg of .
the Long Range Mountains make up a well-defined northeast trending
‘ dike swarm (Fig. 16);' Some ?f the dikes are considered to be
- feeders of the e§?€ting basalt flows (Williams and Stevens 1969).

As mentioned eérlier, stratigraphic evidence indicates that

-«

o the lavas are either early Cambrian or late Precambrian (Williams
and Stevens 1969). However, dlabase dikes from tﬁe Long Range swarm
have been age dated at 805 % 35 m. y. (Pringle et al. 1971). This
may be the age of the Light House Cove formation.” The Bateau
Formation at the base of the shelf sequence in Belle Isle 1is cut

by diabase dikes similar to those dated as 805 m. y. The dikes and

I
.

lavas are, of course, post-Grenville.
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‘High-Angle Faulting ! BRRE ) 'N,
\ The coastal belt, southeast of the ?ulf is broken by nottheast o o, -

trending high-angle faults (Fig. 16). This longitudinal fault system
is best known from the Northern Coastal Lowlands, where it dissects ,

the shelf sequence. Both normal faults (steeply northwest dipping

to verticalf and high-angle reverse faults (steeply southeast dipping
to vertical) are present (Cumming 1967, p. 18, Riley 1962\ pp. 46-50).

U
The faults at the contact between the Precambrian rocks of the'Long. N .

Range massif and the shelf rocks, where obsgrvable, are southeast - -

dipping? high-angle reverse faults (Clifford 1969, p. 651). Movements R

"

on most faults "are dip-slip, although Riley (1962) has observed strike- i

slip and oblique slip movements on some faults of the Stephenville

o
- ?

MapsArea. The downthfdws are always towards the channel. Cumming
‘ 3
(19&7, p. 12) states that the degree of faulting appears to be much
i

~ N
greater towards the shoreline, indicating the possibility that faults

may be present in the water covered Gulf area as well. -
b

What is possibly a part of the same fault systenm described ,
. oY
For instance,

N

above, is present along the coastal belt of the mainland.
Cumming (1972, p. 3) has described a northeast trending normal fault,
some 30 km long, extendipg roughly along the Precambrian-Paleozoic

boundary on the porth side of Strait of Belle 1sle (Fig. 16). Also
¢

according to Davies (1968, pp. 268-271, also see Davies 1963, i965a -
- T
& b) most, if.nQt all, of the many linear valleys that characterisge ,
'$» 1
inq - ? ? .
/() ' ///
e
L J ' g
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’ \
the coastal belt, are fault-line valleys. . Davies (1968, ‘pp. 270-271)

~y
v

points out that the precise nature of the underlying faults is
difficult to “determine, but the offsets (of lithic dﬁits) produced

! by some of the faults (Davies 1968, pp. 270-271) cannot be explained

A&

&ithout adﬁitting some (legs than 1 km) transcurrent movements.. But
| the offsets produced by the majority of the faults agﬁ'compatible

! * with’ downfaulting towards the Esquiman Chaﬁnel. |

| ‘ The long}tudinal fault system of'the*hsquiman Channel Area
probably cqntinues through the Strait of‘Belle Isle, because notth:
east trending high—angle.fgults have been nqteq oﬁ Belle Isle by
Williams apd Stevens (1969, p. 1148). They th;nk that except for

one fault which appears to contain strike'slip movements, the others

A4

are probably normal faults or southeast dibpihg high-angle reverse

a " . .
~ faults. Apart from the longitudinal faults minor faults of. transverse
B ‘ o "

trend are present in some ar%as (see Riley 1962, p. 46) but there 1ig

. little information availableyregarding the nature of these faults.
o

Ages of*High-angle Faults ) , \
[} ' ’ v
The age question of éhe high-angle faults of the Esquiman ¢

Ranit S
-

3

Channel Area, tannot be answered with cer¥tainty as there are large '
. + gaps in the record and the available evidence itself cannot be

interpreted unequivocalfy. The/pfoblqm is quite simitlar to that of
i)

RN

te

2t

- ~

: nl. OIn the Belle Isle area, the emplacemertt of mortheast

r °

‘ trending diabase dikes and the eruption of flood . °

’ u o

R
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»
[
;
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basalts (Light House Cove formation) indicate a

«
EY

tensional stress environment which may have been
accompanied by crustal rifting (Strong and Williams

1

1972, p. 51). Rifting and crustal subsidence aré

also indicaged by the graben-like development of the
surface on which the ghelf sediments on Lhe‘west side
of the Long Range massif” was deposited (Ciifford’19692:
Excggg/the Bateau formation in the Belle Isle, the
bagal units of the ;helf sequence appear to have been
deposited soon‘aftér the eruption of flood basalts in
the Belle Isle ;rea. The basaltunits contain immature
arenites and boglder conglomerates, presumably of
local derivatié&, indicating high relief (block
uplift?) of the adjacenﬁ Precambrian areas. According

to the available K/Ar 'ages of the diabase dikes

(Pri;gle et al. 1971) the above rifting event may have

“taken place dbout 800 m. y. ago.

The close spatial association of Bale-des-Moutons
alkaline complex and of the associated dike swarm with
high-angle faults along the mainland coast indicate that
the magmatic eveﬁts may be related in cause and time tof

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 some of the associated dikes are younger.

£Y

°

\
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The subsidence of the Early Ordovician carbonate -

shelf and the establishment of deeper water conditions

in the early Middle Ordovician may have been achieved

-hy movements on high-angle faults (Zen 1972).

Faults in the North Coastal Lowlands cut Middle

Ordovician rocks. Fault movements seem to have taken

place after the emplacement of klippen (Briickner 1966,

p. 89; also see Tuke and Baird 1967, p. 9) although a T~
case can also be made for Ordovician movements béfore

the emplacement of klippen (Zen 1972, p. 26). High-

angle faults parallel 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 evidence ’
and diseussions are as fdllows:\ A ”
li High-angle faults in the area may have originated before

1

the shelf sequence began to be deposited, roughly 3
synchronously with the eruption of Light House Cove

lavas, possibly gPout 800 m. y., ago. The Bateau

Formation in Belle Isle appears to be older than the

Light House Cove lavas, but ﬁay have been deposited .
within a relatively short period of time.

Later fault movements in the area, including the large

post-Ordovician movements on faults of the North -



Coastal Lowlands, may represent renewed movements on

the older faults. The youngest rocks involved in
fault moveménts of the area are Carboniferous. .

Tectonic Significance

The Esquiman Changgl\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 of glacial origin. However, the
wider topographic low'in which the channel is set, i.e. the Esquiman
Channel Area, is bordered, in part at least, by high-angle faults, on
which 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 ;he coastal belts incilude 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 digcussed earlier, the
emplacement of northeast trending diabase, dike swarms and the

p’t
intrusion of Baie-des-Moutons complex may have been atcompanied b

~——

tension fracturing. Also méntioned earlier was that the basement .
configuration beneath the shelf rocks along parts of the southdastern

coastal belt suggest a graben-like develbpment. The above criteria are 5

%

interpreted as indicating that the Esquiman Channel Area is underlain

by a downfaulted rift zone (Fig. 16), Similar to the rift zone that

/
characterise the platform along the Champlain-St. Lawrence Valleys.

"
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Fig. 17, Possible structural section across the Esquiman Channel Area.

Basément configuration partly from Sheridan and Drake 1968,

For location
of the line of section see Fig, 16.

Along the southeastern coastal belt, however, northwest dipping normal faults!'

' L

occur in close association with southeast dipping high-angle reverse faults.
It is nonetheless assumed 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 situation in the

Champlain and St. Lawrence Valleys.

i

In view of the earlier discussions on ages of high-angle faulting, At

f

appears that the rift zone postulated above, originated about 800 m.y. o,

during the very early stages of the Appalachian evolution. The southeast

dipping high-angle rcverse faults along the southeastern coastal belt were
probably features imposed on the area by tectonic stresses related to orogeny
in the adjacent geosyncline. There was renewed rigting and structural

« subsidence of the area in post—érdovician times.

s

A —
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. SUMMARY AND CONCLUSIONS

The geology of the Esquiman Channel Area is largely concealed.
Therefore, interpretation of i#s possible structure has to be based
mainly on evidence known from the coastal areag. This evidence,
although fragmentary, 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 Appalachfggrevolution, 0
and seems to have controlled to a’greater or lesser extent the
subsequent tectonic evolution of the area. Diabase dikes, presumably
emplaced during the initial rifting give K/Ar ages of aboéé”ﬁgo m. Y.
The rift zone responded to subsequent tectonic étresses imposeswmn\

the area, including a phase or phases of post-Ordovician tension&l

stresses, during which renewed rifting occurred.
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. . CHAPTER VII: MARGINAL SEGMENT:

THE INNER PART OF THE LAURENTIAN CHANNEL AND VICINITY

INTRODUCTION

L The topographic low of the;ét. Lawrence Valley continues north-
eastwards bgyond 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 depressié!.known as the Laurentian 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
clockw&se throygh an angle of 45° (from N63°E to N108°E) and e%tends on

L4

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
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
Saguenay outlet and where it is joined by the Esquiman Channel is the.\
v 4 inner part of the Laurentian Channel. It is about 800 km long, more

4

P ,than the lengths of Champlain and St. Lawrence Valleys taken together.

e

It 1inks the topographic lows qf the Champlain and St. Lawrence Valleys

with the Esquiman Channel. The area discussed in the present chapter
#

‘ PYPY
o




99

o

includes not only the channel itself but also the general area of the
St. Lawrence Estuary and Gulf in which the channel is set, thus
including Chenal d'Anticosti and Anticosti Island (Fig. 15).

The inner part of the Laurentian Channel is essentially a
submarine trough. Downstream from the Saguenay outlet, it increases
in width progressively and just about where it is joined by Chenal
d'Anticosti attains a width of about 80 km. Depths of a little more :

than 200 m are common. 1In this part, the channel is set in a broader
depressidn, for elevations on either side of it, rise within a short
distance, to more than 100 m above sea level. Further downstream, the
channel forms a nearly straight trough with a fairly &niform width
of aboht 60 km. Depths of 300 to 400 m prevail with unconnected
,bval depressions as much as 45m below the surrounding bottom. These
v

oval depressions are probably a product of glacial erosion (Shepard

1931).

GEOLOGICAL CHARACTERISTICS

Y k

- Tectonic Setting o

The gectonic setting of the area is similar to those of the
Champlain and St. Lawrence Valleys and of the Esquiman Channel Area.
Grenville crystalline rocks are exposed along north shore of-the
St. Lawrence Estuary and Appalachian rocks of Logln's Zone are exposed
along the south shore. Therefore, the Appalachian boundary, Logan's
Line, probably extends along this part of the channel .(Geological

Map of Canada 1969), but the feature is entirely hidden.
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General Geology

In the section between the Saguenay outlet and Anti?osti Island,
the autochthonous (possibly partly parautochthonous) shelf rocks similar
to those of the St. Lawrence Valley, probably occur between the
Grenville rocks on the north shore and the presumed trace of Logan's
Line, for in several localities along the north shore, small ageas
of Ordovician shelf rocks have been observed above the water 1eypl of
the St. Lawrence Estuary (Faessler 1929, 1932, 1942). However, ne;r
the Saguenay outlet, there is no room 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 Ordo;ician shelf rocks are exposed along the north shore
(Faessler 1942) there is room for about a 75 km strip of shelf rocks
and at the down stream end of the chanpel the figure may be as high
as 200 km.
ot 7 - -
The largest exposed area of shelf rocks is on Anticosti Island.
There, the succession ranges froit 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
Area, thick accumulations of arenite are not known to occur at the
bottom of the shelf sequence in Anticosti Island. However, there are no

sub-surface data from the top of the hasement in the southern part of the

island, and basal sandstones and conglomerates may be present in this

4
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area (see Roliff 1968, Fig. 8, section 5). Lower and Middle Ordovician rocks
are mainly carbonates indicatiné the establishment of a cagbonate 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 these areas are most likely parts of a continuous shelf
rather than separate shélves. Near the top of the Middle Ordovician,
black shale (Macasty formation) appears and continues into the early Upper'
Ordovician. The appearance of black shale possibly indicating deeper water
is also roughly synchronous wfth the appearance of flysch wedges in the
Champiain — St. Lawrence Valleys and slightly later than the influg of
flysch in the Esquiman Channel Area. However, quite unlike in the other
areas, the stratigraphic record on Anticosti Island shows that a carbonate
shelf was re-established in late Ordovician times and continued to exist
a® least Kzfo middle Silurian times. Because the Late Ordovician and
Silurian record appears to be unbroken, one might expect to find, in the’
AnticostiQSpccession, molasse derived from "Taconic Mountains' which
are believed to have existed to the south, but none appears to be present.
This is one of the puzzling aspects of Anticosti geology. Zen (1972, p. 69)
cautions against ruling out the possibility that thes8ub-surface rocks in
the southeast part of the island may contain Taconic structures. The same
could be sald of Taconic molasse wedges.

The onshore geology on the southwest side e{ the‘Gulf of St. Lawrence
and. in Madgdalen Islands indicate that downstream from Anticosti Island

e

the éhe:nel may be.cut, at least partly, in Permo-Carbonifewsus successor

basin deSbs{;s (mainly terrestrial clastic beds with some marine formations,
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the latter including limestones and evaporite) which presumably
overlie Early Paleozoic rocks in the area.

Tectonic Significance ~r

Because the geology of the Laurentian Channel is largely hidden, i
views on 1its possible tectonic significance 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
v
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 similar structure. Such a supposition is compatible
with the following regional considerations which suggest the tectonic ’
unity of this 2000 km belt. ‘ ‘
1. From one end of the belt to the other, its tectonic setting *
is along the edge of the craton. Throughout the evolution
of the Appalachian geosfhcl%pe its paleotectonic role,
appears to have been that of a fault-basin margin. Except
for the puzzling differences observed in Anticosti Island

the overall sedjmentation characteristics also seem to have

been similar along the belt. The early Middle Ordovician

4
‘l

carbonate shelf in the area, for example, is remarkable
for its lithic similarity from one end of the belt to the
other (see Rodgers 1970, p. 150).
2. The‘St. Lawrence Valley h%gh—angle faults and the Saguenay
graben faults (seeaPlate I in pocket) appear to meet at an

acute angle and seem to point in the direction of the

| ¥
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Laurentian Channel. It is unlikely that tﬂése two -

structures of regional extend stop afte£ coming together;

they probably continue as a single structure beneath the

Laurentian Channel. :

. -
In addition, there is some field evidence in the area suggeSting

that a longitudinal high-angle fault system may be present along the r
channel., For instance, in the séction of the coast in the Sept Isles
area, Faessler (1942) has described a zone of faulgs and "fissures"
parallel to the Laurentian Channel. The faults are probably of the normal
type, because Faessler mentione that Ordovician shelf rocks have been
downdropped into small grabens along these faults. Few faults were
observed during geological mapping of ﬁﬁticosti Island by Twenhofel
(1928). But subsequent seismic refléction wo;k on the island has
revealed the presence of faulting, on a scale unsuspected before
(Roliff 1968, p. 36). The faults are high-angle. According to structural
sections (based on seismic work and drilling) compiled by Roliff, they
are stee% to near vertical normal faults (Fig. 18). The displacement
pattern produced by them appears to be essentially one of steb—faulting
down from the shield side towards the foldbelt (Fig. 18), siﬂilar to

the diplacement pattern im Champlain and St. Lawrence Valleys and possibly

also in the Esquiman Channel Atrea.

3
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CONCLUSIONS

Because the Inner part of the Laurentian Channel is largely

channel.

+

s O .

5
o

hidden, nothing definitive can be said about its possible structure.
However, from regional considerations and from evidence from Anticosti
Island ?nd the Sept Isles arex it appears that a rift zone similar to

o .
that of the other parts of the Marginal Segment may extend along the




CHAPTER VIII: SHIELD SEGMENT A:

J &

THE LOWER OTTAWA VALLEY ' o

- INTRODYCTION " '

O0f the two branches into which the St. Lawrence Valley divides

at its sguth end, the braﬁch on the north é?de of the Adirondack
Mogntains is drained by the Ottawa and St. Lawrence Rivers and is
referred td as the Lower Ottawa Valiey (Fig. 19). A N-S line through
the confluence of the Ottawa and St. Lawrence Rivers is taken as its
€astern limit, and a line through Ottawa and Brockville is taken as
its western limit. Thus, defined, the valley is about 12% long and
about 75 km wide. It has a slight arcuate trend (convex to the north)
which on the average is about N75°F. .

The Lower Ottawa Valley is a broad shallow topographic depression.

Its plain~like floor is generally less than 100 m above sea level, and
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Fig.20. Vertical airphoto of a part of the Grenville scarp, about 1C' 1 east of
Montebello. Scale 1:50,000 approx. Note that the scarp transects thé& Grenville
trends at large angles., National Airphoto Library, Ottawa, Photo No.A-12359-482,

[+
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the immediately adjacept areas of the Shield Region have altitudes
f

in the range of 200 to 300 m. Ffom the east end of the valley to about

Montebello, its north boundary is an aLrupt, linear scarp (Grenville
scarp). From Mon;ebello westwards the boundary 1is less sﬁarply
defined, but the rise to the general level of t*e Laurentian Highlands
is rapid and takes place in about 10 km. On the south side, the
boundary of the valley is rather indefinite, tﬂe rise towards the

Adirondack Mountains being gradual.

o ‘: .
GEOLOGICAL CHARACTERISTICS .

9 . .

General Geology

The Lower Ottawa Valley is in the southwestern part of the

Grenville structural province. The dominant Grenville gneissic trends

in the area are north-northeast. Because the valley extends approxim&tely

in an east-west direction, it is discordantly superimposed on the
d

Grenville "grain" (Figutre 20). 1 .

Much of the valley floor is carpeted by a sequence of Ordovician

and possibly partly Cambrian platformal strata, simglar to those of\tﬁe

ét. Lawrence Valley but of lesser total thickness, the maxiﬁum being
less than about 1000 m. The main deformational process that has
affected these rocks is block-faultiné: The faulting is mOStlyN
concentrated in the northern part of the valley (Fig. 21). 1In this

part, the rocks are broken into numerous blocks which are tilted at

varying angles. ElseWheijhEHe‘plabfdfhal rocks'é}e flat or nearly so.

—
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Several relatively small inliers 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 ;f 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-like mass known as the Rigaud stock.

The ﬁigaud stock appears to be a ring complex with outer rings .
of syenitic rocks and a cen§ral core of granitic rocks (Greig 1968).
The rocks are alkali-calcic,ingtﬁsir petrochemical character,'their
alkali-lime ‘index (see Peatock 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
Chgtham—Grenvilie stock (Osborne 1934). Rocks from these two stocks
date (K/Ar) around 450 %25 m. y. (Doig and Barton‘Jr. 1968, p. 1403).
’ Quaternary.deposits cover much of the b?drgxk éﬁrface of the

Lower Ottawa Valley. Their maximum thickness is a little less than

100 m. They consigt of till, marine (Champlain) deposits, lacustrine

and fluvial muds and sands. . )
High-Angle “Faults . \_/ /

High-angde faults were first detected in the Lower Ottawa Valley

by Elis (1900, pp. 99-120). However, only a few faults were known until
Wils?n“s (1946) work, which revealed the numerous faults shéwn in

Figure 21. Amongst these faults two main sets can be recog&;zed. One

set strikes approximately N75°E agd is parallel to the valley. The other .

is oblique, its strike on the average being approximately northwest.

4 1
y
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Fig.21. Map of the Lower Ottawa Valley area showing selected features. Key to abbreviations:
B-Buckingham dikes; C-Chatham-Grenville stock; E-Eastview carbonatite; LS(GS)~Grenville scarp;

M-Montebello; 0-Oka complex; OR-Ottawa River; P-Papineauville; R-Rigaud; SA-St,André., Data from
Wilson (1946) and other sources.
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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
probably of the normal type because:

1. The Misplacement pgttern produced by them is one of '
downfaulting; there is no evidencq\for large strike- " ‘
slip movements. |

2. Wilson (1946, p. 34) states that almost all the faults
have their largest displacement about midway of their
length. This 1s a common character?;tic of normal
faults (Hills 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 platformal 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 bgcause none of the wells in the Ottawa area intersect
any faults, Wilson (1946) suggests that the faults are steep. The
high salinity (15,000 ppm of dissolved solids) of water in some of
the many mineral springs (Elworthy 1918; Wilson 1946) in the Lower
Ottawa Valley is probably caused by deep circulation of meteoric

iV

water along some 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 many uncertainities mainly because of large gaps in the stratigraphic #
record. The following evidence and their implications are pertinent fo

the age question.
&i The faults are post-dr%hville and some of them cut the
youngest Ordovician rocks (Upper Ordovician) in the

area.

F e
L]

2. A well-defined, E-W trending diabase dike swarm, known
as the Grenville dike swarm (Murthy 1971; Fahrig 1972, . N
p. 576) cuts the Grenville rocks just north of the
Lower Ottawa Valley and extends westwards along the
Upper Ottawa Valley, Nipissing Depression to Lake
Huron area, a total distance of about 650 km (See
Fig. 54). 1In the Lower Ottawa Valley area, the dikes
commonly trend E-W, approximately parallel to the
longitudinal faults of the valley. The frequency of
dikes increases nearing the valley margin and it is,
likely that dikes of this swarm are also present in Vs
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/Ar age

determinations havwe yielded ages ranging from 400 m. y. -

to 974 m. y. (Wanless et, al. 1967). The dikes are not T e



known to cut the Paleozoic platformal rocks in the

—

area. The presence of diabase dike swarms in the

crust 1s interpreted by most workers as indicating
a tensional stress environment at the time of their
emplacement (e.g. Fahrig ‘and Wanless 1963). 1In 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.

The unusual thickness of the basal sandstone (Nepean) |
near the two main longitudinal faglts (Wilson 1946,

p. 33; Sobczak 1970, p. 161) suggests that these thick
sand deposits accumulated in topographic depressions
which were in some way rejated to faulting.

The longitudinal faults of the Lower Ottawa Valley

extend 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 contain
Cretaceous movements because of theif close space

association with Monteregian igneous rocks (Kumarapeli

1970).

@
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5., There are three dated minor igneous events (fora
localities of the related igneous bodies see Fig. 21)
which may be related to fault movements in the area.
They are the emplacement of (i) Rigaud and Chatham-

i Grenville 'stocks with K/Ar ages of about 450 m. y.
“Blong longitudinal 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 N
peridotite dikes near Buckingham with K/Ar ages of
275 m. y. (Doig 1970). .-
The mild earthquake activity in the area (Smith 1967)
may be related to seismic'strain release on some of the
faults. |
Some of the above liQes of evidence are admittedly equivocal.

For example, the minor igneous evenzg in the area need not have been

accompanied by faulting. However, the following conclusions are

compatible with the overall ﬁicture.

1. The initiatién 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 is no reason to believe ’
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that any or all of these reactivations were general;

some 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

Monte;egian igneous event. Some stress release may

be taking place on these faults at the present time.

Structural Effects of High-angle Faulting

ff;he faults in the northern half of the valley produce a well- > _ - -
defined asymmetrical graben (Fig. 22) about 25 km widg and involving
the basement as well as the cover rocks. From its east end to about
Papineauville, this graben is outlined on the north side by the
Grenville fault which runs roughly along the base of the Grenville
scarp. From Papineauvil%e westwards, structural subsidence seems
to have been achieved mainly by movements along oblique faults with
flexures éccommodating the subsidence to the southeast. The transverse
as well as longitudinal sections of this graben are asymmetrical. The
structure is deeper on the south and on the west sides. The gradual
eastward rise of the basement is interrupted about midway under the
graben by a sl{ght reversal in inclination (Wilson 1946, p. 34). ~
Thence, however, the gradual rise resumes and culminates along the
Beauharnois axis where faulteé inliers of the basement come to the
surface in Rigaud and Oka Mountains and in St. André area.

The 'area between the graben described above.and the St. Lawrence

River is also downfaulted by play of movements on oblique faults.
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Longitudinal faults are not known in this area. The oblique faults
seem 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 hglf 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 pg?tial release of stresses on northwest oriented
oblique faults also. In the Grenville area to the north, one of the
prevalent direction of airpﬁdﬁo lineaments is northwest and these
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 produced the

0
longitudinal faults but were controlled by a pre-existing northwest
oriented fracture pattern.

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 mid-Mesozoic. But the basemént structure
is probably much older. It may have originated sometime in the
Haérynian, synchronously with the emplacement of the early dikes o%
the Grenville dike swarm and undergone later reactivations including

oy

- some that led to the formation of the graben in the cover rocks.
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SUMMARY AND CONCLUSIONS

K8 : |
The part of the Lower Ottawa Valley, north of the St. Lawrence
River, is block-faulted and the overall structure of this block-faulted
area appears to be a complex graben. The graben structure in the
{ »Cambro-0Ordovician cover rocks formed in post-Ordovician times and
possibly to a large extent in the mid-Mesozoic, synchronously with the

early Cretaceous Monteregian igneous event. The post-Ordovician
3
I

strugture appears to have formed by reactivation of an older structure
which also may have been a rift zone. The ancestral structure

progébly originated in the Hadryniané synchronously with the eéplacgment
of‘the Grenville dike swarm.

The grabens along the Lower Ottawa and Champlain Valleys appear
to be branches of the rift zone along the St. Lawrence Valley, the

agute angle (~700) between the two branches being occupied by the

- horst bock of the Adirondack massif. K -

Al

o
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CHAPTER IX: SHIELD -SEGMENT A: ‘

THE UPPER OTTAWA VALL

X N

.
s

INTRODUCTION

N
~N
~
~N

- .
In the vicinity of Ottawa, the northern part of the Lower Ottawa
w

14

' Valley bends clockwise through an angle of about 45° %%d continues

-<

westwards &s the Upper Ottawa Valley as f;r*as Mattawa, a distance of
- about 275 km (Fig. 19). Between Ottawa aﬁh Rolphton the trend of the
<7 valley is approximately N60°W,hbut a rather sharp change in direction .f”
to NSOOW'takes place around Rolphton. Thence westwards, the trend

, swings gradually to almost E-W near Mattawa.
Between Ottawa and Pembroke the valley is a nearly symmetrical i
’ trench about 55 widej;on both sides it is bounded by sc;rps about
300 m high and flanked by highlands (Madawaska'Highlamds 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 south’

branch is quite narrow (less than 10 km) and follows the basins of

Golden and Round Lakes and the valleys of the Bonnechere and Petawawa

n
v

Rivers, becoming increasingly narrow and ill-defined westwards. The

north branch is wider but it also undergoes a progressive reduction in

.
el
v

width and depth westwards, until in the vicinity of Bisset it .is only

about 15 km wide. 1In this area it assumes a markedly asymmetr*cal cross
profile, being deépest along the course of the Ottawa River at the porth

margin of the valley. The width and form of the valley undergo little .

change between Bisset and Mattawa.

.
o It



— - GEOROGICAL CHARACTERISTICS oo

Tectonic Setting *

" -~

The tectonic setting of the Upper Ottawa Valley is similar to

that of the Lower Ottawa Valley. Both valleys are in the sputheastern

-

part of the G{enville Province which/in the Paleozoic era was a part

J

of the St. Lawrence Pfﬁtﬁprm. Although the platform cover forms a

more or lesé continuous carpet in the Lower Ottawa Valley, it has

/
vanished from much of the Upper Ottawa Valley (Fig. 23). The Grenville ~

+ trends in the general area are variable, but the valley extends with

little regard o these tréads.
I

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

1s usually masked by a veneer of Quaternary deposits, copsisting mainly

$

-

of glacial deposits, marine (Champlain) clays and sands.
© £
The platform cover ‘that carpets the Lower Ottawa Valley extends

e

northwestward into the Z;yér Ottawd Valley as far as Arnprior (Fig. 23).

Further northwest, as far as about Pembtoke several outliers of the

i

'pfatform cover are ﬁreserved as small downfaulted blocks (Fig. 23).

Bedrock in the rest of the Upper Ottawa Valley is made up of Grenville

[+
crystalline rocks and some post-Grenville igneous bodies of minor
¢

areal extent, including dikes of the Grenville dike swarm.

The oblique fault pattern of the Lower ﬂttéwa‘ﬁhlley-appeara to "

continue westwards to form g“longitudinal fault system in the Upper -

.
(]

\
s
a
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Fig.23. Map of the Upper Ottawg Valléy showing selected features. Key to abbreviatvions: A-Arnp
Crater; B-Bisset; BR-Bonnechere River; D-Doré scarp; E-Egapville; GL-Golden Lake; LC-Lake.Cled
1S-Laurentian scarp; LS(€S)-Coulonge scarp; LS(ES)-Eardley séarp; (M)-Meach Lake carbonatite d
MS-Muskrat scarp; (0)-Onslow dike; OR-Ottawa River; P-Pembroke; PS-Pakenham scarp; Q-Qyyon; R-
Round Lake; SS-Shamrock scarp; SPS-St.Patrick scarp.
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the Upper Ottawa Valley showing selected features. Key to abbreviations: A-Arnpiior; (B)-BrentL
ts BR-Bonnechere River; D-Doré scarp; E-Eganville; Gl-Gelden Lake; LC-Lake Clear; LD-Lake Doré;
Lcarp; LS(CS)-Coulonge scarp; LS(ES)-Eardley scarp; (M)-Meach Lake carbonatite dikes; MA-Mattawa;
p; (0)-Onslow dike; OR-Ottawa River; P-Pembroke; PS-Pakenham scarp; Q-Quyon; R-Rolphton; RL-
Shamrock scarp; SPS-St.Patrick scarp. .
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Ottawa Valley area. These faul s and & few transverse faults

constitute the main post-Grenville structural elements in the area.
G B

The longitudinal faults dictate the valley trend which as mentioned

-
earlier, comgistently deviates from the Grenville trends in the general
area (Fig. 23). -’

High-Angle Faulting

High-angle faulting in the Upper Ottawa Valley was recognized by
early workers (Murray 1857, p. 95; Ells 1902, p. 14 J; Wilson 1924,
p. 58) but it was Kay (1942) who for the first time, recognized the
unusual intensity of faulting in the area (Fig. 23). Major faults are
nowhere clearly exposed, but their presence is inferred from the
following evidence. )
1. Abrupt sub—pérailelwliﬂeapwécarps 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 explaihed as
physiographic expressions of faultlines. The most
prominent scarps are’between 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 ampliguéé of about 300 m.

The Eardley and Coulonge scarps succeed one another in



122

en echelon fhshion probably reflecting a similar fault
\) . -
pattern. Alspb between Oftawa and Pembroke, five
\\ ’Eugsta-like lAngitudinal ridges divide the valley floor
i into relative1§ narrow (less than 10 km) strips. These
ridges rise to a maximum height of about 100 m above the
general level ofithe valley floor. Four of the ridges
present south-facing scarps (the Muskrat, Doré,
ﬁganville and Shamrock scarps), and the fifth (Pakenham)
ﬁapes north. From Pembroke o Mattawa the Coulonge
[
: ‘§CQ{£ continues as the north wall of the valley. TIts
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.

2. Stratigrdphy and structure of the several Paleozoic
outliers along the bases of linear scarps show that the
outliers are preserved in downthrown fault blocks.

Kay (1942) states that with few exceptions:
"The Paleozoic rocks commonly dip towards the secarps,
) with their youngest representatives adjoining them...
. Approaching the sgarps dips tend to steepen, precluding
the possibility that the sediments are in synclinal
basins; belts of outcrop are truncated by the pre-
Cambrian outcrop; and drag is rather exceptional. The
] sediments in the autliers retain consistent primary
-~ characters irrespective of their proximity to the
scarps; secondary dolomitization 1is common near the
scarps, however. There is striking uniformity in the
. thin members such 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
charactet&zed by vertical to steeply dipping slicken-
sided surfaces and occasionally by brecciation and
gigeralization (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 large strike-slip
movements. Minor strike slip‘components present locally on slfckensided
surfaces are probably due to adjustments between fault blocks. As
mentioned earlier, the Palébzoic rocks commonly dip towards the linear
scarps and approaghing the scarps dips tend to steepen. Because the
faults appear to be normal faults such "reverse drag' was probably
caused by lack of Supﬁort below the hanging wall when blocks moved
apart under tensional forces. °

Judging from the amplitude oﬁ the scarps, the boundary faults
of the valley appear to have the largest vertical displacements. A
minimum verticaf displacement of about 300 m is indicated.

The directions of faults in the area conform with the "regional
fracture pattern™ as inferred from airphoto lineaments (Fig. 23). 1In
this pattern northwest and northeast trending fractures are prevalent
and the longitudinal and transversd faults are nearly parallel to these
directions. ‘As was discussed earlier (see p.40), the fracture pattern

is probably older than the faults and the directions of faulting were

controlled by those of the fractures (also see Kay 1942, p. 623).
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It appears that the tensional stresses which produced the faults
were so directed kprobably nearly N-S) that stress release took
place prfncipally along the northwest trending fractures (which
later evolved into longitudinal faults) but only to a minor extent

on the northeasft trending fractures.

Ages of High-angle Faults -

r
4

The problem of assigning ages to fault-movements in theiarea

P

is similar to that of previously described sections of the St. Lawrence
Valley system. Pertinent lines of evidence are given ‘below; they either )
give wide ranges of ages or are subject to various interpretations. ,
1. The faults are post-Grenville and some cut Middle
Ordovician rocks. According to Kay (1942, p. 622), the
pripary 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
Ordovician movements are menewed movements on older

faults. Actually what the evidence does indicate is that
if older faults did exist, they did not have sufficient
physiographié expres;ion to cause changes in sedimentation.

2., The earliest post-Grenville record of a N-S directed

tensional stress regime, similar to that required to
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explain the high-angle fault pattern in the area, is
the emplac;ment 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 Lower Ottawa Valley area.

3
Other post Grenville igneous and related events that

may be mutually connected with fault movements in the

area are as follows.

a) The empla;em;;} 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 valle; 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.
1960). Similar dikes become more common 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 }ncluded all

these igneous bddies in the Lake Nipissing alkaline

province (to be described later, see p.138), He
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also,;?inks that the Brent crater itself is a
product of explosional igneous activity related
to Lake Nipissing alkaline magmatism (Currie
1971a) Another view .is that the crater is the
re3u1£ of a meteorite impact (Beals et al. 1963;
Dence 1968, pp. 171—1733. Accordingly, its
origin is the subject of a contemporary controversy.
A discussion of this controversy is deferrea until
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
of the Brent crater with one of the principal faults
of the Upper Ottawa Valley (ii) its geographical .
setting within the Nipissing alkaline province /é~ ;
v
(111) occurrence near the crater of alkaline dikes
with petrography, petrochemistry and absolute ages
identical to those of the products of Lake Nipissing
alkaline magmatism.
Deposition of post-Ordovician Pb (Zn)-Ag-barite
(calcite; fluorite) veins which occur in Grenville
carbonate host~-rocks within the Upper Ottawa Valley
as well as in the area of fMadawaska Highlands to the
south (Sangster 1970; pf 34) which is also severely
block-faélted by the sajge general fa;lt system

(Fig. 23). It is likely that these veins are genetically
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' related to the faulting in the area. Barite-

calcitetfluorite \}eins in many block faulted or\e
districts are believed to be related in a physico-
chemical sense to alkaline-carbonatite magmas in ;
}' a manner analogous to the relationship between

1 granitic magmas and quarCz, pegmatite and aplite

R

: veins (Kuellmer et al. 1966, p. 353). Because the
¢ .
o most extensive episode of post-Ordovician alkaline-
[t i

( ’ carbonatite magmatism in the general region is the

\ Cretaceous Monteregian igneous event, it is possible

that the veins represent a manifestion of the
Monteregian 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 seismic strain release on the
St. Lawrence Valley and Lower Ottawa Valley faults,
applies equally well to the faults of the Upper Ottawa
Valley area. |

The following conclusions appear to be consistent with.the above

lines of evidence. “



128

1. The faulting initiated at the same time as in the

Lower Ottawa Valley, probably related in time and

‘; cause with the emplacement of the Grenville dike
swarm, in the Hadrynian. The lack of stratigraphic
evidence for the existence jof pre-Middle Ordovician
faul;s in the area is not a serious objection to
the above conclusion.

’ 2} The faults sjnce their initiation appear to have been
reactivated, at least once after the Middle Ordovician.
Minor stress release may be taking place on these faults
at the present time. The linear scarps in thé area seem
to have been produced largely by post-Middle Ordovician
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-angle faults shown in Figure 23, outline a graben structure
along the Upper Ottawa Valley (Fig. 3 of Kindle and Burling 1915; Kay
194?) - the Ottawa-Bonnechere graben of Kay - and break up the Madawaska
Higﬁlands area into a series of tilted horst-block;t This graben structure
is actuallj‘the continuation of the graben along the Lower Ottawa Valley,

and the two structures together are generally referred to 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 structgre is well-
defined and only‘slightly agymmetrical, the structur;i 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 seem
to assume more and more the role of key fault of the graben with th
south boundary fault-zone possibly assuming the role of a hinge
fault. 1In this area, the graben appears to show much greater
asymmetry with greater structural subsidence again on the north side.
The morphotectonic relations in this area are probably as shown
schematically in Figure 25. ‘According to this scheme, the asymmethical
(topographically) north branch of tge valley ig.located largely over
the dip slope (or the back slope) of the tilted éraben block; the
highlands between the two branches of the valley are located over the
uptilted edge of this block; the south branch of 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 (consequept
to hinge faulting and fissure formation). The preservation patte?n of
Paleozoic outliers in the Upper .Ottawa Valley indicates that the
structural subsidence “increases progressively from northwest to south-
east along the structure. The structural subsidence along the Lower

Ottawa Valley structure on the other hand‘Gncreases from east to west.

Therefore, the Ottawa graben as a whole 1s cradle-shaped.
G
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In view Jf)the’earlier discussions on ages of fault movements .
in the Low:r and Upper/Ottawa Valleys the following conclusioms can be
made regarding the age and development of the Ottawa graben.

1. The Ottawa graben is a post-Grenville structure which

appears to have formed as a result of N-S directed

horizontal ‘tensional forces but partly controlled by

a prevalently northeast and northwest trending >

5

"regional fracture pattern'.
2. The present structure includgs post-Ordovician ‘o
structural subsidence. " °
3. The earliest post—Grenville?record of a N-S directed .
horizontal tensional stress regime, similar .to the one
requiged to explain the formation of the graben is
related to the emplacement of theﬂGrenville dike swarm

L 4

iﬁ the Hadrynian.
: P

Eﬁb initiation of this dike swarm F;
i and of the grabe&g%éz:have béen mutually connected
events. | o o
4. The post-Ordovician graben subsidence may have taken L
place, largely in the mid-Mesozoic, synchronously with

the Monteregian igneous activity, Also, several other

minor episodes of alkaline - carbonatite activity,
apparently of late Precambrian and Paléozpic ages, occur
along.the graben struc%ure and may be related to re- -
activations of the structure, perhaps 9f local extent.

/
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- PHYSIOGRAPHY AND STRUCTURE .-

.
-~

. In the Upper Ottawa Valley area, most if not all, of the known
faults were inferred initially on’physiographic expression (linear,

[N {
scarps) -and later supported with geological evidence (e.g. see Kay 1942).

N

This eXdellent correlation between geological and physiographic evidence
fo; faulting, seems sufficient justificatien to waréknt confidence in
pureiy physiographic evidence for faulting in thé area when geological
evidence is not available. The exhumation of the basement topography

in the area probably took place relatively recently (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 a/complex graben - the
Ottawa-Bonnechere graben of Kay (1942). .This structure toge%hgr with
the graben along the Lower Ottawa Valley (see p.l14) form the Ottawa
graben which is about 400 km loné and 30 to 65 km wide.

The Ottawa graben is discordantly superimposed on Grenviilé ’
structural trends (bedding, lineation, foliation) but the directions
of gra%en faults are thought to be largely cpngrdllea by a regio&él
fracéure pattern whicp is prevalently oriented'northwest and northeast,
The graben appears to be cradle-shaped longitudinally, the deepest
part being near Ottawa. There is corttlusive evidence that structural

. .

subsidence along the graben took place in post-Ordovician times. It

is thought that a large part of this structural subsidence took place

- o o
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1n-thEamid-Mesozoiéf’synchronousli“with the alkaline-carbonatite

N

activity (Monteregian) at the east end of the éraben. There are

iﬁhications; howeveﬁ, that the post-Ordoviciaq movements took place
S S
along an older structure of tensional origin which also may have
' &

been a graben. It is proposed that the B?&gin of the ancestral

structure was related to the emplacement of the Grenville dike swarm

in the Hadrynian. The graben and the dike swarm are closely related

@
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. CHAPTER X: SHIELD SEGMENT A:
THE NIPISSING DEPRESSION

INTRODUCTION

The topographic low of the Upper Ottawa Valley continues west-
wards past Mat;awa to include the Lake Nipissing basin and this
continuation is referred to here as the Nipissing Depre;sion (Fig. 2&).
West of Lake Nipissing, the depression can be traced through the
French River valley system into the North Chamnel of Lake Huron for
a total distance of over 200 km.
Between Mattawa and Bonfield, the morphology dflthe depression
is much the same as that of the adjécent parts of the Upper Ottawa
Valley (Fig. 25); it is a composite topographic low about 25 km wide,
consisting of two closely spaced parallel branches separated by a
strip of highiands .chhe south branch is generally less than 5 km
' wide. Its floor lies about 150 m below the adjacent highlands and
is partly occupied by a series of water courses and lakéé. The
\ Canadian National Railway line follows this low grognd. The north
branch has a highly asymmetrical crosslprofile and is bounded on the
north side by a south facing scarplwhich is the westward continuation
of the Coulonge scarp. This scarp itself is no more than 50 m high
but to the norEh of it elevations rise another 200 m or so within a
short distance. , .-

- S
. Just west of a N-8 line through Bonfield the strip of highlands

" )

pe?
A

Yy “



. 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 Topographle Series maps (1:500,000) 31NW
and 41NE. ’
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between the north and south topographic lows® dies out and the depression
ceases to be composite. Thence, it continued>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).
West of the lake, further wideniné of the depression 1is 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.

P
GEOLOGICAL CHARACTERISTICS

General

The Nipissing Depres;fbn, like the Ottawa Valley, is largely set
in the Grenville province. Grenville rocks in the area make up a
glutonic igneous—-metamorphic complex with variable trends but the
;épression, for the most part, is superimposeq discordantly on these
trends.
The unity of the Nipissing Depression with ithe Upper Ottawa
Valley is not restricted to their morphology but applies to a whole
range of post-Grenville geological events.
1. The Nipissing Depression lies along a zone of severe
block faulting (Lumbers 1971, pp. 65-68) which appears
to be 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 well with
the trend of the depression. ’

3. The alkaline dikes of the western part of the Upper
Ottawd 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 centrés.

J

4., Middle Ordovician platformal rocks (sandstones, lime-

stones, shales) occur as small outliers in the
’

Nipissing Depression also, (Lumbers 1971, pp. 54-56)"

indicating that .the Grenville rocks of this area too

were once buried under Paleozoic strata but are now:

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 till and post-glacial lacustrine deposits.

Alkaline-Carbonatite Intrusives: Lake Nipissing Alkaline Province

The main alkaline intrusive centres are central complexes of
mafic alkgline 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.
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Lumbers (1971, p. 47) suggests that another complex may be present
approximately at Lat. 46026‘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 also as menti'ned
earlier in the adjacent parts of the Upper Ottawa Valley, agzrform a
regionally developed dike system. Currie (1970) has included all
these igneous bodies in a petrographic province which he calls the
Lake Nipissing alkaline province (Currie 1970, p. 411).

The Lake Nipissing alkaline province, as such, has been
recognized only recently (Currie 1970). It is likely that both its
geographical extent and its igneous body distribution are only
imperfectly known. Even the known qgntral complexes are poorly exposed.
Natural exposures of dikes are also rare mainly because of their
recessive weathering. Currie (1970) points out that virtually all the
exposures of dikes that have been observed are in recently blasted
road cuts.

The Manitou Island complex is the best known, largely because
it has been intesively prospected for niobium ore deposits. The complex
is a roughly elliptical ring structure of alkaline 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 is overlain in places by

»

Ordovician strata.
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The dike rocks of the Lake Nipissing alkaline prov‘Pce are
mostly lamprophyres that are chemically similar to monchiquite.

Thin dikes of pale pink carbonatite and potash-rich chocolate-brown
trachyte also occur (Currie ani Ferguson 1970, p. 526). C(Cross-cutting
relationships indicate that all three types of dikes are roughly the
same age (Currie and Ferguson 1970, p. 526).

Biotite from carbonatite of the central cpmplexes yielded a
mean K/Ar age of about 565 m. y. (Lowden et al. 1963; Gittips'g&_él.
1967; Shafiqullah et al. 1968) indicating that they formed around the
beginning of the Cambrian peridﬂ. Some of the trachyte dike rocks
from aro&nd the Brent crater have Yielded younger ages of about 310
to 450 m. y. (Shafiqullah et al. 1968; Hartung 1968). Currie (197la
P. 496)‘§Qggests that these lower aées may actually be due to argon
loss from potash feldspar which was the main source of KAO from
trachyte. Alternatively, all dikes of the area need not be of the ‘

same age. ’

High-angle Faulting

The use of physiographic evidence to dilineate faults in the
Upper Ottaw; Valley was already discussed (p.133). Lﬁmﬁers (1971,
p. 65) has shown that in the Nipissing Depression too, prominent
lineamé;;s (scarps, linear valleys) 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 m&lonitization, brecciationsand shearing

4. locally intense hematization

5. quartz vein networks.

The high-angle faults of the Nipissing Depression and Upper
Ottaw;~Va11ey, although described separately din this thesis should be
regarded 3¢ -parts of a continuous fault system. )

The fault pattern of the former area 1is probably as shown in Fig. 27,

The faults can be grouped into two sets according to their
daminant strike directions: &

1. a major set trending west-northwest; the strike

directions of this set actually range from west to
northwest and is nearly parallel 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

el

have not been observed. The character of faults, therefore, has to be
inferred on indirect evidence. Lumbers (1971, p. 65) points out that

the associated mylonitization zones, slickensided surfaces and breccia
zones dip near vertically, although locally as low as 600, in a manner

suggesting that the faults are high-angle normal faults.

Although some of the faults strike nearly in an E-W direction

L

and conform with the trend of the depression, the majority of faults Th

the area tend to conform to two prevalent strike directions, oriented

-
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approkimatély northeast and west-northwest. This tendency 1is

8 ¢
interpreted as reflecting a control from a pre-existing 'regional
fracture pattern' (see p. 42), also oriented prevalently northeast
and west-northwest. dIf the faults are normal faults, as they appear
to be, then the fault pattern could pave been produced by a horizontal
tensional stress field oriented approximately N-S so that‘the main
stress release took place along west-northwest oriented fractures in
the area, and minor stress release and block adjustments occurred along

.

northeast oriented fractures. That the west-northwest fractures

J
opened up into fissures is indicated by the fact that some faults of

the west-northwest set are intruded by mafic dikes. The nqrtheést
v ci
set on the other hand 1s not associated with dikes (Lumbers ‘%971, p. 67).

Ages of High-angle Faults

The faults are definitely post-Grenville but apart from this the
chronology of faulting in the area is poorly" known. Some insight into
the agé ;uestion may, however, be gained érom the following evidence.

1. The Grenville dike swarm extends through the area and

nearly conforms with the west-northwest trending
longitudinal set of faults. At least some of the dikes
occur along faults (Lumbers 1971, p. 46). Thesé
characteristics dndicate that the faulting and dike

formation may be chronologically related. As mentioned

earlier the diabase dike swarm appears to have been

2

emplaced in the Hadrynian.




) A
G“ g laa -

2. A few dikes are sheared and brecciated by faulting
(Lumberé 1971, p. 47). Therefore, some fault
movements have occurred after the emplacement of the
dikes.
3. Most of the northeast faults are diplaced by west- .
northwest faults although the reverse relaiionship has
also been noted in one locality (Lumbers 1971, p. 67).
However, it is likely that both sets, of fau1t§ formed
during the same general period of faﬁfiing. Q
4
4. The Lake Nipissing alkaline magmatism (KyAr age 565 m.y.) J
' in the area may have been accompanied by faulting. In
fact, faults of the northeast system appear to be mostly-’
concentrated in a broad zone trending northeast to

o

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;

. morthwest sets.,

According to the above evidence, it appears that faults probably
originated in the Hadrynian, synchronously with the emplacement of the
Grenville dike swarm and have since been reactivated, at least once around
the “beginning of ‘the Cambrian. Although there is gonclusive ev¥idence
for post-Ordovician movements in the Ottawa Valley area, there is no

clear evidence for such move 8 in the Nipissing Depression. However
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because the faults in the two areas appear to be parts of a of
continuous fault system, it is likely that post-Ordivician movements
occurred in the Nipissing Depréssion also; the preservatiort of

Ordovician outliers in both areas may be in downfaulted blocks.

Structural Effectsvof High;aggle Faulting

The structural effects of high-angle faulting in the Nipissing
Dep;ession area cannot be evaluated with certainty from local evidence
alone. The available evidence together with regional considerations,
however, indicate that the overall structure along*the depression is
esgentially a graben;?ng{\28)-

LY

Thé 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 accompaniéd occasionally u\
by brecciation and mineralization, ar to be cha;actéristic of the
crys iné/fEEEgﬂgg—zg;;—;;;;;:’;;ii::ting that the scarp in this -
aﬂea‘t;o, is related to a fault zone (Maféawa 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 change in the throw of the f;ult zone. On the south side of

the deprqgsion, a prominent zone of en echelon faults (Bgss Lake,

Restoule glver and Nipissing faults; dee Fig. 27) appears to be. present ‘ w

(Lumbers 1971, p. 67). .Thia fault zone can be traced east-southeast -

A S



In the Nipissing Depression area, the displacement’ pattern on this

1

\

v
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until it merges with the south boundary fault zone of the Ottawa graben.

-

fault zone is not' known, although in thé case of the Nipissing fault,

Lumbers (1971, p. €6).thinks that the preservation pattern of Paleozo

. .

" rocks on the northside' 6f the fault*éuggests'that its north side is

-

5

[

-

dbwnthrowﬁt Thus, despite uhcértainities, the available evidence

indicates that the overall gstructural effect of high-angle féglting

ic

in the area is structural subsidence. This structurally depressed zone

LY

is a continuation of Epé’Ottawa graben 1is suggested by: (1) the
continuity of the morphototectonic features of the Ottawa graben into
the Nipissing Depression (ii) the qontinu%ty, from one area to the
other, of high-angle faults, thie Grenville dike swarm and of the
products of thé€ Lake Nipissing alkaline province. In the Nipissing
Depression area, the structuré will‘be referred to as the Nipissing
graben (Fig. 28). It is not known h?w far wést of Lake Niﬁissin% the
structure continues but the followinngeatd}eé are pertinent to the
question. . N

1. Except for the relatively narrow topographic low along

lthe French River, the main topographic low and the -

- ¥r\ 1
assoclated lineaments die out westwards and become

U - indistinct feéturgs about 40 km west of the‘lake,

‘suggesting that the structure itself bqéins to die out

?
A ' 4

- _ in_this general ;rea.
[ v
2. ’Vhst of the lake, the depgession widensn Also the

fault éystem as well as the Grenville dike swarm fans out.

o
-
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(/ These features suggest splaying out of the structure.

Splaying dut characteristically occurs where graben
‘\

structures die out (dg Sitter 1964, p. 124).

3. The Grenville 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 fault

-

system terminates somewhere in the area of .the North Channel of Lake
Huron. This is contrary to the view expressed earlier by Kumarapeli

-
and Saull (1966a) that the Nipissing Depression faults continue wedt-

«

wards through the Lake Superior area and further southwest into the

o

continent.

Lumbers (1971, p. 69) states that the Crystal Falls Fault caﬁ
be traced westwards, as a 1?neament to within a2 few kilometers of the °
Qrenville Front and that it is on strike with the Onaping Lineament
(see Church 1972, p. 355) and that the Nipissing-Bass Lake~Resolute
River fault zone can be traced through French Rivér and across the
G;enville Front to merge with the westerly striking Murray Fault system
(see Chur;h 1972, p. 353) which extends along the north shore.of Lake

Huron. The Murray Fault system and the bnaping lineaments (Church 1972)

©

are probably much older structures than the Nipissing Depression fault
system. The apparent continuity of the younger fault system with the:
older faulgs is thought of by the writer as due to terminal control of

%,
the former by the latter.

N

0

4

L




e In view of the earlier discussions on ages of high-angle faults,

the following conclusions can be made on the age and development of the

Nipissing graben. )

1.

\«}
[
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The Nipissing graben is a post—Grenv&l]e structure

which dev;loped as a part of the Ottawa graben, probably
due to N-S oriented tensional stresses, but controlled
by a prevalently west-northwest and northeast oriented
regional fracture pattern. The earliest known post-

Grenvillian event indicating a N-S directed tensional

stress regime in the area is the initiation of the Grenville

.

i\

dike g:arm, which may have been mutually related in time
and cause to the initiation of the graben.

Although there is no clear evidence for post-Ordovician
graben subsidence in the area, regional considerations

suggest that the post-Ordovician graben formation along
the Ottawa Valley may have extended into the Nipissing
Depression. Tension fracturing may also have taken place

N ke
in the arca, around the beginning of the Cambrian,

synchrorously with the Lake Nipissing alkaliné magmatism.
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SUMMARY AND CONCLUSIONS

The Nip}ssing Depression 1s underlain by a zone of intense block
faulting which also appears to be a zone of downfaulting. Although this
féulted zone and the Ottawa graben are described separately in this *
thesis, they should be regarded as parts of a single graben structure.

For the pdrt along the Nipissing Depression, the name Nipissing graben

is proposed. The Nipissing graben faults appear to terminate somewhere

" in the area of the North Channel of Lake Huron.

The products of two post-Grenville ignepds events: (i) the
Grenville dike swarm of Hadrynian age (ii) alkaline-carbonatite
intrusions of the Lake Nipissing alkaline province with K/Ar éges

} v

of about 569 m.y., are closely assoc‘éted with the Nipissing graben.
h

It is thoug that the graben initiated synchronously with the’

« A~

emplacement of the Grenville dike swarm and that the graben faults
went through a period of reactivation, synchronously with the

LéLe Nipissing alkaline magmatism. "Renewed graben subsidence

may have occurred along the structure in post-Ordovician times, T

synchronously with the post-Ordovician graben subsidence along

the Ottawa Valley. FS A

L]
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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
in a rocky gorge extending épproiimately N300W, which further upriver
expands to form a wide triangular depression containing Lake Timiskaming
and traceable northwards to about the Hudson Bay watershed, a total
(Fig. 26). To this topographic feature, the

\O

term Timiskaming Depression is applied in this work.

distance of over 225 km

The rocky gorge in which the Ottawa River lies is about 1 1/2 km
wide and has a slightly zig-zag course. Its steep to nearly vertical
walls rise 125 to 175 m above the general level of the river, ThelLake
Timiskaming basin is about 20 km wide at its northern tiﬁ. The west side
of the lake basin is bounded by an abrupt, linear fault-line scarp
(Hume 1925, p. 47) which in §ome places rises about 100 m above-the lake
level. The east margin of the lake basin is quite irregular and along
this -ide the slope towards the lake is gradual. The lake water is
réported to be about 125 m deep (see Barlow 1897, p. 231 I), therefore,
the maximum depth of the depression below the surrounding country is
about 300 m. North of the lake, the depression continues to widen to
\form a rather ill-defined, topographic low of composite character
consisting of several narrow, northeast and northwest trending linear

depressions separated by patches and strips of relatively high ground

(Fig. 26).
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Parts of the depression, particularly the area northeast of
Lake Timiskaming,k are partly filled with stratified clay that was
deposited in glacial lake Barlow—Ojibway'(Crant 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
Grenv;ale Province and its northern part is in the Superior Province.
Throughout its length, the depression is superimposed diséordantly on
both Grenville and Superior trends; it extends across the Grenville
Front almost at right angles (Fig. 29). A group of three closelyasspaced
Paleozoic outliers composed mainly of carbonates and shéles occutr 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 §t. Lawrence Valleys,
strata as young as middle Silurian are preserved in one of the outliers
(Hume 1925, Ollerenshaw and McQueen 1960). The oldeﬁt ro?ks present are . .
Middle Ordovician. 1In the context of the present work, the most v
significant geological characteristic of the area is the existence of

regional high-angle faults (Fig. 29). The larger faults are parallel

to the general trend of the depression and there 1s sufficient space

Q ) ‘
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correlation between the faulted belt and the depression to warrant

the view that they are related features.

High-angle Faults

Faults in the area have strong physiographic expression, commonly
in the form.of narrow linear depressions, tens of kilometers, long,
occupied by water courses and filled in varying degrees by glacial
debris. '§gph lineaments form a systematic pattern in the general area
consisting of a strongly-developed northwest set and a less well-
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 geological
observations have led 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 poorly known, except in a
few instances where they cut Paleozoic rocks or have been intersected
in underground mine workings (e.g. see Ninacs 1967, p. 153). One of the

earliest known and better documented faults in the area is the one

related 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 approximately
N400W, dips about SOONE, and can be traced for a distance of about 50 km.

Of the three Paleozoic outlieréﬂ the largest one 1s preserved on the

139
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.
downthrow side of this fault, and the vertical displacement of the
downthrown block (of platformal rocks) is a little over 300 m (see

Hume 1925, p. 48). The other two smaller outliers are preserved in

a step-like downfaulted block between the Lake Timiskaming West Shore
fault and the parallel McKenzie fault (Thomson 1964). Parallel to the
above faults, and to the west of them, is the Cross Lake fault (Figs.

29 & 30), extending through Cross Lake and along the Englehart River
valley. This appears to be one of the longest faults 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
mine workings (Lovel and Cain 1970, p. 4; Ninacs 1967, p. 153). The
observed dip is 650NE, movement is dip slip with northeast side down-
thrown. This fault is presumed to cut a composite granite intrusion
known as the Rouné Lake batholith. Gibb and van Boeckel (1970) found
that the levels of the Bouguer gravity field over the supposed faulted
halves of, the batholith are different. They showed that the anomaly can
be explained using two mutually exclusive models: one involving normal
faulting of a granitic batholith of uniform density and the othq, based
on density variations corresponding to 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
aboutx3 km. Southwest of the Cross Lake fault, other parallel high-
angle faults of regional extent have beeﬁ inferred largely on physio-

graphic evidence. Examples are the Montreal River fault (Ginn et al.
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Pig.30. Vertical airphoto lineament of the Cross Lake Fault, Timiskaming

Depression. National Airphoto Library, Ottawa, Photo No. A-13126-125,
Scale-1:50,000 approx.
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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 Timdiskaming 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 one fault of regional
extent - the Quinze(Dam fault (Fig. 29) which is nearly parallel
(strike N300W) to thé faults on the wpst side of the lake. Little

is known about the nature of this fault excdpt 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 parallelismxof the‘faults indicate
that they are parts of a single fault system. Based on characteristics
of the better known faults the following geﬂeralizations can be made on
the fault system. .

1. The faults are probably of the noﬂ‘ﬂ.type.

2. The faults on the west side of Lake Timiskaming dip NE.

The northwest trending faults described above fan out northwest-
wards. This tendency for the strain to be distributed over an ing;easinglx
wider area probably represents a splay out pattern suggesting that the
faults die out northwestwards. The assoclated lineaments extend well
beyond the northern limit of the depression, for another 1OQ~km or so

before they finally become lost. Southeastwards, some of the lineaments

can be traced to the Upper Ottawa Valley. For example the 'lineaments of



Quinze Dam and Net Lake faults can be traced to join the Upper

Ottawa Valley,suggesting that the faults in the two
1Y

areas may also* be connected. If this be the case, it follows that the
Ottawa graben faults bifurcate and extend along the Nipissing and
% Timiskaming Depressions. Such a bifurcation is also consistent with
Aé?khe following considerations:

1. Because the Nipissing Depression fauits and Timiskaming
Depression faults appear to die out westwards and north-
westwards respectively, a bifurcation of the Ottawa
graben as postulated would fit in as part of a splay out
pggtern.

2. The Otpawa graben, where it appears to branch, bends 30°

“ counterclockwise as though to accommodate a bifurcation
and if not for thig bend, tﬁe graben trend would bisect
the 60—de%rgf angle between the trends of the Nipissing /
and Timiskaming Depressions. /

There is a much less prominently developed northeastern set of

faults, best known from the Cobalt silver mining district (Jambor 1971,
p. 23) located on the west side of Lake Timiskaming (Fig. 29). Some of

the N20°E striking lineaments northeast of Lake Timiskaming.(see Fig. 26)

also may reflect faults of this set. The directions of the two sets of

faults were probably controlled by a pre-existing regional fracture

pattern (see pi42 ). :
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\
Ages of High-angle Faulting

v

The Lake Timiskaming West Shore fault cuts middle Silurian rocks

and therefore, contains post-Middle Siluriah movements. Close to the

5
3

Quinze Dam Fault, kimberlite dikes occur in two localities (Lee 1968;
Satterly 1948, p. 13) about 50 km apart.’ Material from one of these
occurrences (for location see Fig. 29) has yielded a KPAr 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
mutuall& connected events. Therefore, at least some of the post-Silurian

movements may have taken place in the mid-Mesozoic. Evidence of post-

Pleistocene faul® movements have been observed by Miller- (1913). Minor

stress release may be taking place on these faults at the present time,

-

_because a large earthquake (M - 6.2) that took place in the area in 1935,

appears to be located on these faults (Smith 1966a). ..

‘ss There are indications that at least some SE\EHEM?EHltS in the

area existed in the Precambrian. For instance, in the Cobalt District,
the northeast trending faults appear to bé pre-ore (Thomson 1967, p. 137)
and the ore is believed to be genetically ;elated to the Nipissing
diabase whose K/Ar age is about 2095 + 105 m. y. (Lowden et al. 1963).
Furthermore, the unusual thickness of Proterozoic sediments im an

area northwest of Lake Timiskaming may be an indication that subsidence

occurred along and near the Cross Lake and Lake Timiskaming faults early

in the Proterozoic (Jambor 1971, p. 23).

The chronology of fault movements in the area can also be considered

' -—.*\ |
,
.
:
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) )
from a regional.point of view., 1f.the Ottawa Valley faults and the
faults along the Nipissing and Timiskaming Depressions are parts of

a single bifurcating fault system, then l1ike the faults of the two

former areas, the Timiékaming Depression faults also may have originated

in the Hadrynian, synchronously with the emplacement of the Grenville

a

/dike §§g%ﬁi(sée p.111 ). Although this dike swarm is not known to

extend along the Ti@%skamidg depression some of its dikes in extending
£

past the southern part of the depression do tend to orient themselves
u northwest (see Fig. 54). But as discussed above, some of the Timiskaming
&
depression faults, such as the Cross Lake fault, may-have existed long

before the Hadrynian. This is not in conflict with the hypothesis that

the faulting in the three areas ig related in time and cause however,

- because the indications for older faulting are present only 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.

Structural Effects of High-angle Faulting

Since Wilson (1903) first speculated thaty&he Lake Timiskaming
is the physiographic expression of a g;aben, increased geological knowledge
of the area has led to 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 asymmetricalhstructure

bounded on the socuthwest side by a zone of stép faults formed by the
/

R
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northeast dipping Cross Lake fault, thq\ESKenzie‘fault (Fig. 31)

»
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réle of the Quinze Dam fault is not known. However, because this fault

IS

appears to 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 thg Ottawa graben

faults and the Timiskaming graben faults are connected but the actual

"

-

However, because the two grabens are

connections are poorly known.

structures of regional extent, their close spatial arrangement in a M
branchihg dispostion indicates that they are parts of a single structure.
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¢ . SUMMARY AND CONCLUSIONS

-

The Timiskaming Depress*on overlies the axial zone of a complex

.

graben, for which the name Timiskaming grgben is proposed. . The structure

f

«<an be traced for a distance of about 200 km and possibly more. North-

westwards its faults fan out, suggesting splaying. out and termination of

v

the structurex ’ ‘
al v

There can be little doubt that the Timiskaming graben 1s a branch

of the Ottawa graben, the other branch being tqp Nipissing grahen. Thus,
*

"it appears that the Ottawa grabén, after extending for'a distance of K) 'f

about 400 km along the Ottawa Valley bifurcates. Each of the’twq

.

branches extends for over 200 km and appears to terminate by splaying

I
out of their sfrgctures. This branching graben system whieh undeglies

the Shield Segmené\A, probably originatgd in the’Hadrynian, sy?chrgnously
with the emplacement of the Grenville dike swarm and underwest sSubsequent
reactivations of its faults. Along a large part the Shield Segment A,
there is conclusive evidence for post-Ordovician graben subsidence which

N
may have taken place in the mid-Mesozoic synchronously with the emplacement

. . . > -
of the Monteregian intrusives (at the east end of the graben system) and

the late Jurassic-early Cretaceous kimberlite dikes along the Timiskaming

graben.
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CgﬁPTER XITI: SHIELD SEGMENT B: )

THE SAGUENAY-LAC ST. JEAN DEPRESSION '
INTRODUCTION

From the loler end of the St. Lawrence Valley, two nearly a
parallel canyons, spaced 6 to 10 km apart, extent N70°W across the
Laurentian Highlands. Ong of these is occupied by the Saguenay River
and the other by the Moulin-a-Baude and Ste. Marguerige Rivers.

About 100 km from the St. LAwrence River, the canyons widen and
eventually coalesce, to form a distinct topographic low, which continues

west-northwestwards to include the Lac St. Jean basin. This topographic

low together with the two canyons and the intervening strip of country

is referred to in this thesis as the Saguenay-Lac St. Jean Depression

. Fig. 32. Physiographic sketch of the Saguenay—Lé% St. Gean
: 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 topographic contour is taken as
delimiting the depression, then its width is abbut 6 km at the
St. Lawrence River, about 55 km just wesé-of Lac St. Jean and aBout
100 km where it looses its identity in the Shield Region; its total
- &
length is about 300 km.

The Saguenay canyon 1is a spectacular topographic feature. Its
steep to vertical walls (Fig. 33) rise as high as 450 m above the
level of the river. 1In the river, depths of over 225 m have been

E

recorded (see Dresser and Dennis 1944, p.'L96) S0 ﬁiat in places, the

canyon walls are over 650 m high. The Ste. Marguerite-Moulin-a-Baude

¢anyon (see Fig. 34) is partly filled with' glacial debris; its

tn, o

actual%&épth (in bedrock) is not known. In many places, however,

W,
pro= \

this c§yy0n is as wide as the Saguenay canyon.

ﬁgﬁégof where the canyons coalesce, the depression lies between
north and gouth facing scarps, about 100 m high. 'The north facing
scarp is only slightly dissected whereas £he south facing scarp is
highly dissected. ‘yestwgrds both scarps increase in amplitude, until
in the area of LacﬁSt. Jean the more pro%ﬁnent north facing(zharp
attains a height of as much as 200 m. Further Qestwards the scarps
decrease in amplitude and finally becomenlost. The Lac St. Jean basin

is a shallow featuge; the lake level 1is about 100 m above sea level

and water depth is less than 60 m.




8]

1 ] v
Fig. 33, Oblique airpkoto of the SaglLenay canyon, south wall. Natlonal Airphoto Library, Uttawa,
Photo No. A-1672-98,

v
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Fig.34, Vertical airphoto lineament of Ste, Marguerite "trench", Saguen.y- lLac
St.Jean Depression. Scale 1:50,000 approx., The river in the picture is Ste.
Marguerite., National Air Photo Library, Ottawa, Photo No.A-13941-23.




I GEOLOGICAL CHARACTERISTICS

‘ N ©.
The Saguenay Lac St. Jean Dedression lies entirely within the

Grenville Province. Grenville grystalline rocks form the bedrock

e,

under much of the depression. They make up the walls of the canyons

te

o~

and- the faces of the bounding scarps of 'the depression. In two
separate areas within the depression, however, outliers of Paleozoic
platformal strata overlic Grenville rocks (Fig. 35). fhe rocks are
similar to parts of the platformal succession of the St. Lawrence

.

Valley and consigt of nearly flatlying Middie and Upper Ordovician
" limestones and shales (Dresser 1916), probably less than 100 m thick.
The depreséion extends with little regard to Grenville gneissic

trends which in places make large angles with the depression trend.

The linear crystalline scarps assogiated with the depression have

traditionally beefi interpreted as fault-line scarps ind the

depression itself nhas been regarded a#s the physiographic expression

* of a graben —‘the Saguenay graben (e.g. sée Kay 1942, p. 641).

The recent discovery og a carbonatite complex - the St. Honoré

camplex (Vallée and Dubuc 1970, pp. 346-356) - within the depressiory
- ;

adds weight to the graben interpretation.

The St. Honoré Carbonatite Complex

The carbonatite complex was discovered in 1967 and is the only
- such complex known In tﬁe Saguenay~Lac St. Jean Depression. It is

~--- - - - - . - located in the area of.the.Paigozoic_outlier north of the Saguenay

’ ~
N .

A : :
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River (Fig. 35), and is overlain by Paleozoic (Middle Ordovician)
rocks. Material from the 1?trusion has yielded a mean K/Ar age
of 564 + 4 m.&. (Doig and Barton Jr. 1968, p. 1403), an age
almost identical to that of Lake Nipissing carbonatite complexes.

Vallée and Dubuc €1970) 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 qgrbcnatites
(with minor urtite bands) containing niobium deposits »f economic
importance.

The St. Honoré complex 1s in contact with three other
intrusive bodies, two of dioritic and one of syenitic compogition.
Also, about 8 km northwest of the complex is another circular complex -
the Shipshaw complex - wiwh a possible ring structure consisting of
syenitig, granitic and 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. v

In 1966, Kumarapeli and Saull emphasized (see Kumarapeli
ané S;ull 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

4
of the St. Honoré Carbonatite complex adds more weight

]

to &his view. It is possible that further search may

K
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lead to other discoverigs especially in the Upper Saguenay and

Lac St. Jean areas and may eventually reveal in these areas an

aikaline—carbonatite province similar to the Lake Nipissing alkaline

province.

%

High—angle Faulting

~

' Al'though high-angle faults of regional extent have been

aq&epteqeig the primary spatial determinant of the Saguenay-Lac
(% «

St. Jean depression, the presumed faults are nowhere“nown to be

exposed.

o

1.

'S

. the-adjacent areas cannot be

The faults are inferred from the following lines .of evidence.

Agrupt sub-parallel linear scarps up to 200 m high or
vertical-walled canyons up to 650 m deep occur along the
depression margins. The trends of these lineaments
.transect Grenville trends,.commonly at large angles.
Although tﬁe canyons may have been initiated along

” ] R
faults or joints and -subsequently overdeepened by

¢ . .
glacial erosion, the systematically lower elevations of

the depression floor, as compared with the elevations of

éttribute& to differences

in erodibility oﬁ rocks (see Clibbon and Bergeron 1963,

pp. ,4-7) but is consistent with downfaulting along the
depréssdon. Therefore, faultiﬁg appears to explain®
adequately the.linear scarﬁs, the systematicéll§ lower
elevation of the depressio% floor and possibly also the

vertical-walled canyons.

¢

2]

P



170 .

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 ?aleozoic formations there show drag
(w;th dips ranging from 24 to\30oN) typical for a {
normal fault Qith'north side downthrown.
3. Numerous minor faults, presumably related to the larger
. S
faults reflected by tobography, cut the Paleczoic
formations. These minor faults, in #1 well-documentbd
instances, are known to be of the normal type (Dresser
L 1916) indicating that the larger faults in the area
are also normal faults.

4. The presénce of at least the one carbonatdite complex

and the preservation of Paleozoic outliers are compatible

with deep faulting and crustal subsidence along the

! depression.

s - Tt T " The most persistent ~regional faults of the area appear to be
those related to the boundary scarps of the .depression. The faults are

assumed to follow clogély the bases of the scarps (Fig. 35). Eastward,

3

therefore, these fault zones would.extend into the canyons. They may

“continue along the canyons to joih up with the Marginal Segment fault
. .
system. <Such a connection is also indicated by the prgsence of the

uplifteqd mass of the Laurentide Parc massif between the Saéuenay—Lac
.

Sqﬁ.Jean Depression and the St. Lawrepce Vélley. Westward the boundary
‘ faults zones of the Saguenay-Lac St. Jean Depression curve.to assume

]
!

o

3 t
-
! “
4_/7 o~ »
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1

a northwest orientation probably indicéting a directional control

from the northwest oriented component of the regional fracture

pattern (see p.42 ) of the area.

courses) along the north boundary of the depression show a conspicuous

en echelon dtrangement indicating that the related fault zone may

also have a similar arrangement.

transverse fauQ;s is also present in the depression area.

latter faults strike from north to northeast and are proﬁably contrplled

-

by the northeast component of the regional fracturé pattern (see p.42 )
v

of the

well authenticated (Dresser 1916, p. 375. But otheF transverse faults
are probably reflected by low, dissected scarps-that extend across the
depress;on. An example 1is the north—soughﬁtrénding scarp, 60 to 120
m high and located about 40 km west of Lac’ St.°Jean (Clibbon and

Bergeron 1962, p.*2). Compared with thé 1lbngitudinal faults, the

Apart from the 1ongitudinal faults, a less prominent set of

e ——

area (Fig. 35).

The lineaments (scarps, waterl;~

”

These -

prénsverse faults appear to be shorter and to have smaller dis-

placements.
i

°

fhe faults are believed to be mostly of the normal type bedause:

]

4

°

.

Where they cut Paleozoic rocks, the faults are

& 1. The observable minor faults in the area are normal faults.
3

;&t C%ambord, the drag associated with the south boun&ary

fault indicates that in this locality at 1east; the fault

is of the normal type.
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2. The general elevatioh difference between the

»
” depression and adjacgnt highlands is consistent with )
downfaulting controlled by gravity faults. 2 4 |
3. "Emplacement bf carbonatite complexes such as the .
‘ St. Honoré complex, commonly takes place in close lqgfik
space association with tension-fractured zonegl °
; Throws in Grenville rocks are probably not determinable but
&
throws in Paleozoic rocks have been estimated in some places. A throw
~ .+ (in Paleozoic rocks) oé aboﬁg 150 m, with northside down, Las been

estimated on the south boundary fault (Clibbon and Bergeron 1963, ‘ [
|

p. 12). Philpotts (1965, pf 7) ﬁqs reported strike-slip movements
LY

a

Jof as much of 1800 m on what appeafg to be the, easternmost part ?i(g”
f

the north boundary fault zone. ; ‘ ‘ "

\

Ages of High-angle Faulting - .

The chronology of fault movements in the area is pooyly known . |

v

The %ollowing are the pertinent lines of evidence. '
3

1. Faults that cut the platformal rocks in the area have

‘ substantial post-Ordovician movements on them.

§

g . 2. The intrusion of the St. Honoré& carbonatite compléx .
‘ indicates that a tension-fractured zone existed)in
' the area around the beéinningNof the Camb;ian periéd. . )
Structure ~ 3 ’ o f /o - ‘

2
'

@'rhat the physiographic and ggoloéical charactéristics qf the

Saguenay-Lac Stah;ean Depression are best explained as reflecting 4

LX)
+
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graben-like zone of downfaulting was recognized by early workeﬁh .
(e.g. Wilson 1903; Dresser 1916, p. 46). Over the years, the

structure underlying the depression hasscome to bé accepted as a

graben, which as mentioned earlier, is referréd to as the Saguenay . .
graben (see Kay 1942, p. 641). The boundary fault zones of the

depression are obviously the key faults of this graben (Fig. 36);

the transverse faults can be ascribed to block adjustments which must

have accompanied structural subsidence of the main graben zone.
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Fig.36, Section across the Saguenay graben, tor location of the line of

section see Fig,35. Ornamentation: unoriented-Grenville crystalline rocks;
oriented-*arly Paleozoie(tiddle and Upper "rdevician) platfornal rocks;
stippling-unconsolidated Quatlernary sedimentis.,

Although the reality'of the Saguenay graben can hardly be

doybted, details of its structure are poorly known. There are indications
< ¢

y -

b3
“that its structure may actually be a complex graben. For instance, a

roughly rectangular area of the gtraben floor, lying between the Saguenay

River and Kénogami Lake (See Kénogami Upland in Fig. 35) has elevations
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systematically higher (about 75 m) than those 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
adeqpately explainable in terms of a horst-bloeck (C*ibbon and
Bergefbn 1963, p. 13).

As mentioned earlier, the possible connections between the
Saguenay graben faults and the Marginal Segment fault system are
poorly known. However, because the Saguenay graben and the Marginal
Segmen} faults are tensional structures of regilonal extent, their
clgge spatial association in an intersection disposition suggests
th;t they are probably connected.

\7 Westwards from Lac St. Jean}‘the boundary fault; of the
Saguenay graben fan out. At least, the ﬁorth boundary fault, appears

¢
to split into several faults. These features are thought to be parts

of a splay-out pattern related to termination of the graben structure.
" SUMMARY AND CONCLUSIONS

Since Wilson (1903) speculated that the Saguenay-Lac St. Jean

e

Depressién is a rift valley, increased geeological 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 faults are poorly kndbwn, there can be little doubt

/ -




175
that the two fault system are connected, the acute angle between
-
[»]
| them being occupied by the/ Parc des Laurentides massif which appears
. to be a block mountain.
Downfaulting, along the graben occurred in post-Ordovician
times, but the existence of an earlier tensional structure is also
[
v indicated by alkaline—carbonatitis activity around the beginning of
the Cambrian period. - / ,
— «
-
— <&
/
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\\~ X Aed
\\\ ’//*’:‘."" - i~ ‘ ~
/ Tl ’



CHAPTER XIII

THE OUTER PART OF THE LAURENTIAN CHANNEL

/ INTRODUCTION

As mentioned in Chapter VII, the Laurentian Channel branches
on the downstream side of Anticosti Island and at this bifurcation
the main channel bends clockwise through an angle of about 450; its

continuation thence, is referred to in this thesis as the outer part

\—\/

of the Laurentian Channel (Fig. 15). This part of the chdnnel 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 crosé—profile. Deptﬁs of
over 400 m are common, with a few elongatgrdepressions 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 rises to an elevation of about 500 m within a short
distance from the shorelines. Therefore, the total amplitude of the
topographic low in this area is about 1 km. ‘

i‘ As a segment of the St. Lawrence Valley system, the guter
part of the Laurentian Channel is unique. It is the only part that
extends across the Appalachian foldbelt. For the most part, the
channel appears to be in Permo-Carboniferous successor 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 channel area.
(Fig. 37). One of them is near the entrance to Cabot Strait .
(Sheridan and Drgke, 1968). The other, known as the Scatarie ridge
(Fég. 37) is directly east of Ca?e Breton Island.

The outer part of the Lﬁﬁlentian Channel 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 briefly outlined and commented on

in Appendix V. The proponents of these hypéthesis advocate two

basically different views of 1ts origin.

a »

b

1. The channel overlies a structure of regional Y

extent (e.g. Gregory 1929).

2. It is an erosional feature with little or no structural

control (e.g.‘Shepard 1931).

For simplicity these two views will be referred to hereafter as
"structural” and "erosional' hypotheses respectively.

In 1966, Kumarapeli and Saull (1966a) advocated a structural
hypothesis for the origin of the channel. They favoured the view that
the underlying 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.’This hypothesis has been Friticized by several workers
(Sheridan and Drake 1968; King and MacLean 1970a; Keen 1972) who
support an "erosiongl" origin for the channel. The criticisms are

based largely on interpretations of geophysical results. In the

178 -
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1

discussions to follow, the writer will attempt to show that the

L

geophysical data, as known at the present time, are not fatal to

ﬁ

the idea of a structural origin, and that a structural origin has

certain attractions. //////

GEOPHYSICAL SURVEYS
:pa/ . .

Gravity Surveys

¥

»

‘. Gravity surveys have been carried out by Loncarevic (l965),¢
Goodacre and Nyland (1966), Loncarevic and Ewing (1967), Goodacre et al.

» (1969),'Stephens et al. (1971) and Watts (1972). * A Bouguer gravity
map of the area is shown in Figure 38. Some of the gravity trends

show no deviation of their trends as they cross the channel margin.
However, several of the larger gravity anomalies deviate from their
strong linear trends as they cross the margins of the channel. The
Orpheus grawity anomaly ("A" in Fig. 38; Loncarevic and Ewing 1967),

for example, is disrupted at the southeast margin of the channel:q

Y Also, the trend of anomaly marked "B" in Figure 38 changes at the
- -

-

southwest margin and terminates at the northeast margin (Stephens et al.
1971’. These disturbances of the gravity trends indicate that
Appalachian structures, in crossing the channel, undergo some change
which might be brought about by a dislocation.

Magnetic Surveys

Magmetic surveys over the quter part of the channel have been

-~ !

carried out by Bower 1962), Loncarevic and Ewing (19675, Hood (1967)

. and Watts (1972). A magnetic map of the area is 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

margin. For example, the intense magnetic 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 attrf%ﬁted to channel

topography because the channel walls are made up of relatively non-

magnetic post—Eé;boniferous rocks (King and MacLean 1§70a,Fig. 6).

e
rd

Therefore; the most viable interpretation of the distortions of the

magnetic field is that the normal Appalachian trends are in some

way disturbed by a transverse trend along the channel.

Seismic Refraction Surveys

Seismic refraction surveys across the outer partJof the channel
have been carried out by Press and Beckmann (1954), and by Sheridan
and Drake (1968). The former worgers concluded that their results
support the presénce of a graben-like structure along this part of

the channel, thus supporting Gregory's (1929) hypothesis. The key

fault of this styucture was interpreted to be along the northeast //)’
k)

. -
E

- margin of the channel. Sheridan and Drake .(1968) on the other hand,

found n® evidence in thelr results to support the existence of a
large fault as suggested by Press and Beckmann(1954). Furthermore,
they argued that Press and Beckmann's (1954) results could be .

revised and reinterpreted to shew no large downfaulting along the

¢
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northeast margin of the channel. Sheridan and Drake (1968, p. 357) r
Y R
mention, however, that the basement configuration indicated by

selsmic evidence along two refraction profiles (their profile 141

v

and the @einterpretation of profile 18 of Press and Beckmann

be related to a high-angle fault (Carboniferous or younger) along

g

the southeast side of the channel.

Sheridan and Drake's (1968) work casts doubt on the reality
of the structural section, across the channel as interpreted by

Press and Beckmann (1954) but it is not clear whether Sheridan and

* o

,Drake's seismic refraction results are oppos%d to the hypothesis of -~

a fegional structure along the channel. On the contrary, the fault

suspected by them (along the southeast side of the channel) may be

v

a part of sucH a structure. The lack of clear cut evidence in the
¥
refraction results, together with the gravity-magnetic picture as

known in 1968, led Sheridan and Drake (1968, p. 357) to conclude

that:

¥ v

‘"there is little exfsting evidence to support the

presence of a significant southeasterly trending B
structure through Cabot Strait ‘and the Laurentian

Channel".

- -
The present gravity-magnetic picture however, renders the
above iﬂnlusion much less viable,

Seismic Reflection surveys

t
Shallow (depth pgnétrationAJZOO m) seismic reflection surveys

of the area have been carried out by King and MacLean (1970b) These .
J .

.
. ! e,
it



184

include two continuous cross-profiles (for locations see 1-2 and
6-8,Fig. 37) the results of which have been the basis for two
geological sections across the channel (King and MacLean 1970a,

Fig. 6). Along both sections, the pre-Tertiary erosion surfaces

on Cretaceous and Pennsylvanian 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 vanian \
rocks to depths varying up to 125 m., In section 6-8 (f&% iﬁcation
see Fig. 37) one of the valleys is at least 800 m deep (actuai depth
not known) and it is apparently cut into Cretaceous strata and filled
with Jertiary sediments. Some‘of these valleys might ge carved along
fault lines but the seismic reéults do not provide an unequivocal’
answer, mainly because of the shallow depth penetration of the survey
method. King and MacLean (1970a) interpreted the paucity of
conclusive evidence for faulting in their seismic records, in favour
of an "erosiag;l" origin 2similar to the one advocated by Shepard

in 1931) for the outer part of the channel. They supported their
interpretation with the same geophysical (gravity-thagnetic) arguments
as used earlier by Sheridan and Drake (1968). Because the present
gravity-magnetic data can be interpreted to support a "structural"
origin for the channel (Stephen et al. 1971) it is not clear whether
King and Maclean's (1970a) seismic reflection results are a challenge

to a "structural” hypothesis., . Y .

King and MacLean {1970b) however, did postulate a fault along

/
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N <@
the outermost part of the channel (see Fig 37), mainly to account
for a.zone of mild deformation that they detected in the Cretaceous

strata of the area. They placed this fault along the nqrtheést

-

margin of. the channel (see Fig. 3%}& Thus placed, it coincides with I
3 part of tlhie major fault éuggested by Press and Beckmann (1954). -

- UAlthough the féult is assumed to be parallel to the‘trend of the |

P ] channel,/King and MacLean (1970b) grouped it with the\eastward
T, .
extension of the Fundy 'graben structure through Chedabucto Bay.

The; identified thevcontin;ation of this fault with what the write’™
belie&%s (see Kumarapeli and Saull 1966a, p. 653) to be the oceanic
extension of the Laurentian Channel structure. This suggestea -
oceanic continu;tion extends along the south margin of the Grand
L‘~*§/’Banks and along the Southeast Newfoundland Ridge to meet the mid~-
! Atlantic Ridge in the area of the Azores (F;g. 40). Along this
suggested continuation, a fracture zone has been postulated by n

N * . A

several workers (e.g. Le Pichon 1968; Watson and Johnson 1970) a;d

-~

has been called the Newfoundland Fracture. Zone by Auzende et al.

°

(1970). It appears reasonable to assume that the eastward extension
of the Fundy graben structure from Chedabucto Bay across the sﬁelf
is along the Orpheus gravity low "A" in Figure 38. The anomaly

.

probably reflects the low density sedimentary §111 in the fault

3 _—
; - : , |
trough (Lancarevic and Ewing 1967). " However, as mentioned ea}lier, .
N &y « - .
the Orpheus anomaly'deviatgs/?rom its strong linear trend at the |
southeast margin of thle Laurentian Channel. Within the channel the s >
¢ .

' k]

.
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gravity anomaly assumes a pincer-like form*, perhaps suggesting that
the structure goes intg~ansplay before dying out. The same conclusion

can also be reached when the Fundy graben is looked at from a regional

¢

0 P :
1/"’ NORTH ATLANTIC , ,
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Fig./0. liap chovuing the near collincaritv of the Laurentian Channel, the

continental margin off-set in *“h Grand Fanks area, and the Southeast

Newfoundland Ridge.

-~

6

3 v

*The pinceY-like form is clearly seeﬁ?in the gravity gap of Lancarevic’
. : and Ewing (1967). In the map of Stephens gt al. (1971) reproduced

in Figure 38 the cut off of gravity contours (in the westernmost part
of the Orpheus anomaly) i8 due to lack of field data., 0
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point of view. The graben structure divides into two branches at ’

the northeast end of the Bay of Fundy (in a manner similar to the

branching of the Ottawa gr;ben into the Timiskaming and Nipissing

grabens). This branch;ng may be the actual beginning of a splay

out pattern related to an impending termination of the structure. -
It is however possible end quite likely th;t.the Fundy graben

faults are refracted on meeting a structure along the Laurentian

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 represe;ts the continuation of Fundy
graben faults through Chedabucto‘Pay, appears ad h;c and artificial,
whereas to identify the former structure with the extension of the
Laurentian Channel trends seem more natural (see Fig. 40)3 )

In summary, the existing geophysical evi&ence does not(appear
to be incompatible with the hypothesis of a structure, transvefse
to the Appalachians, along the present site'of the channel. Suth a :
hypothesis is attractive in the cogtext 6f the following tectonjc

L]

schemes. :
1. The hypothesis of an anticlockwise rotation of
the Newfoundland arc incorporates the concept that

transcurrent faﬁlting has taken place probably along

the present site of the channel:

a

aﬁ.

-
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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 to the branching patte;n at the ends of the
Rhine graben or the Eritrean é;aben (Fig. 42). 1In each
of these latter grabens two similar bifurcations occur
at either end. If the structures of the Shield and
Marginal Segments do combine to form a large graben
system, then symmetry consliderations necessitate, in
addition to the Esquiman Channel structure, another branch
p structure somewhere along the site of the outer part of the
Laurentian Channel. It was partly on this basis that a
branch structure of the St. Lawrence Rift system was
postulated along the outer part of the Laurentian Channel ,
(Kumarapeli and Saull 1966a).
Those who favour the K;pgthesis of a rotation of ﬂewfoundf:;d,
suggest that as much as 300 km ;f pre—Carboniferous transcurrent
movements may have taken place aiong the site of the channel (King
1951, p. 91). Although some of the geophysical anomalies (grav;ty,
magnetic) are distorted ag they cross the chénnel margins (see Figs.
38, 39) the overall geophysical picture does not support the hypothesis
of substantial lateral offsets of the pge—Carboniferous structures.
For example, the gravity and magnetic anomalies, presumably related to
the two basement ridges (Fig. 37) show little or no lateral offsets

as they cross the margins of the channel.

, \\ .
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The evolution of a structure along the channel will be
discussed later (see Chapter XV) within the framework of the
evolution of the 8t. Lawrence Rift syStem. According to this
scheme, the structure 1is envisaged as a relict fracture zone, in-
herited from a rift (graben?) which cut across the site of the
Appalachian geosyncline during its early development. Such a
structure could conceivably produce the distortions of some of the
gravity and magnetic anomalies as they cross the channel. Post-
Triassic movements on it may have disrupted the Fundy graben structure
and its sedimentary fill, causing the distortions of the Orpheus
gravity low at the southwest margin of the channel. The postulated
fracture zone is compatible with the following features of the
region.

1. The fracture zore is parallel to one of the dominant

directions of faultin; in Nova Scotia and in the
: adjacent shelf (Cameron i956). f
. 2., It is parallel to a magnetic trend of regional e%tent
(reflecting a deep fault?) through Prince Edward
Island (Battacharyya and Raychaudhuri 1967).
3. The postulated fracture zone and the Newfoundland
fracture zone fare neariy collinear (Fig. 40)
suggesting that they may be parts of a continuous

“structure.
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SUMMARY AND CONCLUSIONS

Fl

The outer part of.the Laurentian Channel is topographiéally
the most impressive part of the St. Lawrence Valley System. The
question whether it is underlain by a regional structure (transverse
to the Appalachian trénd) or not, has been disputed for over 40 years
and is still an issue of dispute. Much of the awsfilable evidence is
equivocal on the questiom, although the latest gravity-magnetic’
data seem to indicate the presence of a strucéure. The hypothesis
of a structure is geologically attractive in the contexts regional
geology and symmetry considerations of the high-angle fault pattern
) of the St. Lawrence Valiey system. The postulated structure is
assumed to be a relict fracture zone inherited from a rift (graben?)
which cut across the site of the Appalachian geosyncline'dhring its

early development. This fracture zone may be in an unheaiéd‘state,

to a greater or lesser degree, at the present time.

/



. CHAPTER XIV: THE CONCEPT OF A )

ST. LAWRENCE RIFT SYSTEM
L4

GENERAL STATEMENT

The geological characteristics of the various topographic
depressions that make up the St. Lawrence V;lley system are describe%
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) magmatic products that appear to be related to the
structures. The main characteristics of these structures including
their ages are summarized in Table I. Also included in Table I
are the tectonic interpretations given to the structures by various
workers. The following generalizations can be made regarding these
structures.

1. The Shield Segments are underlain by grabens. In Segment
A there is a main graben (the Ottawa grabe?) and two
minor branch grabens (the Nipissing and fimiskaming
grabens). 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 poorly known.

\\‘///}k#)- Beneralizing from areas of better known geology, 1t

appears that two structural belts can be recognized.
. ’

One is largely restricted to the narrow strip of platform




TABLE 1 ST. LAMRENCE VALLEY SYSTEM: STRUCTURE AND TECTONIC INTERPRETATION

——

MAJOR SuB-
DIVISION

SECTION

REFERENCE
PAGES OF
THIS PAPER

APPROXIMATE
LENGTH
IN KN

RANGE 1IN
In

STRUCTURE

MARGINAL
SEGMENT

ST. LAWRENCE VALLEY

450

25-100

Block fasites 23 dowbowed by play of movements on
high-a~gle f2.7%s ccmsisting mainly of a mjor set of
JongituZiral f2.7ts and two minor sets of obiique faults.
The faylts az-a2r to be rostly of the norml type, ex-
cept for cr2 «own reverse fault end possibly more on
the east size < t*e valley. On this side the high-
angle fasits cizsely associated with east-dipping thrust
faults.

CHAMPLAIN VALLEY

175

10-70

Block fail:es a-2 siructurally depressed by play of
mwvesents ¢ % 3t-2-31e faults which can be grouped into
a rajor set ¢ is~;itudinal faults and a minor set of
transverse “2.7ts. Ffaults on the western part of the
valley prctatiy are norral faults. In the eastern
part, reari~g e Ezzalachians, normal, high-angle
reverse a~¢ e2st dipping thrust faults occur in closa
association.

ESQUIMAN CHANNEL AREA

a1-97

40-250

Evidence from coastal belts indicate that the area s
structuraliy zz.-essed, rainly by movements on a set
of lorjitu2ial =a3%-2an3le faults. On the Newfound-
land side, tm» rcastal telt cut by steeply northwest
dippirg ta vertizal roral faults and steeply south-
east diz3‘~g 23 wvertical high-angle reverse faults.
The rmairie-< czrstal telt containg normal faults
{dcwmdrezzas 23 the scatheast) and other Jongitudinal
nigh-a~gie “e.its of uxertain type. Some of the ¢
latter fz.ils 2;:ear 1o have transcurrent moverents
of Tess t'an 1

INNER PART OF THE
LAURENTIAN CHANNEL

98-104

25-250

Structure scertain, The area for the most part
water cove~eZ. Large high-angle faults with south
side dowri e knowt froo Anticostt Island. Evi-
dence of rcral failting .arallel to the channel in
the Seot IsTes area. These pieces of evidence, con-
sidered ti;zi~er with the physiographic and tectonic
setting of 1~ Cr2r~el, lend some justification to
think that t~e St Lawrence Yalley and Esquiman
Chanrel area failts ray be continuous through the
channel.

SHIELD
SEGMENT

LOWER OTTAWA VALLEY

105-17

125

7

Block-faslse? 2~d structurally downdropped by play of
moveserts o~ two sets of high-angle faults: a major
set of lcm31t-21nal faults and a set of oblique faults.
Faults a;;ear to be of the normal type.

UPPER QTTAWA VALLEY

ns-1:4

215

Block-*2. *e4 a~d4 structurally downdropped by play of
rovezerts on two sets of high-angle faults: a major
set of lorgriaziral faults and a minor set of trans-
verse fa.its. FaJlts agpear to be of the normal
type.

NIPISSING DEPRESSION

135-149

> 200

25-%100

Severely zixce-F2.lted and possibly structurally down-
droooed, A-csary3to be the continuation of the
Upper Cit2va V2" Tey structure. Faults can be grouped
into a l¢-31tuz1-al set and & transverse set.

of the fa.lts 2;zear to extend as far as the North
Chari~el of Lake Huron but they possibly terminate in
this ares.

TIMISKAMING DEPRESSION

SHIELD
SEGMENT

150-16%

> s

2-2100

Structuraily dowdgesred by play of moverments on high-
angle fa.lZs ca~sisting of a major set of longitudinal
faults wrich fan out narthwestwards and a ninor set
of tra~sverse failts. Faults probably of the normal
type. Tre '.;;ilt..dinll faults may be connected with
the Cttzw: YaTley faults. They appear to extend for
a Cista~ce ¢* cver 100 lm beyond the north tip of
Lake Timiskaxing.

SAGUERAY-LAC ST, JEAM
DEPRESSION

162-175

> 300

10 >too

Struct.raiiy sow-sre;ced by play of TOVERR <
anjle failis co-sisting of a major set of longitudinal
faults wrich c.rve and fan out northwestwards and &
mninor set of tra-sverse faults. Faults probably of
the rormal tyre. Tre longitudinal faults are possibly
cornected with the St. Lawrence Valley faults. They
39:«1- to terwinate about 75 im northwest of Lac St.
ean.

OUTER PART OF THE
LAURENTIAN CHANNEL

176-189

Evidence equivocal as to whether the Channel 1s under-
Tain by a structure or not. Hypothesis of a structure
geologically attractive.
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STRUCTURE

AGES OF HIGH ANGLE FAUWLTING

TECTONIC INTERPRETATIONS

. whowed by play of movements on
_-s1sting mainly of a mjor set of

- ard two minor sets of oblique faults.
3 e rostly of the normal type, ex-
recerse fault and possibly more on

-2 yalley. On this side the high-

.y assocrated with east-dipping thrust

,iructarally depressed by play of
2-37e faults which can be grouped into
- t.diral faults and a minor set of
Fa.lts on the western part of the

e rar~al faults. In the eastern
f:--atachians, normal, high-angle
.21ng thrust faults occur in close

Faults in the two areas form a continuous fault system.
Evidence for post-Ordovician movements conclusive.

What appears to be ancestral faults may have existed in
the Cambrian or earlier. The post-Ordoyician movenents
may have taken place in the mid-Mesozofc, synchronously
with the Monteregian fgneous activity.

-2l belts indicate that the area is
~ed, rainly by movements on a set
--ar3le faults. On the Kewfound-
«21 Salt cut by steeply northwest
~sr—-al faults and steeply south-
<1zal high-angle reverse faults.
vy =21t containg normsl faults

- gzat~east) and other longitudinal
¢ _ecertain type. Some of the

ir ta have transcurrent movements

Evidence for post-Ordovician movements conclusfve. Some
faults cut rocks as young as Carbon{ferous. Possible an
cestral faults appear to have originated about 800 m.y.
ago synchronously with the emplacement of diabase dike
swarms, and eruption of flood basalts in the Strait of
Belle Isle area.

2 Tre area for the most part

~ze high-angle faults with south
_a fron Anticosti Island. Evi-
.iting parallel to the channel dn
3 Tmese pieces of eviderce, con-
*h t-e physiographic and tectonfc
-el, lend some justification to
Lewrence Valley and Esquiman

» ray be continuous through the

Faults on Anticostt Island cut middle Silurian rocks
and those in Sept [sles area cut middle Crdoviciam -
rocks.

A rift zone - Karginal Segrent Rift lone - which fh
some areas has a graben-like cross sectiom.

Source: This paper

Also Xurarapel{ and Saull 1966a.

structurally downdropped by play of
ts of high-angle faults: a major

b faults and a set of oblfque faults.
> of the normal type.

sersctarally downdropped by play of
b *s of high-angle faults: a major

. faults and a minor set of trans-
.ty agpear to be of the normal.

ted a~d possibly structutally down-
3to be the continuation of the

< structure  Faults can be grouped
1 set and a transverse set. Some
ir to extend as far as the North
~cn but they possibly terminate 1n

Faults in the three areas form a continuous fault
system. May have originated in the Hadrynian,
synchronously with the erplacement of the Grenville
dike swarm. Conclusive evidence for post-Ordovicfan
{mid-Mesozo1c?) movements in Lower and Upper Ottaw
Valleys. Severa) Paleozoic episodes of alkaline and
alkaline-carbonatite magmatism, including one major
episode in Lake Nipissing area, indicate reactivations
of faults, possibly of local exten.

Grabens, corronly asyrmetrical and branching {a
the case of Segrent A grabens.

Sources: Wilsom 1903

rz-;#4 by play of roverents on high-
ny of a mjor set of longttudinal
.t nartimestwards and a minor set
:s.  Faults probably of the normal
2.3l faults may be connected with
‘a41ts.  They appear to extend for
120 ke beyond the north tip of

Conclusfve evidence for post-middle Silurian movements
on one major fault of the longitudinal fault system,
but these post-middle Silurian faults may have taken
place on the other faults as well. The age of one of
two kimberl{te dike occurrences associated with the
fault system suggest that some at least of the post-
${lurian movements may have taken place in mid-
Magozofc. Ancestral faults appear to have existed

in the Precambrian.

~--ed by play of moveTen <
i21ng of a major set of longitudinal
3+4 fan out northwestwards and &
verse faults. Faults probably of
“-» Tongftudimal faults are possibly
St. Lawrence Yalley faults. They
e about 75 km northwest of Lac St.

Evidence for post-Ordovician movements conclusive.
€arlier movements indicated by the close space
association of faults with one known atkaline-
carbonatite complex dated at about 565 m.y.

o

Kindle and Burling 1915

Kay 1942

Wilson 1959

Lovell and Caine 1972

Also this paper and Kurarapelf and Saull 1%6a.

as to whether the Channel s under-
or not. Hypothesis of a structure
ctive.

Hight consTst of a Fracture zone connecting the © ~

Yarginal Segrent rift zone with the Newfoundland
Fracture Zone. Source:This paper and Xurarapelt

2
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and consists mainly of a belt downfaulted on
longitudinal normal faults. Cross sections of this
belt vary. 1In the Champlain Valley area the cross
section appears to be that of a complex graben; in
the St. Lawrence valley and on Anticosti Island a |
series of longitudinal crustal blocks downdroppé'cf

away from the shield margin; and lin 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
~2000 km long and has a sigmoid shape. The other

structural belt of the Marginal Segment lies immediately

)

to the south and east of the Marginal Segment Rift Zone

and in some areas straddles the north and west boundaries

of Log;n'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.

In many parts of the Shield and Marginal Segments there

is conclusive evidence for post-Ordovician normal faulting
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and substantial structural subsidence (including post-,
Silurian movements in the Timiskaming Depression and -
on Anticosti Island, and post-Carboniferous movements
in parts of the Esqtiman Channel Area). There are .
also numerous indicatj{)ns that the post-Ordovician
tensional structures were superimposed on older

structures, presumably also of tensional origin.

Therefore, with regard to ages, it 1is convenient to

divide the St. Lawrence Valley system structures into

two age groups (1) post-Ordovician structures

(i1) ancestral structures.

Evidence is equivocal as to whether the outer part/of

the Laured?ian Channel is underlain by a structure.

The hypothesis that it is underlain by a fracture zone

(of uncertain type), linking the Marginal Ri%t Segment Zone
with the Newfoundland Fracture Zone, 1is attractive in

the contexts of regional geology and symmetry considera-

tions of the St. Lawrence Valley system structures.

The Shield Segment' A grabens and the Marginal Segment Rift Zone

-

are connected. A conndttion between the Shield Segment B (Saguenay)

graben and the Marginal Segment Rift Zone is very probahle. Now, if

we assume that the Shield Segment grabens and the ﬂgrginal Segment

Rift Zone are parts of a single structure an interesting pattern emerges.

The pattern (Fig. 41)closely resembles the branching pattern of a large

AN |
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continental rift system such as the Rhine graben. The similarity of
patterns becomes complete if we include in the St. Lawrénce pattern
a branch structure along the outer part of the Laurentian Channel.
For this pattern, which at least in part is underlain by rift w
structures, the name St. Lawrence Rift system is proposed (Kumarapeli
and Saull 1966a). By analogy with large continental rift systems
(see Fig. 42), the trunk rift zone of the St., Lawrence system appears to
be the Marginal Segment Rift Zone along the St. Lawrence Valley and along
&he inner part of the Laurentian Channel (Fig. 41). 1In 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 Balkal regions.

If a comparison of the St. Lawrence Rift system with other .
large continental riifs is to be seen in correct perspective the
following points muséﬁbe taken into account. fhe St. Lawrence Rift \
system is an inactive structure except possibly for mild seismic
strain release. The present déy tectonic strééses in the St. Lawrence
Region appear te 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 maématism along it took place
in the Cretaceous (Monteregian magmatism). In contrast, the three

classical rift systems of the world are active systems characterized

by Cenozoic tectonism and volcanism (Beloussov 1969). \‘\

ﬂ .



Fig.41. The rift zones of the St.lawrence system.
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POSSIBLE RELATION TO A CRUSTAL UPWARP

o

Grabens are generally located in crestal regions of upwarps

(Cloos 1939). For example, small but well-defined grabens occur ,along

crests of some anticlines and In oval uplifts related to diapiric

4

s
intrusions of salt. Graben structures also occur along axes of up-

warped fold mountain belts (e.g. in the Appalachians; Bain 1957g and

along the crestal regions of mid-Oceanic rises (Heezen 1960).

- Similarly, large continental rift systems also traverse crustal R

swells or upwarps, many thousands of square kilometers in area.

For imstance, the northern- part of the East African Rift system
(somegimes calleg the Eritrean graben system) is set in a v%st crustal
swell about 2000 ka wide (Fig. 42B). It exposes a crysta e
Precambrian core which is surrounded by Mesozoic and younger sedi-
mentary-nocks., The central pargdof the ;pwarp forms a plateau at

an altitude of 2 to 3 km. The-éléiéude in the peripheral areas is )
Vabout 1 km. The maximum styuctural uplift of the Precambrian basement
is estimated at 5 km (Beloussov 1969). The upwarp is believed to have
formed in late Eocene, just before the grabens began to develop (Mohr
1961 in Beloussov 1969). Similag upwarps aldd form the habitats of
the East African Rift system proper, and of thé.%hine and Baikal Rift
system (Beloussov 1962, pp. 583-584). Largely as a result of thi;
distinctive asetting, the rims of many grabens aré higher than the
adjacent highlands. However, some-ggégens especially those at the

ends of rift systems (e.g. Gulf of Suez, Gulf of Aquaba, Roer and..
3 &

T
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- o
After Gaovse 1944 ‘ D
Q
Pig A2, Diapgram vt eating the similarity of grabon pat'crne (AYRhin graben
" (B)Fritrean graben (C)GL.Lawrense Rift cystem (I)Fracture paticrna in an oval
. nplift exparimen'ally produe | by 11.V.Gzovoidy, In (A) and ‘B) sy shown

.,., schematic structural contours of the kritrean and Rhenish upwarps. The Eritrean
graben is shown at nearly one-tenth and the St.Lawrence Rif{ system nearly one-

sixth the scale of the Rhine grab{en.
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® D ,
Ruhr Valley grabens) do not have elevated rims (Freund 1966, p. 330).
A crustal swell similar to those that form the habitats of
the classical rift systems cannot be discerned in the St. Lawrence
/ Region. 1If such a feaéure did exist during the early development of
the rift system, and has since beeﬁ lost by erosion, then by analogy
. with ;he situation 1in other areas, the crustal swell may have been ’
;::i) ﬁwaﬁelliptical in outline with the trunk rift zone along its long axis
and about a half of tbe crustal swell would haye been on the Shield
Region and the rest on what is now the Appalachian Region. There
are, in fact, some features of the Shield Region that are compatible
. with the concept of a deeply eroded crustal swell as specu%ated above.
1. The Shield Region has undergone exceptionally deep
erosion. Grenville rocks that formed in a catazonal

1

environment, possibly at depths of 15 to 20 km
2

(Wynne-Edwards 1972, p. 322), are now exposed. In
fact, the Grenville Province (which is almost co-
| extensive with the‘Shield Region) despitg being the \
youngest structural province of the Canadian Shield
| is the most deeply eroded. It is suggested that this

unusuariy deep erosion was probably linked with crustal

upwarflng in the St. Lawrence Region.

2. The deep drainage lines (of the Shield Region) whicﬁ

- appear to be fracture controlled (see p.42) form a

P -
rather distinctive pattern resembling the lateral

v

. fracture pattern that develops on an oval uplift

o

(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

safpe for considerable distances (Appendix II).

These features cgn be satisfactoy}ly explained

by assuming that the streams orig;nated as vigorous

consequent streams on lateral fracture zones gf the

north scarp of the trunk rift valley and theyiiéker

nextended (also along lateral Wracture zones) ahead

of the height of land by headward erosion.
What appear to be the resurrected parts of the eroded crustalﬁswell,
are the block mountains in the Parc des Laurentides, Adirondacks and
Madawaska Highlands areas. It is interesting to note that the
uplifted blocks in these areas are tilted away from their bordering
depressions giving the depressions elevated edges.

Apparently, the deep valleys were established and structure
adjusted in pre-Ordovician times (Ambrose 1964) and the deep erosion
of the Géenville Province to -the ;é;azone was complete about 800 m. y.
ago (Wynne Edwards, 1972, p. 322). Therefore, if a crustal swell did
exist, it may have been related to the ancestral structures (see p.194)
rather than to post—OrdoGician rifting. It 1is possible that the
presumably skeletal resurrections of the crustal swell in the Parc

g
des Laurentides, Adirondacks and Madawaska Highlands areas are related

to post-Ordovician rifting.
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THE PATTERN OF THE ST. LAWRENGE VALLEY SYSTEM

The classical rift systems produce rather distinctivé patterns
on continental plates. These patterns are remarkably similar, de-
monstrating perhaps, the similarity of mechanical factors related to
their formation. This similarity seenis to be virtually independent
of Q;e scale of the patterns. For .example, Figure 42 shows the
resemblance between the Eritrean and Rhinevgrabens, 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. Gzevsé@y
(in Beloussov 1962) on a model of an oval uplift (Fig. 42D). The
longitudin«t fractures are the first to form, followed by lateral
fractures. Where the uplift plunges, the longitudinal fracture system
splits into two branches. As seen from Figure 42C, the pattern of
the St. 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 Saguenay graben
and the posQ}ble fracturesvglong deep drainage lines of the Shield
Region (Fig. 43); th;\gain bifurcations of longitudinal fractures are
wepresented by thépsplitting 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 gystem

with the Ottawa and Champlain Valley faults resembles closely the

fracture pattern produced by Cloos (1939) by swelling and oval shaped
[
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42 7
\ / “5, Bcale in Wilematers

T2 70

N (9
Fig.44. ¥racture patlern experimentall¥?produced by €loos (1939)

by swelling angoval-shaped hot water 'bottle coated with moist clay
(upper dingram) compared with the fault pattern al the south end
of the St. Lawrence Valley.



Fig.45B. Experimental graben produced in a caxe of clay
arched over a balloon (after Hans Cloos 1232).

//../ B \
- - 5

Fig, 454, Wooden blocks {leating in waler o illustra'-s
the fornation of a rift valley and the consequent til'ing
of the marginal blocks (after Taber 1927).

204
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hot water bottle 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 casualiy related. ¢

- .  DIMENSIONS
| ’
Width
The rift zones pf the three classical areas are similar in
‘ width. Genergily, theiwidths range from about 35 to 60 km. These
ffavddths are of the same order of magnitude as the thickness of the
continental crust, a relationship also %:ggght out in the model
experiments of Cloos (1939). To explain this relationship,
Holmes (1964, p. 1061) advanced the simple theory that when the crust
is bent slowly, it generally cracks into pieces having average widtp
about the same as its own thickness. Because of the wedge shape of
the crustal blocks, however, the width at the surface would be some-
what greater than the thickness of the grust.
Taber's (1927) model of "floating blocks" (Fig. 45A) was
one of the earliést adopted for explaining the various features of
grabens. Despite its many drawbacks (see Freund 1966, p. 333) it .
is still widely used, especially by geophysicists (for example'
gee Girdler 1964, p. 720). Adopting this ﬁodel, Vening Meinesz
(1959, in Freund 1966, p. 333) computed that for a crust 35 km thick,

4

the surface width of a gfaben should be about 65 km.

——
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Table 11 shows the similarity of widths between some well

| known continental grabens and the various parts of the St. Lawrence\

| Rift system. ) . AN

|

Table I1: Widths of Continental Rifts

]
/

Rift Widths - km
— { NG
~
. Gulf of Aquaba . 50
L)
Dead Sea 35
Gulf of Suez ' 35
East African (common) - 30
\
Rhine R * 40
* J ”
" ) Baikal - 50 /

Ottawa graben

Lower Ottawa Valley 60
Upper Ottawa Valley 35
Nipissing graben " 30
Timiskaming graben ’ 30

) Saguenay graben 55

° Marginal Segment Rift Zone .
St. Lawrence Valley 307
Champlain Valley | 3517
Esquiman Channel P - 1507
‘ Data on the East African, Rhine and Baikal rifts are from Beloussov

(1969). - The parts of the St. Lawrence Rift gones listed in the
Table II vary in width. 1In general they are wider at ome end and

narrow gradually towards the other end. The values given are those
! of the ged-ial Zectians. The width o% the Margina §egment Rkt

Zone 18 uncertain.
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Length \

The exact lateral extent of the three classical rift zones is
imper{ectly known. Near the end of an individual graben, its main
faults usually split into several divergent smaller faults -~ the so-
called "splays". The graben structure itself becomes wider and
shallower and its topographic expression becomes indiftinct. The
rift faults may, however, continue beyond this area, for a considerable
distance before dyigg out. Even excluding such possible continuations,
the lateral extent of the large continental rift systems is impressive.
For example, the East African Rift system, the largest of the
continental rifts, extends from the Turkish-Syrian border on the north,
to 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 (Florensov 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 also 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
system are also poorly known. For example, it is not certain where
the Timiskaming graben faults terminate. They may continue several
tens of kilometers beyond the northern limit of the depression>(see
Lovell and Caine 1970;‘Parkinson\}962\,p. 95). Also, the Nipiggigg

graben‘faults appear to extend into the north channel of Lake Huron

(see p.147) but where they terminate is conjectural. The postulated
T
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branch structgfg along the outer part of the Laurentian Channel might
be continuous with the Newfoundland Ftacture Zone (see Le Pichon

and Fox 1971), which can be traced as far as the mid-Atlantic ridge.

Excluding these possible extensions, the St. Lawrence Rift system as

measured from the north end of the Timiskaming Depression to the

northeast end of the Esquiman Channel Area is about 2200 km 1long.
GEOMORPHIC FEATURES

General Features

aQ
Topographically, the rift zones of the classical areas are

commonly reflected as deep broad valleys with steep edges. A chain
of lakes may sometimes occupy the valley £loor. The bottoms of sSome
of the lakes are well below sea level. For example, the bottom of
tLake Tanganyika is about 650 m below sea level. Elsewhere, the valley
floors for the most part are flat and are remarkably even. This
evenness is commonly due to sedimentation in formerly extensive lakes
masking 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
blocks, block mountains of various shapes and land forms of igneous
origin.

Compared with rift valleys of the three classical areas, those
of the St. Lawrence System are shallower and often poorly é%fined.

These differences can be attributed to a combination of long inactivity

and deeper erosion of the rift zones. Four large lakes: Timiskaming, |

BT -
) e
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Nipissing, Champlain and St. Jean occupy parts of the St. Lawrence
Valley system. The bottom of Lake Champlain lies about 100 m below.
sea=level;the other lakes have their bottoms slightly above sea-
level. Mention should be made here, that immediately after the
Wisconsin glaciation, much 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 tJ a lacustrine phase (mainly in
the St. Lawrence Valley) which also was short-lived (Elson 1969).
Large parts of the St. Lawrence and Lower Ottawa Valley floors
aré nearly flat plains that are partly a reflection of the near
horizontality of the bedrock strata and partly due to masking of
bedrock irregularities by Champlain Sea 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. Lawrence Yalley system:
asymmetrical longitudiﬁél ridges in the Upper Ottawa Valley (the
Muskrat, Doré, Eganville, Shamrock and Pakenham scarps; see p.
of this thesis); block mountains in the southwestern part of the
St. La wénce Valley and the adjacent areas of the Lower Ottawa Valley
(Oka and Rigaud Mountains, St. André Hills); hills related to igneous
intrusions in the southern part of the St. Lawrence Valley (Monteregian

i

Hills). ’ . .

Fault Line Scarps Sr
Fault line scarps, especlally those related to the boundary

faults of rift valleys, are perhaps the most impressive features of

o .
4 3
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rift valley scenery. Some of the scarps of the East African Rift ‘q\\

LY
h

Valleys are old and deeply dissected by erosion, but the more

recent ones are steep and sharply defined. A few are noted for their
height. For example, the Livingstone Mountains scarp, oﬁ the east
side of Laké Nyase is ;bout 2000 m in height (Dixey 1956,| p. 17)&\

More commonly, however, the scarps are not unusually high but yet:\

they appear as imposing features of the landscape because |of theirk
characteristic setting against the flat valley floors.

Fault ljnes scarps of great height are not associated wiéh the

IS
St. Lawrence Rift system. This feature also probably reflects the
long inactivity and deep erosion of the rift system. Some of the
scarps, although deeply dissected and rarely exc;eding 500 m in height,
are abrupt and appear linear for long distances on small scale maps.
Such are thé Coulonge and Grenville séarps on the north side of the
Lower and Uppe;kOttawa Valleys respectively (Figs. 46 & 47), and the
Laurentide scarp in the area of Pgrc des Laurentides massif (Fig. 48)
Other well-defined scarps are the St. Patrick scarp (Fig. 49) on the
south side of the Upper dttawa Valley and the Adirondack scarp, on

P L

the west side of the Champlain Valley and the Long Range scarp to the

southeast of the Esquiman Chann@l, Areg. e

Block Mountains

In places elevated fault blocks form block mountains within

. 4 \\q
rift valleys. The highest mountain of this tyﬂE is Ruwenzori*(5125 m),

h

which is by far the highest non-volcanic mountain in Africa. It odcurs

0




Fig.46. View of the Coulonge scarp, loeking north from
Chapeau (Allumette Island).

<

s

N
.
~ R e
Fig.47.iew of the "Grenv&i&le scarp at Fassett (about 5 km
. east of Montebello), looking north from Highway 17, °
% ,v/
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I'ig.48. View of the Laurentide scarp, looking northwest from

a - the southeast shore of the St.Lawrence River near Montmagny,
about, 56 km northeast of Quebec City.
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T Fig.49. View of the St.Patrick scarp, Looking southyest from
r .n T L Cormac about 5 km westZnorthwest of Lake Clear, 3
e o . o ’///‘/ N
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at the difurcation of the western Rift Valley and rises much higher

(about 4000 m) than any other feature in the general area. Other
block mountains of similar setting are Mt. Lebanon, the Danakil

Mts. in Ethiopia and Mt. Mebya in Tanzania.

Rigaud an& Oka ﬁ&&HEazhs at the southwest bifurcation of the Marginal
Segment Rift Zone appear to be block mountains of the type mentioned
abové. However, they stand only about 200 m ?bove the general level
of the valley floor.. Although they are dwarfed by the immensity of
the Ruwenzori massif, yet their tectonic setting and structure appear
to be quite similar ¢o those of the latter.

The acute angée between the two branches of a bifurcating rift
may also be occubied&ﬁ; a block meuntain (Brock 1966, p. 108).‘ An
example of this is the Sinai Peninsula. In the St. Lawrence Region,
the Adirondack Mountains and the Parc_des Laurentides massif appear
to be block mountains of this type:

Block Mountains also sometimes 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

characteristically superimposed on cratons. The East African Rift

o
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system 1s set chiefly in a vast shield area. The gross trend of the

rift system is N-S, and the Precambrian basement in the area is also

"
characterized by the same general trend. Despite this overall con-

\ formity of trends, notable discordancies between the strikes of the

\\ Precambrian rocks and of the rifts are observed when they are
consideréd in detail. Trend relations are essentiallylsimilar in
the Baikal region (ieloussov 1969, p. 543). The Rhine graben on the
other hand is discordantly superimposed on Paleozoic and Precambrian
structures. The gross trend of the graben is about 20° east of north,

<
but different parts of the graben trend north-northeast and northwest,
1

i
whereas the older 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 Baikal 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 belt on the other,

2. 1in detail there are not;ble'discordancies between the
trends of the rift zones and those of older rocks; an
extreme example 1s the extension of the Timiskaming
graben across the Grenville-Superior boundary. ' '

With regard to tectonié¢ setting and trend relations, the Rhine

’ graben shows similarities to the Shield Segment grabens, rather than to

the St. Lawrence Rift system as a whole:
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1. the Rpine and the Shield Segment grabens are super-
impoéed on older pocks discordantly,

2. 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

Some of the points which arose from the 1965 UMC/UNESCO seminar

o
\ B

on the East African Rift system were as follows: |

1. The structyre of the rift system is highly complex and
variable along its length, so muéhrso, 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&mplex
type.

2. 1In 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, the rift faults diverge and broad

downwarped areas are customarily included in the rift

4

system (Baker 1965, p. 82; Pallister 1965, p. 87).
3. On the surface at least, noteworthy discontinuities are
apparent 1 the rift system (e.g. see Tertiary fault map

of Tanzania, Pallister 1965, p. 90). *
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In attempting to 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 St. Lawrence Rift system is

submerged, and the precise structure of these parts is poorly known.

Also some of .the parts that are not water—covered have not been studied

to the extent that theilr 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 downfauléihg. Even if a
relatively short segment of the rift system is considered, the structure
is 'variable along its length. For example, near Ottawa the structure
4f the Upper Ottawa Valley is a well-defined complex graben but near
ttawa the structure appears to degenerate into a single tilted—f
s block (compare Figs. 24 and 25). Where rift faults 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
¢

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 is similar to that of the three classical
rifts.

Structural Configuration of Grabens

(a) Transverse cgnfiéhration
. In the Bast African Rift system, grabens commonly have
| asymmetrical cross-sections. In fact, symmetrical, two-
‘ sided grabens of the type experimentally produced by
Cloos (1939) are relatively rare. In a number of cases

as in parts of Ethiopia, Kenya, Nyasa and other rifts,

Q
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(b)
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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 considerably
more than the other (Dixey 1965). In the Baikal

system too, Florensov (1965, 1969) emphasized the
structural asymmetry of grabens.

All the better known grabens of the St. Lawrence system
appear to hqxg asymmetrical cross-sections.

The only near-symmetrical structure is the Ottawa grabe;
between Ottawa and Pembroke. Extréﬁe structural
asymmetry 1s shown by the Timiskaming\graben. In the
neighbouring parts of the Ottawa and Nipissing grabens
a major fault seems to be present only on the north
side, the south side being controlled presumably by
hinge-faulting.

Longitudinal configuration

Structural subsidence along trains of grabemns that
constitﬁte large graben systems vary along their length.
Holmes (1964, p. 1065), has pointed out that at least
some parts of the East African Rift system consist of
cradle~shaped grabens (see Fig. 50) separated by
transverse "arches'". This is probably why a long rift

*
valley such as the Western Rift Valley of East Africa

1s accupied by a chain of lakes (Lakes Albert, Edward,

Kivu and Tanganiyaka) instead of one long lake.
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The’St. Lawrence Rift system also contains cradle-

shaped rifts. For example, ;he‘Marginal Segment Rift
Zone 1is cradle-shaped between the Beauharnoils axis and
the rise of the basement iILthe Quebec City area. The
Ottawa graben is also éradle—shaped, the deepest part
being around Ottawa. The Timiskaming, Nipissing,
Champlain and Saguenay grabens may also be cradle-

shaped with their deepest parts occupied by lakes,
although this cannot be demonstrated with any

certainty.

As Holmes (1964, p. 1065) has pointed out, the formation
of cradle-shaped grabens separated by transverse "arches"
is dictated by the spherical shape of the earth. The

top of a narrow strip of earth's crust on which a long
chain of grabens is superimposed, has the shape of an

arc of a circle. With continued subsidence, such a strip
would tend to settle towards the .corresponding chord.

But as the chord is 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
through the tfrunk rift zone of the St. Lawrence Rift system,

shows the wave-like configuration of the basement surface.
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Fig.50. Dlagram illucirating *he cencept of a cradle-shaped
graten, After Reloussov (196.2)

A'(c))lntemal structure of graben blocks

The complex grabens that make up large segments of the
classical rift zones commonly consist of combinations

of longitudinal tilted blocks and/or small grabens and
horsts. Similar structures characterize the St. Lawrence
rifts, at least where the internal structure of rift blocks
is known in sufficient detail. ‘An excellent example of a
complex graben consisting of a group of longitudinal

tilted blocks is the Ottawa graben between Ottawa and Pembroke
(Fig. 24). The Marginal Segment Rift Zone in the Champlain
Valley area consists of a combination of minor graben‘s

and horsts (Fig. 14). 1In the southern part of the

St. Lawrence.Valley and in parts of the up"per Ottawa Valley,

rift floors are broken into fault blocks of rhomboid

shape (Fig. 52E,F).
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Fi%.51. Wave-like surface of the basement along the &t,Lawrence Rift sys*em. Diagram adapted from
B.V.Sanford in Poole et al.{1970) e
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Q:raben Depths

L]

s

Because the grabens of the large rift zones are commonly cradle-
shaped longitudinally, and are asymmetrical transversely, variable
’ structural subsidence is involved. The maximum vertical displacement
’ of the East African and Rhine rifts is estimated to be about 3000 m
(Beloussov 1969, p. 539) and that of the Baikal rift system to be more
than 7000 m.
The amount of structural subsidence along the St. L;wrence Rift
system cannot be determined with any certainty because of deep erosion
of the rift system and the fact that there are not many places where
structuraf subsidence could be estimated. The iollowing pieces of
evidence are thought to give some idea of the magnitude of post-Ordovician
structural subsidence.
1. In the Ottawa graben, the maximum structural subsidence
of platformal rocks does not seem to exceed 500 m (see \
Fig. 22). Also, if it is assumed that (i) much of the Shield I 6
Region was once covered by Lower Paleozoic platformal rdcks and
(i1) no great lowerigg of the Grenville surface has taken
place since its exhumation (Ambrssé 1964), then the elevations
at which Lower Paleozoic outliers are preserved within the ’
grabens (e.g. Ottawa graben, see Fig. 24), when compared with
' -

the elevations of adjacent areas of the Shield Region, indicate

that thejtotal vertical movements does not exceed 500 m.



222
> . 2. In the Marginal Segment, the stratigraphy of platformal
rocks indicates that the regiongl slope of the Grenville
surface (during the deposition of the platform cover) was
6 . towards the Appalachian geosyncline. This slope, ath0ugh .
somewhat intexrupted by post-Ordovician faulting has not
been changed t® any great extent (see Figs. 11 & 17). 1In. )
fact the transverse structural asymmetry of the Marginal Segment
Rift Zone appears to be largely inherited from the configu-
ration prior to post-Ordovician rfft&ng,ofﬂthe basement surface
and of the platformal rocks. These features indicate that not “
more than a few hundred metres of structural subsidence can
- ‘be attributed to post-Ordovician movements. Thus, it appéars
| 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 determining(fhe

magnitude of movements related to these structures,

|
! :
’ Faults and Fault Patterns

| Faults that make up the classical rift systems (Freund 1966;

Beloussow 1969) are either vertical or dip steeply in the direction of

the downthrown side (i.e. normal faults). Reverse faults are rare, but
strike-slip faults have been recognized from several parts of the East

African Rift system (Freund 1966; Freund et al. 1970) notably along the

¢
e
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Dead Sea rift N(Quennell 1959). Lyongitudinal faults are the most pro-
minent. 'f‘hey ;;roduce step—like patterns on the sides-of grabens.
Transverse faults also have rather widespread occurrence. Faults often
hav:e'curved traces with the maximum throw about midway of their length.
An individual fault rai‘ely extends for more than a few tens of kilometers
.before being repiaced by another, usually in en echelon fashion.

The faults of the St. Lawrence Valley system, have been described
earlier in Chapters IV to XII unde}' the heading '"high-angle faults". The
close space association of normal faults, south- and east-dipping high-
angle reverse faults and low-angle thrust faults, along the south and
east\ sides of the Marginal Segment, can be explained in' term of the
marginal habitat of this zope 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 faults whose natyre .;md arrangement
are similar to those of the rift faults in the three classical areas.

Some prominen~t examples of fault patterns are shown in Figure 572. Strike~

glip 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 Saguenay graben (Philpotts 1965,
”p. 7, also see p.172 4f this thesis). It is not certain whether these

movements accompanied the rifting itself (see Freund 1966, p. 332), or

are due to response of pre—existingylga_ﬁlts— t;) stresses reiated to

orogeny in the}leavby Appalachi\an geosyncline. .

e
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Control of Rift Faults by Older Structural Lines

»

Dixey (1965:also, see Brock 1965) has pointed out tha; faults of
Ehe Eést African Rift system, wh%eh are Miocene and younger, frequently
foliow structural weaknesses"aétér;ihed by earlier faults (mainly
Precambrian) and téctonic trends, particularly where they lay in the
)

general direction of the later stress relief. Florensov (1966, p. 195)

notes that in the Baikqi Rift system too, ‘the Tertiary and later faults

are contrdIIEd\b¥\lé£SlEfoterozoic and Caledonian structfires.

In several ar;as‘AE\EFE\SLLKLawrence Rift system, there are
indicétions that the directions of rgft Taults were controlled by a
pre-existing fracture pattern, oriented prevalenily 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 on;Jof the other of
these two directions. Thé @arginal Segment Rift Zone, although nearly
north-south trending in the nortﬁéyn part of tﬁ} Champlain Valley, swings
gearly to a northeast direction in‘the southern part of the Champlain
Valley. Also, the Saguenay grabeh which trends nearly east-west between
the Marginal’Segﬁent Rift Zone'and Lac St. Jean, swings to a northwest
orientation westwards. The two east-west oriented segments in the Lower
Oéfawé Valley and in Anticosti Island area appear to play the, role of

4 I
links between_ northeast and mnorthwest oriented segments of the rift

system. The Nipissing graben does not fit into the above scheme of~

northeast and northwest oriented gegments linked by east-west oriented

*




4)

]

Fig.53, Diagram illustra-~ing the relafionslip tetwcen rif* ori=n*a*ion and the
degree of development of longituzinal faults, llote “ha- *he leongizudinal faul‘c

of the northwest trending Timiskaring graten (A) are strongly

the longitudinal faults of *he nearly east-west %rending Cttaw

Low  r Ottawa Valley arsa (P) are weakly daveloped.

dzsveloped whereacs

4 graben in the
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segments. It is oriented approximately east-west but does not play

the role of a 1ink. Its direction might have been dictated by older

O

¥

east-west faults, perhaps by an eastward extension of thé Murray Fault
system (see Church 1972, p. 355). A feature inherite; from northeast -
and northwest directional control of faults appears'to be that in rift
segments conforming to these directions, longitudinal faults are usually
well developed (e.g. Timiskaming Depression, also Upper Ottawa and

St. Lawrence Valleys), whereas in the segments that do not conform to
these directions, the longitudinal faults are weakly developed (Fig. 53),
and usually consist of relatively short en echelon faults (e.g. Nipissing

graben, Champlain Valley, Lower Ottawa Valley).
SEDIMENTARY-VOLCANIC FILL

The fault troughs of the classical rift zones are filled in varying »
degrees by clast%g,sediments and volcanics of Cenozoic age. In the
deeper parts of the fault troughs, the r#ft fill can be two to three
thousand meters thick (e.g. see Doebl 1970). In one section of
the Baikal Rift system, the thickness of sedimentary fill is estimated
to be 5000-6000 m (Floremnsov 1966, p. 173; 1969, p. 452).

The fault 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 psually less than 100 m thick. In the above respects, .
the St. Lawrence Rifts are similar to the 0slo graben (see Bederke 1966,

p. 213) and in both areas the lack of a Cenozoic sedimentary-volcanic
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fill is consistent with the long inactivity of the rifts.

i
{

IGNEQUS ACTIVITY
!\ - ’
Igneous Activity Associated with Continental Rifts

Many workers have noted the close association of volcanic 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 4n the litera-~
ture, and that the Cenozoic volcanism associated with the East African,
Rhine and Baikal rifts, is part of widespread phenomenon, and should R
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 depression
in Nigeria, in the Comore Islands and in some 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 scale of

volcanic phenomena and the scale of rift structures. For”é&ample,

the three classical rift systems, arranged in decgfasing order of size

\

*



and accompanying volcanic products are (i) the East African Rift system

(i1) the Baikal Rift system (iii) the Rhine graben. This type of
correlation does indicate some interrelationship between the size

of rift structures and the magnitude of the accompanying volcanism.

As has been suggestéd by several workers (Shackleton 1954;Bailey 1964;
Harris 1969; King 1970; Gass 1970), it is quite likely that doming or
regional uplift, accompanied by deep faulting and magmatism, are the
manifestations of a more fundamental process that originates in the
upper mantle. Deep faulting may'ﬁ% may not combiﬁe to form large rift =
systems. Accordingly, the developmeng of large scale volcanism inde-
pendent of rifts seems reasonable, and yet the association in space and
time of volcqpism with rift zones does not appear fortuitous.

One ;;ther outstanding characteristic of igneous activity
associated with the East African Rifts is the unusually large scale
development of alkaline plutonic and volcanic rocks often with foid-
bearing differentiates. -Petrochemically similar rocks are also asso-
ciated with the Rhine graben. The most common 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 restricted to the contifiental
environment. They are intimately assocliated with deep fault zones
related to crustal upwarps., The alkaline-carbonatite areas of the

East African and Rhine Rift zones are commonly characterized by



diatreme 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 fluidized s;;tems (Reynolds
1954) by high pressure gas movement and sudden release of constricted
gas. There is abundant evidence that the gas responsible is CO2
(Heinrich 1966, p. 296). Compared with igneous rocks of the East
African and Rhine rifts, those of the Baikal Rift are less alkaline.
They consist dominantly of nermal olivine basalts, andesite-basalts
and some moderately alkaline types (Florensov et al. 1968). Greatly
undersaturated felspathoid-bearing rocks which occur'not infrequently
in the East African and Rhine lava series, are unknown in the Baikal
region and carbonatite amd ultrabasic alkaline rocks seem to be
altogether absent (Florensov et al. 1968). v

Olivine basalts, both normal and mildly alkaline, alsc form
part of the volcanic products of the East African and Rhine Rifts.
Furthermore, large volumes of tholeiitic basalts also occur in the
East African system (Harris 1969; Gass 1970) but seem to be restrict;d
to the Red Sea area and the Afar depression. Harris (1969) points out
that the basalt type changes along the East Afr?can Rift system,

becoming more alkaline away from the Red Sea aréa. He also suggests
(,.'

that in areas of intense volcanism, as for example in the Afar triple

junction area, the basalt type tends to be less alkaline. Harris

(1969) attempts to explain the main differences in the basalt types

230
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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,

even in East Africa where a genetic link between rifts and igneous

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 actually not the case. 1t is true that

in the East African rift zones, some igneous centres are arranged along

longitudinal rift faults, but a majori%y of them seem to be controlled

by lateral fractures, some of which extend for long distances from

the rift zones. Thus, many of the igneous centres occur outsidé 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)

-and also where grabens terminate (e.g. in Bufumbira and eastern Galilee;

Freund 1966). The Rhine graben, too, is as&Bcefated witﬁ4latera1 voleanic

lines (Bederke 1966) and also has notable concentrations of igneous

activity at graben terminations. The above features show that areas

most conducive to magmatism formed outside the main grabens, on the




flanks of related upwarps, where the crustal plates have cracked, to
p;ovide open fisgures. Within the grabens igneous activity has
octurred mostly where structures bifurcate, terminate (usually by
splaying out) or intersect with other graben structures. Perhaps the
enormous weight of the subsiding rift blocks, keeps the boundary
faults tightly closed most of the time in most places (Holmes 1964,
p. 1951).

Time relations between igneous activity and evolution of
continental rifts are complex. In the East African Rifts, for instanc
the most intense phases of igneous 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 volcan
activity began there in the Pleistocene (Beloussov 1969). Also, there
are practically no signs of €enozoic volcanism in the southern parts
of the rift system. There, the youngest activity 1s represented by
the rocks of the Chilwa alkaline province of Late Jurassic and Early
Cretaceous 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 to be reckoned‘with is that whereas the three
latter rift zones are characterized by Cenozoic volcanism, no igneous
activify of this age is known in the St. Lawrence Region. Older

volcanics, of course, have much legs chance of survival.
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Igneous Products Associated with the St. Lawrence Rift System

(a) The Grenville dike swarm

This diabase (tholeiitic) dike swarm is about 650 km long

and has been discussed earlier (p.111). Its close asso-
clation with the Ottawa and Nipissing grabens is seen from
Figure 54. Despite some deviations, espectally in the Lower
Ottawa Valley area, the dike swarm and graben”gtructures show
a remarkable unity of trends and patterns. In the western
part of the Nipissing graben the dike pattern fans possibly
simulating the splay pattern of the structure. 1In the western
part of the Ottawa graben Ebere are indications that some

of the dikes change direction to conform with the Timiskaming
/graben trend. The precise ages of these dikes are uncertain.
The dikes are definitely post-Grenville and they are not
known to cut the Ordovician rocks of the Ottawa Valley area.
They are regarded as Hadrynian (See Fahrig 1972, p. 576).

The presence of diabase dike swarms in the crust is inter-
preted by most authors (e.g. Fahrig 1970, p. 134) as indicating
a tensional stress environment at the time of their emplace-
ment. In the Ottawa Valley - Nipissing Depression areas,

the near-parallelism and close space association of the

dike swarm with graben strdctures indicage that diking and
high-angle (mostly normal) faulting occurred under the same
stress regime. Whether some of the dikes were feeders for

flood-basalt eruptions is an interesting speculation.
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(b)

(c)

Frontenac Axis dikes -
In the Frontenac axis there are two sets of post-Grenville
diabase dikes that are parallel to faults of the St. Lawrence
Rift 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 (3lso of the Upper 6ttawa Valley).
Dikes from the Frontenac axis area have yielded K/Ar ages

between 400 to 450 m.y. (Park and Irving 1972).

Flood Basalts and Diabase Dike Swarms in the Belle Ig}e
area and in Northern Long Range Mountains

The Hadrynian diabase dike swarm in the northern Long Range
fountains (Pringle et al. 1971) and the presumably consan-
guineous dikes and flood basalts of the Belle Isle ar%f R
(Williams and Stevens 1969) have already been discussed

(see p.90 ). The flood basalts are transitional between
tholeiftic and alkaline 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

low in the stratigraphic sequences in the respective areas

C Y



J—

-,

(d)

236

;nd their spatial relationships to the St. Lawrence Rift
system on the one g:nd and to the Appalachian foldbelt ;n
the 6thef are similar except that the Tibbit Hill volcanics
are a little more in the geosyncline and hence are dfformed.
It is possiBly significant that the Tibbit Hill volcanics ,
occur just to 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 volcanics, 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.

Alkaline and Carbonatite Complexes and Related Minor Intrusions
Twenty central complexes and numerous dikes, sills and plugs

of alkaline and carbonatite rocks ranging in age from early
Cambrian to Early Cretaceous are known to occur in close
association with the St. z;wrence 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 petro-

graphic provinces; the Lake Nipissing and Monteregian

2
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LAKE NIPISSING AGE (about 565 m.y.) ‘ MONTEREGIAN AGE (about, |
© Alkaline-Carboratite Complex " © Alkaline Carbonatit
@ Alkaline Complex “ ® flkaline Complex
‘} Brent Crater . {:" +7 Area in which dikes,

. plugs are common
‘: Areas in which dikes are common

| Other age-dated dike

Data from Doig and Barton Jr.1968 and Doig 1970. For more detail
information on ages see Table III.

Fig.SS Distribution of post-Grenville alkaline rocks, carbonatites and explosion craters in the

Region.
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. o L o 238

~
¢

petrbgraphio\provinces./ In additiomr to these igne0ué)rocks

of Phanerozoic age, thére are other alkaline and carbodatite

a™ g

intrusions of Precambtrian age in the St, Lawrence Region.

These include the Meach Lake carbonatite bo&iesN(Hogarth 1966)
e . e

just north of Ottawa with K/Ar ages of about 920 %ﬁy.; alkaline-
: g ,

syenite pluﬁons ip the Mount Laurier area (Wynne—ﬁhwards et al.

- : ) ] e
1966, p. 25) about 100 km northeof the—tower Ottawa Valley,

Q -
with K/Ar ages ranging from 822 to 1005 m.y. (Doig and

Barton Jr. 1968); alkaline and Sarponatite intrusions in -

the Haliburton-Bancroft area’ (Chayes 1942) about 100 km

.

southwest of the Upper Ottawa Valley, with K/Artages ranging

from 900 to 1000 m.y. (MacIntyre et al. 1967). These intngsions o

*.

mig@; be connected with events that lead to the initiation of

13

‘the St. Lawrence Rift system (See Sutton 1969, 1970), although

this cannot be established with any Qgrtaiﬁ}tyv But the .

¢ [+]
younger intrusions mentioned earlier are probably related in

time and cause with rifting along the St. Lawrence Valley

<
«

system.

The alkaline rocks of the St. Lawrence Region closely resemble

the §ub-volcanic assemblages of the East African and Rhine Rift zones.

Rocks of all three areas are strongly alkaline. Distinctive rocks such’

A -

as carbonatite and kimberlite, characteristic of the East:African and

Rhine alkaline provinces, have their counterparts ip .the St. Lawrence

I
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- . o
Region. For‘instance, of the twenty centrai,complexes known from the
St. Lawrence Region, six éontain carb;natite. Kimberlite, is relatively
rére: thg only known occurrencés 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, 1s present abundantly as dikes in the western part of the
Monteregi&n province. K
The space relations between alkaline centres and graben struc-
tures of the St. Lawrence, East African and Rhine rift zones are also
similar in some respects. 1In the St. Lawrence Region‘only two of the
known alkaline centres (Baie-des-Moutons complex, Chétﬁam—Grenviile
complex) 3re located along a boundary fault of the rifts. Of the
intrusiv:centres that occur within the rift zones, the carbonatite
complexes in the Nipissing graben and the single known complex in the
Saguénay graben occur’where the respective graben structures begin
gpfaying out. The Rigaud and Chatham-Grenville stocks and the Monteregian
intrusions are largely localized at a major bifurcation of the St. Lawrence
} /

Rift system. The Monteregian line of intrusions extends across the

3
Marginal Segment Rift Zone and continues beyond the eastern limit of

bl

the rift zone for a considerable distance. Thus, the dispositfon of

the Monteregian line with respect to the rift zone is similar to that
. )
of the lateral v6lcanic lines in théf East African and Rhine setting«

[

lev L
r
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However, this line of intrusions may simply be set along the eastward
continuation 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
“

o

Region show a wide scatter of ages (Doig 1970), a feature which is
also characteristic of the East African situation (King 1970). The
wide ranges in ages of igneous activity probably indicate similarly
wide ra in ages of tectonic activity. The K/Ar ages of alkaline
rocks and carbonatites listed in Table III range from 580 m.y. to

90 m.y. Quantitatively (considering the number of central complexes,
dikes sills, plugs, brecc%a pipes and e;tent of hydrothermal altera-
tion) howeverf the bulk of the magmatic 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 includ{ng rocks of the Monteregian
province and the kimberlite dikes along the Timiskaming graben. Other
igneous products that are included in the latter group are the north-
west trending lamprophyre dike on Anticosti Island, with a K/Ar whole
rock age of 138 m.y. (Poole et al. 1970, p. 298) and the northeast
trending lamprophyre dikes in Not?e Dame Bay area, Newfoundland (Fig. 55)

with K7Ar ages (on biotite and hornblende) ranging frbom 115 to 144 m.y.

(wanless et al. 197, p. 114), although the Notre Dame Bay dikes are

-



TABLE III

<

K/Ar ages of post—Grehville alkaline rocks and

the St. Lawrence Rift system

carbonatites assofiated with

4

Age}

Area Detailed Lo- e
Code in Igneous Bodies cali%z)r;ier- 125 n
Fig. 55 enc g- y
6 Monteregian rocks 10 90-130 _n.a. n.a.
7 Lake Champlain dikes 13 120-150 n.a. n.a.
12 Notre Dame Bay Lamprophyre dikes - 115~-144 n.a.
10 Anticosti Island lamprophyre dikes - 138 n.a
2 Kirkland Lake kimberlite dike 29 151 n.a. n.a
"%
4 Buckingham dikes of mica peri-
dotite 21 275 1
»
3
3 East view carbonatite dike 21 320 n.a. n.a
8 Bon conseil syenite and mica-
pyroxenite body 9 428 20 3
5 Chatham~Grenville alkaline syenite .
stock 21 450 27 6
5 Rigaud alkaline syenite stock 21 450 22 7
~ Ste. Sophle alkaline gabbro dikes 9 520 3 2
9 St. Honoré carbonatite complex 35 564 4 3
1 Alkaline dikes near Brent cratler 23 558-576 n.a. n.a.
1 Manitou Island carbonate complex 27 565 4 2
11 Baie des Moutons alkaline syenite
stock 16 568 8 3

Data from Doig 1970 and Doig and Barton Jr. 1968 and other sources.
sample standard deviation for the number of age determinations n used to

compute the mean age.

. 4

n.a. - data not available.

d 1is the



located at a considerable distance from the rift system. These two

phases of magmatisﬁ are widespread in the St. Lawrence Region and
may reflect tectonic moveﬁents of a general nature along the rift
system. The other alkalfne intrusions have appeared at various inter-
mediate ages in different localities along the rift system and probably
are related to movements of a more localized nature.
(e) Explosion Craters
Explosion craters and diatreme breccia pipes&aracteristic
of 'the alkaline-carbonatite areas of the East African

and Rhiné<grabens have already been discussed. 1In the

S alkaline-carbonatite areas of the St. Lawrence Region,

also, high pressure gas movement creating fluidized systems
are indicated by the presence of numerous diatreme breccia
pipes, especially in the western part of the Monteregian
provinc¢e. 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 OEtawa,graben and A
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 is entrenched. All three have igneous
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rocks associated with them. Brent hag one dike-like mass

of olivine-normative alkaline trachyte, énd severél dikes

of lamprophyre (ocellar monchiquite) which are 'similar
petrochemically and in age (Currie 1971a) to the Lake
Nipissing alkaline rocks. The Charlevoix crater has hydro-
thermally-altered breccia some of which is similar to 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). Small
calcite-fluorite veins with galena and sphalerite presumably
related to the igneous rocks are also present nearby (Rondot
1968). K/Ar age determinations of the igneous material have
yielded ages in the range of 320 to 370 m.y. (Rondot 1971,
p. 5421). Currie (1972, p. 140) states that at Manifouagan
the pile of igneous material includes, from bottom to tép,
tuff breccia (suevite), alkaline basalt with ultrabasic
inclusions, recrystallised aphanitic doreite, fine-grained
doreite and coarse~grained doreite about 200 m thick. A
K/Ar age of 210 # 4 m.y. has been obtained from the igneous
material (Wolfe 1971). Shock metamorphic features have been
found in all three areas; the main ones being the presence of
maskelynite and shock lamellae in quartz indicating‘high
strain-rates and melting of quartz to lechatelierite indi-

cating high temperature effects (Short and Bunch 1968).

"
]
v
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The Brent and Charlevoix craters are located on major faults
of the St. Lawrence Rift system. The Manicouagan crater also appears
to be associated with a lateral fracture related to the rift system.
The ages of igneous rocks of the craters are within the span of time
(early Cambrian to Early Cr;taceous) of alkaline magmatism associated
with the rift sysiem. Also, the igneous rocks from the Brent crater
resemble the alkaline rocks and carbonatites of the Lake Nipissing
alkaline province with regard to age and petrochemistry. The above
relationships suggest that the craters are manifestations of volcanism
related to the St. Lawrence Rift system. Herver, the shock meta-
morphic features associated with the craters have been interpreted
by some in favour of a meteorite impact origin for them (Brent: Dence
1965, 1968; Dence et al. 1968. Charlevoix: Robertson 1968, Rondot 1969,
1970, 1971. Mancouagan: Beals et al. 1963, Dence 1965). The premise
on which this interpretation is based is that such features as shock
lamellae in quartz and the formation of maskelynite, require extremely
high shock pressures of several tens or even hundreds of kilobars
(see Horz 1968) and that such pressures are significantly outside the
domain of normal gé%logical processes (see French 1968). This premise,
however, is not accepted by all geologists (for example see Currie 1968,
1971b). “In this connection it may be poiﬁted out that the energy
expended during the 1883 volcanic explosion of Krakatao, Indonesia

has been estimated at not less than that could be liberated by 5,000 megaton
*




hydrogen bombs (Holmes 1964, p. 339). The above energy figure 18 much

larger than the yield aof underground nuclear explosions that have
produced shock met;%orphic effects comparable with natural examples.
Also, shock metamorphic features are present in some breccias and
adjacent rocks in the vicinity of some porphyry copper deposits
(Godwin 1973) and these must surely héve formed by some endogenetic
process. 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)

P

and others (McCall 1964; Snyder and Gerdemann 1965), based largely on
the fact that a considerable number of known explosion craters are
systematically related to earth structures and areas of well-known
igneous activity, should be given first preféerence 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,, geophysical characteristics of continental
. .

rifts are similar. They are usually characterized by negative Bouguer

gravity anomalies, above average heat flow, and shallow seismicity. 1In

the following sections the geophysical characteristics of the St. Lawrence

G



Rift system are compared with those of the three classical rift zones.

Gravity Anomalies

Bullard's (1936) gravity measurements in East Africa demonstrated,
for the first time, the presence of negative Bouguer anomalies over
the rift valleys of that region. Later surveys have revealed similar
anomalies over other rift valleys and it is now believed that these
anomalies are a characteristic feature of large continental rifts
(Girdler 1964). The maximum amplitude of the anomalies is about
50 milligals.
There is little agreement among students of graben problems
as to the cause of these negat«i'ye anomalies. Most workers attribute
the anomalies to the effect of thick accumulations of relatively low
density umconsolidated sediments that commonly occur in the fault-
troughs (e.g. s'ee Zorin 1966a). Others think that the gravity lows
cannot be fully explained this way (e.g. Mueller 1970, p. 31) and
seek additional 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-mantle mix (Florensov 1969).
The Bouguer anomaly map of the St. Lawrence Region:- (Bouguer
gravity anomaly map of Canada 1969) shows thaty umlike the rift zones

of the three classical areas, the St. Lawrence Rifts are not associated

o




with conspicuous Bouguer gravity lows. The only part of the St. Lawrence

rifts with discernible gravity lows (~n 20 milligals) is the Marginal
Segment Rift Zone alBB%/Champlain and St. Lawrence Valleys. These
gravity lows probably reflect downbowed platformal ftrata (Cambro-
Ordovician) whose basal formation (Potsdam) is a low demnsity (2.5)
sandstone. The Oslo graben is another rift, which according to the
Norwegian gravity map shows no gravity low (Thompson in Bederke 1966).
It is interesting to note that both the Oslo graben and St. Lawrence
Valley system have no noteworthy amounts of low density sedimentary
fillings. Thus, it seems reasonable to conclude that the absence of
conspicuous gravity lows over the St. Lawrence rifts is largely due :
to the lack of thick sedimentary fills in the fault troughs. However,
because of the long inactivity of the g;. Lawrence Rift system, if
any deep seated causes contributory to a negative gravity field did
exist originally, such causes could have largely disappeared with time.
Heat Flow

0f the three class?cal rifts, heat flow measurements are most
advanced in the Baikal. hMeasurements in the other two areas are
scanty but the indications are thag the heat flow characteristics of
all three rift zones are similar. 1In 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 to 2.6 HFU on the axis of the rift along the lake

7
~{ (Lubimova 1969).
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From the analysis of heat flow data by Horai and’ Simmons (1969),

ui(“appears that the average heat flow for the Appalachian Region
(1.32 HFU from 32 walues with a 0.38 stgndard deviation of mean) is:
somewhat higher than for the Canadian Shield (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
(Saull et al. 1962; and Crain 1967) and in the Ottawa Valley (Jessop °
and Judge 1971). The indications are that the heat flow in the \i
St. Lawrence rift zones is not different from that of the Shield Region
(also 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 differengg can also be explained as
a result of the long inactivity of the St., Lawrence Rift system.

Seismicity of Continental Grabens

The main continental seismic zonei of the world include the
Baikal and the East African Rift Zones (Miyamura 1969). The records
of the Baika% 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 Solonenég 1968b)
whethé; reckoned from the annually recorded number of earthquakes
or by their intensity, 1s higher than that of East Africa (see Wohlenberg 3
1970). The Rhine rift zone shows only mild seismicity (Hagle and

Wohlenberg, 1970).

o
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The earthquakes of the continental rift zones are shallow focus;
the depths of foci are commonly less than 40 km in East Africa
(Wohlenberg 1970) and Baikal (Treskov 1968),\and less than 25 km
in the Rhine (Ahorner 1970).

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 éssumptions (see
Garland 1971, pp. 87-91) and are not unequivocal. Balakina and
coworkers (1967) state that the Baikal region is characterized by
non-unifQrm horizontal "expansion', mainly normal to the rift zones,
and the East African rift zones are characterized by horizéntal
compression parallel and horizontal tension normal to the graben trends.
These inferred stresses are compatible with the,gg;erally accepted view
.of graben formation by tensional stresses. In the Rhine region, however,
the contemporary’ stress state appears to be different from the stress
regime under which crustal updoming and graben formation took place.

N

The focal mechanism studies indicate horizontal compressional stﬁgsses
0f regional extent 1n the area, the greatest principal stress direction
being northwest—southéast (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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1. The gross patterns of riftfzfructures and epicentres _
correspond fairly well espégiélly when plotted onosmall
scale maps.
2. The epicentre patterns spread dver wider areas than
the\rift‘zones themfelves. 6 .
3. Somé parts of the seismic zones have unusually great
accumulations of epicent;;s.
. % Some parts of the.rift zones are aseismic.
5. Some of the associated sei;mic zones cannot be correlated

with any known geological strqqfures” o

/

"Seismicity of the St. Lawrence Region

The St. Lawrence Region is seismically active. Five shocks of

magnitudes ranging from 5.9 to 7.2 have occurred in this region since
the turn of the century, and on the average about 20 minor shocks
(M = 2-5) per year were recorded during the period 1954 to 1959

(Smith 1964). 1In Table IV are listed shocks of M ) 5 that are known

-

to have occurred in the region. -
o -

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, 1973 and are discubsed in several papers (Smith

1966b) ; Hamilton 1966; S ith 1967; Miiﬂe 1967 Milne et al. 1970).
\-e'é N |

Epicentre naps for the'ﬁeriods 1534 to 1927 and 1928 to 1959 have been

n

-
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TABLE IV

Larger earthquakes in the St. Lawrence %egion. Data from Hodgson 1965

vand othedr sources

N

251

 Date Approximate Location of Epilcentre Estimated Magnitude
1638 St. Lawrence River near the mouth of the Saguenay 7
—T563 Near the.mouth of the Sagugnay 7.5 - 8
166; " Near the mouth of the Saguéhay ) 6.4 \
1732 At Montreal 7
1791 .St. Lawrence River near the mouth of the Saguenay 6.4
1816 ' Near Mbntqsgﬁ?ﬁ' 5.5 -5
1831 Two earthquakes of about equal intengity at
the mouth of the Saguenay : < 5.5 - 6
1860 Mouth of the Saguenay 6.5 -~ 7
1861 At Ottawa ‘ 5.5 - 6
1870 St. Lawrence River near the'm;uth of th; Saguenay 7
1897 Near Montreal (two earthquakes) 5 -6
1924 In the Upper Ottawa Valley , 6.1
1925 St. Lawrence Valley néar the mouthgdf the Saguenay 7 ‘
1929 Grand Banks, Newfoundland | 7.2
1935 Timiskaming Depression’ (at Tiﬁiskaming) 6.2
1944 At Cornwall, Ontario 5.91‘
01967 i Lower St. Lawrence River s;utheast of Sept Iles 5:§ 

Y
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published (S$mith 1962, p. 1966). The former map contains mostly non- "

instrumental data and is bound to be hiased by populationngi§tribution;

the latter which contains only instrumental data is reproduced in

Fig. 56.

This map is probably satisfactory for inferring broad seismo-

tectonic trends but is unsatisfacotry for detailed seismic-structural

]

correlations because of uncertainties (#* 20' of are) in epicentral

’

locations. ' Such uncertainties act to diffuse trends. Alsd included

in Figure 56 are the rift zones of the St. Lawrence system. An exami-

nation of the Figure shows the following seismo-tectonic patterns.

1.

When the number of epicentres and/or the size of shocks
are considered, the greater part by far of the seismicity

of the general region is closely associated with the

1

St. Lawrence Rift zones.

o - - '
There are two areas of marked epicentre concentrations: one

extending from Quebec City downstream te about Anticosti ¢

" Island and more or less straddling the Marginal Segment

Rift Zone, and the other extending across the south end of
the St. Lawrence Walley. These two zones willbe referred

to as Zones A and B\respectively.

* There is a minor, ratNer diffuse zone of epicentres along

the southeast part of the Appalachians. It will be referred
o) i

‘to as Zone\C.

pS
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° 3

(B

- 4. A closely grouped cluster of half a dozen or so epicentres
occurs at the mouth of the Laurentiarn Channel.

A

5. Two segments of the rift system are nearly aseismic. One
is between Zones A and B and tﬁq other is east of éone A
(except for the cluster of epicentres at the mouth of the
Laurentian‘Channel).~ N 7
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 é&picentres. This cluster of egg—
centres straddles the north boundary fault zone of the Marginal Segment
Rift Zone and 1s centered around the highly faulted area associated
with the Charlevoix cfater. It is also in an area of neotecfonic
movements (Frgst an&SLilly 1966; Vanf&ek and Hamilton 1972; Nyland 1973)

¢

and 1is characteri}@d by intense microearthquake activity (Leblanc et al.

1973). : b |
Zone B extends from the northern part of the Champlain Valley,

northwestwards acro;s the southern part of .the St. Lawreqpe Valley and

thence for another 300 km or so. In this‘:latter part, the seismic zone
*y

fans out to include the Shield Segment A (excluding the Nipissing graben)

and a large area of the Shield Region to the northeast. As seen from

Figure 56, there is a suggestion that, the Zone B extends south-eastwards
to include the cluster of epicentres (grouped with Zone C) just north

of Boston. Recently, several workers have commented on the possible

« 5
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significance of this so-called Ottawa-Bgston seismic zone (e.g. Leblanc
/

et al. 1973; Sbar and Sykes 1973). Five,possibly interrelated lineaments
lie along the Ottawa-Boston seismic zoné.

. 1. The Ottawa graben (also part of the Timiskaming graben)

and the east-west trending faults in Lhe southern part of

the St. Lawrence Valley. Thesé'latter faultg combine to

form a graben-like crustal sag (see Clark 1972, Fig. 18)

which may actually beg;he eastward contin;ation of the

Ottawa graben across the Marginal Segment Rift Zgne.’

The area over which the epicentre pattern fans out

(Fig. .56) is a part of the Shield Region where the pre-

valently northeast and northwest orféhted "regional

'

fracture pattern' is well developed (e.g. see Fig. 6).
This fracture pattern could conceivably control the
epicentre pattern, but nothing definitive can be said
because of the uncertainities of epicentre locations.

2. The Beauharnois axis (see Fig. 9).
'
3. The Monteregiéh line of intrusiens excluding Mt. Megantic.
4. The line of intrusions of the White Mountain Magma Series
(see Chapman 1968, p. 389).
" 5. The axis of ﬁhe New England Salient (of the Appalachian
" i ‘

foldbelt) which §§:£oincident with a transverse geosynclinal

trough that first appeared late in the Precambrian and persisted
¥ : ® ’ .



as a transverse trough throughout the evolution of the
N

Appalachian foldbelt (Cady 1969, p. 35).

. \
The Ottawa graben, the graben-like crustal gag across the

south end of the St. Lawrence Valley and the transverse geosynclinal
trough along the axis of the New England Salient, succeed odz another
along a 1inear zone (trending on the average S60°E) suggesting that
they may be aspects of a single continuous lineament. Tt is proposed
that during the early development of the St. Lawrence Rift system, the

ancestral Shi%éd Segment A extended across the southern part of the
St. Lawrence Valley and further southeast along the site now occupied

by the transverse geosynclinal trough coincident witﬁ the axis of the
New England S&lient. Reactivation of deep faults of the postulated

extension of Shield Segment A could have been mutually related to

I

magmatism of the Monteregian Province "proper" and of the White Mountain
Magma Series; contemporary stress release on some of the unhealed faults
may account for the extension of the seismic zone B towards Boston.

1

Recently, Diment et al. (1972) have suggested a connection between the

Ottawa-Boston seismic zone and the Kelvin seamount chain which Le Pichon

¥
and Fox (1971) have interpreted as a fossil transform fault - the Kelwin iy :

Fracture Zone (see Fig. 58). This transform fault 1s believed to have 7

formed during the early opening of the Atlantic Ocean in the Jurass&c, ¢

>

and Cretaceous (Uchypt et al. 19%0; Le Pichon and Fox 1971), a time
s

“
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.
périod which is roughly co&ncidéﬁt with the timing of the Monteregian
and White Mount%}n Magma Series. magmatism. Still 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 s;me small circle
about the centre of rotation for plate movements during the same
period. They suggest that the Seismic(zone is located along the
éontinental extension of the fracture zone and that the creation of
stresses in the area of the seismic zone may be due to a change in
th;?driving force of lithospheric plates at the present time. ' While
the scheme suggested by Sbar and Sykes (1973) could explain the build
up of contemporary stresses in the area of the seismic zone, the
tectonic fe§£ur9 to which the seisﬁicity appears to be rélated is the
St. Lawrence Rift system. The Kelvin Fracture Zone itself may be a
feature inherited from a l#ne of structural weakness created by a’
southeast extension of the Shield Segment A - New England Salient . axis
éectonic line. Similarly, the cluster of epicentres at the mouth of
the#y Laurentian Channel may be related to the Stb 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 3 part of which may belong
to the Ottawa-Zoston Seismic Zone), the largest single tectonic feature
to which_;hgwgéismicity of northeastern North America is spatially

v

relatfld is the St. Lawrence Rift system. 0
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Hodgsdh (1964) and later Woollard, (1969) recoéﬁized a seismic
trend to include Zones A and B of the St. Lawrencé Region and extending
southwestwards through Lakes Erie and Ontario to 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 spatiaily related to a zone of normal faulting. Sbar and Sykes
(1973) argue that the seismic trend is not, in fact, as continuous as 1t
appears on Woollard's epicentre maps (1969, Fig: 1) which~contain
both ?nstrumental and non-instrumental data mixed together.

In relation to other seismically active zones of the earth,
the St.. Lawrence Rift zones may be described as mildly active, an
expression which also appropriately describes the seismicity of the
Rhine and Oslo grabens. Nevertheléess the occasionai 1ar€e shocks
(M > 7) that are characteristic of the St. Lawrence Region, have no
known counterparts in the Rhine or 0slo Rift zones (Max < 6). In
comparison wiéh the seismic activity of the Baikal and East African
Rift zongs; f&e activity of the St. Lawrence Region is distinctly lower.
Also, the epicentral pattern of the St. Lawrence Region does not outline
the gr&és pattern of the rift zofles to the same degree as in the case
of the other éhree rift zones. Accurate depth determinations of the

Stv Lawrence Region earthquakes are lacking, but they appear to be
/ . ‘
N & ’
iy .

)
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shallow focus (v 25 /km, see Smith 1967), comparable with the depth

of focii of the other threg rift zones.

!
Seismicity and Contemporary Stresses of the St. Lawrence Region

In the preliminary paper on the St. Lawrence Rift system,
Kumarapeli and Saull (1966a) suggested that the seismic activity of
the St. Lawrence Region may be a manifesthtion of present tectonic
activity of the St. Lawrence Rift system. Since the writing of the
paper results from in situ stress measurements combined to a limited
extent with fault 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
stresé is large;’nearly horizontal and dominantly east to northeast
trending (Sbar and Syke} 1973). Voight (1969) was the first.to draw
atten:ion to this compréssive 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

1, >

Ahorner 1970). He further suggested that the large horizontal
gompressive stresses '(which also appearoto be present in Europe) might
be related to the mantle flow pattern that drives sea-floor spreading

as well as to glacio-isostatic rebound. Regardless of what the causes
i/ 4

of the large strtsses are their existenqpxééems sufficiently well

2 ]

established to warrant the conclusion that the seismicity 1s caused

»

~n
by the release of these stresses (Voight 1969) on unhealed faults.

L " s

%
",
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The close spatial association of the seismicity with the St. Lawrence
Rift system suggests that unhealed deep fauits in northeastern NoExh
\

America are mainly those of the St. Lawrence' Rift system.

P SUMMARY AND CONCLUSIONS

Tagie V gives in summary form 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 ky long. 1Its
length, although only about one third of the East African«
Rift system, is comparable 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 ,
Witﬁ.fhe common widths of grabens (35 to 60 km) of
th; classical rift zonmes. .
3. For convenience, rifting along the St. Lawrén;; system
can be assigned to two time phases (1) post-Ordovician
\ - (11) ancestral (Ordovician and earlier). Most og the ) %j
post-Ordovician rifting may ;avg taken place in the mid- ' N
Mesozoic and the ancestral rifting appears to have
begun sometimeK iln the lﬁrynian. i > ‘
* J

4. The classical rift zoneg have been active systems during

the Cenozoic Era. The East African and Baikal rifts

- o

—
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’ TABLE V. Comparison of some selected features of the rift systemsof fast Africa, the Bafkal, the Rhine and of the St. Lawrence.
‘ FEATURE o3
. COMPARED \ﬁ EAST AFRICAY RIFT SYSTEM BAIXAL RIFT SYSTEM RHINE GRABEN ST. LAWRENCE RIFT SYSTEM
» 7 Length in km 6500 2500 ‘ 300 > 2200
i . Corron widths 50 50 30 30-60
! of rifts
Tectonic Setting On crustal swell in Craton On crustal swell partly in craton and | On crustal swell in craton | On craton A crustal swell cannot
partly in foldbelt {Transbaikalian) buf be discerned in the area.
( the rift mainly on craton.
Gross Trend N-S conforms with the NE-SW conforms with the general trend | %-S Discordantly super- NE-SW  Conforms with the general
- general trend of the Pre- of the Precarmbrian structures vrposed on the Paleozaic trends of the Precambrian and -
. cambrian basement, 3 ' and Precarbrian structures { Paleozoic structures J
N Structure Complex grabens boundf for the most part by step faults 2nd en echelon fault zones. Cormonly Shield Segments uncderlain by complex
. # . asymmetrical in cross-section and cradle-shaped longitudinally  Vertical displacements up to grabens, structurally similar to
sgveral thousand metres, largest in the ® {kal (> 700 m) - grabens that make up the classical
- graben systems Magnitude of vertical
rove-entg not known. The Marginal
Seg-ent appears to be underliain by a
ri1ft zone which in places has graben-
l1ke cross section
Sedimentary- . Fault troughs partly filled with Cenozoic sediments and volcanics, which in the deeper parts of No Cenozoic volcanics Floors of
volcanic fi11 the troughs are several thousands of metres thick, thickest in the Bafkal, 2000 to 6000 m. the fault troughs covered only by &
- veneer of unconsolidated sediments
b v usually less than 100 m thick,
Associated Ig- 1ivine basalts normal Similar to the fgneous rocks associa- | Igneous rock assemblages Tholertiic dive swarms, minor fiood
h neous rocks and mildly alkaline; ted with the East African Rift similar to those of the basalts, atkaline complexes and
tholejftic basalts. Aisc System but greatly undersaturated East African Rift System. carbonatites.
plutonic and volcanic alkaline rocks and carbonatites
equivalents of ultra- are unknown. i
mafic,alkaline rocks
- and carbonatites
Geaphysical Rift zones comonly characterized by negative Bouguer anomalies {maxirum zbout 50 milligals), Appears to have no geophysical ex-
Characteristics above average heat flow and shallow focus seismicity. pression except for m11d shallow
¢ focus sefsmicity.
- .
Contemporary Horizontal tension normal and horizontal compression parraiel to Horizontal compressional Forizontal coqpressiomal stresses
stresses the rift zones. stresses of regional of regional extent with the greatest
- extent with the greatest principal stress direction east to
- prircipal stress direct- northeast.
* N - ion northwest-southeast
- 4., =~
o 7
- e
N . :
’ ' L4
\a )
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o
are zones of active rifting at the present time but
the contemporary tectonic stresses in the Rhine region
appear to ge horizontal compressional and evidently &
different from tectonic stresses under whicﬁ rifting took
place. Unlike the classical rift zones, the St. Lawrence
* ;ift system appears to have been an inactive rift during
the Cenozoic., Mild seismicity associat®d with the rift
gsystem is probably due to release (on unhealed rift faults)
of horizontal compressive stresses that are present over
" large parts of easte;n North America.
5. The pattern of the St. Lawrence Rift system resembles the'
branching patterns of the classical rift zones.
6. A crustal swell similar to those on thch the classical )
» rift zon;s are set cannot be discerned in the St. Lawrence
Region. However, certain features of the Shield Region
(e.g. deep erosibn, deeély entrenched drainage‘lines) are
.+~ compatible with the hyéothesis of a crustal swell that has
been deeply eroded. Such a cru;;al swell, if real was not
related to the post-Ordovician rifting but to the early
\ devé}obment of the ancestrgi rifts. The élock mountafﬁg
Ly

~— in the areas of Parc des Laurentides massif, Adirondack

Mountains and Madawaska Highland may represent skeletal -

.
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resurrections of parts of an old crustal swell, during

post-Ordovician rifting.

\With the exception of volcanic features, landforms that

are associated with classical rift ;ones have their
counterparts in the St. Lawrence Region. However, the

rift valley scenery of the St. Lawrence:Region is distinctly
less pronounced whether one considers positive or negative
landforms. This, as wel¥ as the absegce of 1andformsdof
volcanic origin, can be explained as a result of long
inactivity and deep erosion of the St. Lawrence Rift system.
Excepting the possible branch structure along the outer

part of tPe Laurentian Channel, lhe rest of the St. Lawrence
Rift system is set on craton. All three classical rift
éystems are also set o; cratons.

The gross trend of the St. Lawrénce system conforms with

the general tectonic trend of the craton on which the rifts
are superimposedt‘but when the trends are considered in
detail notab}e discordances are evident. The above trend
relati;;s are not unlike those of the East African Rift
system or of the Bailkal kift‘system. The Rhine graben is
discordantly superimposed on the older structures ¢f the
gggion: a.;iéugtio;~similar to that of the Shielg éegments

of the St. Lawrence Rift system.

L
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Almost all thé structural variants shown by rifts in the

three classical areas have their counterparts in the .

St. Lawrence Rift system. The post-Ordovician riftihg

dogf not seem to haveybrought about more than 500 m of ”
structural subsidencet whereas up to several kilometers ,
of “Cenozoic structural subsidence have taken place in the

classical areas. Greater structural subsidence may have

. taken place along the St. Lawrence Rift system, during the -

1.

12.

evolution of the ancestral structures, but the magnitude

of any such mqvements cannot be determined.

The fault troughs of the St.{Lawrence Rift systém have no
noteworthy zhickngsses of Cenozoic sediments whereas some
parts of the classical rift zones have a few kilometéés of
ﬁgdiment in them. The lack of sediment £111 in the

; , . . N

St. Lawrence fault troughs can be understood in terms of

their long inactivify and deep erosion. , L
Tholeiites and transitional types between tholefites and
alkaline basalts appear to have accompgnied early rifting . Q.
along the St. Lawrence Rift system., Later igneous products

have 4 .steep bilas towards being alkaline (e.g: alkaline- ‘

carbonatite c&mplexes of the Lake Nipiséing and Monteregian
1 & _ - ~

s

“provinces). Apart from the lack of large volumes of voleanics N

»

P

(this can be explained as resulting from long inactivity and

deep erosion of the gift system), the igneous products
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as;ociated with the St. Lawrence Rift system are typical
o% continental rift zones.

13. Whereas the rift zones in the three classical areas are
associated with conspicuous geophysical anomalies, no A
notable geophysiéal anomalies appear to be associdted .
with the St. Lawrence Rift system. The mild seismicity

s in the St. Lawrence Region appears to be unrelated to
‘ ¢
is compatible with the long inactivity of the St. Lawrence
Rift system. o

From the above, it can be #&gen that the similarities of the

2
\ ! -

St.|Lawrence Rift system to the rift systems in the threé\Elassical
areas are not restricted just to gross patterns but apply to a

whole range of criterid including geomorphic, structyral and magmalit,

E

1
|
|
|
J
|
|
rifting processes. The lack of geophysical anomalies , !
|
\
\
|
|
|
|
|
|
|
|
|
|
\
\
\
\

aspects.. There are differences, however, the main ones being the
lack of conspicuous geophysicgl anomalies and the absence of' large
volumes of»volcanig products atong the rift system. As already mentioned,
these d;fferences can be';nderstood"in terms of the long inactiyity anh
deep erosion of the rift system, but they aléo may partly be reﬂated

to the rift system's mode of origin thch‘will be discussed in

Chapter XV. ( C » ) /;| - -y



. Chapter XV: THE ST. LAWRENCE RIFT SYSTEM: GENERALIZATION{ -

AND' SPECULATIONS ON ITS AGE AND ORIGIN

Al

Ages of the St. Lawrence Rift System

' ]
As pointed out earlier (see p.194 ) it is convenient to divide

the St. Lawrence Rift structures into two age groups‘(i) éost—Ordbvician

structures and (ii) ancestral structures. While the évidence for

post-Ordovician rifting is conclusive, at leas% in the better known
_parts of the rift system,nconclusive evidence for ancestral rifting

is difficult to obtain. The following are the main lines of evidence \

for the earlier rifting.
1. The oacurrence of régional diabase dike syérms of Hadrynian

“

/ age, along the entire length of the Shield Segment A and *

in parts of the Esquiman Channel Area. In the latter area

‘.

dikes are associated with flood basalts.

»

2. The occurrence in widely separated parts of the St. Lawrence
' ¢

Valley system of alkaline-carbonatite compleﬁes (see Table III)

* A

and presumably related dikes, giving K/Ar ages near the
Hadrynian-Cambrian boundary.

3. The lithological and sedimentalogical characteristics of + ©
the basal arenites"%}iﬁps platformal sédquence (St. Lawrence
Valley: Lewis 1971~and ?.59 of this paper. Champlain
Valley: &isnet 19§I’%nd p. 76 of ' this paper. Esquiman
Channel Area: Clifford 1969 and p. 93 of this paper, Lower

(:dicate that

Ottawa Valley: Wiison 1946 and p.112 of this paper)

/_‘,4-‘*“""'1

4
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the arenites accumulated in fault-margined, graben-like
basins. The upper parts of these afenites are Cambrian
but the lower parts may be Hadrynién.
s In addition to the alkaline-carbonatite complexes with K/Ar
ages near the Hadrynian-Cambrian boundary, there are in the St. Lawrence
Reéibﬁ, older alkaline-carbonatite compleies 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 ded 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 s%annel Area. In the 1at£er area the
dike swarms are assoclated with flood basalts (Light House Cove
formation). These flood basalts appear to be remnants of once exten-
sive plateau basalt fields. The writer proposes that the emplacement
of these dike swarms, possibly accompanied by large scale flood basalt
eruptions, is related in time and cause wiéh‘early rifting along the
St. Lawrence Rift system. The Tibbit Hill volcanies mayiﬁlso be a
remnants of the early rift volcanics (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

» -
)
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K/Ar ages of about 805 m.y. (Pringle et al. 1971). The isotopic age
o

of the Grenville dike swarm (along Shield Segment A) is poorly known,

but has been quoted as 675 m.y. (Fahrig 1972, p. 576). The Tibbit

Hill volcdnics may be early Chmbrian or late Hadrynian (Cady 1969,

s .

*l
of the above diabase dike swarms and volcanic rocks may have continued

- R
p. 148). Tﬁus, the existingOgyidence indicates that the development

|
from approximately 800 m.y. ago Fo the beginning of the Phanerozoic.

D |
Such an age*;;;;;a'Ighﬁéfﬁé§S“n01~ﬁnusual**£or as Sutton (1972, |
p. 366) has pointed out that diabase dike swarms along rift systems
develop ;ver periods 0§W200 - 300 m.y., although this is

not established with certainty. The alkaline-carbonatite complexes:',7
with K/Ar ages of about 565 m.y. (see Table III and Fig. 55) and the
éomagmatic dike swarms appear to have been emplaced towards the end
of the period of diabase dikimg and basaltic™eruptions along the rift
system. Thus the indications are thag the St. LawreﬁcgoRift system
began about 800 m.y. ago. The Light House Cove lavas and Tibbit Hill
volcanics occur at or near the bases of the Appalachian stratigraphic
sequenceg. Therefore, in the areas where these volcanics occur,
rifting appeafs to have taken place before or about the time the j
geosynclinal fills began to accumulate.

It was suggested earlier that certailn features of the Shield

Region are compatible with the concept of a deeply eroded crustal
\ ] 7/
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swell which may ﬂave formed a; a prelude to the initiation of the
St. Lawrence Rift system (see pp. 197 to201 ). If such a crustal
swell did exist and did rupture, rapid erosion of 1its 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 rifts, before the early Paleozoic marine transgression.
In parts of the Marginal Segment Rift Zone, however, the platformal
sequence begins with coarse immature clastics. Examples of such
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 ). The Bateau formation is probably Hadrynfén because

‘it underlies the Light House Cove formation of probable Hadrynian

age, and as already mentioned earlier, the lower part of the Covey -
Hill formation may also be Hgdrynian (Hofmanp 1972, p. 4).

Recently, Rodgers (1972) has pointed out that along the western
Appalachian basement anticlinoria, the Appalachian miog:;synclinal
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 well back into the Hadrynian but always

post-Grenville. He states (p. 511) that »
Q

"the provenance of the clastic 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 well 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 orogenic cycle,
or at least by the later movements of that cycle".

The writer proposes that the clastic debris were derived
from the Shield Region (principally the Grenville Province) following
the domal uplift of the area during the early development of the
ancestral structures of the St. Lawrence Rift system. Inclusion of
these clastics as rift sediments implies that the deeper fault troughs
related to the ancestral structures occurred:to the east and south
of the Marginal Segment Rift Zone. Such a coqgiguration of the
ancestral structures 1s consistent in the context of the rift system's
origin as hypothesized in the section to follow.

ok

Origin of the St. Lawrence Rift System

There are two main aspects to the problem of origin of the
St. Lawrence Rift system. One is the question'pf the origin of large

rift systems in general, and the other is the close space and time
. ]
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assoclation of the St. Lawrence Rift ‘system with the Appalachian fcldbelt.




The first aspect of the problem has been extensively studied

relation to ofher large rifts (continental as well as oceanﬁei and
the résults of these studies are briefly discdssed in App;;dix VI.
! ) The second aspect which ig specifically related to tke 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.
Lawrence Rift system must provide a coherent rationale for the following
space and time relations between the rift system and the Appalachian
foldbglt. )
1. The Marginal Segment Rift Zone lies aiong the northwestern
edge of the foldbalt.
2. The Shield Segment A graben system extends into tpe
continental interior from the axis of a salient ~ the
New England Salient - of the foldbelt. (The Shield Segment B
graben wlich appears to be one of several lateral fractures
related to the St. Lawrence Rift system (see Fig. 43) 1is )
apparently not assoc;;;ed with any special feature of the
foldbelt).
3. The postulated branch of the rift system, along the outer

part of the Laurentian Channel extends from a reentrant

of the foldbelt.
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ﬁ. The first appearance of the ancestral strggtures of the
rift system and~the beginning of the Appalachian‘stfati—
graph}c sequence may be near contemporanous. The ancestrai
structures appear to have undergone reactivations during

A\ the evolution of the Appalachian foldbelt.

5. The greater part of the post-Ordovician structures of the
rift systgﬂimay haveﬁ?@rmed in the mid—Meso;pic after the
Appalachian geosyncline ceased to be a mobile bélt.

From the above, it can be seen that the rift system and the
foldhelt are intimately related in space. Furthermore, the evolution
of the ancestral structures of the rift system, appears to be related
in time with the geosynclinal evolution, These space and time relation-
ships suggest a causal relationship (see Saull 1967) indicating <that
not only the foldbelt but also the ancestral structures of the rift
system are products of geosynclinal évolution. If this were so, it
should be 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
already been discussed earl&er in Chapter II. Of these, Bird-Dewey Q
model (1970) and Chidester-Cady model (1972) were considered as
representative of the two main schools of thought. Although the

two models are fundamentally different, both suggest that the geo-

synclinal activity began, late in the Precambrian, when a rift system

'
¥

~



developed somewhere along the presént wite of the Appalachian eugeo-
synclinal belt, possibly just east and south of the edge of the
Cambro-Ordovician North American continent as interpreted by Rodgers
(1968, also see Fig. 4). The rift system which will hereafter be
referred to as the eo-Appalachi# rift system was set in a contihent
consisting of North America and Africa then joined together. The
rift later widened to form the Proto-Atlantic ,Qcean (Bird-Dewey model)
or a downwarped zone occupied by a broad inland sea similar to the
present Mediterranean with a dominantly sialic floor (Chidester-Cady
model). Whichever the case might be, the writer proposes that the
St. Lawrence Rift system can be understood as a feature inherited
from the eo-Appalachian rift system, whiéh with continued activity
led to the development of the Appalachian geosyncline.

The crustal upwarping and distension related to the formation
of the 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 block faulting of the
crustal plzfes on elther side of the main rift. To the north and
west of the rift, the block faulting extended as far as the pgesent

1imit of the Marginaf Segment. Much of this block-faulted terrain

was subsequently incorporated into the foldbelt except in the Marginal

)

éegment Rift Zone, where high-angle faults remained largely unhealed

and susceptible to later reactivation. The eo-Appalachianiiift

system may have contained two triple juncéions which formed over local

-
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Fig.57, Uap showing pocoible anlacopens :1::.ov}i1tm(l with the Appalachinn

and Ouachita foldbelts, 1. JShierld Segment. A p;r\abnn syctem 2y South New York
praben 3. Rough Creck graben 4, Wichila grabenl 5. larathon graben. Base map
from Wilson 1959.
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Fig.58. Possible fossil transform faults of the [srth A!lantic sea floor:

1. Newfoundland Fracture Zone 2. Kelvin F.Z. 3. Cape Fear F.Z2. 4. Bahama
F.Z. 5. Canary ¥.2. 6. Cape Verde F.Z. 7. Guinea F.Z. After LePichon ang
Fox (1971)
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mantle upwellings or umes of hot material (see Morgan 1972). An

arm of one of the triple junctions extended along the axis of the
New England Salient and thence across the squthern part of the

St. Lawrence Valley and(along the Shield Segment A (see Burké ana
Dewey 1973, pp. 420-421). This arm later became an aulacogen* and
the other two arms becamé parts of the geosyncline. This explains
the transverse trend of the Shield Segment A to the foldbelt and

the location of the former at a salient of the latter (see Fig. 57).
The second triple junction lay under the present site of the Gulf 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 the geosyncline, it survived the mountain building processes
as a relic fracture zone, just as the eastward extension of the
Shield Segment A graben system seems to have survived as an unhealed
fracture zone (seéx%.qse ). It is proposed that as a result of

tensional stresses related to the opening of the Atlantic Ocean in

the Mesozoic, the unhealed faults along the Marginal Segmenty—tire’

P

T

*Pnlike the "type' examples of aulacogens (Shatski 1946, 1947, 1955;

Nalivkin 1963) in the USSR (the subsurface Pachelma and Dmieper-Doneg,
aulacogens in the southeast part of the Russian platform), the Shield
Segment A graben system does not contain great thickness of sediments.

Neither is there any evidence that it developed into a wide intracratonic
downwarp and went through a mild compressional phase during later stages of
its evolution. However, it, has the basic characteristics of an aulacogen
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 did not develop into geosynclines are regarded as aulacogens
(Nalivkin 1963; Hoffman et al. 1973) then according to the genetic model

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 thesi;.

When the inifial break of the continfnts occurred in the
Mesozoic, the fracture zone along the outef part of the Laurentian
Channel led to the creation of a continehtal margin offset (see ’
Fig. 58). This continental margin offset in turn led to an offset
on the plate accretion axis (see Wilson 1965), i.e. a transform fauit.
As thelgtlantic Ocgan continued to open, th; residual inactive trace
of the transform faulﬁ‘became the Newfoundlana Fracture Zone (Le Pichon
and Fox 1971). The above genetic model takes into account all five
requirements mentioned earlier. According to the model, the ancestral
structure of the St. Lawrence Rift system originated as parts of the
eo-Appalachian rift system. Thus, the genetic relations are the same
whether one r;lates the Belle Isle and Tibbit Hill volcanics (p.235 )
to the gncestral structures of the St. Lawrence Rift system or to 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 )
which were interpreted as related to the development of the ?ncestral
structure. The model implies that the pattern of the St. Lawrence
Rift System is also largely inherited from the éattern of the

eo-Appalachian rift system. Also the sigmoid shape of foldbelt is

interpreted as a feature inherited from the branching pattern of the N
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.
eo—Appélachian rift system. It follows that the apéarent skewness ‘
of the Newfoundland arc witﬁr;éspect to the mainland arc (see p.25 )
also can be viewed as a feature inherited mainly from-the shape of

the eo-Appalachian Fift system. Mention should be made 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 Cal’qniferous ®
rocks from Newfoundland and 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 availlable paleomagnetic results cannot be
used to establish conclusively the hypothesis of a rotation of New-
foundland./’ﬁhey state that paleomagnetic data do not provide inde-
pendént evidence that rotatidn of Newfoundland has occurred.

Coarse immaturée clastics similar in age and lithology to those 9
that were interpreted as rift sediments of the eo-Appalachian system
(p.zeb ) also occur along the westerﬁ basement anticlinoria of the
central and southern Appaléchians (Rodgers 1972, p. 510). Also

volcanics similar in petrochemistry and age to the Belle Isle and

Tibbit Hill volcanics {which were interpreted as eo-Appalachian rift
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| volcanics) ocdcur further to the south (e.g. Catoctin izvas: éee
| C Reed, J.C., Jr. 1955, Reed and Morgap 1971, pp. 526-548, Stropg .
and Williams 1972, pp. 43-54) along the west side thé Appalachian
foldbelt. Thus, if rifting of a larger continent %e ’Fo'the ini-
tiation of the gepsynclinal cycle in the n;rthern‘Appaiachians, 1t‘
t.is probablg that .the rifting 5cccurre§ along the é; ire length of
9 the site now occupied by the foldbelt (see Rodgers §§Q2, p. S17).
Also, the tensional stresses that‘led to the opening of the Atléntic
. Oceaﬁ must have prevailled along thg entire length of the present
3 continental (North American) margin. Therefore, it follows that
rifts similar to the St. Lawrence Rift system are to be expected in
association with the central and southern Appalachians. Also ether fossil
1 .
» transform faults similar to the Newfoundland Fracture Zone can be
i expected in the North Atlantic, off the continental margin of North

America. No feature comparable to the Marginal §egment Rift Zone is

known from the central and southern Appalachians, but there 1is at . 7

4
x

least one prominent rift zone or aulacogen - the Rough Creek graben

(Fig. 57) - which like the Shield Segment A graben system, extends

from a salient of the foldbelt into the continental interior ' -
(Wilson 1959). A possible basement graben referred to by Wilson £1959)
as the §outh New York graben (Fig. 57), also %?pears to have space //JIA\\\
" relations (ﬁith respect to the Appalachian foldbelt) similar Eo that

of Shield Seément A. The orié%n of Kelvin Fracthg,ane? Cape Fear

- ~»",‘,: . 4;.( .
Fracture Zone and Bahama Fractdre Zone (Fig. 58) mayﬁﬂe sigilar to

. that of the Newfoundland Fracture Zone. - R “
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MAJOR CONTRIBUTIONS

Some of these contributions were anticipated in a joint paper

o

by Kumatgpell‘and Saull (1966a). The others have been developed
independently, since then, except as noted in the body of the text,

where collaboration and prior work is acknowledged.

1. Evidence has been collected, 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 1is carved

t .
; T out mainly along rift zones. This work has led to new inter-
S ‘ pretations as grabens or graben-like forms for the structures

L]

along the St. Lawrence and Champlain Valleys, inner and middle

parts of the Laurentian Channel and “the Esquiman Channel Area.

Qo

The outer part of the Laurentian Channel has been interpreted
as carved out along a fracture zone of uncertain type.

2. A mega-structure - the St. Lawrence Rift system previously unknown

b °

in the form and ?xtent described in this paper, is Rroposed. A

hypothesis of 1ts origin is advanced. \

S

3., The St. Lawrence Rift system is compared and contrasted with

v

the continental rifts of the three classical areas, namely East

©

Africa, Rhine and the Baikal. The main differences of the

IS ) St. Lawrence Rift system are explained in terms of its long
/

inactivity and its mode of origin.
¢l

¢ 4, Some of th#® geomorphic peculiarities, such as the deep valleys

of the Shield Region and the unusually deep erosion of the v

»
J v m
. o & .



8.

9.

10.
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Grenville Province are interpreted as features inherited from

h s
deep erosion of a crustal swell in the. St. Lawren8e Region.

Ten gravity profiles across Logan's Line which extends along a

3

part of the east margin of the St. Lawrence Rift system have been b

$

compiled and their results are interpreted. N

One gravity profile across the Shield margin on the west side of

" the St. Lawrence &alley"has been compiled and the results‘;re .
interpreted (Kumarapeli and Sharma 1969).
The recurrent alkaline magmatism in the St. Lawience Region has
been interpreted as related to tectonic activity along the
St. Lawrence Rift system.

A seismotectonic scheme, that the mild seismicity of the St. Lawrence

Region is related to release of contemporary regional stresses on

1
A

the fractures relatﬁd to the St. Lawrence Rift system, is presented.
s4A geological basiy for the presence of explosion craters in the
St: Lawrence Region is proposed.

A hypothesis explaining the apparent skewness of Newfoundland with

respect to the mainland is advanced.
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. APPENDIX I: PHYSIOGRAPHIC CHARACTERISTICS OF

THE APPALACHIAN REGION

¢ 4
Physiographic Expression

Al

The physiography of the Appalachian Region (Goldthwait 1924,
Bostock 1970, King 1972a) is dominated by uplands - the Atlantic
Uplands - whose height above sea level variles from about 200 m to

bl

about 800 m. The Eflands consist largely of rolling terrain,
developed over relatively resistant rocks. Their continuity is
interrupted by belts and broad areas of lowland that are collectively
referred to as the Carboniferous~Triassic Lowlands. These lowlands

of bl

have developed on less resistant rocks. .

The surface of the Atlantic Uplands slopes gently to the
southeast. The higher northwestern part is characterized by prominent
mountain ranges: Long Range Mountains (altitude of the highest peak
814 m), Notré Dame Mountains (1268 m), Sutton Mountains (968 m) and ~ ”
Green Mountains (1130 m) (Fig. 1). Broadly viewed, these ranges
form a high rim that overlooks the adjacent St. Lawrence-Valléx
system deprgessions. 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; Twenhofel and

303

MacClintock 1940) recognized dissected and f&lted peneplains (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-
i thesis of cyclical erosion (Davis 18%9). Modern géomorphic‘;heory
(Hack 1960), however, considers that naturely dissected 1anﬁscapes
such as those of the Atlantic Uplands are esse;tial%y in a stéte of
! ' balance between the processes of erosion and éesistance of the
rocks. King (1972a) has recently suégested tgﬁl the uplands and
lowlands of the Appalachian Region developed progressively together
in response to a long and possibly continuous erosion cycle that had
ité beginning in the Jurassic Period. King (1972b) further spaculates
that the uplift which initiated this erosion cycle ‘might hive been
related to ramping (see Yogt 1970) of the continental margin, during
the initial stages of continental rifting that led to the opening
of the present Atlantic Ocean. Uplift was followed by subsidence
" and s$dimentation along the continental margin and the adjoining

ocean basin; the latter processes seem to have persiéted to at

least the end of the Tertiary Period (King 1972a).

e
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. ’ APPENDIX IT:

Y,
PHYSTOGRAPHIC CHARACTERISTICS e

OF THE SHIELD REGION

Physiographic Setting

&
The Cgnadian Shield is approxiﬁately elliptical in plan.

|

|

‘ : ¢

; Its morphology, considered in the broadest sense, has been described
as crudely saucer-shaped (Cooke 1947, p. 11), because in its central

part is a great depression - the Hudson Bay depression =-’outward

from which land generally rises in all directions to form a wide rim
33 % °

~

.of highlands. The Shield Region is in fhe southeasterh segment of 7
the highland rim. A major portion of the region 1s refe;red to as
"V the Laurentian Highlands (Bostock 1967). The part near the Atlant‘i
seaboard is known as the Mecatina Plateau (Bostock 1967). ' N

A large part of the high rim of the Canaddan Shield is fairly

uniform in elevation. Altitudes commonly vary between 200 m and

500 m. The rim 1is considerably higher in parts of the Shield Regilon,

P

where eiebations of 500 m to 1,000 m are common. The Shield margin
attains mountainous heights in northern Labrador- (2,000 m) and in

2 L i
Baffinland (2,500 m to 3,000 m).

< .

Topography o -

The Shield Region can be regarded as a composite plateau; much

of- its surface stands about 400 m above sea level. Within the
) . ” ‘
region, several areas with elevations systemaf?%ally higher than those

G

of the surrounding areas, cén be recognized. A large areﬁ'gt Bigher
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’ .
elevations lie between the Betsiamites arld Romain Rivers. Much of)
the surfacé in this area lies between 500 m and 1,000 above sea

1
level. To the northeast of this area, the Mecatina Plateau has

elevations of 500 m or less, and to the southwest, the elevations PRI

generally decline towards Georgian Bay but not without interruptions.
These interruptigns occur in the areas of the Parc des Laurentidéé’
massif (maximum elevation 1,166 m), Adigp&dack massif (1,659 m) s
and Madawaska Highlands (587 m). These three upstanding topographic.
masses are fault-block mountains and stand several hundreds of meters
above the general 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 mostly interpreted -

as fault-line scarps, 100 to 300 m high. The related fa&lts are
discussed in detail in Chapters IV through to XII. The scarps are
deeply dissected, §o much so that when the Shield Region ig viewed
frog within 'the St. Lawrence Valley system depressiong, it has a
mountalnous appearance, and in some places ruggedly ;ozt

Generally speaking, the surface of the Shield Region is Fhargc-
terized by low to mod;rately high rotky hilis and ridé;s, interspersed
with valleys and sundry-shaped depressions, the floors of which are
invariably mantled by glacial debris and often occupied by swamps and

lakes. Some of the valleys have remarkably linear or 2ig-zag courses

that range in length from a few kilometers to several tens of kilometers.

2
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The areas of higher elevations mentioned earlier aré deeply dissected
and are characterized by ruggéd topography. Relief of about 300 m

is common in these areas. The rest of the Shield Region ‘is less deeply
dissected, relief oa‘the average being about 100 m.

Drainage Characteristics

The présént drainage system of the Shield Region has been modified
to some extent by Pleistocene glaciatipn. A typical main drainage line
consists of a succession of lakes connected by stretches of fast water. |
The lakes fré merely expanses of quiet water impounded in valleys
by dams of glacial debris. Here agh there, however, deep and well-defined
valleys persist for 1%ng distances. Some of these valleys attain depths
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 riveﬁs Jacques-Cartier, Gouffré, Saguenay, Ste. Marguerite,
Betsiamites,‘ﬁanicouagan and Moisie. These valleys are more or less |
transverse to 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 theif lower ends, and beyond that for several kilometers

they commonly have a fairly uniform grade on reworked glactal sediments.

Above the graded section there is usually a stretch of narrow gorges or

canyons and at some’ point in the latter section the present river descends
‘o

abruﬁtly from the plateau 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 f111 in them. According go

¢  Ambrose (1964) not only the deep valleys but also the entire drainage
system of the Shield Region was established and structure-adjusted
in pre-Ordovician times and became reactivated when it was gradually
exhumed in relatively recent times.

A noteworthy feature of rivers in the deep valleys is that

thelr sources lie to the north of the present height of land but
the deep canyons enable them to flow southyards against the regional
slope. For afample, the Saguenay after héading in Lac St. Jean,
which is no more tham 100 m above sea level, crosses a plateau whose

o 3

’ altitude is about 350 m. The zig-zag course of this river across —

4
i

the high-plateau, ﬁowever, lies along what appears to be deeply

! eroded fault lines. The other rivers in deep valleys also have

| conspicuously linear 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 regional slope
in their upper courses, fascinated early workers (e.g. Wilson 1903;
Cooke 1929). A view commonly expressed by them, is that the rivers
in deep valleys are examples of antecedent drainage lines: original;?,
the rivers had established their southward flow as |consequent streams
and were able to maintain their course against a reyersal of regional

[

slope. This hypothesis calls for a state of rather|delicate balance



to exist for a long period of time, between the presumed rates of

reversal of the regional slope and of down-cutting of rivers, a
situlition perhaps unlikely or at most rare in ngture. Hence, this

view i1s now largely abandoned, although the wriéér knows of no alternate
view advanced to explain the origin of these unusual drainage lines.

}t is argued in Chapter XIV that the peculiarities of these drainage
lines were inherited by deep erosion of structures impressed on the
Shield Region during the initiation and development of the ancestral

structures of the St. Lawrence Rift system.

Views on Physiographic Evolution
v

Some workers have postulated upland erosiop surfaces in the
éhield Region (Dawson 1897; Wilson 1903, p. 630; Cooke 1947, p. 11;
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 (Crowl
1959, Parry 1962). Such correlations, however, seem untenable in the
light of later studies by Ambrose (1964). He has advanced the hypo-
thesis that the surface of the Shield Region is a.pre-Ordovician
paleoplain that has undergone little modification since its exhumation
after being buried under a Paleozoic platform cover. The principal
basis for this view is the presence of small outliers of Lower Paleozoic
*beds (Ordovician) in the Shield Region (Fig. 5). Few of these outliers
seem to occupy hollows of the paleo-surface (é.g. see Osborne l§37,

p. 9). Also in some places, Lower Paleozoic rocks extend as "tgngues"

~’ﬁ,

4



4

along valleys ght in the old surface (e.g. see.Osborne 1956, p. 159).
These criteria do support Ambrose's view (1964). Yet, the majority

of Lower Paleozo%c outliers including all the ones that are far
remoyed from present areas of extensive platform cover, appear to

be preserved as downfaulted 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 / .

GRAVITY STUDIES OVER LOGAN'S LINE

\ N

INTRODUCTION ;

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 Wi{iiam Logan (1863) who fiﬁ?tw
recognized it. 1In geological maps Lhis feature is usuaaly shown as
a continuous, east-dipping thrust fault that exFends from the north-
east end of Lake Champlain to the vicinity of Quebec City and beyond
(Fig. 9). However, outcrops indicating its position and nature are
exposed only/in Lake Champlain and Quebec City areas. In the former
area, Logan's Line is, in fact, a zone of thrust faults (Cla&k and
McGerrigle 1944, p. 396) dipping 20° towards the Appalachian fold-
belt. In Quebec City area too, it 1is an east-dipping thrust fault,
but the dip there ranges from 40° to 70° (Ells 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 stratigraphic anomalies and widesgread brecciated zones
(e.g. see Clark 1964a, p. 75). The gravity traverses discussed below
were carried out ‘across the presumed trace of Logan's Line in this
200 km section (Fig. 60) where neither its exact position nor its
fault\g;;m;gyy is known.

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

Logén's Line in the context of possible rifting along the St. Lawrence

. -
i ¢
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Valley and emphasized the problematic nature of structures included
in Logan's Line. They suggested the possibility that the scale of
thrusting postulated by some of the earlier workers may be exagge-
rated, implying that the thrust f#ults may steepen downwards and
extend into the Precambrian basement. The gravity studles were
undertaken (during the summers of 1966 and 1967) on the following
assumptions (i) the subsurface striicture of Logan's Line includes

a basement step, the downdrop b¢ing towards the St. Lawrence Valley
(i1) there is a significantly high density contrast between the
basement and cover rocks. However, contrary to assumption (i) above,
the concensus has grown in recent years, in support of gravity

" 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 intensely deformed sequence of shales and calcareous shales
with minor sandstone and limestone bands. An interruption in the
St. Germain complex oogurs in the St. Dominique area. There, an
elongate '"island like" block of relatively undeformed platformal
rocks emerges through the crumpled St. Germain rocks (Fig. 61). The .
traditional interpretation has been that %%ese platformal rocks

have been pushed up as a thrust slice — the St. Dominique slice
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(Clark 1947, p. 17) - duri;g the general westward thrusting along
Logign's Line. Recently, the writer suggested that the St,.
Dominique slice may have been pushed up by block uplift along high-
angle faults that are related to 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 repeat;d several times by faulting (Quebec Dept. Natural Resources,
open file) a situation supporting the thrust fault hypothesis.

The rocks on lﬁe east side (hanging-wall) of Logan's
Line are Cambro-Ordovician. They consist mainly of sandstones and
shales of the Sillery 8roup except in the southern part where gravity
traverses 1 and ZKafe located. There, the hanging-wall rocks are
a part of the Stanbridge complex (Clark and Eakins 1968), mainly
composed of pelites with minor limestone lenses,.and on the whole
not too different from the roeks on the foot-wall side.

Along the gravity 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/cm3. The variations in thickness of this low density material ~

is not known, but thickness up to about 30 m might be expected.
FIELD DATA COLLECTION

’ /
The gravity traverses were made along roads that cross Logan's
Line at or nearly at right angles (Fig. 60). The lengths of the

profiles varied from 5.6 to 18.9 km and the total length of the
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traverses is 106.8 km (Table VI). The station spacing was approximately \
244 m (Q?O ft), except in profile 8 where a 122 m (400 ft) station \\\
spacing was adopted. The gravity measurements qere carried out with
a Worden gravimeter and the elevations of stations were determined
by differential levelling using precision instruments. Drift of the
gravimeter wag checked every hour or so against a "floating' base
station established on each traverse.
Over 125 samples of rock, most of them weighing more than
300 g, were collected for density determinations. The samples were
taken from outcrops on or near the gravity traverses. A sampling
bias ?an be expected because rocks that have a higher resistance
to we;thering and erosion tend to outcrop more frequently than those
that are less resistant. Excepting for the Sillery group, in which

sandstone members appear to outcrop far more frequently than the shale

members, the sampling bias is probably not serious.
ROCK DENSITIES

Parasnis (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 1s unknown, Parasnis suggesteﬁ that the
saturated density is probably the best approximation to "field" -
density. The rocks in the survey area are mostly sediment®ry rocks.

In sedimentary rocks the difference between the dry and the saturated

density is often very significant. In the present study, densities
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were determined after the samples had been immersed in water for about
1 Qeek, using the following relation p = ﬁll(wl-wz) where p is the
density, V1 is the weight of the sample in air, Vo is the weight- of
the sample in water. A total of 104 density determinations 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 listed for each rock grouping in

Table XI. The mean density obtained for the Sillery group is probably
the least reliable. 1In addition to the sampling bias as already
discussed, the samples taken from the shale members were found to be
weathered, although every attempt was made to obtain samples as

fresh as possible. On both counts above, the mean density of the
Sillery group, as obtained from the density determinations, may be

on the low side.
GRAVITY FIELD DATA REDUCTION

The land surface along the traverses and in the nearby areas
is characterized by gentle slopes. The grades along the traverses
are commonly less than 17. The maximum grade encountered was about 47.
Accordingly, topographic corrections to the gravity 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/ecm3 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 Torva, a combined Free Air and

Bouguer correction of 0.1945 mgEis/m (0.060 mgals/ft) was applied to
every reading., On each profile, the '"observed" Bouguer gravity values
of stations were calculated relative to a "floating" base, to which

a gravity value of zero was assigned. The Bouguer gravity préfiles

along the 10 traverses are shown in Figs. 62 to 71.
DISCUSSION OF GRAVITY PROFILES

Profiles 1, 2 and 3

These three profiles are discussed together because they are
essentially similar (Figs. 62, 63, 64). Going from west to east,

all three profiles show negative horizontal gravity gradients:

L™

0.75 mgals/k?, 0.5 mgals/km and 0.3 @gals/km respectively. Just about
where the profiles cross the geoiogically inferred trace of Logan'gr
Line, the gradients change from the above values/to né;r zero 1n all
three cases. -An examination of the regional gravifyy map of the area

(Fig. 6b) shows that %the three profiles lie across an approkximately

north-south trending gravity trough between two gravity highs (A and

320 ,,

B in Fig. 60). The east-sloping linear segments of the gravity profiles

probably lie on the east flank of the gravity high A. The eastward

flattening of the sldges may be due to:

"

1) a gravity effect related to Logan's Line

4
ii) a change in the regional gravity trend reflecting

-

proximity to gravity high B

~ .

ii1) a cumulative effect of both (i) and (ii) above. .
s

<
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There is little basis for giving-.preference to any one of the three

. - “models given above., However om profile 3*, there is the suggestion ;
that the slope after flattening resumes its earlier value further to //
the east. Such a feature, if redl, indicates that the change in the //
gravity field on this profile may be explained using a "step model'' '
(Grant and West 1965, p. 282) whichbin tyofdimgnsiOnal gravity andlysis

is customarily used to represent a fault. Asguming that the above
synthesis is correct (persohal bias acknowledged!) for profile 3 and

also for profiles 1 and 2, the model (i) was adopted for interpretation
purposes. Of the three profiles, profile 1 shows the largest change

in the horizontal gravity gradient and this profile was selected for

detailed interpretation (see p. 337 ). . .

Profiles 4, 5 and 6

’

Thééétihree profiles lie not only across Légan's Line but also

t

. . !
across the entire width of St. Dominique slice. Their lecations with

respect to the regional gravity.picture (see Fig. 60) shows that the
profiles are on the west flank of the Green~Sutton Mouwntain gravity

high (B in Fig. 60) and as such they do have horizgntal gravity gradients
that are positive eastwards. On the average, the gradients are about

0.8 mgals/km, 1.1 mgals/km and 1.2 mgals/km, respectively. All three

*Profiles'1 and 2 had, to be stopped 2 to 3 km east of the inferred trace
of Logap s Line because the roads along which these traverses were
carrieq out changed direction. But it was possible to extend profile 3
for a distance of over 5 km east of Logan's Line.
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pfofiles show an eastward Increase in horizontal gradient just about

where they cross the inferred trace of Logan's Line, but soon settle
¢+ again at aboat their average gradients. The increase (in horizontal
gradient) ié barely noticeable on profile 6 and is{most conspicuous
on profile 4. This lattef profile’was selected fqr detalled analysis
“ ksee p.334 ). Over the St.‘Dominique slice, the profiles show small
but noticeable,gravity variations which are compatible with the
slightly higher density of rg)cks which makewup the St. Dominique
slice. Between stations 170 and 176 on pro%ile 4, gravity values

4
fluctuate rather sharply. In this section several relatively thin -

rock formations (of Beekmantown, Chazy and Black River groups; see ' ‘
Clark 1964b) succeed one anotﬁgr from west to east. The sharp fluctua-
tions of the gravigy field probably reflect the density differences of
these rock formations. Similar fluctuations, although‘expected on
prof}les 5 dand 6, were not recorded. : —
— Profile 7
Profile 7, like profiles 4, 5 and 6, is located on the west
flank of the Green-Sutton Mountain gravity 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 whége it crosses the inferred trace of Logan's
Line. Perhaps the very

trong regional makes it difficult to discern

a residual anomaly that might be present.

¥



Profile 8

This profile was complled with a station spacing of about
122 m (400 ft) i.e. about half that of the other profiles. The profile
shows sharp fluctuations of gravity values, superimposed on a general
gradie{t of about 0,25 mgals/km, positive eastwards. The sharp
fluctuations of values may reflect variations of oOverburden thickness
along the profile. The profile does cross several small river valleys
which may be filled with wedge-shaped masses of alluvium. It is not
at all clear whether this profile contains a gravity effect that can
be correlated with the inferred trace of Logan's 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 they
cross Logan's Ling: In both profiles there is a hint that the gradient
may become positive further eastmardsy,_lﬁ,ehiswbe—Tﬁﬁ?EEEE;ﬂgﬁ;r
gravity pattern indicated by the profiles is consistent with the
regional gravity pattern (see Fig. 60). 1In the case of these profiles
too (a; in profiles 1, 2 and 3;, it 1s 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 Logan's Line buE there is no indication on it that tbe gradient

resumes its earlier values.
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Fig.63. Bouguer gravity profile across Logan's Line. Traverse No. 2.
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’ INTERPRETATION

Profile 4 #

-

West of Logan's Line, profile 4 maintains a uniform horizontal
v, o » fu
gravity gp?dient of about 0.6 mgals/km for a distance of about 6 km.

»

This 11nea¥ segment of the profile was regarded as -representing the

s .
regional trend. This trend was approximated by a straight line

(g = 0.566x -, 5.071, see Fig. 65) and removed from the observed
gravity profile to give the residual anomaly shown fn Fig. 72.

Interpretation of the rgsidual anomaly was carried out.by

using a two-dimensional model of an east-dipping fault which can be
approximated by a semi-infinite block of aﬁomalous material of
ginite depth, truncated by a dipping plane. This semi-infinite block

v

has the following parameters.

Ul,W1 = horizontal and Gértical positions of the - ’ “‘5
po;nt ;fffﬁtersection of the bottom of the -
block wi;:b the dipping plane. R .
UZ’WZ = horizontal and vertical positions of the ingér—

section of the- top of the block with the dipping

lane. .
p e

Ap the density contrast.

Fitting of theoretical curves was done by non-linear optimization

Yy o
(Al-Chalabi 1970; Hjett 1973) using a digital computer., The programming

was done by Mr. A.K. Goodacre at the Earth Physics Branch, Ottawqfand
n g
» B
. .-the computations were run on the computer at the Earth Physics Branch.

- 3 5
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In coﬁputing sheoretical curves the positions of U2 and W2
were rgstricted to within 0.4 km of the location of Logan's Line,
as given in geological 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 *
* Y
as determined by density measurements. According to the values given

in Table XI, the density contrast between the foot-wall and hanging-

-

wall rocks, is about O.OA'g/cm3 and negative. A negative density
contrast, however, cannot explain the residual anomaly. Therefore,

Ap was allowed to vary through small positive values. The roQqt-mean-

square of the deviations between the observed and theoretical anomaly

r

curvesW(RMS in Table XII) was used as a measure of the best fit between .

.

the two curves. The minimum RMS value was 0.19480 and the corresponding

parameters of the semi-infindte .block are as follows (see also, Table XII).

¢

Thickness of the block = 4 km
-1 W1-Wo

Ul—U2

Dip of the truncated edge (fault) = tan E = 37.6°E

Ao = 0.0206 g/cm .

3

The parameter which is difficult to reconcile with field measurements
is the value of +0.0206 g/cm3 for Ap, which as determined from density

measurements on rock samples is -0.04 g/cm3. This latter value as .

> O

already discussed, may be on the low side, and as such it is possible

a

that the density of the Sillery group may be as high as 2.68 g/cm?.
‘ - Y

toy

[od
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It should be mentioned here that the gravity measureménts on
traverse 6 was used by Sharma (1968; also see Sharma and Geldart 1968)
for analysis of the Bouguer g:avity anomaly over Logan's Line. He used
a DB value of 2.0 g/cm3 and found that the Bouguer anomaly consists
of a trough and a ﬁéak simulating the grav{%y effect of a single
faulted bed (Geldart et al. 1966, p. 378). However, when a g value
of 2.65 g/cm3 is used, the anomaly as computed by Sharma disappears.
The latter value of pB is more realistic (V.A. Saull, pers. comm.)
in view of the density determinations as summarized in Table XI.
Profile 1

West of Logan's Line profile 1 maintains a uniform horizontal
gravity gradtent of about 0.75 mgals/km for a distance of about 7 km.
This trend was regarded as representing the regional. 1t was
approximated by a straight line (g = -0.7350 x +5.20) and sub-
© tracted from the observed gravity to give the residual anomaly shown
in Fig. 73. 0

Interpretation of thg residual anomaly was carried out as
with profile 4. For the best fit of the observed and theoretical
prqfiles the parameter%ﬁof the semi-infinite block }s as follows
b see also Table XIII). ‘

Thickness of the block = 3 km

< Dip of the truncated edge (fault) 57.7°E

Ap +0.0217 g/cm3

! |
’ — ) o
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Mgal E
1.50
1.01 . .
0.5k . .

Residual gravity anomaly—_ / .
(MOBS Table XIIL) ~—Computed gravity anomaly )
» ’ (MCOMP Table XIII)
R by ®
3 4 é'\/f’ \/ 8 g 10 1 12 13
1 ) 57.7° )
.-,, Stanbridge Slate
St. Germai

2l A ermain Complex
l bp = +.0217
W o3[ 0

(11, ,W,) -
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Fig.73. Interpretation of the residual gravity anoraly along traverse no.1fatﬁb§s
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The dip angle is higher than the observed value of about 20° inrthe
general area (Clark and McGerrigle 19441 p. 396) but falls within
the range of dips (400 to 70°) of Logan's Line faults observed in
Quebec City area.
CONCLUSTIONS

The majority of the gravity profiles show rather sharp changes
of the horizontal gravity gradient over logan's Line. * most of
the cases, however, it is far from certain as to what extent, if at
all, the changes a\*%caused by gravity 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 gravity anomalies. TIf the assumptions are correct,
the bulk density of the hanging wall rocks (Sillery, Stanbridge)
should be about 0.02 g/cm3 higher than thé bulk density of St. Germain

Complex. \

Y



TABLE VII
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Densities of rock s%mples from the St. Germain Complex

shale )

Semple No, Location Description SG in gm/cm3
1 Long. 72951', Lat. |[thinly bedded dark grey 2,67
45°39' approx. Orme |[shale
brook, St. Hyacinthe
area (Clark 1964b)
2 L " " thinly bedded dark grey .65
shale with some grey
sandstone
3 " " " light grey sandstone 2.58
4 " " " thinly bedded dark grey 2.69
shale 1
5 " n n n " ‘n " 2.67
6 " n 1 1 1 " i 2.66
7 Long. 72952', Lat. |[" " " " 2.67
45939 approx. Orme
brook, St. Hyacinthe
area (Clark 1964b)
i
8 " " " thinly bedded black shale 2.67
9 " " " thinly bedded dark grey 2.59
shale with some grey
sandstone
10 " 1 h] n H 1 " 2.66
11 Long. 72°51%', Lat. |[thinly bedded grey shale 857
45039' approx. with bands of light grey
Diamond Drill core [sandstone
from the Ste.-
Rosalie hole no. 2
(Clark 1964b, p.
129, samples
supplied by T.H,
Clark) :
12 " " " thinly bedded dark gre{' 2.67




TABLE VII continued

Sample No. Location X Description SG in gm/cm3
13 Long., 72°51%', Lat.| thinly bedded dark grey 2,67
45°39' approx. shale
Diamond Drill core
from the Ste.-
Rosalie hole no, 2
(Clark 1964b, p.
.1 129, samples
"1 supplied by T.H.
Clark)
/
14 " " " 1] " " 1" 2. 66
15 " 1 1 1t " 1" 1 2. 68
| 16 " " n grey sandstone 2.56
|
17 Long. 72°36', Lat. | black calcareous shale 2.68
45°52! approx.
Upton area (Clark
1964c)
18 1 n n ] " n 2. 69
19 " L] n 1" 1" " 2’ 6’7
20 " " " {'black shdly limestone 2,72
21 " " " black calcareous shale 2.67
22 1t 1t 1t n 1" i} 2. 68
23 1 t 1} " " " 2 . 68
< .
2A " 1t " " " 1] 2. 68
25 " n n 1 H 1 2. 67
26 " A u " n " 2.68

-7




Densities of rock samples from the St. Dominique Slice

~A TABLE VIII

ks

ISample No. Formation Description SG in gm/cm3
- 31 Beldens Formation light grey limestone 2.69 -
32 " oo tmedium grey, fine-grained 2.75
dolomite
. 33 " " light grey limestone 2,72
34 St. Dominique For- massive grey limestone 2,72
mation
35 " n " massive grey limestone 2.7
36 " " " grey crystalline lime- 2.73
stone
37 " " " fine-grained calcareous 2.56
sandstone
. 38 " " " fine-grained sandstone 2.53
39 Formations of the dark, fine-grained 2.7
.Black River Group fragmental limestone
40 ' " " dark, fine-grained lime- .72
- stone
41 " " " dark grey, shaly limestone 2.67
42 Formations of the dark grey limestone R.7h
Trenton Group
43 " " " black shaly limestone 2.71
!
44, " " " black limestone 2.72
45 n n " thinly bedded shaly 2.69
limestone
46 St. Germain omplex | slaty rock 2.66
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TABLE IX

4

Densities of rock samples from the Sillery Group

343

Sample No. Location Description SG in gm/cm3
51 Long. 72°46', lat, fine-grained greenish- 2.66
45°30%" Approx. St.| grey siltstone
Hyacinthe area
(Clark 1964b)
52 " " " coarse~grained grey .56
sandstone
Ve
/ 53 " " " medium-grained greenish- 2.61 ..
grey sub-greywacke
54 n n " n ] 1 2'60 \
55 1 1" n " 1 1" 2'62
56 " " L red slate R.67
5‘7 " 1 il " n 2.6’7
58 " " " red and green slate 2,68
/
59 " " " red slate with minor 2.69
x bands of green
60 Long. 72°£;6' , Lat. | medium~-grained greenish- 2.57
45932*% ‘approx. St. grey sandstone
Hystinthe area o
(Clark 1964b)
61 1 " " " 1" 1t 2.58
62 " ( " " medium-grained greenish- 2,61
Y % grey sub-greywacke
63 1 1 " " " - 2.60
64, " " " red slate - 2.66




TABLE IX continued

344

Sample No. Location Description SG in gm/cmd
65 Long. 72°20%' to medium-grained grey 2.59 -
72°21%', Lat. sandstone
46°00%" approx.
Aston area (Clark
1964a)
66 L H " " 1t n 2. 5‘7
| 67 " " " medium-grained reddish-~ 2,61
| Y, grey sub~-greywacke
| ¥
| 68 e " medium~grained grey 2.58
sandstone
69 Long.t.72°20%" to medium-grained reddish- 2.6
72021§¥J Lat. grey sub-greywacke .
460005' approx.
70 " " " grey sandstone 2,57
ok(’
71 mo " grey quartzite 2.56
' 72 Along Nicolet red slate 2.66
River between .
Route 9 and St.
Lawrence (Yamaska-
Astén Map area
(Clark 1964a)
’73 1 " 1 n 1t 2.66
T4 " " " red and grey slate 2.68
' &
;5 " Py " grey sandstone 2.57
-~
76 oo oo " red crumbly shale 2.64
77 " A " black slate 2.6/
78 " " " red slate 2.66
79 n " " reddish grey sandstone 2. 57
8 ‘
o |
\\
\
- \\
L 3
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TABLE IX continued
Q&
Sample No. Location Description SG in gm/cm3
80 Along Nicolet red agd grey slate 2,66
River between
Route 9 and St.
Lawrence (Yamaska-
Aston Map area
(Clark 1964a)
81 " " " black slate 2.66
82 " " " red and grey slate 2.67 '
83 " n " medium-graineé grey 2.58
sandstone
84 " " " medium-grained greenish- 2.57
grey sandstone
85 " n " coarse-grained grey 2.56
sandstone
4 »
86 " " " red and green slate 2.€8
87 " " n red slate ‘ 2.67
88 " " " dark, almost black, slate 2,64
89 n " n mediumggrained grey 2.57
; sandstoéne
/
‘90 Long. 71031', Lat. | medium-grained grey 2.56
46°37', From road-| sandstone
crop, traverse
no, 10
‘ L
91 " " " reddish-grey siltstone 2.63
92 n " n medium~-grained red brown 2.60
sandstone
93 " " " red slate 2.68
94 b n n n Hi 2 . 63
Y
95 " " " green slate \ 2.65
96 " n S red and green slate 2.65

]

==
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"I’ _ g TABLE X . ’

Densities of rock samples from the Stanbridge Complex

i

4
3

, Sample No. Location ‘ Descriﬁtion /SG in gm/cm3
: 101 ’ Long. 72°574', Lat.| dark grey, cleaved shale |  2.64
' 45°10! approx. (slate) ° |
102 " " wo | " " n 2,63 {
‘ N 03 " " wofo " " " 2,64,
| 104 v " ol " " 2.62
105 " " nof o " " m 2.66
106 L "o " black shaly limestone 2.70
107 ~» N " n " " " 2.71
108 " " " dark grey slate 2,67
109 " n " black slate .o 2.6@
110 Long. 72°58', Lat. | black slate -2,68
' 45011' approx. -
111 ", - " " black limestone 2.7
112 " " " black shaly limestone 2.70
ilB | " " black slate 2,64
114 " ‘ " " dark grey slate i 2.63
115 " " " black shaly limé;tone 2.70
' 116 v "’ | black slate 2.67
— )
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) TABLE XI
Rock Densities: Summary
. Sample ' _
No. of Mean Standard Standard
Classifications Rock Type (s) Samples - Density - Deviation error of mean
A _ ™ ) (o) (o/ /%)
L St. Germain Complex shales, calcareous 26 2.66 .039 .008
shale, minor sand- -
stone
St. Dominique Slice limestone, sancistone, 16 2.69 .062 .015 *
. shale
Sillery Group’ shale, sandstone 46 2.62 .044 .006
4’4 3 o -
Stanbridge Complex slate, nor lime- 16 2.67 .031 .008
Stﬂw‘ - ;’*a s . -
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TABLE XII. Computed data for semi-infinite block model, gravity
profile 4 across Logan's Line
MCOMP  RESIN  XCUORD
-.00732 ~v0rmo ® 01028 5.20000
.N0403} - ORIy 11397 5.42000°
000071 OUDBD Q-()OOI‘* 5071000
~.63R27 SNHL7N ~o 044997 5.98000
C L ANGYN AeLi? L 18791 6.20000 7
L1T7F10 R R ) e 14037 6.50000
OaTey LOwl « Y9906 675000
L1000 L0153 L0432/ 7.00000
11187 ANT965 203217 7.30000
L1037, NCHRTS «00H81 ‘ 7.55000
v - +0AT1O a0 LY \ 7.79000
19353 nleRTAR LN2675 7.95000
e ] 3R, o 106 % -+ 017376 8.20000
00457 A 7747 ~e 172295 R.49000
J1R6G] L2020 -0 1969 B.71000
.16195 L2R1AG =T 1909 9.235000
JOARTGA » 3o -i24256 9.40C00
-.220n9 230332 -e5R401 9.62000
9 75HA H1aA3 «0R2H 3 9.90000
«51534 cAhire -, 03578 0.10000
.R?Jég " -Q()).L)L-) T .0’317-’# 0035000
1.16504 L9 3RRN W 21016 10s60000
1.31739 10612 . 25151 10.8%000
‘1.%3307 1a174343 ¢ 39964 10.99000
1.660041 | or 40 . 20956 11420000
1,3710 1.3339a W 1511A 11444000
1.79113 1a5>~34y -. 062706 11498090
1.30FR%4R Len3577 i —e8729 12.20N00
1.354273 AU e -~ 30305 12.39000
RMS °
« 194840
gyl U2 wl w2 pHO REG
15.01R23 , e
9.R10487 T ’
. 4,01810. L e S E
.N0356 4 g . .
e PR6210 | %E s
~.79066 |
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TABLE XTII.

Computeé data for semi-infinite block moﬁel, gravity
profile 1 across Logan's Line

MOds  MCOMP  RESID  xCOO=D

-.22730
00c15
«N2L28
-01365
«DA8TS

° .N17590

-aN6715 .

...()C)?lts
e 156
-.05230
«07050
-« N06720
« 13165
-. 12165
s00710
«37185
« 54565
«H8500
«7033¢C
‘ .A7385
« 97620
1,54790
le?1450
1.25605%
le42230
1.57120
loqclz()o
1.65765

¢

RMS
.107093

uz ol Wz

Ul

3.90987

R NG1 25
248956

;i WN121%
.21680 ’

- 3TA6A

i
{

*

N

RHO

-+ 15500 ',
L lulipR
T 13365
- 120 3n
~. 10594
- 08043
"aO?ﬁ“L
".ODU'SQ
-« 03704
'-oolq\‘?l
D 1H9Y9
n0'+';“)7'
08803
L12928
Ll8688 7
26192
« 38845
59176
.81305
30519
T 1.080%0
10“5179
. 1833554,
1438230
1.43251
11“7‘360# N
Cl.543iL
1.60067

REG

“'-071%;‘;:
-14543
15805

013401 -

o 1~Sa<§gf,
«1079D
«003R6
00374
s 05269

’0037619,

. 05357
L02122
L06367

-.25093
~e 17Q7ﬂ

« 109293
« 13739
~« 00576
-o 11425
-~ 09134

S e 10uby

D661
‘-1210“
~. 126731
“‘00]021
’.Oggf}a

"L 01949

15754

3

[4

-

4.02000
4.29000

452000 -

4,79000
5.05000
5.30000
5,51000
5.71009
5.99000°
6.22000
6.50000
6.72000
6.99000
7.21000
746000

7.71000 -

7.990080
8.20009

. B8.48000

8.71000

T8.92000

9.94000
G.50000
9.63000
9.78000
9.92000

PO T

10.16000 ™ 77777

10;39000

.- X4



TABLE XIV

GRAVITY DATA LINE I

?350

Station No. Elevation (ft) Gravity.Value(mgals)
240 128,724 5.809
| 241 / 131.434 5,604
242 129.739 5.580 . !
243 127.984 5.321 | S
24, 135,974 5,130
245 13433 4.948
246 131.599 4,692 .
247 127.849 € 4ah32 [ \,LZ
T 126.214 J 42301 / i
249" 123,479 4,217
250 120.679 3. 876 .
251 118.484 3.580 .
252 © 120.539 T 3.481 AR
253 124.199 3.204
251, 115.77, 2.980
255 119.089. 2.398
256 120.424" 2.429
257 o vV 126,504 - 2.282 - |
258 127,819 2.073 .
259 126159 . Low
260 126.489 1.702 .
261 127.759 1.463 .
| 262 131.489 1386 e
263 Cusm., \ T, L9 |
264 160.979 0.956

e & L N

s ”~ . N



~ TABLE XIV¥ continued 351
D GRAVITY DATA LINE I
® -
\Station Ng. Elevation(ft) Gravity Value(mgals)
265 . 167.349 0.873
266 h ~ 179.499 0.708 |
. 267 ' ©1€8.029 0.574
4 v, ‘
268 ©L193.734 0.159
269 211,589 0.104
270 \ 214.549 , 0.285
T 271 , 184.354 0.233 -
; 272 167.959 0.145
" 273 163.039 0.051
| 274, : 156,654 0.052
‘ - 275 161,184 , . 0.000
1 ‘ 276 \ 1794994 ~0.178
- Corr - 174 384 -0.188
| _ . |
‘ V278 183,29/ -0.242
279 " 173,529 -0.186
280 179.99 -0.140
281 190.119 -0.325 X
| o am2 194969 ~0.399
1 | ‘
L) '
: .
! 3 ) R “ \
. ' , , >
e . L 3
. ?
a
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TABLE XIV continued

‘ GRAVITY DATA LINE 2 . f
Station No. Elevation(fi,) @ Gravity Value(mgals)
290 ' 133.469 4200
291 140.249 4.076
! 292 141,254 3.907
293 133.529 3056
29, 132.174 34519
. 295 | 132.489 3.%95
296 & 141,089 3.234
Q 297 137.;},19 : 3,107
298 135.129 T e
299 136.169 g 2.768 !
300 125,029 ¢ 2.759 F
" 301 136.169 2.509
302 ’ 145.209 2.236
o 150.099 2.099
- A T 2.038 _
5 305 T usae 1810
306 - 144,519 1.724 "
307 146,219 1.559
308 T ug.0s - “ L5y
j : 309 o \\,&“151‘.954 . ) 1.321 s
[ 310 T 149.289 1.077
311 g . 149.059 4 ) 0.872 '
] n2 L) 151,319 . 0me .
. 313 i§7.619 _ . o.641
. O “ - T em—
. o 3u 154,129 - /7 0.488 ]
Q. \v\; -
' P Y



TABLE XIV continued

GRAVITY DATA LINE 2

353

Gravity Value (mgals)

Station Nos Elevation ft)
L 315 169.954 0.306
o 316 162. 49 0.269
317 ’ 160.679 e 0.237
318 168,519 ~0.044
319 . 179.979 > ,o.ooo
320 209.134 ~0.294,
L o321 . 199.854 ~0.328
' 38 212.854 ~0.484
o 32 229.214 ~0.635
324 226434 ~0.675 °
' 325 225.81 ~0.670
326* e, 233.364 -0.733
357 224.314:-’ " 20,686
' 328 223,069 -0.766
.
) W’ .




TABLE XIV continued | . 354

GRAVITY DATA LINE 3

. )
Station No. i Elevatioﬁ}ft) . Gravity Value (mgals)’
330 ) ug.2rz 2,514 o
331 . 150.042 2.433
332 11492 2.388
333 . 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 T 1.872
339 183.032 1.751
340 ’ 187,182 1.668
341 o 190.432 ’ 1.581
2 ! 202.952 1.477
. 343 206.262 ‘ 138
344, 206.882 ' 1.303
345 221.432 . a.ue
346 233.0702 | ooy
347 L e _  o.ges
348 ‘!} : 256,857 ) 0.714
349 Lo, AT 0.652 i o
~ 350  "246.337 | 0.565 S
351 '}“12;6.337 " e
332 . . 21292 . o0
353 | ) 244,892 . 0.501
354, r‘ 241,632 0.464 7 .

»



TABLE XIV continued

355
. | " GRAVITY DATA LINE 3
Staion No. ‘ Elevation(ft) Gravity Value(mgals)
. 355 - 240.747 0. 544”
' 356 245,007 0.491
| 357 244,727 0.561
358 248.557 0.412 °
359 ‘ 247932 0.410
360 /g44.232 0,592
‘ 361+ 234,652 0.585
. 362 : 226,107 0.479
363 222,567 0.289
364 220,677 0.165
365 3 220,627 0.068
366 220.077 0.157
367 221,027 1 U -, 0.221
368 226,007 0.189
369 227,857 0.173
30 - 223.462 0.000 -
\ . .
/ [

.37,




TABLE XIV continued

. ! 356 ,
‘. WMHQMMLWBA °
Station No, Elevation(ft) Gravity Value(mgal)
160 . 116.401 -5.503
\ 161 116.231 ‘ 5,445 1
162 116.671 -5.172
163 /wllg.BOl 2,0 8L4
164 T 10,3 4475
165 12177 ~4,.261
166 126.231 L ~3.847
167 137.626 3,477
§ 168 154. 281 ‘ -3.357“
| 169 164,.361 ¢ -3.031
170 '190.506 -2.755 i
171 ~‘ 229.901 L -2.253
. \\\;72 ‘ 222.561 -2.617
;£73 228,161 .. i: 2,431
174 227.531 '—2.400 '
’ \ 175 < 233.681 -2.860 o , |
176 236.921 -2.146 s
177 . 228.756 -1.985
178 1 243,511 ~1.842
° 179, 251.381 -1.706
180 + / 252.57; Y1545 ’
. 181 i 24,776 ’ 1,431 .
' - 182 }x,(////i 235.221 | -1.059
. 183 . 232.426 ) "’ 0.922 s

£ 18, ’ 239,311 ~0,809 !



<t ° 1
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TABLE XIy continued

. "358
. » N GRAVITY DATA LINE 4 \
Station No., Elevation(ft) Gravity Value(mgals)
185 \\\ 248,506 2 ~-0.710
o $186 : 260,096 ~0.533
187 0 267.386 ~0.398
.18 26976 ~0.300
189 - 265.256 -0.123
) 190 264,.906 0.000
191 264, .4,96 0.034
192 g . 24,8426 0.341
193 243,156 0.522 ‘
194, 236.781 0.613
T 195 214,441 : 0.449 ‘
196 196.856 ' 1,210 |
‘ 197 190.236 | 1404 f
. 198 184.586 S {
199 178.171 : 1.917 1
: - |
200 . 172,711 | 2.37
201 0 167,051 - 2.68, ,
202 o 160,651 (2'.979' ,
. 203 - T 164.191 . - 3,005 -
R 204, ol 162,351 3188 .
o 205 I 156.;3}. N S
- .
o - 206 o 159.491 ( 3.480 S
_ ‘é, a7 . 157.5.01' " el 59 IR
e ’ . X > ~ S :
’ S .



TABLE XiV continued

: . 359
. GRAVITY DATA LINE 5 .
Station No. ___Blevation(ft) | Gravity Value(mgals) !
' 75 ° 111.102 _ -12.480 |
76 111.592 ~12.160 -
’ 77 112,322 ‘ 11,847
78 113.232 ) ~11:658
' 79 g ~11.504
, | 80 114,512 ~11.082
{ ’ 81 "115.182 -10.802
: LY
82 115.282 ~10.259
83 115.692 - 9.798 ,
T 84 - 116.632 - 9.422
85 117.872 - 9.048
86 - ‘ 118.772 " - 8.653
&7 o 19w - 8.415 i
) . 88 ' 121152 - 7.812
\ v 39 , 124,602 . - 7.362
90 144,172 S =03
91 ‘ 152.602 - _ 6.605 !
92.. & 158,062 - 6.350 -
o3 * 166,387 - 6.077
9 ‘ 171.64% S -s.819
95 178.577 " o - 5.478 .
' 96 ST 188.817 . - - 5.254
9o ‘ *198.872 - 5.04
98 , . R04.352 ) - 4.876
99 - \199.067 T - 4542
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> TABLE XIV continued ‘
. . ' GRAVITY DATA LINE 5 ’
Station No. Elevation(ft) - Gravity Vgue(mggls)
‘ 100 1197.332 T 4343
/ . 101 198.512 ~4.072 )
T L 201.212 v T -3.832
163 204,622 ~3.645
104, o 205.772 : ~3.450
105 210.652 -3.139
| 106 * 215,912 : -2.934
) 107 ; 213.5%2 s =2.839
108 215.732‘ ) ’ ' ~2.504 ~
109 ~ 218,932 _29“
u 110 ) 220.912 ~2.167
111 | ﬂ 228.702" - -1.982°
112 230.522 »1.685
113 U 240.982 © 1570
B ' 114 240,137 : 1328 -
‘ ! 115 ’ 240.102 R
7 ) ./ / 116 | 240.072 0,986
¢ / 117~  "238.652 -0.803
18 . ) 238.142 - -0.662
119 , 241,687 ~0.495
- 120 L0517 -0.268
. 121 238,267 L. 0.000
R I r L242.567?: o 0,230
. ' Rr: 25Q.99// . 0.495
- " ) % Y.
X " s/ . .
© - ' ¢ J ~ ¢ @ .



¢
. TABLE XIV continued

361
" . . . GRAVITY DATA LINE 5 , 'X( P
‘ ~ Station No, . Elevation(ft) Gravity Value(mgals) \
124, 266,782 0.633
‘ 125 | © . 273,967 0.809 .
126 . 273.297 oL
127 - 276,142 1.141 B
128 - 282,822 1.312 .
Low 2212 1413 .
. ’ 130 276412 1.61 - -
131 - 26‘60. 667 _. < "1.891
132 | 257,972 2.026 . ,
A 133 . 253.627 2.262
T ) 228,167 2.452
a.'; 135 v 215.762 2.538 ]
136 T 208,792 2.835
. 137 o 204,107 3.233
| o138 : . 194.987 © 3,417
139 : i8g.817 3,600
uo S 857 3.798 )
- U1 |182.066 - 4asy W
VER | 90.496 4553
S 43 T189.656 4.814 .
U4 L 188656 B
us 191.656 551 '
S 7 | 191.156 - 5,480
‘ ' K w7 . 193.576 6.004, |- - |
»' ‘i.,,‘ , — ug ‘ g ' 197.006 | 6.541 ) Lo
. ) € : ‘ .
o~ 0 \ ‘ 5 ¢ : y g



TABLE XIV continued

o oo

GRAVITY DATA LINE 5

Station No. o

n

149

150

151 | ¢

152 o
153

154

155

156

-

Elevation(ft) -

202,466

207..236

205.816 |

205,156
205,471
206,701
208,351

"211.086

3

o

PR - 2

N -
*y
- ¢ 'y
1 - -
"
~at,
4 , ° ¢
N
1.

Gravity Valgggmgals)
. g
. ,

6.704 .

7.021, 5 d
6.980 L
180 )
738 c
7.334 e
7.391 ... ‘
758y ol
. ;
\ ,

,/ﬂ.". Y . «O‘ik
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TABLE XIV comtinued

GRAVITY DATA LINE 6

é 363

L

13

Station No., Elevation(ft) . Gravity Value (mgals)
1 126,975 ~11.503
2 126.475 ~11.084
3 129.015 10.718
A 139.480 -10,.408
5 151,335 ~10.015
6 1@6.400 - 9.764
7 175.215 - 9.263
8 174,545 - 9.022
9 174,665 - 8.708
10 181.090 - 8.328
To1 189.900 - 7.949
12 193.545 - T.465
13 197.240 o 7.131
14 - 210.830 - 6.981
15 214,.350 - 6.647
6 220.730 - 6.349
17 229.970 - 6.059
18 - 228.010 - 5.806
19 231.030 - 5.358
20 v 232.740 - 5.107
21 _ 231.690 - 4.8%0
22 232.360 - 4662
23 234,100 - - 4.380
24, 238.910 ‘- 4.031
25 245,120 - 3.965 °

Al



‘ TABLE XIV continued . ' 364

. : ‘ GRAVITY DATA LINE 6 .
Station No. . Elevation(ft) (::ravitv Value (mgals)
B 26 255,720 -3.679
27 . 257,740 ~3.271
» 28 d 258,050 ) ~3,031 4
29 . 260,760 ~2.826
X 30 253,750 ~2.380
31 252,940 | -2.059 N
32 251.910 . -1.735 .
33 - 252.980 , -1.473
. 34 255.910 ~1,078
35 - 263.970 . -0.722
‘ 36 g 263 490 0474 g
) ‘ 3 - ‘ 284,.650 -0.319
38 . 280,770 _ 0,000
39 283,010 0.202
' 40 | 287.630 ¢ 0.553
~ e 41 o 280.036 | / 0.711
< 42 . 270.620 , 1.133 /
o - 43, | 284.230 1.087 °
bh - 273,420 : 1.463
45 o 1.884
46 ' 27.330 "2.127
47 243.130 ‘ 2.259
o 48 ' 230.420 S 2.528 )
49 - : | 229.160 el 2.596
50 © - 208,95 - 2,82 -
- < .
~ )




' ’ ‘ ‘ &

[

TABLE XIV- continued "o 385
| GRAVITY DATA LINE 6 o
Station No. \ . Elevat'io.n( £t Gravity Value(mgals)
51 206.546 3.189
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 4604 .
58 186.241 | _ 4811
59 : 187.242 _ 5.295 '
éo 186,822 S~ 5.458 : ‘
61 ' 189.302 5,675
Y. : 193,342 5.770 ‘
63 198.232 5.891
64 ~200.272 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 S 7799

v e
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TABLE XIV continued

GRAVITY DATA LINE 7

Elevation(ft) Gravity Value(mgals)

Station No.
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 N 260.00 0.000 1
216 253.395 L 0.584 '
217 =7 255.435 0.885
218 254,480 Lk,
219 252,485 2.179
220 251.685 : 2.646
221 252,485 3.203
222 253.005 3.721
223 253.085 4.39;- . |
224, 254,615 4.887 .
225 256.370 . 5.461
226 . B8N0 7 e
227 - " 260.060 *6.673
228 260,040 - 7.472
229 \\> 262,655 ’ 8.161
230 C 264.635 . 8.630
231 266.655 . N 9.669 ot
232 / 272,205 T 9.9
;233 273.365 ' 10.526



3

TABLE XIV continued

-3

L]

GRAVITY DATA LINE 8

\’Cs

Gravity Value(mgals)

Station No. Elevation(ft)

586 309.010 ~2.037
587 313.00 —1:525
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
59, 307.050 ~1.415

595 309.170 1,468
596 309.110 -1.326
597 306.580 ~1.306
598 g 307.110 21,242
599 309,330 -1.204
600 314.215 ~1.365
601 316.515 =0.997,
@g 316.065 -0.888
603 310.280 -0.792
604, 306.345 ~0.743
605 301.%525 -0.762
606 e 299.265 -0.793
607 301.325 -1.055
608 298.900 1000
609 299.595 -0.979
610 299.945 ' 0.801



/ 3/
TABLE XIV continued ¢ ’ 368
GRAVITY DATA LINE 8

Station No. Elevation (ft) Gravity Value (mgals)
611 300.675 -0.802
612 301.570 -0.802
613 302.285 -0.868
614 ’ 302.670 -0.782
615 303.575 -0.706
616 304. 200 -0.636
617 305,140 o -0.669
618 . 307.795 -0.769
619 309,945 -0.783 '
620 307.235 0.967 < 4 0
621 - 306.180 -0.963 '
622 306. 340 -1.111 .
623 306.830 -1.101 .
62/, 307.270 ’ ~1.159
625 ' 307.285 -1.176
626 306.945 ~1.165
627 306.945 ~1.648
628 307.330 0.671

" 629 o 307.485% -0.763
630 . , 368.6581‘ ~0.412
631 f‘; 310.415 , -0.119 ¢
632 ' 317.395 -0.012
633 : 317.165 " 0.073
634 313.195 : 0.000

635 » 31085 & . .=0:319

N4 e

- !

erile



e

TABLE XIV continued

GRAVITY DATA LINE &

\ Gravity Value(mgals)

Station No. Elevation(ft)
636 310.485 -0.483
637 310.925 -0.432
638 ‘ 311.190 ~0.417
639 312.485 -0. 382/
640 311.645 ~0.332
641 r W 315.105 ~0.270
64,2 31§.555 ~0.408
643 316,780 -0.29,
64/, '317.300 ~0.070
645 ' 325.,17.0 0.177
646 336.610 0.159
647 ) 336.640 € 0.236
648 328.385 0.253
649’ . 319.665" 0.176
850 317.7 0.256
"651, % 0.084
652 313.840 ~0.054
: [ -
’\;_4': )
7
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TABLE XIV cﬁntinued

370
‘ - GRAVITY DATA LINE 9
Station No. Elevation(ft) Gravity Value(mgals)
375 292.410 2.096 ]
. ’ . 376 295.335 1.982
377 298.265 1.803
378 3024635 1,675
379 308.715 1.630
380 307.640 1.360
R 316.275 1.503
382 319.270 1.50.
383 332.775 ' 1.370 i
384 339.880 1.149
385 337.550 * 1,051
386 338.610 0.944
387 343.680 ' 0.733
. 388 ' 347.375 0.840
389 354.795 0.695
i *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 .
39 { 371.590 | -o;8§9 \
, 397 377\715 \\\ -0.150
. “308 _)) 379.8%0 . -0.131
) 399 ©381.310 -0.126



1

\»

TABLE XIV continued

v

*

GRAVITY DATA LINE 9

3711

L 4

Station No. Elevation(ft) Gravity Value(mgals)
400 . 390.385 «0.109
401 404.30Q0 -0.354 /
402 400,240 -0,2834
403 401.530 =0.323 ,
404, 402,340 ~=0.266
405 u 403.310 -0.162 |
f'\—/""/\/ ' (
406 ’ 410.545 -0.083
407 416.485 -0.043 .
408 ) 424690 0.000
i /
' /
/
3 o v S e
- pal
~ . .
Q ! t
o



TABLE X1V continped .
- 372

GRAVITY DATA LINE 10 . ‘
« /

Station No. __ Elevation(st) Gravity Value(mgals)
410 . 192.400 -0.193
411 ’ 205.115 - -0.504
412 S 217.640 , - l -0.728
413 ‘ 223.010 -1.047
414 ‘ 223.970 / -1.264

. 415 o ©1230.970 -1.703
L6 238.605 —2.070 .
417 . 248.805 _2.420
418 - / 260,700 ~2.648
ao 266,545 2,839
420 273.235 -3.028
421 . 272.685 NP
422 - . 275.270 T 3,046
423 LT o -2.920
424, 282,875 o R%eh
425 : . ,R85.675 ~3.013
426 | 284445 - -3.19,
427 - a 280.490 -3.221
428 \ 275.650 - -5..294

" 429 o 270.980 . -3.313

430 202.190 ‘  -3.253
431 294.675 -3.030
432 o 314.380 X
433 - 312:905° ~2.762
434 30,990 . -2.861

-9 /



TABLE XIV continued

/

GRAVITY DATA LINE 10

373

/

Station No, Elevation(ft) Gravity Value (ngals)
435 310,760 | " -2.899 .

36 312.105 2.7,
437 R LTS Ly 2,759
438 350.490 ) -2.411
439 364.545 -2.849 °
440 370.490 -2.811
A 380.000 -2.760
4h2 392.835 -2.617
443 397.715 Y -2.670
" 403.720 -2.806
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APPENDIX IV >
A GRAVITY PROFILE ACROSS THE SHIELD MARGIN IN THE VICINITY
OF ST. JEROME, QUEBEC
(Also sée 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 en
) - v
\ echelon normal faults (Fig. 74). -The downthrown side of‘i:ese faults
‘ \ 1s to the southeast and in that direction the shield surface dips under
]
gj . the sedimentary cover of the St. Lawrence Platform. This cover consists

of n;arly flat-lyiflg Lower Paleozoic rocks, some 1500 to 3000 m thick,
and there is reason to believe that it may once have covered much

.

of tﬁf shield surfac%. The exhumation of the shield surface, in

the immediate yiéihity of the present Precambrian-Paleozoic boundary,_ -

must hawe ;;ken place in recent times.,

- - Th:{basal member of the platform succession is the Upper

-~ Cambriah Potsdam formation, which for.the mdét part is a crossbedéed

e sandstone. It outcrops next to the shield margin a few ki%ometers
southwest of St. Jérome (Fig. 74). Near St. Jérome, however, the plat-
formal rocks that abut against the shield margin are not Potsdam,
ubut belong to the Lower Ordovician Beekmantewn group, whose normal

stratigraphic position is immediately above the Potsdam. It is very

likely that the Potsdam formation in the St. Jérome area is faulged out,
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' Fig.7/,. Geologic map of St.Jérome area. After Houde and Clark 1961. :~
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. N
but thé\?qssgbility that it was never deposited there has not been

ruled out (0sborne and Clark 1960, p. 20). The gravity profile discussed
Q
below wag compiled in order to t&stythe above possibility and to estimate

the thickness of the Potsdam formation at the shield margin if the

G

Potsdam 1s indeed faulted out. ¢

GENERAL GEOLOGY

¥

The geology of the area of the gravity traverse has been des-
cribed by Osborne and Clark (1960). Precambrian rocks consist mainly

of a diverse group of gneisses that vary from granitic to gabbroic in

4
composition. Their foliation direction is commonly north-south. The

Beekmantown group rocks, are composed mainly of dolomite. Their dips

are to the southeast and average between 2° and 3°. The thickness

o

of the Beekmantown group in the area is believed to be around 900 ft
(275 m) (Osborne and Cla;k 1960, p. 20).

To a large extznt, bedrock along the gravity traverse is
mantled by a veneer of glacial deposits composed mainly of clay, *
sand, and gravel. Precambrian rocks outcrop only at the north end

of the traverse. There they consist of mafic schistose rocks that

»

are generally referred to as mangerite. ‘

N -

FIELD DATA COLLECTION

t

The gravity traverse was made algﬁg the Canadian Pacific
railway line and was 6.76 km long (Figs. 74, 75). The distance

between stations was app;oximately 250 m. The grdvity measurements™

3
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were done with a Worden gravimeter and the relative elevations of
stations were determined by precise ievelling. The total number of
stations was 28. The gravity readings were tied to a floating base

established on the traverse.
FIELD DATA REDUCTION

o Along the traverse variations of the tpickvess of overburden
are not known with any cert;}nty. The maximum thickness is probably
no mote than 10 m. In reducing gravity 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
upstanding masses in its vicinity. ETherefore, no topographic corrections
were deemeg necessary.

The material constituting the overburden in the area has an
average density of about 2 g/cm3. This value was originally used

X@s pB in reducing gravity field data (1972 submission of this thesis;
Kumarapeli and Sharma 1969). However, the densities of the various
rock types that underlie the area, are appreciably higher (V.A. Saull,
pers. gdmm.). The Py value used to calculate the Bouguer gravity
values given ip Table XV i 2.67 which is the average density of

granitic rogks. It is thought that the latter value of Py is a good

approximation of the mean density of the rocks in the area.
. f

DENSITIES USED

Ten Precambrian rock samples colle¢ted from the outcrop at the .

north end of the profile gave an average density of 2.82 g/dm3.u This

v
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'




A\

{ “
value was used as thﬁfdensity of Precambrian rocks along the profile.

s

The average density %alues for Potgdam sandstone and Beekmantown
dolomite were adopted from measurements made by earlier workers:
2.52 g/cm3 for Potsdam (Saxov 1956) and 2.71 g/cm3 for Begkmantown

-

(McDonald 1965).
THE GRAVITY ANOMALY

Figure 75 shows the Bouguer anomaly profile along the traverse
after making féee—air, Bouguer, and latitude corrections. To separate!
this anomaly profile into its probable regional and pesidual compo-
nents, the traditional ﬁethod of visual sﬁoothing was used. The
gravity profile 1s steepest over the area of the Precambrian-
Paleozoic boundary, and away from this contact zone the profile
flattens and seems to settle at a gradient of about 0.30 mgal/km
(Fig. 75). This gradient\was assumed as the slope of the regional
anomaly profile along the tradgrse (Fig. 75). It is possible thagr
the act;al gradient ig flatter than the one assumed above, but a
steeper gradient seems to be unlikely. The residual anomaly profile

A}

obtained by removing the regional as estimated above is shown in

Fig. 75. It 1s a typical gravity profile“across a faulted bed or\

a flat step of anomalous material.

1 -

: DISCUSSION

N

~

For the burpose of mathematical analysis, a faulted bed or a .

flat step of anomalous material can conveniently be approximated by*
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Fig.75. Bouguer gravity profile across the Shield margin in St.Jérome area. Traverse No. 12.
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a semi}infinite block. Geldart et al. (1966) have shown that the total
change gravity due to a semi-infinite block truncaged by a dipping
plane (rfpresenting a fault) at an arbitrary angle of inclination is

21Gpt, wlere G is the universal gravitational-constant, 0 the density
contrastfof the block from the surrounding medium, and t the thickness
of thg sqni-infinite block. From Fig. 75, the observed change in gravity

is about §.5 mgal. (This value is the same as the amplitude of the residual

I3

anomaly ofgtained using a q’of 2 g/cm3). If this anomaly is entirely

due to thefldensity differencemof about 0.11 g/cm3 between Precambrian
A

and Beekmaftown rocks, then the total thickness of the Beekmantown

group has be about 4000 ft (1220 m). But the total thickness of
the Beekmalltown &roup is known to be much smaller, being of the order
of 900 ft 275 m) or so (Osborne and Clark 1960, p. 20). Hence, the
large chagge 1in gravity cannot be explained by the densiéy difference
between the 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 obser%?d gravity. As shown in Fig. 76, ;}fa
layer of Potsdam 1s present below the Beekmantown, then assuming each
layer as a semi-infinite block, it can be shown that the total change
in gravity due to the combined effect of the two blocks is
ZTrG(pltl - pztz), where pl refers to the density contrast between

Precambrian and Beekmantown, Py the density contrast between Pre-

cambrian and Potsdam, tl and t2 thicknesses of Beekmantown and Poésdam



&

respectively. The measured value of pz is'f.32 g/cm3, and subst}tuting
this value of Py in the expression for the total change in gravity

"
due to two semi-infinite blocks and taking 01 = 0.11 and tl = 900 ft

(275 m), the value for the thickness of the Potsdam Formation comes

to be about 1050 ft (320 m). This value probably represents the minimum

thickness of Potsdam present, for if t@p actual regional gravity
gradient is less steep than the dne assumed in thzu:Zgional—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 to note
that a drill hole located about 15 km southeast of St. Jérome passed
throégh 1696 ft (517 m) of Potsdam without reaching the Grenville
basement (Clark 1952, p. 17).

The equation given by Geldart et al. (1966) was used to compute
the combined grgvity anomaly of two semi-infinite blocks representing
the Beekmantown Group and the Potsdam Formation. For the calculations,
the dip of the fault plane is takén as 60°, t; = 900 ft (275 m),

t, = 1050 ft (320 m), p; = 0.11 g/em3, p, = 0.32 g/cm3, and the over-
burden is taken to 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)

lations were also made with different values bf ty and t2, dip o tﬁe

i3 good except for small irregularities in the residual curve.\\galcu—
fault plane, and with slightly different values of Py and Pys b
the computed curve of Fig. 76 seems to give the best fit with the

observed data.
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For thé application of the sgmi-in%inite block formulae 1t 1is 2
necessary to assume that the top and/Eg;jom of each faulted block 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 rélief of 60 to 90 m (see Ambrose 1964,
p. 850). The upper surface of the Beekmantown on which the glacial
deposits rest may also be somewhat irregular and these irregularities
may give rise to significant variations of the overburden thickness.
Also, the 'fault' itself, instead of being a single break, may consist
of a major fault and several closely assoclated antithetic and synthetic
faults. The fault surfaces themselves may not be planar. Some of them
may be curved. The above possible departures in the actual and assumed
conditions may be contributory to 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 presenc% of a minimum of 1050 ft°6320 m) of Potsdam beds
below 900 ft (275 m) of Beekmantown rocks indicates that the shield
surface descends below the Lower Paleozoic ﬁlatform cover in a step ,
representing a drop of about 1950 ft (595 m) or more. This 1is evidently '
a feature related to faulting, not ‘only #cause of its a?ruptness and

’

large amplitude, but also because 1t transects the bedding and foliation -

directions of Precambrian rocks at a large angle (about 45°).



1

o " CONCLUSION

Near St. Jérome, Beekmantown rocks that abut against the margin
of the Precambrian Shield seems to 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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Station No.

560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587

ng\——— i

GRAVITY DATA LINE 12 J

Elevation (ft) Gravity Value (mgal)

. 211.805 -5.865
212.275 ~5.818
212.570 ~5.789
216.140 , -5.495
218.160 -5.370
220.050 -5.281
223420 . -4.951 | -
225.040 -4,785
225.140 © * ~4.613
225.120 ; -4.761
225.220 -4.530
226.900 -4.788
231.190 ~4.462
235.215 -4.524 .
239.085 : . =4.558
243.035 -4.293
2§§u295 -3.928
249.115 -2.538 '
249.335 -2.660
250.000 -1.554
255.730 0.000
261.000 -0.212
267.810 +0.223
276.640 +1.238
287.970 +1.664
306.790 ot +1.886
309.112 ' +2.183
312.560 +2.,288 )
wh
4 <
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. - APPENDIX V

\

HYPOTHESES ON THE ORIGIN OF THE

LAURENTIAN CHANNEL

Hypothesis of Spencer ~

Spencer (1890, 1903) was the first to propose a hypothesis
to explain the origin of the Laurentian Channel. He believed it to
have formed'along the continuation of Logan's Line by river erosion
foldpwed by drowniné. This view was later advocated by Upham (1894),
Goldthwait (1924) and Johnson (1925). Objections to this hypothesis
are: ’ o,
1. Logan's Line does not continue along the outer part of the
channel and hence cannot provide the necessary structural
£
. . control for this part of the channelcn
2. In the upriver continuation of the topographic low of the
Laurentian Cﬁannel i.e. in the St. Lawrence Valley, the
normal faulted structurally downbowed area clearly provides
the necessary structuré& control for the topographic low
(Chapter IV) and the association of Logan's Line seem inci-
dental. It 1is likely that the morphotectonic relations are
no different at least aldng 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 hés'many features indicative of glacial erosion.

. . ™

o



In view of the above objections Spencer's hypothesis is now

abandoned, although it qi& hardly be denied that river erosion has

played an important role in the development of the channel. y

Hypothesis of Gregory

-~
The. Grand Banks earthquake of 1929 (Hodgson 19302 which occurred

on the continental slope near the mouth of the channel, breaking the
Trans-Atlantic cables, stiéulated 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
faults, i.e. a rift valley injthe strictest sense. According to him,
the earthquake shock and cable breaks were caused by fault movements -,
related to further subsidence of the channel floor. Hodgson (1930),
Keith (1930) and Doxee (1948) advocated a similar ;rigin.

In interpreting 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 parallel fualts. This particular line of
Gregory's argument is perhaps his greatest contribution to the under-
standing of the channel's origin. However, other lines of Gregory's
argument are untenable in the light of latér work. For instance,
Heezen and Drake (1964) have shown that the Trans—Atlantic cables were
cut by turbidity‘currents triggered by the earthquake, and not by

fault-movements as Gregory suggested. Also, the view that the Laurentian

"Channel is a land form produced purely as a result of down-faulting is

387
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untenable in view of later studies Shepard (1931) and King and
]‘sLean (1970a) who have made a strong case for glgcial and fluvial
erosion along the channel. '

Hypothesis of Shepard s

Shepard in 1931 found clear evidence of glacial erosion (hang-
ing valleys, undulating channel floor with unconnectedldepressions etc.)
along the channel. He suggested that prior 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 some possible
fault control, Shepard's hypothesis advocates a largely erosional origin
for the channel.

Shepard's recognition that glacial erosion hés played a major
role in carving out the Laurentian Channel is a very important step
towards understanding its origin. Shepard emphasized that his hg?othesis
explains the origin of the channel's present morphology. In thi;
restricted scope, the hypothesis has been wholly substgntiated b; later
work EKing and thLgén 1970a). However, Shepard's hyquhesis is perhaps
inadequate to explain the channel's origin in a broader sense (see
pPp.179 to 189 ). Shepard's arguments against a large scale structural
control for the channel are no longer relevant because they were directed
specifically against Gregory's graben hypothesis which as discussed

earlier, is outmoded. It should also be pointed out here that both
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Shepard’s and Gregory's hypotheses on.the origin of the channel were
formﬁlated in the context of a broader problem: the o%igin of sub-
marine canyons. As a resulty both hypotheses are based to a certain
degree orf generalities which tend to ighore some of the unique features
of the chamnel, >

Gregory's structural hypothesis and Shggard's erosional hypo-
thesis represent a éharp polarization of views on the originm of the

N ' «

channel. This polarization has had a profound influenke onklater
thinking of the channel's origin. This is 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. éﬁ?@

Hypothesis of McNeil

McNeil (1956) suggested that the Channel was a fault controlled

river valley and that the valley was subsequently drowned arid
v s o

modified by furbidity currﬁpts to produg§ the present channel. Later i
work has failed to revealﬂfurbidities within the channel (Connolly
‘ggggl. 1967) suggesting the absence 6% turbidity currents, as guggested
by McNeil. The current that broke the Trans-Atlantic cables in'1929

4

may have originated on the continental slope.

o

)
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APPENDIX VI .
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ORIGIN OF CONTINENTAL RIFTS

i
N

4
There have been two schools of thoudht concerning the origin’

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 ten;ional forces (for example see Suess 1904; Gregory 1921).
{he second school considers that the floor of the graben is held down
between reverse faults that formed under compressional forces (e.g.
Wayland 1921; Willis 1936). The second hypothesis is now largely
discredited in view of the almost ubiquitous evidence for tensional

{
normal faplting %ssociated with rift zones. "

It is possible to explain the tensional environment and.normal
faulting along a rift zone as a result of crustal ugyarping (Cloos
1939), and the subsidence of the graben block and also the rising
of graben edges as a response ‘to isostatic adjustment of crustal
blocks (Taber 1927) but both the observed crustal stretching and.the
amount of block subsidence are too large to be explained this way
(Vening Meinesz 1950 in Freund 1966; Zorin 1966b; Freund 1966;
Illies\l970). But EPere is 1little doubt that the growth of crustal:
swells and formation of grabens are integral paFts of a single
phenomenon. Another aspect of’this~samg phenopenon seems to be

-
volcanism. 1t appears that growth of é;élls'was accompanied by ;
cracking of thg crust and reopening of ancient joigts and lineaments
o

and that volcanism burst along some of these cracks. However, the

Y

B /\' .
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interrelationships between volcanism, cruséal updoming and graben
formation are not clear. Some insight to this problem can, however,

be gained from results of deep crugtal seismological studies of

graben zones, especially those conducte@ #n the Rhine Rift zone

(Mueller et al. 1969; Meissner et al. 1970, Ansorge et al. 1970).
Models of crustal structure in the Rhine Rift zome, as interpreted

from seismic data, have one common feature: a cushion-shaped inter-
mediate layer with compressional wave velocities between 7.5 and

7.7 km/s 1is present between the crust and the mantle (Fig. 77);

(Ansorge et al. 1950). Directly beneath the graben zone the 'rift
cushion' occurs between depths of 25 and 40 km approximately. Laterally
it is believed to extend as far as the margin of the Rhenish upwarp ‘
(I1lies 1970). Intermediate layers with similar P-wave velocities

14

have also been reported from beneath the Baikal Rift and also 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 exists along the rest of the East
African Rift system. A cushion-shaped intérmediate layer (P~wave
velocity 7.3 km/s) 1is 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 camtinental crustal swells., It is

generally believed that '"rift cushions" beneath graben zones represent

linear injections into the lower crust of hot, buoyant, mantle-derived
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matérial (basalt) that flowed laterally into fhe ghape of laccolithic
masses under the influence of gravity (Ramberg 1967, Illies 1970).

In the cage of the Rhine Rift, Illies (1970) has remarked that there
are many indications to suggest that the emplacement of the "rift
cushion' may have led to the development of the crustal swell and

the graben. These remarks should also apply equally well to rifted
crustal swells in other areas. Moreover, as ment ioned earlier, simple
bending of the rigid crust by upwarping is\insufficient to g;nerate
the observed crustal stretching along rifé zones, whereas the lateral
spreading of the injected masses provides an adequate mechanism. There
is one basic question that still needs explanation. What factors
determine the space distribution of lhese buoyanéy injected masses?

In the writer's opinion, the hypothesis that they represent upcurrents
of mantle convection is 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 to the problem of origin of the St. Lawrence Rift system. At*

the present time it is difficult to rationalize 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

the St. Lawrence Rift zone is underlain by a '"rift cushion" or not.

The available information, although admittedly scanty, indicates it
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probably does not havé‘bne (Rankin et al. 1969, Overton 1972). Such
\ -

'

a gituation, however, is not unexpected because of the very long

period of relative inactivity of the rift system. /

’



