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Structural Rela'wns of the Pr,-Ciin!hrian and Paltrozoic Rocks

Xortl. the Ottan'a and St. La'urcnce I'ullrys.

Bv K. M. Kindle and L. D. Blrling.

INTRODIXTION.

Eastern Canada affords no more striking physiographic

feature than the srarp-hke southern face of the Laurentian

pkiteau. Tliis northern rim of crystalline rocks rises generally

from 700 to 1,000 feet above the broad, comparati\eK- flat

plain of Pahozoic rocks and marks their nort' 'n l^niit for 300

miles along the north side of the Ottawa St. Lawrence

valleys (Figure 1). This upland is a 1 iri;e unt i plateau with

hummocky surface and forms pin ol -'e great expanse of

Pre-Cambrian rocks to which the i.im Canadian shield' or

Northern Protaxis has bee.: applies The Canadian shield

has an area of about 2,010 000 square miles and an average

elevation of about 1,500 feet above sea-k\el.- The contact

between this plateau of Pre-Cambrian rocks and the plain

of Pala'ozoic rocks forms gcneralh- a series of nearly straight or

gently curving lines.

' SucsF, The I'acc of the Karth, voi. II, l''!l6, p
- p'rank D. Ailams, iVi)bli-iii> of Ar.ieriiMii ('

New Haven, Conn., lyi.'", p. 47.

.Io.;y, Yale I'niv.

'C^'^tiA'k
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The geologic significance of a physiographic feature having

so great an areal extent as this is of great interest. It has been

generally regarded as part of the southern shore-line of the

Pre-Cambrian nucleus of the American continent. Another

interpretation of the meaning of this feature was first suggested

to the authors by a cross-section of the rocks from Ottawa to

Lake Erie, prepared by the junior author. The senior author

has undertaken by field studies along the northern border of

the Palaeozoics to secure evidence bearing upon the several

hypotheses which have been considered in attempting to explain

the relations which subsist between the Palaeozoic lowland and

the Fre-Cambrian upland. The topographic contrasts shown

by these two physiographic types are indicated in Plate I.

Three hypotheses appear to merit consideration in any

attempt to ascertain the relations which the Palaeozoic and Pre-

Cambrian rocks bear to each other along the southern face of

the Laurentian plateau. These are: (1) synclinal structure of

the area adjacent to the southern border of the Laurentian

plateau; (2) pre-Palaeozoic development of the L.nirentian

escarpment, and (3) subsidence or normal faulting oi post-

Ordovician age. The evidence for and against these several

hypotheses can be more clearly presented and understood after

a brief consideration of the stratigraphic relations of the Pre-

Cambrian and Palreozoic formations and of the known struc-

tural features of the latter.

GENERAL STRATIGRAPHIC RELATIONS.

The Palceozoic rocks south of the Ottawa river rest upon a

series of Pre-Cambrian rocks from which they are separated

by a great unconformity. The older series includes a wide

rangeof types of crystalline intrusive rocks intimately associated

with ancient sediments which have been subjected to intense

metamorphism. The character of these Pre-Cambrian rocks

is well shown both in the region immediately north of the Ottawa

river and in the crystalline area to the southwer*^ of the Ottawa-

St. Lawrence Palaeozoic area. In the latter region Adams and

Barlow report an enormous thickness for the Archaean rocks.
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STRICTCK.VL RELATIONS OF PRE-CAMBRIAN AND PAL.EOZOIC.

The Hastings Road section, according to these geologists, shows

a thickness for the Grcnvillo scries of 9,440 feet or 1 • 788 miles.*

In some areas the intrusive element of the Archaean, represented

chiefly by great granite batholiths, predominates, while in others

intcrbeddcd limestone and other sediments of highly altered

character are comparatively free from itzneous intrusions. In

the Burleigh-Chandos section of the Haliburton and Bancroft

areas, there is 8,3.S0 feet of limestone out of a total of 1 j24

feet.- This great series of Pre-Cambrian sediments shows,

nearly everywhere, higlily inclined beds which seldom have

dips of less than 45 degrees. Upon the truncated and profoundly

eroded edges of these ancient and highly altered sediments the

Paheozoic beds rest with approximate horizontality.

The basal beds of the Pakcozoic series begin with different

members in different parts of the Pidajozoic areas. Throughout

much, but not all, of the Paheozoic area, the Potsdam sandstone

forms the base of a PahTcozoic section which comprises sandstone,

shale, and limestone. The Potsdam is unknown above Quyon on

the Ottawa river and appears to be absent west of Kingston.

East of Quebec the Potsdam is absent and the section begins with

a later horizon of the Trenton than occurs farther west. The
PaLeozoic section appears to reach its maximum thickness south

of Montreal where deep wells have penetrated the Palaeozoic to

a depth of 2,400 feet without reaching the base of the series. In

the Ottawa valley the Palicozoic section apparently attains its

maximum thickness a few miles southeast of Ottawa where the

beds have a total thickness of more than 2,000 feet. The Ottawa
well section (Somerset street) shows that 1,276 feet of this thickness

isbelow the top of the Trenton. The Queenston red shale ("Lower

Medina") is the youngest formation to escape complete denuda-

tion, if we except tlie unique remnant of i3evonian beds at Mont-
real. The Queenston shale is rei^resented by small remnants

in the Ottawa district and in the St. Lawrence valley northeast of

Montreal. The Xicolet River section, together with the record

of deep wells near St. Hyacinthe, shows the Queenston red shale

northeast of Montreal to have a thickness of 1,000 feet or more.

Adnms am! Harlow, Gcol. Siirv., Canada, Mem. No. 0, 1910, p. ii.
• Iilein, p. is.
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A remnant of this formation about 75 feet thick, southeast of

Ottawa, has escaped complete denudation owing to its occurrence

along the lower margin of a slightly tilted fault block. This

Ottawa remnant of the Queenston is about equally distant from

the outlier northeast of Montreal and the main mass of the forma-

tion on the south side of Lake Ontario. Both of these outliers,

which have been preserved from erosion through fortuitous

structural features, were doubtless originally portions of an un-

interrupted extent of the Queenston shale across southeastern

Ontario to the Nicolet River district in Quebec. In both New

York and Quebec this formation approximates a thickness of

1,000 feet, and it is probable that it was originally represented by

a comparable thickness over much of the Ottawa and St. Law-

rence valleys where it is now entirely absent.

Concerning the former extent of the rocks of the Silurian

system over this region nothing is known. The Devonian,

however, is known to have been present in the Montreal district

iT-x\ it is quite possible that the whole Pala;ozoic section from the

Potsdam to the Devonian was present over a considerable part

of the Ottawa and St. Lawrence valleys.

THE PRE-CAMBRIAN SURFACE.

The hummocky or roches moutonn^es character which so

generally characterizes the Pre-Cambrian rocks was at one time

usually ascribed to ice erosion. Laflamme was one of the first to

note that in at least one district near Lake St. John "these de-

pressions must necessarily have existed at the bottom of the

Palaeozoic ocean when the limestone beds were being deposited."'

Lawson, a few years later, showed clearly that both the Palaeo-

zoic and Animikia rested on a highly irregular Archaan surface.*

All recent observers appear to agree that the old Pre-Cambrian

land surface which the Cambrian sea invaded presented topo-

graphic features essentially similar to those now found in the

Laurentian areas of southern Ontario which have been recently

denuded of their Palaeozoic cover. Prof. Cashing, in discussing

» Geol. Surv., Canada, Kept. Prog, for 1882, 3, 4, Pt. D.
' Bull. Geol. Soc. America, Vol. I, 1890, pp. 163-173.
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A. Contact of granite and Ordovician limestone at Kingston Mills, Ont.

B. Granite boulder at base of Trenton limestone at Pont Rouge, Que.
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STRUCTIRAL RELATIONS OF PRE-CAMBRIAN AND PALAEOZOIC. 5

the Thousand Island topography of the St. Lawrence, states that

"The evidence is abundant, clear, and convincing that the

Pre-Cambrian surface underneath the sandstone is precisely

like that where the sandstone is absent, and that the present

topography of the Pre-Cambric areas is that resulting from recent

stripping away of the sandstone ; in other words, that it is the

reappearance at the surface of a topography of tremendous an-

tiquity" "The relief of the Pre-Cambric surface

under the Potsdam is much the same in character here as else-

where along the northern and eastern borders of the Adiron-

dacks, but is apparently less in amount than it is farther east,

where there are differences in level of three or four hundred feet

at least.

"Where the Potsdam has been removed the Pre-Cambric

surface disclosed is one of low ridges and valleys, with general

northeast-southwest trend. The ridges are low with hummocky
si rface, and the valleys broad and shallow and developed on the

weak rocks The extreme of relief does not much
exceed 100 feet and is generally less."'

In central Ontario, Wilson concludes that the Palaeozoic

sedin its "were laid down upon an uneven floor essentially the

same as that presented at the present day by the Laurentian

areas"' adjacent to the borders of the Cambrian and Ordovician

rocks.

Adams and Barlow describe the character of the topography

and its relation to the structure in one of the areas adjacent to

the Palaeozoic included in the Haliburton sheet, as follows:

"A glance at the Haliburton sheet will show the remarkable

influence which the strike of lock underlying the area has had

upon the distribution and position of the lakes and upo the

courses of the streams. In the southern portion of the area lese

follow very closely the course of the bands of Grenville limestone,

while in the granitic region of the north they form a delicately

etched pattern on the surface of the great plain of granitic gneiss,

occupying shallow depressions whose course is determined chiefly

' H. P. Gushing, Geology of the Thousand Islands Region, Bull. N. Y.
State Mus., No. 145, 1910, pp. 55, 60.

» A. W. G. Wilson, Trans. Can. Inst., Vol. VII, 1904, p. 153.

^S^S^^StSS^Sr J*''JV, ''3^'asnsi v^xaŝmasxM-'-^'s^az.r'iH^-^



MUSEVM BUt-ETIN NO. 18.

by the strike of the com ry ro< k; and even when the lake runs

across the strike, the long arms and bays in its deeply indented

shore line will be found to follow the directions of the foliation.

The testimony of Foerste indicates that the rugged Pre-

Cambrian topography of southeastern Ontario persisted as far

west at least as the Georgian Bay district. He states' that at

Granite island "residual masses of Lowville arc preserved in

pockets worn out of the granite in times preceding the Low^•llle

deposition. The former topography, therefore, in Pre-Cambnan

times must have been that of a series of parallel ridges, consisting

chiefly of quartzite, but including also other rocks. The general

trend' of these ridges was either west or south of west. The

general dip of these ridges at present is toward the west, so that

the crests go below water level in that direction, and this may

have been the direction of their dip also in early Palaozoic times.

Later these ridges were lowered below sea-level. The earliest

deposition so far recorded in thi.; area belongs to the lower Low-

ville The northern ridges may have been entirely covered

before the close of the Trenton, but some of the most southern

ridges, in the vicinity of Sheguindah, apparently were not entirely

below water level before the deposition of the Colhngwood.

Erosion has completelv removed the Pala-ozoic rocks over r

considerable area north of the head of the St. Lawrence river

On the borders of this area remnants of the Pala-ozoics af^orc

evidence of the highly irregular and hilly character of the surfaa

on which the earliest Pala-ozoic rocksof the region were laid down

Perhaps no area affords clearer evidence of the character o

the Prc-Cambrian relief than the Kingston district. For

Henry hill, a promontory rising about 100 feet above the St

Lawrence river, just east of Kingston, may be cited as an exampl

of the hillv character of the Pre-Cambrian topography m Ontaric

This is a granite hill with a thin veneer of Ordovician hmeston

which has been almost entirely removed from the eastern sidt

A remnant of the limestone is still to be seen, however, at wate

level at the head of the bav on the east side of the hill and anothe

patch is preserv-ed at a higher lexel on the same side where th

Mntcrn. Gcol. Cuiig., Gcol. Surv.. Canada, Guide Book No. 2. 1913, p. 1.

* Manuscript.
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slope of the b.ill is very steep. The exposed crest of the ridge is

granite, but p itches of limestone overlie the granite a very few

feet below the highest point. On the west slope most of the lime-

stone cover remains, the l>eds nearest the granite often adjusting

themselves to its slope. At Kingston Mills, 5 milts nortlieasi of

Kingston, a railway cut just west of the canal affords ..n e.xcel-

lent exposure of the contact between the Ordovician limestone

and the Archa-an. The steep slope of the Pre-Cambrian hill

surface exposed in this cut is shown in Plate II, A. There is

no residuary clay between the Arciiaean and the Paltcozoic, but

the limestone at the contact includes coarse angular sand and
gravel of quartz and feldspar, and boulders of granite similar to

the one exposed on the north side of the cut at Kingston Mills

are of frequent occurrence. The largest of these boulders which

has been observed occurs in the ba.'ral beds of the Trenton in the

Jacques Cartier river at Pont Rouge, Qucbcf^. It has a maximum
length of 8 feet 4 inches and rises 2 feet above the partially en-

closing horizontal limestone strata (Plate II, B), which dip away
at angles of from 15 to 20 degrees in the immediate vicinity of

the boulder. The fresh character of the Pre-Cambrian surface

and the absence of residuary clays at its contact with the over-

lying Palaeozoic are in marked contrast to the conditions re-

ported in Wisconsin where deposits of clay 10 to 20 feet thick

and consisting of decomposed Pre-Cambrian rocks separate the

Cambrian from the Pre-Cambrian.'

Throughout a considerable area of the Pre-Cambrian rocks

northwest of the head of the St. Lawrence the orientation of the

lakes and streams conforms largely to the strike of the iiighly

inclined Archa\'in rocks. The strike valleys are doubtless chiefly

the product of Pre-Cambrian erosion in beds of softer scliists or

zones of interbedded crystalline limestone, although they arc now
partially filled by drift and may have been somewhat modified

by glacial action.

The foregoing summary* of the observations and opinions

of various geologists regarding the character of Pre-Cambrian

topography in Ontario indicates that the transgressing seas of

S. Weidman, Jour. Geol., Vol. XI, 1903, p. 311.

^sr^^^mJ^t^y^.
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Cambrian time enveloped an Archaean land surface of hisj.ly

irregular character but of mo<lcrate relief. It ts probable that

the higher hills of that topography seldom rose more than 300

or 400 feet al>ove their adjacent valleys. The section (Figure

6), from the Ottawa river to Lake Erie across the Ontario

peninsula, indicates clearly the entire absence of any discordance

in the general profile of the pre-PaUrozoic surface in that region,

and there is no evidence of the existence elsewhere in the Pre-

Cambrian topography of any marked or abrupt changes in the

een-ral level of the land such as that marked by the southern

escarpment of the Laurentian plateau. The irregularly etched

surface of the o.d Pre-Cambrian land, therefore, affords no ex-

planation of so unique a topographic feature; and this discrep-

ancy is all the more apparent when we realize that this escarp-

ment abruptly truncates the regularly oriented structural fea

lures of the region (see page 12).

STRUCTURE OF THE PALAEOZOIC PLAIN.

The great expanse of Palaeozoic lowland which borders th.

Ottawa and St. Lawrence valleys for 200 miles is separated tror

the Pala-ozoic area of the Ontario peninsula by a belt of Pre-Lam

brian rocks, very narrow at the head of the St. Lawrence bu

widening rapidly to the northwest. This area of Archaean roct

emerges like an island from the low-lying Palaeozoic cover to th

east and to the southwest, a relationship ^^jh is clearly show

by the cross-section. Figure 6. That this shield-like uplift too

place subsequent to the time of Ordovician sedimentation

indicated bv outliers ot the Ordovician such as that at Cle:

lake ' This outlier rests upon the Pre-Cambrian at an elevatic

about 830 feet A.T., while on either "^^^g'" ^' ^^^^^r^.ha.an shie

sedimentsofthesameagearefoundatelevationsofl00or200A.l

and these pass below sea-level toward the southwest, east, ai

northeast. On the east, owing chiefly to faulting, the elevati<

of th-^se beds varies widely in different places; but to the sout

west they decline, along the line of section (Figure 6) at a ui

form rate of Ui feet per mile until, at Toronto, the base of t

T^nn. Rept. Geol. Surv., Canada, Vol. XIV, 1904, p. 7J.

Ti^^^^vtmwi
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Trenton lies nearly 1,000 feet hclow sea-lvVel. This gives a

difTercnce in the present altitude of the base of the Ordovician

forks at Clear lake and Toronto amounting to al)()Ut 1,800 feet.

If the Ontario Archa-an shield, extending from the Lake Nipissing

district to the head of the St. Lawrence, antedates PaLeozoic

sedimentation in origir the remnants of these sediments now
found near its centre ....ould be of much later age than those

which lie around its margin; but, as shown by the Clear Lake

outlier, this is not the rase. The only inference which can Ik;

drawn from the known facts of areal distribution and age of the

sediments in this region is that the Nipissing-Kingston uplift

is of late Palaeozoic or Post- Palaeozoic origin.

The Pala?ozoic plain of the Ottawa and St. Lawrence valleys

lies between the Laurentian plateau on the north and the Adiron-

dack uplift on the south, and extends eastward from the Archa-an

shield at the head of liie St. Lawn nee to the zone of Appalachian

folding cast and southeast of Montreal.

The Palaeozoic sediments which underlie the surface of this

plain over a considerable part of the area have a thickness of

from 2,000 to 3,000 feet, a section which probably represents ori v'

a fraction of the original thickness of the Pala-ozoic. Indeed, the

remnant of Devonian rocks at Montreal' and various outliers

of the Palaeozoic furnish conclusive evidence of this fact.

Subsidence or normal faulting is a structural characteristic

of the Palaeozoic rocks throughout the northern part of this low-

land. Xumerous faults, of which the one at Montmorency falls

w ith a throw of 600 feet- is an example, are present in the eastern

part of the region. In the Ottawa valley the sedimentary rocks

are cut by numerous faults, many of which have been described

by Ells' and shown on maps of the Geological Survey, Canada.

Various other faults, some of which have considerable lateral

extent, are known to the writers, and many minor faults are

' Harvic; Canada, Ruv. Sex;., Proc. iind Trans., 3(1. ser., V'ol. 3, sec. 4,

pp. 249-209, 14 pis., 3 fig':. 1910.

'Raymond; Int. Gtol. Cong, Geol. Surv., Canada, Guide Book No. 1,

l''!3, p. 40.

'The physical features and gcolog>' of the Palseozoic basin between
the Lower Ottawa and St. Lawrence rivers, R. W. Ells, Trans. Rov. Soc.

Canada, Vol. 6, Sec. 4, pp. 99-120, 1900.

ssB^mmfsir^smsm&mhammdm^^'sm ?**s^ms' s>irtm}Ki. 'J''-'r\''Z:
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doubtless conrtalcd by the hca%T mantle of drift and marine

clays which covers the hurietl channel of the t)ttawa river to a

deptli of 100 to 200 feet.' Nine faults are shown on tiie Ottawa

sheet alone, which includes a Palaeozoic area alx)Ui \(> by 22 milos

in extent. The position of some of tliese faults and the location

of the cross-sections which have been drawn are indicated in

Figure 2. The largest of these is the Hull and C.loucester fault

which has a maximum throw of alxjut 1,850 feet.' This fault

is the major structural feature of the Pala-ozoic area south

of the Ottawa river and can be traced for a nunil)er of mile

east of Ottawa. Two other faults lying between this fault

and the Ottawa river ha\e throws which approximate 250 anc

350 feet respectively. The structural relations of these fault!

to each other and to the Pala-ozoic rocks east of Ottawa an

shown in the cross-section. Figure 4. It is due chiefly to th(

Hull and Gloucester fault that the Queenston has been droiipec

sufficiently low for a remnant of it to be preserved from crosioi

in the vicinity of Vars, a few miles southeast ol Ot.awa. Anothe

section, Figure 3, shows the principal faults in a sectic unnin

south from Piings mountain across the Ottav. . valley west c

Ottawa. In the'' vicinity of the faults the strata nearly every

where shf)W strong dips, which, however, die out a short distanc

from the fractures. Elsewhere, as far east as the zone c

Appalachian folding, the strata approach general horizontalit>

The numerous faults which cut the Paleozoic beds of the Ottaw

and St. Lawrence Valley province distinguish it structural!

from the PahTozoics of the Ontario peninsula. In the latu

district no faults of note are known and the beds show a vet

gentle monoclinal dif) to the soi-.thwcst. The cross-sectic

(Figure 6) which extends from the shore of Lake Erie south (

St. Thomas to the Laurentian plateau east of Ottawa brini

out clearly the fact that the Ottawa River valley lies in a zoi

of faulting, while the area to the southwest of the Kingston ai

Lake Nipissing Archaean shield is free from faults. The profl

of this section was compiled from the topographic maps of tl

Militia Department and .rom railway surveys. The geoloj

•Idem. p. lOS
. .,,n

» R. \V. Ells, Geol. Surv., Canada, map sheet 120.

'^^:*m"-iv^^m i^^smaatvif^itz
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STRICTI-RAL RELATIONS OK PRE-CAMBRI AN AND PAL.eOZOIC. 11

east of the central Pre-Cambrinn area was derived in part
from the Ottawa and Cornwall (\o. 120) and the Grenville
(No. 121) sheets of the Geological Survey, Canada, and in part
from new field observations. Southwest of this central Pre-
Cambrian area the geology was derived from well records.*

The vertical scale of the ci ;s-section is such as to greatly
magnify the dips. The extent of the exaggeration is indicated
by the statement that the dip west of the central Pre-Cambrian
area is only 12J feet to the mile. The more northerly and north-
easterly province cut by this section clearly represents a zone
in which faulting is the most striking and characteristic structural
feature, while the more southerly province lies outside this zone.^
It must be noted, too, that the faulting of the Ottawa and St.

Lawrence plain is localized and apparently confined chicll\- to
its northern portion. This fact was pointed out by Ells, who,
in speaking of tlie belt of Pala-ozoics bordering the St. Lawrence

_

' WVl! riconls iiso.l wtrc ilrrivotl from the fnlldwinir si.iirrt"!, the .imhors
boinR iimIi1uc(! to Mr. Wy.iti M.iUolm of tlio (itoloKicil Siirvcv f,.r ilic use of
his maiuiscriiit coTupil.ition of the well records of Ontario .iiul Oin-hic:

\\ lilt by: I!riiiii(ll, .Ann. Ropt. Geol. Siirv., Canada, Vol. V, KS9.!, p. 24Q.
IliKMl.md Creek: Bruniell, I(k-. rit., p. 24y.
York township, hjt II, ron. Ill: Ingall, Ann. Rent. Gcol. Surv.. Canada,

\ol. V, !<S<),i, p. lor SS.
Toronto: UniiTKll, Uk. cit., p. 2.SQ.

Sw.insia: Hriiniell, lix'. cit., p. 25Q.
Miiiii(c): Urumell, hie. cit., p. 2()Q.
New Toronto: Ing.ill, .Ann. Kept. Geol. Surv., Canada, Vol. VI, 1S9.S,

p. KWS.
Cl.irkson

:
Files of Water ami Rorinps Division, Geol. Surv., Canada.

Haiiiilion: Coste, l.Sth Kept. Hiir. .Mines, v>ntario, 1'.'06, p. 112.
nundas: Bniniell, loc. cit., p. .^i •.

Hr.inlford; Cosie, !.«-, cit., ji. 112.
Beachville: Files of Water and Borings Division, Geol. Surv., Canada.
St. Ihoiiia^: llipih only reiord .i\ail,djle.

» It may he noted here that Wilmott (Jour. C.eol., vol. M, 100(1, pp. tO,
42) has inferre<l the existence of a f.tiilt extendin,; from the sonthe.islorn
border ot the Adirond.icks to the northern end of Like Nipit;on. Since, how-
ever, the author ol this p.tper di^cl.iims iktsoii.iI f.iniili.irii v with the soiiih-
e.isterii p.irt(if the re.^ion traversed hy this f.uilt anil presents no siH'cilic
evidence for i's existence in the district northwest of the he.irl of (he St. I..iw-
reuce, the only part of its course with which we mi^;ht be con<erned in tliis
paper, it h.is not sienied .id\ liable to include it in ilie present di-cussion.
In this region the fiidd e\ idenci' seems to |.e decidcdiv atf.iiiist the existence
of such a f.iuh. l''or.i discussion of the effect .)f loi'.d fauh inn around the east-
ern borders of the .Vdirond.ick region the reader is referred to p.ipers by I'rof.

J. •. Keinp.n;d IVof. W. M. Davis a'opular Sci. .Monthly, .Mar. 19U6; Science,
vol. Will, l')()6, pp. 6MI-6i:.
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east of Brockville, states that "if faults exist in the district

their extent must be quite limited
"'

THE LAURENTIAN PLATEAU ESCARPMENT.

The general topographic relations of the Palaozoic and

Archaan areas are those of a lowland lying at an average eleva-

tion of about 1,000 feet below an adjacent plateau whose sur-

face is irregular, but whose sky-line is, in places at least, exceed-

ingly even (see Plate I, C). Northwest of Montreal, the surface

of the Laurentian plateau is estimated by Adams'' to have an

average elevation of from 1,000 to 1,500 feet, the adjacent low-

land standing 100 to 300 feet above tide. North of Quebec

the summit o^ rioundtop, which marks the southern border of

the plateau in that vicinity, attains an elevation of 1,600 feet

(barometer). Near Ottawa, Kings mountain rises just north

of the scarp to an elevation of 1,220 feet, the lowland to the - a

having an elevation of from 200 to 300 feet. Many ponits

on the plateau a few miles north of its southern border attain

somewhat greater elevations. In the region north of Ottawa the

elevation of the plateau at the Hudson Bay divide only slightly

exceeds that of the higher points like Kings mountain near the

escarpment. The height of the divide itself, over the area

covered by Wilson's' map, generally lies between 1,000 and

1,400 feet. Farther east the plateau is somewhat higher. One

of the highest points in this more easterly region is Trembling

mountain, 2,380 feet, which is located about 35 miles north of

the southern border of the plateau.

The small topographic map. Figure 1, represents an area in

the lower Ottawa valley where the typical relations of the north-

ern border of the Palaeozoic lowland and the Laurentian plateau

ire shown. This representative bit of topography shows the

<ilmost perfectly flat Palaeozoic plain meeting the steep scarp

face of the southern margin of the Laurentian plateau in a

nearly straight line. Along portions of the escarpment the con-

' Trans. Rev. Sex-. Canada, vol. 6, sec. 4, 1')00, p. 1 IS.

2 .\iin. Rc|.i'. C-col. Surv., Canada, m w scr., \ ol. \III, 1S<J4 ClS')'), p. SJ.

M.col. Surv., Canada, Mtni. 4, 1910.
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STRl CTI RAL SELAIIoSS OF I'RE-C AMIIRI A\ AND rAI..E0ZOIC. 13

tact of the older and \ounger series of rocks is marked by ter-
races of marine clays which in some degree conceal the abrupt
transition from a plam to a plateau scarp. At ionie points
offset faults to the north or south appear to have interrupted
the continuity of the scarp. A combination of these two fea-
tures in the district immediately north and northeast of Ottawa
obscures the abrupt and generally observable contact of the two
toi)ographic types. Northwest of the lower Gatincau valley
the Laurentian escarpment continues uninterruptedly for nearly
20 miles, riuing 800 to 1,000 feet above the lowland at its base.
The irregular character of the Pre-Cambrian topograpln has
already been pointed out (page? 4-8). Denudation of the
Palrcozoic rocks has uncovered this ancient hilly topography
in many places along the northern border of the present Pal;c-
ozoic plain, so that the Pala-ozoic plain is sometimes separated
from the base of the plateau by a border of irregular .Arch.ean
hills. These hills of granite and schist occasionally have an
eIe\ation of 200 or 300 hundred feet, although generally less,

abo%^e the adjacent Palseozoic rocks. Where hills of this type
are present the south-facing escarpment of the Laurentian
plateau may be obscured, but its position is generally easily
recognized by a pronounced change in the relief.

INTERPRET.XTION OF THE DATA.

:=f

In the preceding pages we have shown that the Laurentian
plateau, for approximately 300 miles, rises abruptly several
hundred feet above the Pakcozoic pi in and that a zone in uiiich
faulting is the dominant structural icature borders this escarp-
ment on the south. We will now consider the significance
of this topographic discordance and of the associated structural
features.

The possibility of synclinal structure affecting both the
Paheozoic and Archaean series at once suggests itself, to one
unfamiliar with the field relations, as an explanation of the
Laurentian escarpment. When it is pointed out, however,
that the older series has been highly folded and that the general
trend of this folding is across the course of the escarpment
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and in many cases at right angles to it, the improbability, if

not impossibility, of this hypothesis becomes manifest. If

synclinal structure were a competent explanation a consequent

general southerly inclination of the beds north of the areas of

maximum thickness would manifest itself in the numerous

outcrops along the Ottawa river. In all of the outcrops known
to the writers, however, the beds are horizontal or nearly so,

except in the immediate vicinity of faults. In the section pas-

sing through Aylmcr the general dip is even to the north. Nt ar

faults the dips, though often heavy for short distances, die

out in a few yards or -ods. Examination of the accompanying

sections will show that most, if not all, of the declination of the

beds is due to normal faults. The assumption of a synclinal

trough structure could in no degree explain the scarp-like face

which marks the southern border of the Laurentian plateau.

\Vc may next consider the hypothesis of the development

in pre-PaUvozoic times of a Laurentian escarpment bordering

the Palaeozoic lowland. Such a feature cannot be assumed to

be the possible product of folding or down-warping in Pre-

Cambrian times, for, as noted above, the general strike of the

crystalline rocks is everywhere transv erse to the line of the scarp.

Any trough-like structure which might have been developed

through folding or the differential erosion of folded strata would

have a northeast and southwest trend instead of the general

QQst-west course cf the northern border of the Pakeozoic rocks.

If pre-Pala'ozoic faulting is assumed to have produced the es-

carpment as the northern rim of a graben type of depression, as

suggested by one author' for the Montreal dist:ict, it will be

profitable to consider the conditions under which scarps ma\- be

developed in connexion with faidts. In the southern Allc-

ghanies, faults with throws of from 5,000 to 8,000 feet cut the

Pakeozoics and are not betrayed by the slightest physiographic

evidence. The great faults in southwest Virginia may be cited

as an illustration of the gentral principle that faults result in

scarps only when beds of unequal hardness are exposed to erosion.

If faulting had occurred in the Archa;an rocks along the present

' A. W. G. Wilson, Jour. Geol., Vol. XI, 1903, p. 620.
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I)l;itiaii honk-r lim- \nfnrv thty rmivid a rover of P.il.r()Zf)ic

srdiiiirnts the str.ita on tithcr side would have fteen of pnciscly
tlie Niinc hthologic type an:l no surface feature in any wav com-
paraMe with the present scarj) could have resulted. Pre-Cain-
brian faultinv;, theriforc, fails - an explanatory hypothesis
of (he orij;in of the scarp.

If, howi'v. r, we assume that the transKressing Camlirian
sea found no interrupt inj,' wall or line of dills where thi' soiitheri

niarKiu of tlu' [ilateaii now stands, and that its M-dinn'iits and
those of siirrerdin^' I'ahi'ozoic seas overspread the Archa-an rocks
of the [)resent Laurentian pl.iteau, then coniJitions were ideal
for liie iH-.Miui t- ,:i of an escarpment in the event of profoutul

f.iultin^; followed hy lon^; continued denudation. Conspicuous
physio^Taphic evidence of such a fault would prohaMy ]Kg'-\

to appear only after erosion had ri-moved the PaUe(;zoic beds on
boih sides down to the level of the uppermost Archaan. After

denudation liad reached this level iis proj^ress would be iniineas-

uraMy more ra|)id on the south or downthrow side. The
major part of tjie beds to the south of the fault line beinj; linn»-

stone, and to the north (piartz and feldspar, their rate of degrad.i-

tion would be roughly proportional to ihe resistance to erosion

ami solution olTered by limestone on the f)ne hand and granite

oi. 'he oib.er. Tiie inevitable result of such differential erosion

would be an escarfiment of Archaan rocks, though this would
be interrupted by irregularities in the cjriginal topography. Such
irregularities are rather common along the southern front of

the plateau just as they are in the more recently and le>s com-
I)!(tely uncovered Pre-Cambrian topography of the region about
the h(ad of the St. Lawrence. Like the latter tlie\' doubtless in

many cases represent incqua/tics in the Pre-Canibrian land

surface and some of them probably represent minor faults trans-

verse to the main line of faulting.

It will be seen f.om the foregoing considerations that, while

Pn-(".inibrian faulting would have been inadequate, normal
faulting in the latter part of the Paleozoic, or later, would have
been entirely competent to produce this escarpment which the
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authors ronsiilcr to represent a fault line scarp.' Post-Cam-

brian faulting apjK'ars to be the only inference which accords

fully with .ill the evidence. The tscari^ment is located aloiig

the northern border of a zone in which subsidenci- faulting is

knf)wn to be a comnion and characteristic structural feature.

The character of the topography along the southern border of

the Canadian shield north of liie St. Lawrence and Ottawa
valleys is (|uite dilTerent in charai tir from that along its western

l)orfler. .Alonj; the sh(;res and on the isl.inds of the southern

half of Lake Winnipeg the Pala-o/oic and Archa;an rocks ap-

proach each other rather closely for nearly a hundred miles,

but the latter shows little if any ijreater relief than the former.

Archa'an rocks form the eastern and I'alaozoic rocks the western

shore of this long shallow lake throughout its entire length of

250 niiles Along the eastern border of Lake Winnipeg, the

Archa-an f,inerally occurs in the form of low rounded knobs

of granite, few of which rise more than 50 feet above the lake.

At the north end of the lake the actual contact of the two sys-

tems is covered by drift, but the general level of the western-

most cxpfjsures of the Arch;ean, near Warrens Landing, is lower

than that of the near-lying easternmost cx]xjsures of the Paliu-

ozoic. In the region still farther north and northwest, geologists

familiar with the country report a similar absence of marked
topographic discordance between iliO ai underlain 1)\- Palae-

ozoic and Archa;an rocks. Outside of the Ottawa and St.

Lawrence Valley region any escarpment is apt to be on the Palae-

ozoic side of the contact. The Archaan-Paheozoic contact,

which extends west from Kingston to Georgian bay, shows the

same topographic contrast with the Laurentian Plateau escarp-

ment as the one just described between the latter and the west-

ern border of the Archaean. Here the uniform relations of

Pre-Caml)rian highland and Palaozoic lowland found north

of the Ottawa and St. Lawrence rivers are often reversed, for

the {^rilovician limestone frequently forms a more or less pro-

nounced cliff overlooking a Pre-Cambriau area of less relief.

'Ill" n.iilir is n'r:'.' 1h ,i ii.pcr hv \'r"i. \V. M. Diuis (Scienre,

X, S ,
- . 1. X.W I, [p. 'XW.?, I<,)|t7) for a ,!i»i-ii,,.si.ia of tlic n-niis fault scarp

aiv'. '.nil; line scarp.
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This relationship of the two series of rcKks oeriirs soutiuist of

Madoe, where i/e (^rtiovician linustone on the south s'uh- of

Moira lake forms an escarpment rising 150 feet ahovi- the Like
and considerably higher than the granite area on the op[X)siic

side. Similar topograpiiic rel.uions between these two r<Kk
series exist northwest of Madoc and west of Bilmont lake
where the retreat of the Orioviri.m limestone through denuda-
tion has left walls of cliffs stamling higiier than the adjacent
Pre-Cambrian. These examples will sultice to show the markedly
different types of tojiography which denudation has devrlo|Hd
on very similar groups of rocks in areas which are geographic ally

only slightly removeil from each other. The differences are
evidently to be exi)lained by corresponding variations in the
structure. The ojieration of ordinary prfKesses of erosion
alone will not explain the very dilTerent topographic features
exhibited by the western and southeastern borders of the "Pro-
taxis". The escarpment-like border shown by tlie Archa-an
in the latter region can only be explained on the assumption
that denudation has there been aided by profound f.iultiiig.

Elvidence which strongly corroI)orates, if it does not alone
demonstrate, the validity of the inference of faulting, is furnished
by the areal relations of the Pakeozoic and Pre-Cambrian.
The contact of these two rock series along the Ottawa River
valley has been mapped by the Geological Survey, Canada,
on a scale of 4 miles to 1 inch, and the contact is there shown,
throughout its course, as a straight or gently curving line.

The Archa-an area is nowhere invaded by tongues or projecting
angles of Pala.'Ozoic rocks such as would certainly be present
if faulting had not substituted an approximate! \- straight con-
tact for the usual highly irregular contact resulting from the
denudation of beds so unlike as the Archavm md Pahrozoic.
The highly irregular type of contact which de\(lo{)s between these
rock groups under normal conditions and in the absence of fault-

ing is seen in the maps by Miller and Knight' showing the

Pala'ozoic-Archipan boundary in tiie regionnorthwestof Kingston;
but this irregular zigzag t\pe of contact is unknown along the

' Kept. Om.irio hur. Minis, \. '. XXIf. |,t. II, I'M (.

i
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Ijonlcr of thcLaiirentian plateau. Tlic senior authorhas examined

several areas where stream valleys cross from the Areli.eaii

to the PaUeo/.oic, in order to discover, if possible, a single case

where the Palieozoic extends up a valley into the Archiean

area; but no such case has been found and the contact appears

to be everywhere a series of approxiinatelv- straii^ht or gently

curving lines.

Another class of facts which may be considered in this

connexion is the lithologic character of the limestones at or near

their northern border. The Trenlon limestone at Ottawa is

a nearly pure limestone entirely free from sand, pebbles, or other

detrilal material which the granite hills rising a thousand feet

above its border must have supplied to it if these hills formed

the northern boundary of the Trenton sea. The freedom

from detrital material of this and other limestones of the Ottawa

section is one of many fads which indicate that the present

topographic relations between the Paheozoic and Arch;eaii

series are the result of faulting subsequent to th( ir formation.

The position of the fault which is responsible for tliis topographic

iiiec|uality is siiown in Figure 5. It maybe conveniently des-

ignated as the Laurentian Plateau fault, since it marks tlie south-

ern margin of this upland throughout the area in whicii it im-

pinges on the Pala'ozoic rocks. At Quebec, it approaches viTy

near to the line of the St. Lawrence and Lake Chaniplain fault,

the two being almost parallel and lying only a few miles apart

northeast of the city. The Laurentian Plateau fault is sui)posed

to pass into the river below the Island of Orleans, \orth of

the city of Quebec the southern I jrder of the plateau is broken

up by valleys into a series of more or less detached hills. Rtiund-

top, which is representative of these, has an elevation of L600
feet (barometer). The Pahrozoic plain has here a width of only

4 or 5 miles; Archiean hills 1,200 to 1,600 feet high limit the

plain on the northwest, and a tableland comi>riseil chiefly of the

highly deformed Sillery beds borders it on he southeast. This

plain rapidly widens in ascending the St. Lawrence valley above

Quebec. Between Quebec and St. Anne river the line of the

fault is believed to lie north of the margin of the Pakeozoic,

as shown on the map, at the foot of the line of high Archa-'an
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hills The two conspicuous tongues of An h;van which indent
the Ordov.c.an east ami west of Jacques ( "artier river are verv
mnci, lower than the n,ain front (,f ,he Lauren. ian plateau ami
prol,ahi> represent hills in the .,1,1 I're-Canil.rian surface such as
have l,(-en d-'scribe.! in the f^rst part of ti.is paper Similar
Rran.te hills whi. 1, lie south of the line of fault are locally con-
spicuous in the Ottawa River valley ahove Ouvon. The western
extent ..f the fault is unknown. \. ,,h and northwest of Chi-
clK-sUr !.().. whuh is the most westerly point visited, the Lau-
rcni>;.n plateau t.rniinates in a scarp „r line .,f hills which ri.es
With about the same abrup.nos and relative elevation above
the country to the south a> in the lower Ottawa v.dley.

formi:r i:xti;nt ov the i'Ar,.i-,ozoic.

The interpretation of the relationship „f the Palroozoic
plam to the I.aurentian plateau which has been set forth above
IS one winch recpures a very material alteration of the current
view of the former extent of some of the I'aheozoic rocks in th,.
extensive region north of the St. Lawrence and Ottawa risers
1 he great V-shape<l area <,f Areiia-an rocks, which embraces the
Hudson Bay depression and exterds southward from the Arctic
coast on the west and from northern Labrador o. tlie east to
the Ottawa and St. Lawrence rivers and the upper Great Lakes
has long been considere.l to represent the approximate outlines
ot a I rc-Cambrian continent, which persisted through Paheozoic
time. Uana, who af.pears to haxe been the original exponent
of this conception of the I'.v-Cambrian eminent, gives his reason
for believing that the lands of this .-.rea were above seadevel.
.n the following wonLs: "They are concluded to have been thus
dry because no marine beds cover them, while on either border
marme beds (Silurian and later) commence and spread widelv
over the most of the <-ontinent."' I,i view of the extensive
denudation which most lands of the present are now known to
have sullered, the mere absence of a fornuition or formations
cannot be admitted as good evidence that they may not ha%-.-
bcen^ present at some earlier period. With few exceptior

' 0.111. t, J. I).. M.imi.iluf (k-,,1., K,'v. |;,1., ixos, p. ]M).
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however, later writers on paKxogcography have accepted and
followed more or less closely Dana's delineation of the permanent
character of the Azoic continent. A few geologists have not

accepted this view. Lawson, after reviewing the available

evidence, concludes that "the surface of the Archa-an 'nucleus'

was once very extensively if not wholly covered by Pala'ozoic

sediments."' Willis should also be noted as opposing it. He
states, in speaking of the Archa-an pnjtaxis, that "It was sub-

merged probably beneath the general Canibro-Ordovician

transgression and certainly to a great extent beneath the Siluro-

Uevonian seas which spread over Arctic Lands."' Most of

the maps of the Pahvozoic seas make their shore-lines more or

less coincident with the north side of the St. Lawrence and Ot-

tawa rivers. The recognition of the Laurentian escarpment

as a fault plane, however, leaves no ground whatever for con-

tmuing to draw paheogeographic strand lines at or near this

line. A diagrammatic restoration of the relations of the

Archa'an of the Laurentian plateau and the Pala'ozoic

.>f the St. Lawrence lowland, which existed before faullin^\

will show that 2,000 to 4,000 feet of PaUfozoic rocks overspread

the southern border of the present Laurentian highland. Such
a considerable thickness of sediments overlapping the Arcluean

points unmistakably to a very considerable extension, toward

the north and beyond its present margin, of the seas of Pala--

ozoic time.

A partial reconstruction of the Montreal section as it existed

previous to the extensive denudation which has develojied the

Pala'ozoic plain is highly instructive in this connexion. A remnant
of horizontal Trenton limestone is pieserved on the slopes of

Mount Royal, the highest beds having an elevation of about

500 feet. The thickness of the Utica-Lorraine in the region

adjacent, according to Adams and Leroy,* is about 2,.S00 feet.

This is doubtless a conservative figure since P'oerste, in die region

to the northeast, gives these beds a considerably greater thick-

» Hull. Geol. S()C. America, \'oI. I, 1K')(), p. 172.

'A theory of roniincnt.il siriutinu .ippliiil lo Norih ;\n,cii'M, bull.
C'.eol. S(k:. .Anicrk-.i, Vol. \S, I'JOS, p. .W4.

• .Ann. Kept, lieol. Surv., (jiidda, new ser., vol. Xl\ , l''(tl, p. 2 '(t.
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n.-ss. \\-,.ll records in the St. Hyacinthe .iistrict show the 0„eens-
ton to ha\e a thickness of not less than 1,000 feet. The to-.I
thickness of l.eds lyhiR al.ove ,he Tr.-nton in the Montre.',!
sect.cm .s therefore, about XM',0 feet. These .els s„p..rim-
posec on .he Trenton of the M<.unt Royal section wo,.i;i give
a I aheo.o,c section rising 3.S00 A.T. If for the monunt weneglect the existence of the I.aurentian Plateau fa.It ami project
th.s 3 Mm eet of .sediments on the section con^truct-cj In- Adamsand Leroy' the top of the I'aheozoic section at Montrealwould
stand „,nre than 3,000 feet ahove the average clexation of ,hc
Laurent.an plateau lyin^ 25 miles northwest of Montreal
Thus the structural feature ^^hich constitutes the subject of
this paper may be ignored without invalidating the concluMon
that tin. nearly horizontal .sediments of the Montreal regionmust have reached far to the north of the present Archa-antw( er. The recognition of a gre-at subsidence fault at the
snuthen, b.,rd, r of the Archa'an, however, makes t!u. e-oncepti.,n
o a l.nnted northern extent for the Palaoxoic still more improb-
•Mo. rhe total thickness of the Talao/oic of the Monin.d
rli-trict. It we take the minimum figures of Adam< and I er„^-
f..r the beds below the Ttiea-borraine, is about ,S ()2S f.et If
the Laim inian scarp is the r.MiIt of laf Pakeoze,ic e.r Po.t-
falae,.o,c faulting the .^.a floor of the earlv Palaozoic wa. not
MUerrupted by any ine,,ualily of graele^ near the i.n.H nt se.utlu rn
border of the Archaan. Th.. old Pre-C-ambriaii lan.I surfan.
near Montreal must, therefore, have been eie prcseel neariv
a mile below seade'vel in order to permit the ae-.umulation o,
the .S.OOU feet of Paheo/oic. We must postulate as an ac.-essorv
to this subsielence at Montreal a regional elepression of the area^
to the north which permit te.I the Ordovician sea to inva.le
nnich If not all of the Archaan area north of the Ottawa an.l
St. I,aw.cnce rivers. The elevation of the land near th.. divi.l..
between the Hudson Hay aiul the. 0,tawa-St. lawrenev drainag..
<^>sten,s doe>s not greatly exceed that of mueli of the southern
parM.f the Laurentian plateau. Kast e,f Abitibi lake the highest

'likn-, slue I ,No. :•.,-', I'lo...
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points ^incrally lie between 1,000 feet and 2,000 feet.' The
present very moderate relief of the ri'gion near the Heijiht of

l.anfl affords no reason for assuminj^ tiiat the seas of Ordovieian

time may not have extended to the Hudson Bay rcjjion. In

this connexion the suggestion of dishing,- that the Adiro- dark

mountains were possibly submerged at the close of Uticu sedi-

mentation, is worthy of consideration.

The occurrence of outliers of Paheozoic rocks, some of which

are far within the limits of the Laurentian i)lateau, affords

conclusive evidence of the former wide extent of some of the

Palspozoic seas. These include the outliers at Echo lake. Lake

Nipissing, and at Saguenay. These small areas of Paladzoic

limestone may all belong to down-faulted blocks which have

thus escaped erosion. They appear to have had an origin

similar to the \Vells\ille outlier in the Adirondack region, which

has been down-faulted more than 1,600 feet.' They serve

effectively to support the evidence from other sources that the

Pala>ozoic seas extended very wi<iel\- if not compbuiy over

the Laurentian upland southeast and east of Hudson bay.

SUMMARY.

The Canadian shield or Laurentian plateau in the \iriiiity

of the Ottawa and St. Lawrence \alleys rises abruptly from the

comparatively level plain to the south. This physiographic

feature of the Pre-Cambrian crystallines to which the term

Laurentian PL>teat' escarpinent is applied, makes a series of

nearly straight nr gently cur\ing lines at its contact with the

comparatively flat lying Pakeozoic sediments to the south. It

has been generally regarded as having formed the more or less

permanent southern shore-line of the Pre-Cambrian nucleus

of the American continent; but the authors believe that the sea

floor of the early Paheozoic was there interrupted l)y little

inequality of grade, and that the Paheozoic seas extended very

'Wil-'.i.. M. K., <„.,,1. Siirv., Cin.-Hi;, M. tr. ,iO, I'^M.

WM-. :• \V. I., (,..,1. Siirv , <;,!, '.la, >'.,i,i. 4, t'tlC.

- Hill'. N N'. Si.M,^ Mu-.. No. 1 !.-, I'Mi). n. n,.

•Miller, \V, J., liiill. N. Y.Si.ite Mu- , Nk 16t, I'M.i.n. Si.
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widely, if not completely, over the Uurcntian uplan<! southeast
and east of Hudson bay. The present boundary ktween tlv.
I-aurent.an uplai.d and the Palaeozoic lowland is hK>lievcd to be
the locus of a line of post-Ordovician normal faulting for which
the term Laurentian Plateau fault is proposed. The existence
of such a fault ,s supported by the following considerations:
a the extreme regularity in the direction of the escarpment,
(b) the abrupt truncation of the structural features of the Pre-Cambrmn area by the escarpment, (c) the present; of outliers
of the Ordovioan upon the Pre-Cambrian. (d) the tact that the
escarp nent is located along the northern border of a zone inuh.ch subsidence or normal faulting is peculiarly characteristic
(e) the general horizontality of the PaL-eozoic Ijeds in the ar-a
south of the escarpment, (f) iV usual absence of physiographic
evidence of faults unless they result in the difterential erosion
o beds of unequal resistance, fg) the discordance between the
physiographic features along the escarpment and along other
nearl>-,ng borders of the Archaean where normal erosion has even
yielded an escarpment of the PakLOzoic. (h) the absence of Palae-
ozoic penetration into breaks in the escarpment, and (i) the entire
absence of clastic material from the limestone immediately
adjacent to 'he escarpment.
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