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POREIORD

o

Thig is the third o

h

a series 0f reports made o

h

the Geological Survey of Canada upon field work carried on
in Southern Cuebec.  The earlier two were concemmed approximately
with the Iacolle and Sutton sheets respectively. This repord

deals with the Hemphremagog sheet between the Sutton ilountains

and Lake Iilemphremagog. The eastern part of the ilemphremagog
) N (s Bl ] (I &)

sheet has already been reported on to the Geological Survey

of Canada by Dr. #. A. Xerr (1923).

.
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IHTRODUCTION

Locality and Area..

The liemphremagog Guadrangle lies between 72° ang

7209301 ¥, and between 45° and 45°15' N. The intemational

bOundary crosées it neaxly parallél to its soﬁthern boundazry
and distant therefrom about one half mile. It is divided
roughly equally into two pa'*s by ZLake iiemphremagog which
has a course somewhat east of north. @hiS'report deals with

the geology of that part of the quadrangle in Canada west of

Lake lemphremago and east ‘of tbe Sutton lowntains, the geolox
_ ‘ gy

of wnlch is coatalned in a previous report. This area isg
therefore about 130 square miles. It is contained within
the tovnships of Potton and Bolton, and save for Mansonville

has no town of any size. 3South Bolton and Bolton Centre

are the only other villages. Xnowlton Tanding and Vale

Perkins are two summer resorts on the shore of the Iake.

Physiography.

Like the area previously reported on, this one lies
COmpleteTy within the northemm Appalachian Province. As such,

~

the majority of its physiograjhic features have a north-

north¥east trend. Iowhere is it so continuously mountainous

as-are thé Sutton liountains, but the individual hills such

as Owl Head, Suzar Loaf, Bear ilountain have elevabions of



e

between 2,200 and 2,500 feet. Hostﬂbf the ares however is
g rolling wupland varying from 500 t0 1,000 feet, up from
which stand the hills mentioned and many others. Teke
Memphremagog, whose surface has an elevation of 685 feet

bounds the area under consideration and empties northward.

into the lagog river at the town of Hagogs

It should be recorded that in the southern part of
the area the names Province Hill and Hawk lountain are
incorrectly interchan?ed on the topograpnic map (llemphremagog

sheet) DuOlISﬂeC by the Denar sment of National Defence.

Culture.

Mixed farming is carried on in the lower part,
the hills being unused save for lumbering. Iiiowhere is the
soil véry fertile save for some of the flats along the
llissisgquol River. The poPulation is scanty. There is no

manufacturing, and no mining. Two good highw

‘ki
Q

3
Q
4]
[4]
ot
Ey
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w

region from north to south from ilansonville, one runs almost

due north through South 3olton to 30lton Centre and thence

to Zagtmen, the other crosses over to Vale Perkins and thence

north to Knowlton Landing. The other roads are poor, though

they are being constantly improved. From Br; vants Landing a

good road goes northward to Route Ho. 1, but its connection

southward with Knowlton Landing leaves much %0 be desired.
The population is still largely of Znglish extraction, though
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time will doubtless attend to0 thatb.

Previous dork.

Nothing was known of this reglon prior to ILogan's
work. In the Geology of Canada, 1863, he describes the slates,
the felsPathic rocks of Owl Head, etc., although the references
to the latter type are very scanty, and the synclinal of
Silurian and Devonian rocks. The "magnesian rocks” of Logan
include dolomites, magnesites, soapstone and serpentine.
Selwyn, content with the illusion of his vic%ory in the

(7883, fop-7-13), ‘
Sutton Mountains, did not pursue the geology beyond where

his enemy had left his mark.

Ells (1896, p. 76J) referred to the igneous rocks
of the hills as eruptives, gquoting Adams (1885)5ﬁ. '
He came to0 the correct conclusion that the igneous rocks

were later than the associated slates, but from erroneous

Conrtact

Observations, relying upon what he considered 0 be metamorphism.

Dresser's description of the geological relations
in the_serpentine region farther north is to some extent
applicable to our own area. The only detailed description
since those of Logan and Z1ls has been given by Harvie, who
in 1912 and 1914 published brief nobes on the geology, but
a final report of his findings has never appeared. :?ery'

essential in the geological relations as we now understand



them was outlined by Harvie, save that he insisted.that the

"diabase" of Owl Head, e%c., was intrusive. Harvie also

discovered and reported on Ffossils of Silurian age from the

shores of liemphremagor Lake.
P_ (st

H
: ]
°

Present Hield Vo

The field work upon which this report is based,
was carried out in 1930 and 1931. buring those years the;
writer was ably assisted by Mr. H, E}vFairbairn, %0 whose
interest in the igneous rocks of this district and their

metamorphism much of the information in this report is due.




CPHYSTOGRAZHY.

‘fopographic Divisions,

In an area so small as the present one there can
be no satisfaction in subdividing it into lesser topographic
units. However, there are four parts which might be mentioned
paiticuiarly because they correspond almost exactly with areas
of similar geological,ﬁnits, Pirst, the Hississqubi Hiver
valley. ihis, roughly speaking a mile wide southwards from
~South Bolton, narrows northward .t0 1little more than the width
of the stream itself. It is occupied for the most part by
the aggraded products across which the present sbream meanders
its way at an elevation between 500 and 600 feet. Between
. this valley and ILake liemphremagog there are‘thrée types of
topography, of which the most apparent is that.underlaiﬂ by
the extrusives, which being conéiderably more resistant than
the surrounding rocks, stand out in bold relief, making hills
such as Bear, Hawik, Owl Head, Pevee, 3ugar Loaf, Hogs 3Back
and. Place Liountains, which, collectively, may be called the
Bolton iiowatains. These reach elevations of from 2,000 to

wlid
2,500 feet, and,is underlain almost exclusively by slates.

And lastly there are the longitudinal lowland belts, in one
of which Lake liemphremszog itseclf lies, and a second runs from
"Phe 3rulee” northwards across Sargent Bay and Hillington.

Te3s resistant than the adjacent slates, the limestones of

. . ) . "', - - : .
and stand out above an irregular plateau surface which rarely

attains a greater elevation tham 1,200 feet



these belts have been eroded so. as to lie in general below
the 1,000 foot contour. Iake lMemphremagog itself lies at
683 feet above sea-level and occupies throughout at least

four fifths of its length a belt of these soft limestones.

There are but two drainage basins in this area,
the Potton basin, occupied by the headwaters of the Hissisgquoi,
and Lake lemphremagog basin. These two basins divide the

area more or less equally between them.



GENERAT, GEOLOGY.,.

As with the topographic divisions, so there are
four main groups of rocks in this district. They are as

follows:

4. Silurian and probably Devonian slates and
limestones.

3. The Bolton Series of late Ordovician or early
Silurian lavas and associated intrusives.
Mcmﬁﬁrcmgy{y .

2. The FE=s=g- complex of slates of Ordovician age..

1. 7The Mansonville group of gquartzites and slates,

presumably of Upper Cambrian age.

Heither Logan or Selwyn, nor any field worker in

this region prior to Harvie, seems to have grasped even an

approximate idea of the stratigraphy and structure involved

in this small area. Harvie in 1914 published a very short
abstract of his findings in which he discussed all of the

above except the liansonville group. It is with the roeks

of the Bolton Igneous Series that there has been the greatest

difficulty. Logan supposed that they were in part felspathic

‘sandstones, a determination that was corrected by Adams’

microscopical examination. Since then much has been written
with regard to their intrusive or extrusive origin, and also

their age. Harvie contended that they were all intrusive,

e



whereas our researéhes héVe shown that though the greater
part of the rocks are extrﬁsive, intrusive types accompany
them. Harvie was correoﬁ in dating the igneous rocks as
pre~ﬁiddle Silurian. Because the Bolton igneous complex
is'probably continuous with the asbestos~bearing‘serpeﬁﬁine
further north in the Thetford district discussions as to its

age and relations may be of wide import and application.

' ' Older Seolmeatavv Rocks
‘ ~<7gzm/_,/- /‘47'5 ?4 ??—g —_—

HMansonville Series,

Occarrence and Lithology. The Mansonville Series

v
/ L
L l;.L&;u; ,,,,}t,

occupies Petben Valley over a width of between 1 and 2.5 mlles.

Its western contact is with the Sutton Series; its eastern is
with the Bolton igneous rocks and the llemphremagog slates.
The formation is dominantly quartzose and texturally may be
slate and..
divided into quartzite and grit on the one hand, and phyllite

on the other,

The quartzite and grit make up most of the outcrops
and apparently also of the formation as a whole. The quartzite
is grayish white to nearly black and macroscoPiéallJ Tree of
original m1neral°‘ot er than gquartz and mica. 3Some exposures,
.however, contain accessory chiorite, sericite mica, calecite,
-pyrite étc. The grit tenas to oe of coarser texture, and

roun&ed aling of quartz un to one ei ntn of an inen dismeter
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y

The basal formations in this ares we have namsd
.the HMensonville and_ﬁemphremagog series. Both arevpredominaﬁgiyxpiv
of‘slate, with minor amounts of quartzife and grit. ILimestone
is practically absent. DBecause of_the inhereﬁt difficulity in
mgpping and in unravelling the gtructure of highly folded
slate formations whose bedding has been all but obliterated
end in which no fossils are to be found, even the broad lines
of the classification here presented are open 0 question.
In the Thetford region, the nearest area to the north'%here
detailed stratigraphic study has been made, Oooke,has established

the order of succession as follows:

| Co oke ‘ Clark, wlfernalive /_70;;,3/'/,'/;&;
o Beauceville | | _
Ordovician series Memphremagog  lMemphremagog

Unconformity and | .
S : bagal congl,.

. Caldwell series o Memphremagog
Cambrian and Mangonville — ot
Bennett schists : Mansonville

Twé possible correlations of our strata with those of Cooke”é
region are open t0 us. In the first place the equivalency of
the Bennett and Sut%on schist can scafeely bezdeniedg Secondly
the Hansonville series with its near basal quartzite is similax:
to the sedimentary part of Cooke's Caldwell series. The
posiﬁion of our ilemphremagog series is more of-a puzzle, Thatj

the fossiliferous part is eguivalent %o part of the Beauceville



9b.

cannot be denied, but grave-doubt must be entertained as to
even the approximate equivalency of the whole of the .
Memphremagog and the whole of the Beauceville series. AS
at present mapped and separated, it is not.impossible tﬁat

our Memphremagog includes part of the Caldwell and pars, if

‘not all, of the Beauceville. There is no way of setiling

this question as long as the basal conglomerate discoversd
by Cooke (possibly Dresser's HMagog conglomerate) is
unrecognized here, and fossils remain g0 scarce. Wera-
graptolites more abundanit, and confined to the eastern.part
of the ares, onse solution would be to group all of thé non-
fogsiliferous rocks together into the Mansonville series

and call them the equivalent of the Caldwell. Ox befter

8611l ‘if the Magog conglomerate, which as Dresser notes outcrops

along'Castle‘Brook, south%est of lagog, were more widespread,
ait might serve as a means of separating the two formétions.
Because neither of these criteria serves us, I have fallen
back upon petrologic differences realizing the unsatisfactory
nature of such a criterion, and éntieipating a division of

these slates based upon more sure determination in the future.
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may be seen in a matrix which is usvally very flne and also

composed mostly of quartz. The large grains are in plaGeS'

corroded and commonly show strain shadows or evidence of

granulation. Iuch of the grit is schistose and intervrowths
" o

of chlorite and mica weave in and out around the large competent
grains or aggreszabtes of small ones. Pragments of slate ocecur
in a few places. In the fine~-grained types the schistosity

produces a gray-green rock, which, in the field, is difficult

- to distinguish from schistose varities of the Bolton metabasalt:

Both ‘quartzite and grit are associated with interbeds of slate
several feet thick. °

Slate and phyllite form the accessory part of tﬁe
series (Plate )+ . These rocks are less crumpled on the
whole than the phyllite of the Sutton Series but do not differ
materially from the léfter in composition. - They vary from
black through dull gresn to0 silver gray in color, the latier
being very fine-grained. <Carbon is abundant iﬁ the black
varielies and occurs as graphite on many cleavage surfaces.
Cubes of pyrite up to a gquarter of an inch adross are common
in these carbonaceous slates. CQuartz is the dominant mineral
in the non-~carbonaceous tyves and tégether with mica.and chlorite
fdrms a fine felted aggregate. 3ands of:different~colored-

than an inch across, are characteristic

cf

material, usually less

3

e

0f the group and serve 0 distinguish it from the llemphremagog

cQ

slate. The phyllite sometimes shows two intersecting sets of

cleavas

()Q

e surfzces similsr t0- those
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found in the schiéts of the Sutton series. One featurs
fhat'charaoterizes'mﬁch 0of the light colored Tine-grained
slates is ﬁheir ability to cleave with plane surfaces. A%
several localities along the llissispquoi valley this can be
seen particularly Bolton Centre and South Bolton, and also
about midway between the latter plsce and Iiansonville (ses

fige Je

4 group of outcrops northwest of llansonville shows

the greatest metamorphism of the series (Plate }» The

-

quartzite is squeezed into numerous tight folds and shows
intense flowage such as that which is charscteristic of the.

Sutton series. The thin slate layers are controlled entirely

by the harder quartzite and appear as darker streaks in the

grayish outcrops.

“hickness. The liansonville series 1s closely folded
and much of it appearé t0 be isoclinél.‘ Itﬁstrikes a few
degrees east of north and the cleavage dips are vertical or
to the east at a high angle. The quartzite appears as a
succession of ridges in two localities - (1) immediately
northwest of South 3Bolton, and (2) on the west side of the
highway less than 2 miles south of 30uth 3olton. These
 probably représent vpart of the folded series but top and
bottom are not knowmn. - ThéleXposures indicate, however, that

- the Mansonville is repesated maany times by folding across the
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et . ) L )
the valley. The structure end stratigraphy are unkanova in
detail and only a guess can be made as to the thickness.

It is given ds about 1,000 feet in the geologic column.

. Age. There is no definite evidence of the agé
of the series. It is wnfossiliferous® and only long range
lithologic correlation is possible ab present. $he limits
between which its age must lie are Pre-Cambrian and Upper
Ordovician. It is believed t0 be probably Upper Cambrian

age = the representative in Southern Quebec of the L'Islet
. Drrssen frore A
formation described ##, various points to the northeast, , The
. . . /M 7‘0{//\4/(1/4/, M,
basis for this conclusion follows, b i Cotteorett sﬁj;
Ma.a/(a,y‘//g’Z//a«aL Corotle (’73/)..

The schists of the Sutton sxis throughout their
entire exposed length of some 150 miles are bounded on the
east by slate and quartzite, with or without interbedded . 4

M’IKAW &/m J'a.fec.f/zﬁ' cat S{M »

lavas. Iiuch of the slate is # reddish,%%%%%%%%ﬁﬁﬁﬁﬁﬁﬁawybul-¢w124
"Sillery", which 1s a widespread formation between Vermont and
Quebec City. ©Lhis slate is underlain by quartzite known as
“the L'Islet, which presumably belongs to the same series.

Aed Slalte : s ;
The @uuztzmpgnesezg 0f the series, does not occur in Potton

* Harvie (1914, p, 213) reported the finding of cephalopods

of the orthoceracone type in the slates of this Formatbion.
~There is nothing in this report that is out of hgrmony with

our assumption of an Upper Cambrian =zge for_thisfﬁormétion.
Unfortunate1y>2arvie did not preserve any Speoimens;'and ﬁhotgh
our entire party hunted aséiduougly in the locallty as indigated

by Harvie; we were not successful in finding any fossi;s.,éhwwq
aceis red Ho slalis 9 e Creatls 4 the Tarndon (suee Irtpplotinagos St ), Oun
atelgralion b & He Wavaootl Lerceo. ,
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valley but a few miles norﬁﬁ on the liontreal - Sherbrooke
highway close t0 Orford Pond there is a red slate outerop
adjoining the Sutton schists on the east Wﬁioh ma& well
belong to it. As most of the manson#ille ls impure quartzite
with grit and siliceous slate close lithologic similarity,
stratigraphié position, and lithologiec near-continuity make
it reasonable to correlate it with the L'Iglet. There is
nothing in the lithology or structure which could preclude
this possibility énd subsequent work may support this

conclusion,

lemphremagog Series.

Occurrence and Lithologzy. The Memphremagog series

lies east of the liansonville series on the upland east and’
west of Lake ilemphremagog. fThe éxposures are interrupted by
much igneous.rock (Bolton series) and by syaclines of Silurian
strata. The series ié'eomposed of graphitic slate for thé
most part and quartzose beds of various kinds are interbedded
*with it. ihe slate is usually black and high in carbon and

in most places is crumpled (Plate )« The interbedded
quartzite is of wvarious ﬁypes; one common type consists of
dazrk gray‘carbbnaceousImateriai studdéd with pyrite cubés up
to one eighth of an inch across. The beds themselves are
rarely more than 2 feet across.(Plate ). A typical locality

is between Bolton Centre and iiillington where coarse gritty
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méterial ocecurs in addition to the fine quartzite. The beds
are broken in places, forming s coérse tectonic breociao
Another type of interbedded'quartZife'more commen than the
last lacks the carbon and is dﬁll white in colox, it bocurs
in thin layers averaging gbout 1 inch thiek and is usually

brecciated. This brecciation is characteristic of the geries

as a whole and is gevere in most localities. In places the
P

brecciated fragments have lost ftheir angul%ity ahd may easily
be mistaken for boulders or pebbles of a true conglomerate.
Usually, however,;thq original character of thé material

is revealed by the transition laterally into unbroken beds

and by the angularity of the fragments.

Boundary with lansonville Series. Although a

boundary is indicated on the map, it is not intended that

such a line should be-00nsidered'as'anyﬁhing but approximate.
Praoticélly all of the slate and quartzite west of the boundary
certainly‘belongsto the llansonville Series. ZIastwards the
slate is almost devoid of quartzite, softer, more crumpled,
until within a mile or so of iakelmemphremagog, where an
abundance Of grits makes its appearance. It is not impossible
that these grits belong to the llansonville Series, here |
broughf to the surface by an irregular anticline, but it would
be fatuous to attempt more than 40 delineate with approximate

accuracy the main dboundary between these two formations.

Without doubt, could the real boundary be mapped, its complexities
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vould be so great as to render it of little value. The liagog
conglomerate, which might be expected to serve as a convenient
meang 0f separating these two formations has not been Observed

in this area.

About 1 mile northwest of Channell there is a knob

on the west side of the road in which there is at lesst 18

"feet of well-bedded qguartzite flanked’by slate. The guartzite

occurs in beds 6 to 12 inches thick many of which are repeated
by felding. Such a thickness of quarbzite Ig unusval in this

s

formation.

“hickness., The liemphremagog slate appears t0 be

isoclinally folded in 81l localities where stratification and
cleavage can be seen together. The heavy guartzite beds
everywhere are parallel to the cleavage and dip vertically

to steeply east. The strike is uniformly 10° to 20° east of
north except where brecciation and crumpling are véry intense.
The latter condition, together with the disposition of the.
30lton igneous rocks in and above the liemphrsmagog series has
prevented the construeﬁion of a complete stratigraphic‘section
but it is believed that at least 3,000 feet of the series is

-

present.-:

Age. Ho fossil material is known within the limits

of the present study. In these same graphitic slates along

Castle Brook g few miles nordh, however, is a locality well



known for its graptolite fauwna ( ). Ruedemann gives (1908,
Pe 30) a list, which follows, of graptolites from the lastle
Brook locglity.

{D. ramosus Hall

Dicranograptus nicholsoni var. ark
;Climecograpbus caudatus ILapworth i
' Gurley

0. kamptotheca Gurley

}o Oligotheca Gurley

scharenbergl Lapworth

i wilsoni Lapworth

Diplograptus foliaceus Linrchigon
D. peosta mut. perexcavails NoOv.?
De truncatus ? Tapworth :
- Cryptograptus tricornis (Carruthers)
Lasiograptus mucronatus (Hall)
Dendrograptus unilateralis Gurlsey
Ds sP.
Dictyonema sp. incexrt.
Thamnograptus barrandi Hall
Corynoides calicularis IIicholson

ansasensis Gurley
do var. laticaulis

Rﬁedemann comments on this list as foliows: "It will
"be notieed~tha€ these féﬁules Observed in Canada are essentialiy
relict f%ﬁules 0f the climateric fauna'of the zone of Hemagraptus
gracilés [Mormanskill, Lower Trenton]". There is.nothingiin

the faunal assemblage that would induce one t0 call it Uticsa.

Ruedemann places it in either {or both) iiiddle and Upper

-

Trenton,,put include# the Lower Trenton also. ZEast of Iake

\

2g0g the series contains abundant graptolites also of -

Trenton age. “There can be little doubt therefore that the

slates described above are of Ordovician age.

The reference of these rocks t0 the "Farnham series”

[

by Harvie (1912, p. 288) can scarcely be upheld on either a

It is not impossible that the lemphremagog slates span nét

O

only both iddle and Uvpper Trenton,
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aleontological, structural or siraticsravhic basise Blls
P &3 s X

(1896, p. 377 et seq.) was quite justified in assigning these

‘slates to the Quebee‘cluy Eormatloa on paleontologlc grounds.

Dresser (1925) has called attention to the presence
of a widespread conglomerate horizon in the slates in quers*uiorio
He cites localities from Magog on the south to L’Isleﬁ'oo.
on the north. In almost every case the conglomerate counsists
of boulders of dquartzite, grit, etc. in a matrix of slate.

It is extremely unlikely, in the Opinion of ﬁhe writer, that
many of the twenty one‘localities mentioned by Dresser belong
%o the same horizon. Certainly all do not for the conglomerate
in Shefford lies within the Osk Hill Slice and caanot be
st;atigraphically related to horizons further east and beyond

the Sutton schists. Ispecial point is given to doubts as to

- the validity of the llagog conglomerate by the presence in

Boiton'of a rock precisely similar to that described by Drésser,
but which is known to be post-Ordovician in age and basal to
the Silurian series. "A prime difficulty in deulpqe ing tlhie
structure of the region has been 1ack of definite horizon
marks” (Dresser 1925, p. 116), but Eﬂg prime difficulty
h;therto nas been the lack of a detailed outerop map upon

which stratigraphic units could be plotted with reasonable
cerbainty. Until outcrop maps are made covering the srea over

which Dresser's Jagog conglomerate occurs the formation must

always be regarded with suspicion.



S

- 18

Bolton Igneous Rocks.

The upland lying between the Missisgquoi river and

- Lake ilemphremagog is occupied largely by slates and quartzites:

Memphremagog
of the liansonville and #%%%r series. Scatbered over this )
upland there are a dozen prominent hills, every one of which
is composed of igneous rock, to the sum total of which we

have given the name Bolton Igneous Series.

Although ILogan recognized these rocks, and described
them (1863, pp. 248, 250) as serpentine, felspathic rock, and
diorité, it is doubtful whether he had sny idea of their
structural relations to their rock neighbors. Logan had
espoused the sedimentary origin of serpenﬁiﬁes, the fallacy
of which was shown by Adams (188§) - in what was one-of
the first pieces of microscopical petrographylcarfied out
on this continent. 31ls (1896, pp. 76-85) described the
distribution of these igneous rocks very well in a-general‘
way, but nowhere in‘his report can one gleah'the faintest
hint of his ideas regarding the structural relationship of
these rocks, save that there seems 10 be a tacit assumption‘
of their plutonic nature. He might be pardoned for assunming
a 100 close genetic relationship between these igneous masses

and dikes which he fouad nearby.

- Harvie, in 1914, influenced t00 stroagly by the

crystalline nature of the rock and possidbly by Zlls' description
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of the contacts Wiﬁh the nearby-sediments concluded +that

it was intrusive in spite of his recognition of widespread
pillow structure, the value of which as a criterion he |
minimized.

As we now understand them these igneous rocks are
largely volcanic, with a minor amount of plutonic mssses. The
plutonio‘bodies we interpret as the feeders of the volcanics,
with the possible exception of the serpentines, which seém
not to be related to the rest of the series. These rocks are
invariably altered and the prefix "meta-" is used to indicate
this condition. The group includes metabasalt, metagabbro,
and metapéridotite. The meﬁabasaltAforms the Bolton mountains
and is the most widespread igneous rock in Brome Countye.

The metagabbro and metaperidotite occur in dike-like and

other intrusive bodies of small size and local distribution.

Hetaperidotite and Derived Rocks.

Introduction. This division includes the meta-

peridbtite, serpentine, talc, and megnesite of the district,
vhich are all derivatives of primary peridotitic TOCKS. They 
fofm a minor part of the igneous rocks in Southemn Quebec bﬁt
to the northeast and especially in the Thetford district they
are very extensive. Within therreSent area they occur in
two zones, one on each sidé.of the Eissis%quoi Valley, and

also in scattered localities in the SuttOH,ﬂountains.~ The
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two belts in Potton valley tend to converge northward into a
wider irregular zone. The eastem one, however, is always
larger and follows the strike of the formations, but in detail

the exposures are very irregualr and occupy a considerable

-

belt. ©The largest outcrops occur 2 miles southeast of ilansonvill e

Where serpentine and serpentinized peridotites fomm a low,
irregular, barren ridge about 1 mile long and less than one
quarter of a mile in Widfh. further north the exposures are
\numerousmbut seldom more than a few feet across. Host of this
zonevlies within the Hansonville slate close 40 its contact

with the Hlemphremagog slate.

The belt on the west side of the valley appears
t0 be more regular than its neighbor and followg the Suﬁton
Series just west of its contact with the liansonville. the
localities are dominantly tale and soapstone and are seldon

ags much as 100 feet scross.

The remainder of the localities occur in the Sutton‘
Series along 3olton Pass and south along Sutton Valley.
They are mostly impure falc and are usually less than 100
feet wide. Theré'may be many more occurrences within the

mountains but the soil and vegetation effectively conceal them.

iietaperidotite. 4s already noted, the metaperidotite

occurs mostly in the eastern belt along the iiissisgguoi valley.

legascopically, these rocks have a groundmass composed mostly
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of serpentine in which paler pseudomorphs after pyroxene are
embedded. The mebtaperidotite is of a gray-black color and
on a weathered surface these serpentine pseudomoiphs become

bleached and stand oubt in relief.

In thin SGCtionkpyroxengs may be seen in all stages
of replacement (Plate ) The boundaries are deeply éorroded;
extinetion may be destroyed by the advancing serpentine which
forms a compact mat and shows g pseudo~cleavage in place of
the original orysﬁal cleavage. At a still later stage when
thé pseudo-cleavage ié gone the locus of the primary mineral
‘mey be recognized as a pseudomorph by the finmer texturejof
thevserpentine. These irregular areas are sharply demarceted

from the coarser serpentine of the groundnmass.

Olivine remants are commonly scattered throughoutb
the serpentine groundmass and stand out in relief as clear,
irregularly fractured grains. Serpentine appears to replace

them inwards from crystal and fracture boundaries so that

e

remnants remain clear. In the pyroxene the process works
along the closely spaced cleavages as well and clouds the

entire grain immediately.

Serpentine. Serpentine is closely associated with

the metaperidotite.. It occurs in vein form and grades

insensibly into more massive material derived directly from

. peridotite. In color it ranges'frOm black %0 0ily green and
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its texture is very compact and dense. Both massive and
schistose types are common. In places rounded, pebble-like

forms of massive serpentine occur in a schistose serpentine

matrix. This is well illustrated alongside the Canadian

Pacific Rﬁilway tracks half~s-mile south of Pobton Springs Hotel.
and seens fo be an extreme phase of the irregular jointingf
which is characteristic of these rocks. It resembles'a
conglomeraté'in many respects. Outcropping éurfaoes may also
show a cobweb pattem due to certainAveins of serpentine

which stand out in relief.

In places ciiss-crossing veins of silky, green-
white asbestos Tiber oceur in the serpentine. The veins
vary in width from several centimeters down to mioroscoPic
dimensions. The fiber length, in the cross-fiber type,
averages less than one half of the vein width as there are

numerous seans O0f magnetite disseminated through the central

~zone of the velns. 7This effectively destroys the continuity

of the fiber and reduces its value for many purposes. There
are all gradations between this soft fiber and hard, rigid
varieties and again between the latter and massive serpentine.

Carbonate may occur with the asbestos, apparently replacing it.

Accessory minerals include chromite in disseminabed

-

grains or minute veinlets, talc in veinlets or irregular masses,
and hydromagnesite in thin white coatings of finely granular

o

texture. Actinolite in radiatin-, star-shaped aggre

)

ates Isg

0Q

a
Tk
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found in One locality half-s-mile east of Bolton Centre and

has blades more than 1 inch long (plate ).

In thin section additional details may be obiained
regarding the crogg~fiber asbestos. The central zone of fhese
microgcopic veinlets is filled, in addition to magnetite grains,
with serpentine oriented parallel t0 the walls. As a rule
this slip~fiber has loéfinterference colors thaﬁ the crosg-
fiber. 7The serpeﬁtine_groundmass msy show uausual pa terﬁs,
as in S~ or V-shaped folds (Plate ), but ordinarily it
consists of a mat of fibrous to lamellar partiéleé which
are entirely without orientation. Chlorite veins may occur

but seem %0 be unusual.

Evidence of three successive generations - peridotite
to serpentine to magnesite - may be obtained Ffrom oﬁe section
examined. The groundmaés is mainly serpentine and contains
pseudomorphs affer pyroxene and olivine. A carbonate,

probably magnesite, occuples part of the section and retains

“the nodular texture of the serpentine which is characteristic

of its replacement of olivine. Stringers of magnetite which
are likewise charascteristic of olivine replacement cutl across
the present serpentine-carbonate boundaries. Neither of
these features is characteristic ofhthe»direct replacement

of olivine by carbonateé and the evidence of age relations is
thus apparsnt - peridOuite'initially, followed by serpentins,

then the carbonate,
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Tale and Soapstone. These vary in color Ffromn

white to dark green and gray, depending on the inpurities
lpresenﬁ, Soapstone may be the finely granular, green, -
chloritic type or a smooth, gray,’massive variety, irragulérly
and closelyljointed_o Talc may occur as a schist or as s
‘¢oarse irregular mat of crystals. It usually contains some
carbonate, rusty iron oxide, and magnetite, The weatherecd
surface is slippery, eSPécially if wet, and the talc is

‘ g :
conspicuous due both to its light color and itskghemical

resistance. Veinlets of tale in places cut serpentine but

the opposite relation has not been Seeén.

Lo e e .
lisgnesite. liagnesite is found in a wll~known

locality half-a-mile east of Iake Iick. It ocours as s mediun

to fine-grained, massive, lighit gray rock. On s fresh
(o) b ] [

fracture the flashing of carbonate cleavage faces is conspicuous,

There is quarbz throughout much of ‘the rock and chromite oceurs
Sparingly in disseminated grains. The brillianﬁ green mica, |
fuchsite, is locally abundant ané characteristic, The rock.

is closely and irregularly jointed and the brownish weathered

surface is not distinctive from the lavas of the region.

Thin sections show untwinned magnesite anhedrons
as the principal mineral. 3Some of it is of very fine grain
and 1s assoclated with irregular veinleis of quartz. Fuchsite

is similar 0 sericite and its green color is visible only in



a thick section. Chlorite and serpentine are accessory

minerals and relatively unimportant.

Chromite occurs almost exclusively as rings
surrouvnding carbonate cores and may have separated almost
in place during the decomposition of some primary mineral.
The carbonate is definitely a late mineral. One section
~shows four successive rings surrounding the same nucleus
(Plate ) BSuch structures indicate the secondary nature
of the chromifte bpeyond much doubt.although they db not indicate

«

its source.

lletagabbro.

Occurreace. The outerops of this rock make up
only a small part of the exposed igneous ares and are invariably
of small size. They are dike~like bodies seldom over 30 feet

across and are considered to be the feeders of the flow with

which they are assoclated.

Petrography. llegascopically, the metagabbro is

medium-grained, and shows all gradations t0 the fine-grained

metabasalt charscteristic of the Boliton mountains. Due to

intense alteration the texture appears confused in many cases

~but close inspection usually shows traces of ophitic texture.

-

In fresh material this feature is especilally notable and the

gly of interlocking feldspar laths. LeSs

3

r
0q.

rock consisgts laz

commonly a coarse porphyritic texmbture occurs with an ophitic

groundmass.
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The rock weathers to a dull gray~brown surface

~and in places the feldspar may stand out in relief as whitish

specks. Considerable kaolinite and ferric oxide are developed
in this weathered zone. On a fresh fracture the metagabbro

has a dull greenish-gray cast which is characteristic.

The local structures are variable. Imch of the zock
is massive and irregularly jointed and the primary textures
are fairly ﬁil preserved. There are numerous zones; however,
in which a chlorite schist is developed. The primary texture
in such casges is obliteraﬁed‘and the minerals tend to have a

parallel dimensional srrangenent.

lfany of the minerals may be identified with or even

without a hand lems. Under favorable circumstances albite

twinning is seen in the interlocking plagioclase laths and

vi
the alteration of narrow with wider twins indicates a composition
A

at least as calcic as andesine. Green fibrous amphibole is
usually coanspicuous and is probably actinolite. Zpidote is
‘commonly seen as light green aggregates or tiny veinlets.
Chlorife is best developed in the scﬁistose phases of the
metagabbro but is present in all specimens to some extent.
Calcite cleavage fragments are most prominent in the schistose
zones and form a considerable part of the rock. Pyrite and
pyrrhotite are consPieuous accessories and occurAin irregular

grains.
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In thin section the ophitic texture of the inter—

locking plagioclase laths is characteristic. Alteration nmay .
gD ¥

‘be 50 severe that 1% is largely destroyed but traces are

usually to be found. The grain size is very uniform and
porphyritic varieties are rare. The schistose mebagabbro is
characterized by parallel dimensional arrangement of chlozrite

and to some extent of plagioclase, calecite, and titanite.

Feldspar makes up the greater part of the sections

studied. The least altered material occurs in long laths and

is invariably twianed aoeording’to the albite law with
aiternating wide and narrow bands charaeteristic of calcic
plagioclase. A rough determination of indices, however, |
indicates that it is no more caleic than oligoclase. Iaxirun
extinction angles can not be used for determination since this
alteration to more sodic varieties is variable from point %o
point. A few optiéally oriented crystals were located‘aﬂd
indicated oligoclase-albite in every case. luch of the
plagioclase has lost ali of its crystal outline and is clouded
with small flakes and grains of actinolite, epidote, calcite,

and chlorite.

' Pyroxene occurs in a very few cases and then only

as remaants of the original crystals. It is always uralitized

and its relation to this secondary amphibole is especially

-

distinct. It may also be replaced directly by chlorite.
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the probable source of this material, is rarely found. The

28.

Uralite is abundant in almost all the sectious

examnined. It occurs commonly in large fibrous forms or as

minute shreds which cloud much of the feldspar. Pyroxene,

"

urglite is usually colorless bubt may vary in the same cryvstal.
to a light green pleochroic variety in which the optical
continuity is preserved in all cases. This secondary amphibole

probably belongs to the actinolite-tremolite series

Epidote and clinozoisite écour in;praoﬁically all

the metagabbro,» They are oloselj a88001ated and are found
& subdecdrad

in small euhedral crystals scattored throughout the sections.
In‘plaoes a microscopic veinlet is seen. The crystals may
be brilliant and clear or clouded with alterabion products
through which the high interférence colors are seen with
difficulty. The blue grains shOW1ng cleavage were carefully
examined for evidence of inclined extinction, which would

indicate zoisite, but none was found.

Chlorite occurs throughout the meuagabbro but is
particularly abundant in the schistose variefties. Here it
has pronounced parallel dimensional arrangement and forms a
chlorite schist. Its usual'occurrence in the massiveimeﬁagabbro
is in ragged random shreds of varying Slzé which replace

uralite. Caleite is its usual associate.

Calcite is found in almost all these rocks. As



noted above it accompanies chlorite and there is a parsllelism

in the relative abundance of the two minerals. They are least -
common where auglte and much uralite remaing  they increase as
the latbter diminish in abundence. Calcite occurs as small
irregﬁlar masses Oor in single elongated forms. In the latter
occurrence no uralite remains and the calcite may be.oooupyiné

the former site of the amphibole. Calcite undoubtedly replaces

~uralite in other sections examined and this premise is thereby

strengthened.

Quartz occurs in many of the sectiong. It is Ffound
in small nested aggregates which suggest a secondary origin.
Its abundance varies directly with the guantities of chlorite

and calcite present in the rock and indicabtes the release o

o
+

silica as replacement went on to later stages.

Leucoxene is an accessory in mnost of the mebtazabbro
<O

and occurs in two distinet associations. The first is that

of titanite-leucoxene in which the high order color of the

titanite is almost completely masked by the leucoxene. The

Here the leucoxene

displays as maay as three sets of intersecting lines on its

surface which are obviously of a primary nature. lany of
these pseudo~cleavages contain magnetite. The inference is
that originally an ilmenite-magnetite solid solution was

-

resent at an elevated temperature, magnetite exsolved along

L}

certain crystallographic planes ag cooling continued, and

Pon)
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later hydrothermal action replaced the ilmenite by leucoxene,
resulting in the present structure. Zskola (1925, p. 30)
describes intergrowths of magnetite-~ilmenite with leucoxene

along rhombohedral planes.

The remaining accessory ninerals have no unusual
features., Pyrite and pyrrhotite are fairly common sulphides
and magnetite is associated with chlorite in smsell amounits.

Brown biotite and apatite are not common.

ietavasalt.

Occurrence. lietabasalt makes up much the largest’

part of the Bolton mountains. It is associated with the

Mansonville and llemphremagog series and grades into metagabbro.
-Much of the description given for the metagabbro also applies
to the metabasalt. The evidence of 1ts extrusive character

. many
is as follows - (1) Pillows are abundan® in,exposures. IFrom
evidence accumulated in recent years there is no reason to
doubt the extrusive origin of rocks containing‘this structure
over a large area. (2) 72he consistenfly fine grain over
many niles is in genéra; indicative of flows rather than
plutonic rocks. (5) In places amygdules are Ffound; thése
are not diagnostic in themselves.but are definite evidence
of near-surface conditions. (4) -Breecias of and within the

-

metabasalt are known as, for instance, just southeast of the

summit of Owl Head. #he blocka are of all sizes up %0 a



foot or so0 across and are all finer grained then their matrix.

The exposure has every appearance o0f a Tractured roof breccig.

"BElls mentions a breccia at the site of the old Hountain Fouse.

Two types of metabasalt occur - (1) a green uralite

rock, and (2) a buff-colored ankerite rock. These are

Uralite rock. “he uralite rocks may be either

‘massive Or schistose. The massive types are fine-textured,

8ray-green in color, and grade insensibly into metagabbro.
Veinlets of epidote, calcite, and gquartz are common. Pyrite

and pyrrhotite are regularly distributed through the metabasalt

3 2

and give rise to rusty pits if oxidized. Amygdules of quariz,

calcite, epldote, and chlorite may also occur up o & guarter

of an inch in diameter. Breccias are found locally and the
angular fragments, usually less than one inch across, are of

essentlally the same -composition as the matrix.

The schistose metabasalt is highly chloritic and
dark green in color. The cleavage surfaces are irregulaxr

and crogs-jointing is well developed as a rule.

Under the microscope details of the alteration
nay be obtained. Plagioclase is present in all sectionsg
and is indeterminable except in a general way. liost of it

appears t0 have indices corresponding to albite or oligoclase.

~The grains are small, irregular, and covered with secondary



products. In places felicts of the original plagioclase
remain and have broad albite twins which indicate calcic
‘plagioclase. These may be seen in a hand specimen as pheno-
crysts whose boundaries are irregular and gradational intb

the finer, greenish groundmass. In one section the relicts
are outlined by a lightwcolored rim and the centers are filled

with chlorite and other secondary products.

Epidote and clinozoisite are essential minerals
in the uralite rockaa.Blue.grains of clinozoisite are
particularly abﬁndant. They aré usually minute and heavily
clouded with impurities and muét be examined with a high-
power objective. They are usually disseminated evenly through
the rock but in places are'segregated and thus become more

conspicuous.

Chlorite is also essential bo this type of alteration
and occurs in disseminated flakes, in solid’patches and In
cross-cutting veinlets. It commonly replaces uralitic amphibole
“and also forms the filling of amygdules whose borders are
studded with quartz, calcite, and epidote.(Piate Jo In the
disseminated form it is particulafly abundant in parallel

dimensional arrangement in the schistose metabasalt.

ﬁralite, or aetinolitethich it approaches in
composition, is typical of these r5cks'and occurs in abuﬁ&anﬁ
minute shreds and flakes. In the schistose metabasalt i%
has a parallei dimensioﬁal-arrangemenﬁ but never as perfeétly

as chlorite. It is identical with the colorless secondary
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amphibole of the mebagabbro except for its finer size and

b

greater tendency 0 show a parallel arrangement of the flskes.

Titsnite is the £ifth essential constituent of the
uraliﬁe roeks (plate ); The grains are always microscopic
and many of them require high magnificatibn for theirk
identification. fThey are irregular in shape andfusually
heavily clouded with secondary products such as leucoxene,

The grains are diséeminated rather evenly through the sections

and in places have a slight parallel dimensional arrangement.

Calcite is most conspicuous among thé aoceséory
minerals and may be identified in a hand specimen by Fflashing
cleavage of metacrysts in the greeﬁi$h'gr0udma33. Small
pits on the weathered surface are directly traceable to
solution of this material. In thin section small irregular
grains are also common and are scabtbtered wnevenly throughout
the groundmass (Plate )e Quartz may occur with calcite
-in veinlets but is more common as nesbed agzregates of minute
and polyzonal grains. Sericite is characteristically found as
very small shreds and needles on plagioclase. In one section
uralite is oriented (Plate ) whereas sericité has no
parallel dimensional arrangement, indicating the later
development of the mica. In places, however, seficite is
oriented and there is fﬁus no constant relation between its

age relations and those of the schistosity.
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Olivine and green homblende are the ohly primary -
‘silicates whose relicts remain in the sections studied. 7They
are rare but are useful as indicators of the source of part
of the secondary material in these rocks. Olivine ocours in
small, rounded phenocrysts, much fractured and in places
envelopéd by uralite. Hornblende occurs as unasltered pheno-
crysts in two occurfences of porphyritic metabasalt - (1) on
Johnston mountain one mile southeast of Bol%onvCentre,vaﬁd
(2) one half mile north of.PlaCe pond. She phenocrysis occur
in a fine gray—gréen'uralitic-groundmass and may be as much
~as a quarter of an inch in length. In one or two other

lecalities schistose porphyries show green chloritized pheno-
P N () P

~

Crysﬁs, presumably of hornblende, oriented in the direction of
schistosity. In thin section the primary hornblende is green
and pleochroic and in places is enveloped by colorless uralite
in optical continuity with it. It may also be'chloritized
éirectly with no sécondary amphibole Torming as an intermediate
stage. In one instance strain shadows were noted passing

across the broken Tragments of the original pheandcrvsits,
N ) [ &

liagnetite and apatite are?gOEmonvin the metabasalt.
Pyrite and pyrrhotite are regular accessories, especially the
latter sulphide. It is eésily visible in most hénd specimens
ags irregzular masses,and iﬁ places under the microscope appears

t0 be corroded.



Ankerite Rock. These rocks form a small but

distinctive portion of the Bolton Igneous Group. The exposures

are seldom more than a few Teet across and are scabttered at

random throughout the metabasalt. The largest oubcrop occurs

half~a-mile northwest of Peasley Pond and is about 300 feet

wide. It shows traces of pillow structure which relabe it

definitely to the metabasalt immedisbel adjoining it. It
J

a

is also found in one locality associated with metagabbro. A

small dike of metagabbro 2 miles north of Channell is bordered

- with several feet of ankeritized material containing large

plagioclase relicts.

:éhe rocks sre buff-colored on fresh fracture and
usually of fine texture. In the coarsest type carbonate
rhombs are easily visible to the naked eye. Dense veinletbs
and irregular patches of quartz are scattered through the
groundmass. Small pyrite cubes are found in many loéaliﬁies.
The rocks are ﬁsually magsive but in placesnmay,be schistose.
They have characteristic rusty tops which prbvide the best
field method of identific%tion. Several inches of soft ironm
oxide mnay have to be removed béfore the fresh rock is reached,
The cause can be traced directly to the ankerite rhombs in

the narrow transition zone between oxidized and unoxidized

rock wihich yield rusty pseudomorphs in all stages of Fformation.
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In thin section altered plagioclase forms mésﬁ of
the fine groundnmass. Iuch of it is indebterminable as it is
covered with fine mica flakes and other secondary substances.
In places; howéver, indices corresponding to-albite and
s

oliggoclase can be determined. A Tew grainsg show twinning
(@) [w] ’ =

bands indicative of a more calcic type.

Large ankerite rhombs are the chéracteristic
feature of thesrocks (Plate )¢ They vary in size, compositim
and perfection of crystal outline; and in places show strain
shadows. Twinning is rare as in most of this-carbonate gerieg
but is found in a few cases. liicroscopic evidence of age
relations is seldom available on account of the relatively
high crystallizing power of the ankerite;, but from a study

of the carbonates in the uralitized rocks.there is every reason

PR . T o~ -

is a late mineral.

Sericite is common in the rocks of this group as

ah

@
(o7

minute flakes and shreds scattered on the altere plagioclase
laths and grains. It is mostly unoriented dut in- places haé

a parallel dimensional arrangement. }Quartz is found commonly
in irregular vatehes and veinlets; The grainsAarerin places

intergrova with the alteréd plagioclase and are difficult

to separate on acéoﬁnt 0f the fine texture.* Chlorite is the

fifth esseﬁtial constituent of thy group. It occurs in small

interstitial patches or in larger masses but is seldom visible

in a hand specimen.



Accessory minerals include apatite, rutile, and
epidote. The latter mineral, s0 characteristic of the uralite.
rocks, is rare, and as no actinolite is seen in the ankerite |
rocks it is clear that the carbogﬁzation is either g later

or independent.process.

Thickness. The maximum breadth of any one outerop

of the metabasalt is between 8,000 and 9,000 feet. Thig is
found along the Internationsl Boundary across Bear Mountain.
From this maximum there are all gradations down t0 a few feeb.
The major prominences of the Bolton iiountaing, however, all
have outcrop widths measured in thousands of feeb. There ig
evidence from the pillows of a steep west dip on the west
side of Owl Head and on the east side the layerS of breccia
kdip towards the east. Elseﬁhere there are indications of a
nearly vertical attitude of the flows, but except at 0wl Head
710 concept of the structure is vouchsafed. At that mountain
they seem to be disposed in an anticline. It is probable

that they are all folded, but not comple%%ly 80, and that a

maximum of 4,000 feeb is attained in places.

Age Relations.

ietaperidotite. There is no direct evidence in

this area of the relative ages of the metaperidotite and the

ontacts are rare and

Cx

other rocks of the 3olton series.

“serventinization of the few observed contacts makes them

valueless for a study of age relations,



That the serpentiﬁe is older than the Siluriam"
series, to be déscribed hereafter, is proved by ﬁhe~presence
in the basal Silurian breccis of pebbles of serpentine.
fven without this positive evidence the areal distribution
of metaperidotite and derived rocks in Potton and Subton
valleys suggests that they are pre~3ilurian and apparently

intrude the pre-Silurian sedimentary rocks as small irr gulaﬂ
the
dikes. They are; therefore, with,.metabasalt assigned to the

late Ordovician, or possibly earliest Silurian.

lietagabbro and iletabasalt. The metagabbro intrudes

the Memphremazog series in a number of places as small dikes
seldom more than 30 feet across. The contacts are chilled

and ‘in places brecciated. One locality on the road between
Mansonville and Vale Perkins illustrates very clearly the
cross-cutting nature of the contact. The metabasalt is closely
allied with these bodies both geographically and petrographically
and they are thought to be the feeders to tﬁe basaltic flows.
This would indicate that the metabasalt overlies boih the
Hemphremagog and llansonville series wnconformably, but, it
nowhere occurs ”ltﬂlﬂ the Silurian series. The metagabbro aad
metabasalt are therefore post-Trenton and bre~7iliddle bllurlaﬂ and

with the metaperidotite, are placed in the late Ordovician, oxr

earliest Silurian. : .
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Harvie (1912, pp. 289-290) was certainly in erromr,

a8 was Ells before him, in supposing that the Silurian beds

‘were altered by the intrusion of dikes related to these

igneous rocks. Such dikes are independent of the Bolton rocks.
and are related to elther the Stanstead granite or to the
alkaline iionteregian intrusions, both of which are known to

be post-Silurian.
P

Silurian Series.

The youngest pre-glacial sedimenfarx rocks in this
area are those which belong to a series of Silurian and also
possibly Devonian ége. These rocks, lying unconformebly upon
the lemphremagog slates and the Bolton igneous series, have
been folded into closed folds, and nearly'everywhere'the beds
are in a vertical positibn. However, On the west side of Lake
Memphremagog, there has been very little metamorphism; on the
east side some of the limestones have been marmorized; the
fossils squeezed, and there has been locally an excessive

development of sericite. Unless otherwise stated, the remarks

below refer to the exposures on the west side of the lake.

This series consists of a basal conglomerate, and sahdstones,
followed by a thick series of calcareous shales. These grade
rather rapidly into a dark dove-weathering 1imest0ne.,4ﬁossils
are scarce, but indicate a siluriasn age, although vevonian

Togsils are knovn from the series on the east side of the lake.
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Digtribution. These rocks occur, for the mcst

pars, in two synclines whose axes follow, in genersal, the
ﬁsual 7.20°8. trend. The eastern syncline occﬁpiés the basin
of Lake Memphremagog from the northern border of this érea
gouthward to the vicinity of Owl Head. The‘rockS in this
vsynclinevextend inland for one, oi at the most, two miles
from the shore on both sides of thé lake. ©The Westerﬁ trough
is confined to this area. It occupies nearly all of Sargent

- Bay, whence it proceeds north-northeasivards for six niles,
not gquite reaching the limits of the‘map; Throughout this

northward extension it is one to two miles wide. 3Soubthwards

it is much narrowewr, never ag much as a mils wide. It passes

j )

Q

between Lake Hemphremagog and Sugarloaf lounbain and probably

C

extends as far as, and ends in, the Brulse swamp, eight miles
south of Sargent B3Bay, thus giving this syncline a tofal length
pf sixteen miles. AT several places isolated oubtecrops of
these rocks ocecur, particularly west and southwest of Knowlton

ILending, where the implication is clear that this westemmn
D =

(w3}

I

trough is really a dot

e/

ble syncline, Also east of the lake one
or two isolated outcrops, more or less completely metamorphosed,

OCCUT.

Petrozraphy, In general five kinds of rocks are

cormon {a) & basal breccia, (b) a2 bassl conglomerate or

sandstone, (c¢) shales, for the most per’d calcarsous, (d)
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a blaok‘carbonaceous fogsiliferous limestone occurring as
lenses within the preceding, and (e) dark colored almost
v1nde

non=Tfogg 11 f rous dova~weatqef1n9 limestone. Thesge

C’J
(\

the main ftypes west of the 1axea On the east side others
have been found which will be described in the proper piace,
The stratigraphic succession is as follqws.

(e) dark colored dove weathering limestone

(d, ¢) Glenbrooks calcareous and non-calcareous
shales containing lenses of black fosgil-
iferous llmeqtone

4

(b} Peasley Pond bagsal sandstone ox conglomerate

(a) George Pond basal breccia, not everywhere present

George Tond Brecciae.

Distribution and‘Charaoﬁeristics, Intervening
between the obvious members of the Silurian series of the
westem trough and the slates and igneous rocks 4o the west
is a breccia Fformation named because of its proximity, in its
best development, to George-Pond. The best location for
studying this brececia is north and northwest of the four
corners southeast of George Pond. A quarter of a mile north
of the schoolhouse at the four COKners, and a few hundred
feet west there i1s a series of 10w hummocky hillg which on
the west are cbmposed ot metabasalt, but for most of their
extent are underlain by a breccia which is, Superficially,'

easily mistaken for the metabasalt. , It consists of blocks

e P

M_ @o Zwn a;iéwwwv[(
- ‘ (7572, p-2rg).
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Of quartzite, slate, and metabasalt of all sizas up t0 two

feet in diameter, set in o Ffragmental matrix composed of the
same materials. Plate shows the general charactexr of the
rock. HNone of the fragments shows any sign of rounding, nor

is there any indication of assortment. Iebtabasalt predominates

in this part of the outecrop.

Approaching the road. the breccia is seen to have
a more and more shaly mabtrix, with blocks of the harder rock
becoming more infrequent, and, remarkably s0, more rounded.

This characteristic seems t0 be present in other localities

where the matrix is predominantly shaly. Two or three

hundred feet north of the schoolhouse a good ebesure may be
seen in the road and egually good exposures occur along and

on. both sides of the road horthvards for & mile and a half to
the next cormer. In ail this distance the rock is predominanﬁly
of a shaly or slaty matrix with only a minor amount of fragménts;’
In this reSpeot'it somewhat resembles the téctonic breccis
occurring in the liemphremagog slates (p. ), but there is
no general through~going cleavage in_the matrix in ques@iOn,

and the boulders are never linearly continuous, and moreover

consist not only of quartzite bubt also of metabasali and nesr

the last mentioned road corner of meteperidotite. This slaty

breccia, which might with some propriety be called a conglomerate

a

is succeeded by

ct
F

e quartz-pebble and slate-pebble basal

o]

conglomerate 0f the 3ilurian series.



Thickness. “he meximun thickness observed in the
George Pond area is slightly in excess of 700 feeb. HIlsewhere

the thickness is far less.

Interpretation. That this breccia is not a marine

the ig sbovq by the lack of rounding of the blocks, excepd
as mentioned above in the uppermost vart, and the general
lack of assoriment. The exceptional part just referred %o

-

might possibly be marine, which possibility is referred to
below. HNeither can it be considered a fanglomerate, for such:
bodies‘invariably show some signs of stfatifieétion. It is
not a tillitee There 1s nothing in its make-up to preclude
its being a talus breccia, and such is its origin according
to the present writer. The angularity of the blocks of the

western part, together with the complete lack of assortment

is altogether in harmony with this view. The difference

between *nat has been called the western and %he eastem

varts of the exposure in the ﬁype locality may'be explained
as due t0 a change in provenance as the ¢liff, from which

tne materials were derlved changed its character durlng self-
destruction. e should expect to find that rivers nad begun
to cut desp vallejs 1ato the lava (Bolton) plateau by early,
or middle 3ilurian time, doubtless becoming in many places
superposed upon the underlying liemphremagog slatess _iﬁ is
hot impossible that post-Bolton peneplanation occurred, so

that later rejuvenation of the streams would produce siteep
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sided valleys of no great depth, Whioh‘woﬁld be more in. meccord
. with the'présent concepts Along such valleys talus meterial
'Would accumway%e, and, Wﬁerever the two kinds of rocks Wéré
exPosea, could only be composed of the available parent rocks.
Because the metabasalt would naturéily ocecur in the uppexr
part of a cliff in which both it and the underlying slatbes
1were exposed one would expect it to yield the majority of

the fragments at first. Also because of the impendiang invasion
by the Silurian sea The rivers would be increasinglyiiﬁcapable

of transporting the talus accumulation, which would therefore

o

be susceptible of preservation. The slaty breccia with its
rounded pebbles and boulders may be the result of the choking
of such a valley with slate fragments and fthelr shifting a
little by the streams, which transportation might well serve
to partially rouand the bouldérs concerned and éould only'
serve to triturate and pack the fragments of slate. Thus a
t0pography initially fairly rough had begun %0 be smoothed
out before the invasion of the Silurian sea. There is no
way to evaluate the roughness of that topography, but it was
probably not altogether unlike the present In diversity of
slopes. There was, in all probability, a considerablé‘;apse
of time in between the formafion of the breccis .and the
incﬁ@&ion of the Silurian sea,fgiving.the breccia time tO

ARl a,wa(_ CMM ‘? CZ& o
be consolidated. Otherwise the,Silurisn sea, which wmg wee

4

o~

capable 0f carrying pevbles two inches in diameter would have
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disturbed the upper shaly parts, and a gradation Ffrom breccis -

to bassl conglomerate would be seen. There is 1o such gradation.

her feature which favors the interprebtation given

o

S Ano
above is thé interrupted distribution of the breccia. Tn many
places the basal conglonerate rests directly upon Shaleior:
metabasalt. Such would have been places of little slope ﬁhere
no talus_could accunulate. Besides the exposures described
above which are continuous for two miles from the four corners
northnortheastwards aTong the westerm border of the weste
syncline of Silurian strata, similar breccias are knovn from
very few places. Just east of the road one mile south of
Pegsley Corners, Zast Bolton, is & sirn 1ilar roc& aSsociatéd
only with metabasalt. However directly in‘line of strike
with this eXPCSure a mile and a half to the northeast, and a
1little more than a mile east of Peasley Corners is an outcfoP
of basal Silurian sandstone resting upon ilansonville slates.
Another exposure, unrelated to other Silurian outcroPS, is
.%o be seen a mile and a half due west of Vale Perkins.
~Another locality, of doubtful authenticity, occurs on the east

shore of Sargent 3ay, about half a mile north of Zitchie Point.

Age.  This breccis post dates the Bolton series

urian series. The latter are Liddle

O
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Silurian in their lower part. The Bolton series is late

Ordovician Or more probably early Silurisn. Jhus
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means that the avallable detritus of’meﬁabasalt, atéaf was
adequately weathered before the Silurian ses rearranged the
existing regolith. The quartz is apparently of vein origin
and probably was derived from the quartz veins not uncommon

in the Ordovician slates. The slate and quartzites are from'
the llemphremagog, 'and possibly the llansonville series, though
no pebble referable to any of the known types of the latter
has’been recorded. In some layers the quartz pebbles occur
almost to the exclusion of other types, only rarely does one
find slate pebbles predominatingo Quartzite pebbles are..
Wliroys  an The ol %ﬁ«%’/ﬁb&é&ow

fairly well rounded as are also those of quartzite, bubt the
slate fragments are slabby and often angular. The matrix is

& brown Wéathering sandstone, indistinguishable in the abseﬁee
6f pebbles from the overlying sandstone. In some localities
there has been.a considerable amount of sericitizatian, but
only where glate pebbles are abundant. Tt appears 1o be en
accompaniment of'considefable slipping Within the oongloméréte.
Pyrite is fairly common.

'

The Sandstone. Succeeding the conglomerate and

often interbedded with it, or grading into i%, is a series
of sandstones. These are 0f various grains, and are succeeded

by a thick series of shales. 7The sandstones in many plsces .

are composed of the same materials that make up the . conglomerate,
= g - o

grains of quartz with small fragments of quartzite and slate.

-3ome layers have an abundance of detrital flakes of white mica

;
g
{




though no parent rock save the Sutton schists is known that
might have yielded this mineral in abundance. Herein may be
additional evidence leading to the.fixing of the time of

crystallization of the Sutton schists.

- In-color the sandstones vary from light to dark

gray. Invariably they weather to a rust color, possibly from

. the presence of abundant pyrite cubes.

The measured section at Peasley Pond, where a nearly

complete exposure can be seen is as shown below.

o
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Shaly sandv*oqb showing pitted weathering
sandstone and pebble beds

e 210 @ YpOosmres

crogs-bedded sandstone

e 71O @ ¥fosures

fine-grained sandstone

crogs-bedded sandstone

Tine-grained sandstone

quartz grit

sandstone

quartz caa070mefate

sands*oae, crogss~hbedded with pebble beds
gritty conglomerate

"crogss-bedded sandstone with pebble bveds

sandstone

guartz convlomeraue

sandstone

quartz oor~10meraue

sandstone

quartz conglomerate

sandstone

guartz conglomerste

gsandstone

quartz conglomerate

brovn weathering sandstone

cross~bedded quartz conglomerate

brown Jeatnerlno sand%uone

cross-bedded gquariz conglomeratbe

brovn weathering sandstone

flne~5ra1ﬂed coa~lome“nte

brown weathering sandstone

fine-grained congIOmerate

brown weathering sandstone

fine-grained conglomerate

—_——— A"a <rposyres .

quartz-quartzite-slate conglomerate (The unusual
dip, oAO,., is doubtless due to the fact that
this outecrop is really a huge boulder,
disturbed but slightly by glaciation.)

Ho-exposure. Probably congloneraue but this

-

Metabasalt

_From base of lowest conzlomerate exposed

width is not included in the total g'ven below.
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Hoﬁ.only is the section given above an unusually
great one forbt’ls ¢o*1@ulon but it is also remarkable for
the constant altermation of colgTomefate and shale. In &ll
these conglomerate beds not a single pebble of igneous rock
occeurs, and this in spite of the fact that the mebabasalt

oceurs actually in contact with the bagal coa“lO‘qr” e in

this locality.

A section o quarter of a mile north of the four

-l

corners near the Glenbrook rezgion and just east of the road

-

shows about 140 feet of sandsiones and t with very 1ittle

g
b
}—l .

A

coq*ToM rate. These veds stand nearly vertical (strike 0°,

dlD 85°%), and adjoin the G George Pond breccia on thelr west.

On the east of this section there are no exposures bubt thers

is good reason for believing, because of the distribution of

)

outcrops to the gsouth, that these exposures are folloved
almost immediately by shales. Another excellent series of
expésures occurs three guarters of a mile northwest of Vale
Perkins both north and south of the east-west road. The

outcroons -0 the north show offsetting by

Those to the south can be seea 10 be basal t0 the adjoining
large exposures of shales. ©he Ffrisble anature of both

e and sandstone allows them t0 be readily erocded,

conzlomerat
g0 that they rarely outcrop. Hlsevwhere, the fact that the

basal beds are easily weathered resulis ian the fome

i . -
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strike-wise valleys. lany of these can be seen in ihe

Kaowlton Landing reglon, and also on the west gide of Hog'ls

Back.

The Glenbrooke Shale.

Digtribution and Section. Following the Peasley

Hh

more than a thousand feet of

|=

tion o

o)
(&}

Pond sandstone is a s

-

v dark gray on the uanweathered

B
Hn

L

shales. fThese are un

surface, micaceous in some places, calcareous in o
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grade rapidly into an overlying
almost complete sectlion of the whole Formation can De seen

to good advantage along the course of

9

down to Glenbrooke Faim. Furbther to the soLﬁg tnese shales
hold, in their lower part, a lens of dark carbonaceous
limestone, which in COLﬁrast to the shale, is highly fogsil-
iferous. Uhis is called the Knowlton ILanding member, and is
doubtless the source of *he fossils meﬁtioned—by various

writers from Knowlton ILending. The shales in the lower pazxrt

hey weather %0 a dull bromm.

The section (measured horizontally) at Glenbrooke

is as follovg:




f" = S,
(\ o
-y

e}
3
(&1t

(o]
O
o

840
820

707
666
630
600

577
495

340

155

120
120
110

55

S
<

20

D
[N
92

900
900

540 .

820
707
666

630
600

- 577

S
s
ol

&l
b
(&

20

601
20!

1131
470
(B67)

50!.

(237)
g2t

. 5
1541

1857

(251)
10!
107

(757)

(107)

20

8"

8”

‘Dark shale, vea

Hostly pure dark colored limestone,
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Shales with limestone interbeds.
uthotrepis, Soirophton, . eic. occur
t abouﬁ 040 at drink of falls
tratified, crystalline
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th dark colored lime-
one beds becomdng more common
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Pure dense, blue limesione

Siliceoug shales

Siliceous shales with thin black shale
interbeds

Siliceous shales with sandy beds

Shales, less calcareous

-~ 106 exposed

Calesreous end siliceous shales with
limegtone lenses :

~=- not exposed

Darlkt carbonaceous or giliceous limesto
interbedded with shales. 25! to 30!
above the base is the trilobite layers
Trilobite fragments occur for 50! more.
Practically pure limestone lenses o

continuous bheds one ineh Or more thick
are common .
Thick~-bedded dense siliceous shale.inter-
bedded with-carbonaceous thin-bhedded
cshale in minor smounts. Shals flakes
Oxr pebbles are common in some layers.
It is more calcareous towards the top.
A 10' fa2lls occurs five feeb below +the
top. Tendency t0 weather brown througk-
out.
Dark micaceous shale, giving way %o
and non-ni ceous veds at to
eds have indsterminable fra:
lgae and t?llOblueg. Shale
_ pebbles common.
——= not eyposed
Dazrk, brom-wesz
Dazrk, 111e7y nicaceous
--- 110% exposed

thering shsle
shale

ch
.
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e
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ng brownish
-—= 0% exwosed’ :
Peasley Pond saﬁd tones




Assuning the
sandstones and the lowes
“the former formation, th
ghaleg in this sestion.
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Tossil of rather doubtful value, at bthe brink of the Falls,
there may be found zood specimens of Buthotrepis (B. cf.

gracilis, Clinton) and some indefinite trails.

List IXXXIV is obviously erronedously quoted, for i

ig-identical with the list given by Lozan of the Ffossils common

g

Logan's list is the sentence "The schistogse plumbsginous

limegfones, at the Owl's Head, abound in cbscure fossils,

>

o the two synclines of Silurian strata. Immediately following

among vhich a species of Zaphrentlis may be recoznized" (vpe 436)
5 <O £ R 5y - - =

It is obvious that Ami, seeing the list of fossils immediately

followed by a reference to Owl's Head, assumed the latber to

have been the locality whence the former was obtained, alt koug

logan's woxds are perfectly explicit. Ells, (1896, pp. 8J

15J) g h

error in supposing that the shaios
JOg

a 3
S 17

N

rocks, although he

the Glenbrooke section were Devonian. It is true, as he sal

that"the fossiliferous Silurisn is overlain bj a series of
browalsh-gray, somewhat dolomitic flagsy slates and shales™
(1896, p. 8J). 2lls did not know that the "fossiliferous
Silurian" was merely a linsstone member {(here called the

Knowlton Landing member) within the shs

al
nigled by Ami, his conclusions were quite justified.

vho in 1912 (p. 289) publishsd s report by Raymond, which

gives much information regarding the distribution of th

es
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"The following speciss were debermined: -

almaﬂiﬁes.lunatus, TLambert; abundant,
tes, spe. ind.; probably new; common.

Calymene, sp. ind.; rare.
Bronteus pompiliug, Billings; rare
Ceraltocephala, c¢f. C. goamista, Warder; rare

Chonetes, sp. ind.; rare
Coelidium, sp. ind.; rare
ropod, like that ref
bJ Alﬂdle

Operculum of gash
Oriostoma

tom
S,

uOrt oceratite indeterminable; common

b

rilobites form the most imporban

llectione 4The specinmens of cephala and pygidia are numerous,

and though dlS sorted, Tajrly well preserved. The mosgt G Oommnon
one is very similar t0 Dalmanites pleuroptyx, Green, hut diffsys

from that species in having fewer rings on the axisl 1ohs

the pygidivm end fewer ribs on the pleural lobes. It is,

therefore, referred to Lambert's species, described from %he

Silurian at Iittleton, New Hampshire (Bull. Geol. Soc. Amsiica,
Vol. XV, ps 480, 1904. The other species of Dalmanibes

b B 3 & ?
represented only by pyzidia, is characterized by its rounded

outline, the absence of a caudal spine, and the few (zbous 10 -
13) rings and ribs (8 - 2) on the pygidium. The presencs in
[ e 0 =

this fauna of o Calimene snd o Ceratocephala 0Ff the type C.

N . . . . i X . st ~ 41 L
gonilsta indicate the nld le silurian aze of the stra




"The fossils from a second locality, a litile higher
in the section, are mostly indebterminable. The pygidiun of

~a specles of Enerinurus wes recognized, and some of the

Orthoceratites are identical with those in the lower heds¥

Trilobites are guite common within a few feel of

S

3
}J
0

They are mostly preserved as limonitic.impressions
up0ﬁ~the svrfaces of highly fissile Snales, and great care

_hwo to be taken to preserve then from disintegration. Our
Wi collectlons are essentially similar to Harvie's, and

. - - i ) » C
substantiate -aymond s conclusions as 4o ave.
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8 mile of lialag

is exposed hereaboutbs, thouzh there are exposures two miles

2

hales. The easbtern

trough nowhere shows such a complebte section as that in the
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A 1ittle more than half a mile east of the Tour
corners atv Zast Bolton and north of the road is an oubcroo

of sandstone with a few calcareous shale layers belongzing %o
this series. The impoxrtance of this outcrop is that bhe

sandstone is scarcely cleaved at all, whereas the underlving
slate, well sesn on the east slope of the hill ig strongly
cleaved. Iioreover the stratification and dip of the sandstons

the slabe or o0 its

frd
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bear no rela
cleavage, thus indicating more clearly then any other outcrop

the complete independence in ﬁime of the first folding of

the slate and the later folding of the Silurian series. The
gstrikes of the gandstone here do accord with the regional

strike but rather tend towards BE-VW, as might well be the case

close 30 the base of a syancline.

roadside cut one mile northeast of Psasley Pond. The rock

here is desply weathered, so0 much s0 as t0 make i

In & vertical ssction of aboutbt two fes itbis ?ossible'ﬁo see
the transition from fresh shale below to a redd%sh structureless
clay adove. Several feet of $till lie in a superior posi
Yownere else n1as any transition 1 between s0il and shale been
seen. Glaclal action in éhis locality did not remove gll of

the residual so0il cover and upon the disappearance of
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gouth of Knowlto

crosses the
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is even questionable whelher it deserves any nore important
lagsification than "leus" or "lentil", ox, for that matter,

any special desigunation at all, bubt i% secms best, for the
. £ > H H

Begides abundant crinoid gbtems, corals are the
most important unlt in the fauna. Meristina and one or iwo
other brachiopods are present and also Penestella with other

bryozoa. Ostracods abound. In gll the fauuna is not wnlike
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that of the Knowlbon Tanding

are ratner than adbundant.

b

and Wilsonlia are

g

Its thickness can only be estimated at twenty to

Digtribution.. On the Glenbrooke section the

Glenbrooke shale grades upwards within ten or twenty feet

to & dark, rather purs, dense limestone, which weathers light
bluish grey. This is the hizhest formation &posed here,

and ia Tact on the entire western side of the lake. Beczuse
it occurs aloag the synclinsl axes of the troughs, only a
minimun thickansss can be given for it. The sectlon akb
Glenbrooke will suffice, for although it is well shown else-

n . £ . L - — — - - 2 R R R A
wnere, this is the only place where it outerops continuously.
The fizures rsfer 10 breadth of outcrop. The Seclisrm . /s

ConFrn vor/s W ith  Fhat FI1ven on page Sz



1760 810 -+~ End of outcrop
1540 - 1760 590 - 810 Shale with limestone lenseg
giving way 10 shales of the
- Glembrooke Tormation.— &
1400 -~ 154 450 ~ 59 PTbQOL*Janul, yuire limsstone
1362 = 1400 412~ 45 - 1no eﬁoo ures a
1200 - 1362 350 - 41 Altezstions of limestone with

tqglq wﬂql" beds
S’lcu

1285 - 1300 335 - _
He@vy bedded DU“@ limestone

1200 -~ 1285 250 ~

L

OoOCrO hvEele

2o 6 O

O 01U

1140 ~ 115 (190 - Beds nuch disturbed by sha rp folds
1087 (137) Several bloc ks of lizht and VellOW‘

limestone in 1ﬂurxzo_n@u1 nal
: : coa,loueraue.
1000 -~ 1200 50 ~ 250 Timestones with occcassional bhed

of brown weatherinz shale.
: Iimestone ig somevwhalt srgillaceous
990 - 1000 40 - 50 Brown weathoring shales pledomlglt
» ' - over llﬂequﬂCG
950 ~ 990 O -~ 40" Pure limestones, with occasgional
' beds of shale especially in

" lower portion.
Shales of the Glenbrooke Fformatbion

The total exposed breadth of outcrop of this limesione

L&)

herefore 590 feet. Nothing in the abttitude of the beds

- £50 and shaly interbeds from 350 - 412) seen on the
eastern limb. In such a case, vhich is a purely hypothebical
the exposed thickness of the limegione would

be somevhal more than half the breadth of outerops Unless

elimination can be proved, however, 290 feet (allowing

3

the dip) should be considered the thickuess.  Tommassber .

|
l
}
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Thus in this section we have an almost conbtinuous
sectidn as foll iHal
11m68uodo 290 feet
Glen bfooke shale 900 @
Peasley Pond conglomerate 140 " (187 at Peagley Pond)
George Pond brsccia 700
Total Silurian sechion 2130 0
_Epssils; In one or two localities only havs
fogsils been found in this ﬂorﬁation, Crinoid stems occur
west of the road from Knowlton Landing %0 Vale Perrins, and
few obscure brachiopods nesr Hillington. There is no fsunal
evidence to plece this formation into the Siluriad. Ite .:
gradation into the Glenbrooke shale below is presumptive
evidesnce of its Silurian age.
Bxbent. The most northerly outerops along the
westermn trough occur just east of Millinston. Thence soubh-
southwestwards they may be seen north and west of Sargeat

Xnowlton Tanding.

Baj and as far as a mile south of On
account of the oonsﬁrﬁctioa of the syncline 2 from Knowlton
Landing southwards it is unlikely that this limestone oceurs
more thsn a © hundred feet south of its most souths rly
outcrop. Northwards fron HMillinzvon, however, the trough

is more ithan 2 nile wide, 2nd unless crumpling prokibits it,
the limestone should be present beneath the drift o and
possivly beyond the swanmp east of Peasley Pond.
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)

The easterm trough shows this dove colored limestone

o

at several places along the west shore of Take Hemphrenagog

from Green Point southwards to about a mile north of Brvant
fanding, vhere the Glenbrooke ghale . occupies the shore south-.

i

wards. Inland, however, limestone can he seen on the eash~
west road north of Green Point, and to the west of the main

( - . ) -2 4 p 1. =y § Y e
9/ road half-s-mile south 0f Bryant Landing. Further gouth, at

Mountain House wharf, black limestones resembling the Xnowlion
. oecur.
Landing member, with an identical fauna, Some parts of 4 these,

however may aftér laber paleontological investigation prove to

\\-~EE\§i§FinCﬁ and t0 belong to the limegtone.
- Stanstead Granite.

Hast of Take Memphremazog there occur large areas

of a muscovite-biotite intrusive which has been called %he
SStansﬁead granite. zh nowhere cutting Silurisn or
Devonian rocks this granite has always béen'considered
Devonian or later in age, partly because it shows nb seccendary
. adjustment to Tolding, whereas'the.Silurian {+ Devonian?)

limestones and shales on that side of the lake are folded,

Squeezed, and recrystallized, Two hitherto wanoticed outerops
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There 1s congsiderable doubt about the age and =~
(_/q/% V2 2/4-)
relations of this limesgtone at Owl Head. Harvie described

the occurrence as follows:- "a trisngular area of rocks

consisting of limestone apparently lying #pon black

graphitic shales, is found in faulted contact with the igneous
: ‘ (1q1b: fp215)

rocks of the mountain." He also,guotes Xindle's report on

the fossils from the locality as follows:- "fhe collection

includes the following species:; Crinoid stems, Favosites

¢f. basaltics, Favosites sp., Zaphrentis Sp., Spirifer cf.

arrectus, Actinopteria?, Panenka .eoe?, PTOETUS ees SPe

"The deformation and partial metamorphism of all

the material render any determinations beyond generic,

highly problematic except in the case of one of the two

species of zav031tes which is either identical with oxr

closely related to F. basaltica. The very poor‘state of

preservatlon of the fauna prevents close comparison with

other faunas and the most that can be said regarding its

.correlation is that it is highly probable but not entifely

~certain that the fauna is of middle or lower Devonian age.”
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STRUCTURAL GECLOGY

.

Although many conditions obtain to complicate 1%,

ure of this region can be called
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succeedsed eastye

which extend to and oevoax Take HMemphremagog. Hurd

Kerr has reported older sediments (his Bunker series) which

tentatively assigns to the Lower Cambrian, withoubt, however,

et

(0]

q

<

(0

any paleontolozical evidence. Along the middle line, more ox

e

ess, of this strip there occur two main UJ;pllacs of 3Jilurian

=

-

beds. Both sides of fthe lake there occur areas of the Bolton
Igneous Series, of

than on the east.

Foldimg

)

sedimentary rocks of the lemphremazog

much digtorted. In the Mansonville

The pre-3iluzriar

synclinorium are in plac

[©]
4]

series a mile and a haelf northwest of lMansoaville village the
guartzites are siueeaed into tight folds and the interbedded
slate shows only as streaks here and there. In most places

where the quartzite of the lMansonville series can be seen it

is thick enough %0 have withstood contortion, although it is
isoclinally folded so a=s to0 show in some places as ons ‘band,

~-in others two, three or four. ”he adjacen
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in two ways. In some cases intense crumpling has robbed
them o0f all semblance of thelr origiﬁa} structure, in othezs;
probably the more abundanﬁ in at least their weslermn psxt

the cleavage and strati atlon 001ﬁ01de yiélﬁing cleavage=

tratification surfaces several square yards in extent along

utse
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slates are everywhere intsnsely
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w
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crumpled. Quartzite beds are common but thin, rarely more than

a oot thick. These beds have been broken by folding, somebtimes

squeezed or pulled out, so that their remains give one the

impression of gquartzite boulders in a slaty mabtrix The
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complications seem to increase as

the axis of the synclinoriwm. The cleavage of these glabes
is nowhere as clesn as it 1g in the Mansonville slabes further

west.

The Bolton igneous rocks show in severazl places

—

that they have been folded. Therever pillow structures oceur
the pillows are mors or less steeply inclined, in some cases
T

approximately
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showing vertical flow structure beautlﬁully. All the evidence

therefore conspires to show that these metabagalts, whose
original pillows, breccias and flow struchures were esseﬁﬁially

n

norizontal, have been folded so that in part at least they

have been brouzht up on edge.

1. . .

The Silurian series lie unconformably upon the

Bolton and Memphremagog series, and.occur in two well marked

synclines and a few small additional patches Within the
syaclines the bedding is uniformly steep, 75° {0 90°%, except

in some outcrops near the axis of the western trough, where

dips ap.roaching zero can be Tound.

~The southern part of the western trough is a simple

4

racline, pitching somewhat to the north, so that the . . ..
limestone, the youngesth member, outerops alonz the middle a
mile or g0 south of Xnowlton Laﬁding‘ From the latter place
northwards, however, the width of the outerop of the Siluziazn

roeks is t00 grsat to allow one to think of it as a simple

* gyncline. ZHEspecially ig this true when one coasiders that

at Knowlton Landing the limestone outcrops only

at its expected distance from the wesitern marzin of the trough, |
but three juarters of the width 9f the trough From the east

The expected

0
£y
w
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L ]

gide 1s occunied by the Glenbroolke:

structure is a compound siueline such as this.
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The median anticline would, on account of the southerly

iteh at the northem end of the btroush result in the
fe

ko

tructure
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reentrant shown soubtheast of Mslaga Pond.

ch

does 10t progress smoothly from one end to the other is

shovn by the widespread occurrence of the limestone

v}

ructure is

d
ch
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west of Peasley Corners, where aporarentls

as follows: -
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O gton the eastern of the two secondary folds
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Whereas a

Seems 0 have become the dominant one for thers we Tind the

.

limestone restricted to the eastern position,
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the WSS“Oﬁl two-thirds being entirely Glenbrooke gha

swanp east of Peasley Pond maey possibly conceal the presence

and reveal the existence of the limestone there,
but all .indications point to the disappearance of this westemm

trough i "ﬂo:e the northern boundary of this map is reached.

Of the main trough not much can be made oubt at
present, because aprroximatbtely one-half, and For the most
part the central half, of it is under the waters of Lake

evertheless 1t can be said that from the

southward from a position under wabter %o the general vicinitces

eenn Point and Spinney Point. Hhencse 1
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y
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and can be picksd up about half-a-mile west of Bryanis Landing.
oy Lo

Whether it ends towards the southsouthwest, as showa, or

vhether it turas to cut across

the east-west road going dovn to she shore north of Green

Point, there is an outcrop of the limestone

which indicates another synclinal axis. N0 evideance of tnA'
xtension of this axis north or south can be sesn. On the

P E N2 4 ~1n R Al . - = 23 s
gast gide o0F the laks these mid-Paleozoic sediments ocecur
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possible to work out synclinal axés. Horeover the strats
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ar more metamorphosed than those on the
iy

west side, in places the limestones are entirely crystallized.

The lao7 overturning of the folds affecting these
strata is significant. They lie in what has been called a
synclin orwum. What liss to the east of this structure is

d. -~ - P 5 P S e

at preseau M0V e
Yountaing, an anticlinorium, and still west of that thrust
faulting and overturaning towaerds the west are the rule.
Appa ﬂle little mass movenent was allowed im the Sutton

antaing or the Memphremagog syneclinorium, whereas furbther

[ ore ]
£
Q
E
)

west, vhere the resistence was less, bodily shoving was

50 know what would be

possible. It would bve interssting
found fvrther east, but so far that region is terra incoznita.

Cleavage..

The pre-Silurian sediments contained in the syaclinoriun

re isoclinally folded in all exposurss in which there is any
exidence of the relation between cleavage and bedding. On this

pasis the cleavage is probably the axial plane type.

EE') the cleavage dips steeply east across the 3olton mountains

3 - 2 T alra T - ~ Ty e N S =Y alr £ Ao o S
shore Of IaXe lisuphrenmagoz. Zast of vhe lake the cleavage dip
3 - S —py o L Ty 2 4+ = 3
is wniformly west. The axis of ths uul,ﬂo~ um thus lies in
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descnéed /m an aeavher 'r:z/éor/')

the zone of vertical cleavage (c¢f. Oak Hill anticlinorium, , . .
The axial planeg of the igoclinal folds, as represented by the

2

cleavage, diverge upward and the structure corresnonds to an

abnormal syaclinorium as defined by Van Hise.

The Bolton igneous rocks are SchiS“osa'in nany
places, especially the metabasalt along the rall,aj between.

South Bolbo and at the summit of 0wl Head.

-

The metaperidotite fre ; very irregularly dut the

In the Silurian seriés cleavage is poorly

7 1eve10ped,

but its dip is the same as that of the pre-Silurian rocks in

,eve v locality where comg rison can be made. The Silurian,

.

therefore, foms an integral part of the abnormal synclinorial

N L)

1 cleavage and bedding are uniformly straight

<

and contrast with the contorbted structures of Hthe 0lder 10ekS.

4.

NOﬂmal Haulting.

Owing to the crumpled nature of the Mansonville

srn trough of_Silu: an rocks. Not

o~ - - . P I I I i Lo — = S L3 T iy A s e
0f the repeated offsetting to the west of this boundsry as one

£n7 — 15 norshire e T LA P e o Aan ] . »
follows i3 noxrthwards. SOme indicatviocn O0F this can be ssen-on
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the eastem boundary, but no such offsets can he cO:al ed

can be seen north -of the road three-cuarters of a mile

fed

northvest of Vale Perkins.

f;

Iwo isolated outcrops of the Silurian series ove
PR

their positions in all probabilidy to faulting. One of these

is at the abandoned MNountain House wharf, $he other about

three-quarters of a mile south, along the woods woad. With
q_ ] -7

limestones znd the metabasalt of Owl Head to the northwest is

pogition. There i1s no reason 1o describe the contact on the
southeast as a fault or as a normal sedimentary contact.

~

Because, hovwever,

Further south, alonz the abandoned road leading to
the old wharf are isolated patches of Gleabrooks shgle.
Lacking aL%EV1deuce anecessary to declde, this has been shown

nrant 1a plsce



{V\W,J,

METANIORPHIC G2OLOGY

Introduction.

The metamor phism of the rocks in Southern Quebec

with iszncous activity, and (B) that which has no known

o

connection with igneous activity. The first includes +he )
metamorohism effected by the net tabasalt, the metapsridotite
their parvent magmas and their lerivatives, and also by the

Stanstead granite; the secoﬁa includes the reglonal nesamorphisn
of the sedimentary series. The late Devonian intrusives are

ungltered, so that they are not considered in %this discug aion.

Three metamorphic processes, thermal, dynamic,. and
hydrous, are responsible for the changes brought about in
these rocks. Thermal metamorphism of group (A) above is

fairly wiform, but hydrous and dyaamic processes, although

sh
important, vary considerably. Dynamic metamorphism is less

-

important than hydrous and thermal processes in group B.
Thermal and hydrous conditions vary considsrably as will

be sesn.

)

anorphism connected with izneous achivity

is both endomorphic and exomornhic in its effeet. Endomorshisn
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igneous body; exomorphism congiders the changes occcurring
-, o9 s f— "~ L)
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n the adjacent country
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n Southern LQuenec. ihe

endonorphic processes bul
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>

0cX whose gource can be
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3olvon ligtavagalt, Iletabasalt 1s the most widesypread

f the late Ordovician 1

ninor amount of metagabb

together in thig discuss

v

There are two

netabasalt represented (

types of 2lt

gneous rocks in the area. There is a

r0 associated with it but as the

trography of the two types ls similar they are considered
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1) by a greexn uralite rock occurring

2y
<

over most of the area, and (2) by a buff-colored ankerite

ches in the green rock.

Field relations

Chemical anslyses of composibe

{

accompanyinz table. The

is in the qguantities of

-

ankerite rock develowved

"]

the uralite rock or has
from the beginning? IF

is a later process than

‘may be conitemporsnecus.

samples of each type are

- .

snova in colwms & gnd 5 of the
main difference in the w0 anslvses

C0ce  The guestion arises - Ig the

uraglitizasion; if the latter, the two-
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coluwrm 6 of the Hable the ankerite rock analyses
on the basis of equivalent e 50 tnhat found
rock analysis of column 3. The comparison éwrﬁs
ection %0 be remarkably good Ffor all cozﬁtlﬁuenﬁs
O essential ghange in composition between 3 aznd 5



‘ecalculation would so closely parallel the composition of th

‘urlEite rock. ne conclusgsion is

"4

LI

[92]
O
K3
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[49]
ot
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ex ceat addition of OOd. 11 ankeritization had bheen a

4

process from the beginning it is improbable that th re-

U

-

[0}

12t vwralitization is an

garlier stage of metamorvhism and that, loczally, excess COe

basalts. Acomparison with the uralite rock analysis of

colurm 3 ghowsg a general similarity except for Ho0 and COs.

To make the comparison more direct column 4 shows the uralite

rock znalysis re wlculaued on the bagis of zero 602 and
1.62 poer cent EsO0. The degree of sgimilarity is practically

. - 4 s . ) .
the same. The ratio of Fe to Fe differs considerably dvut

o

the amount of total Fe is nractically the same in each case.

There is.thus chemical evidence for assunming tha
these rocks were largely basalts which have since been uralitized
and loczlly ankeritized by addition of HZO and 602. Microsgecopic

evidence (p. ) shows remmants of ophitic texture in

ioclase. Field evidence (p. ) includes
abuadant pillow structure. A1l these data, while not conclugive
then the case for pasalitic flows with

associated zabbrolc phasses.



source oFf WQO and COs. The concepiion

metamorphism advanced in recent years to explain the
,alolulzaulon 0f feldepar in spilite appears G0 be Ul

1e uralitization of the

metabvasalt. In the type examples there is considerable cha

in bulk composition as well as in the mineral associstion

hange in bulk composition. Auton

literally, means that the magma, 1n this case baszl
possessed within iteelf all the materizals necessary
A - - L - ~ S y R R ) 3 . S e ot :
the secondary minerals now occurring in it.e It is

case of endomorphism. The Boliton magma would thus
HZO and COz equlvwlbut to that in colwmm 3 of the ura

-

rock. Cooling commences upon extrugion of the lava

typical basaltic minerals, labradorite, pyroxene, oliviae,

crystallize. The residual magma becomes incrsasing
7ith HoO and COg and at some fixed PTC of the cooling
i

s .

ield of each prin
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crystallization of secondary minerals, actinolite,
albite, etc. proceseds by decompogition of the earlie

The process contiaues uniil ths dZO and COo are used up.

It may pe asiked why these volatile constitusats do not

immedistely the lava is extruded =zud soO prevent

The Bolton metabasalt is uralitized fairly wniformly and
uniform ;ondiﬁioné ars necessary to explain it. Iis

ig unlmorn bubt is probably oFf the order of several

e

‘autometamorphism.

nickness
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stage thers would be relatively little losg of

V6.

4 ~

feet. HMoreover the exisliing portion represenls the erosional

remnants oFf its bases £ extrusion occurred rapidly in one

OD
[
$oun
)
W
C..L
e
)
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the scarcity of amygduvles in the rock indicatin

confining pressure was (oo great to pernit vesicles to form.
> o] < -

Ankeritization is more difficult o0 explain by
Aancl S
autometamorphism. Bruce (7929 ) and Cook (/922 )
describe carbonatization of greenstones in the Canadian Shield

°

in which the field evidence definitely showe a connection with
later intrusives as the source of the COs. Cookt states in

ad dl ion that shear zones Tchllze the omoceuu by D“OV‘ul s
d

channelways. In Southern Juebsc the field relationsg do not

show that ankeritization is related either o later intrugives

Oor to shear zones. The known exposures 0Ff carbonatized

metabasalt are small, few in number, and irregularly distributed.

[
In wview of the field and chemical data, therefore, it is a

5

nception to derive the COp, from the same ultimate

[}
te
joans3
i
}._l
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X
o
o

source as the COZ connected with the earlier uralitization.

It is dlffloult t$0 conceive of

of CO. necessary for ankeritization being sezrezated from the
cooling lava in s0 few localisies and in suca concentration.

T4 seens more reasons

obvtzined throuzn the fissures or veals from which the lava

was exiruded. Unde?r sultable P20 conditions onkerxrite would
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ve sta ble rather than the u associgtion and

linited areas of metabasalt in the ﬂClQ“bO nood of such

fissures would be ankeritized.

The possibility of such a condition 1s indicatbed

in one dixe-like exposure of melagabbro. As the present

erogion surface 18 practically the same as that upon which
the Bolton lavas vwere exbtruded it is believed thatl these
bodies were the feeders to the flows. This parbticular ons,

about 100 feet across, is elongaled sitrilkewise and grades

~1

a zed metazabdro acrogsg the strike.

}..l-

0 snkerit

o

Trom uraliti

]
@]

28

It may represent an uncovered Fissure through which came an

0

excess Of COy from the magma reservolr below 0 ankeritizs

uralitized rocks now eroded away. ihatever the merits of

this one, some similar hypothesis must be used to satisfy
the field and mineralogzic relations of this phase of the
metabasalt.

Hineral Association and Paragenesis. The
accompanying table (B) gives approximations of the abundance

O0f the minerals found in both uralite and ankerite types of
metabasalt. In the uralite rock albitized plagioclase is
calculated as pure albite for simplicity and takes up all

0, caleite uses 2ll the C0s, Xo0 is all given 1o
) 21 2 gLVE

e, and Ti0, to titanite. In the anerite rock sexricite
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to it 21l the COy. The remaining minersl percenta

- " PR S
cS A1

oL

both rocks are estimated Ffrom the thin sections.

b} 3 i 2 - Ha o - Ka o] - N i 2
Table A~shows the main trend of the paragenesis
from typical basalt minerals through the uralite to the

of the baszalt. {p. ) It may not, howsver, be a characheristic

to the rock. Other congtituents may have been added or

4 b 3 an D sy N TN o - o~ = F RPN LI T3 A S
but cerialn Tealures of the changes are strikings Microscopic

vidence is gziven on pages and need not be repea

2 0rive, loges

Calcic plagioclzse, probably near labd

ueh of its anorthiie molecule so that a high~Ias0 plazioclase

-

remains, albite to oligoclase in comnosition. The small
1 - o

s . BTy o A e S e e - - N Loy and Aot P
and the other congitiftuents necessary to form epidoie and
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The relations of 510y throuzhout
are significant. In Table C the average 8i0p values for the

principal silicates are listed. In terms of pafage=egis

pyroxene to actinolite requires a slight increase in 5105 and
olivine ©0 aciinolite or chlorite resuires a congideravle

increase. On the other hand, pyroxene,. olivine, or actinolite
going t0 chlorite release much 510y, and the anor

of labradorite going to evnidote releases a little. The

amount of free quartz in the uralite rock averazes aboub

five per cent, and assuming no introduction of 5105 means that
the epidote~-chlorite types of reaction predominates to a
SiOé when
the metamorphism ceased. The chenical data indicats no
substantisl change in constituents sxcept for addition of

HoO and. COp and thus support this view.

Proceeding Further with the paragenesis the ankerite

.Ur-'

rock contains no actinolite, no calcite, and almost no epidoie.

By

Albite and chlorite remsin about congtant in amownt; there is

a great increase 1in guartz, and a new carbonate, ankerite,

apvears in larze amount. The conversion of Ca-lig-Fe silicates

to carbonute releaseées a great deal of silica, and, as
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albitization has

the silica remalins as quariz.
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the amount of chiorite formed, vhich ig in turn dependont
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on thé amount of iron in the rock. The oompaf'son of chémioal”
analyses indicabtes that total Ie is comparable o that of an
average basalt but ﬁhau tne early mebamorphism to urali%e rocks.
méy heve involved reauc%ibn of muich of the ferric poztion.

T™e later metamorphism 10 ankerite indicates no further
essentlial change in the proportions of
interesting to note that clinozoisite, although more abundant
in the uralite rock than epidote, ig absent from the anikerite

rock and only a few grains of epidote occur. The

for reduction of Fe seems 10 have been smsll.

The paragensis of magnebtite and the titanium

in Table A. A provbable ex-solubtion relation bebtween magnetite

and ilmenite iz described onm page .

wn | -t - . 2 e - £ 5L I 4 . R
ankerite rocks zre slizhtly lese dease than the urslite-
FR ey . - ~~ - LepAry Mo G 3
type. This prozressive decreasse in graviiy from basaltic
A~ te a4 4 . o e Ho) ) R R T
to urlaitic to ankeritic is in narmony wWith The lunierprstation

t 2 assune,

incresse in volume ©
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Bolton letaperidobtite an

are four subdivisiéns to be c nsié ered in this group - (1)
the mctaﬁ@zldotiﬁe iﬁseif in which there still “émainS abﬁnuantv
rermmants and pseudomorphs of pyroxene, olivine, ebc., (2)
serpéntine, vhich forms a rock dOﬂlﬂaﬂL]V 0f that mineral

iculating veilnlets of chrysobtile asbestos
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ot
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mn
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or tale, (3) an impure talc rock, or soapstone, with accessory

serpentine and carbonate, snd (4) a falrly pure magnesite

rook.‘ These types are gradational but dlSuwﬁot e“on@p for
clasgification. #ithin the Sutﬁéﬁ M t ains only (2) and

«Aluxz (3) are found. _ o v ' .
indomorphism. This type OFf metemorphicsn is a

/- op;l s - iy N of
characteristic feature of the serpentine rocks of Southern

Quebec and a2ll the field evidence shows that the gscondary
magnesium_minerals, serpentine, btale, magnesite, and dolomite
are confined within the limits of the original peridotite
intrusions. Renlacement may be complete, as in a few tale
bodies, but the lens~like ghape and rela
change 2t the contact with the country rock still favors

gndomorpnic hypoihezis.



; 828,3

The métamOrphism of these rocks is considered
under fwo heads (1) endomcfphic changes, confined to. the.
body of metaperidotife, serpenﬁine, etee and (z)lexomorphic
changes, dealing with the effect oﬁ the wall and country

1P0GKe.



Peridotite . Serpentine rock - Talc-carbonate rock

Olivine } T
"Pyroxene
(4roe?sth0169)

The field evidence of age relations of perido

and talc is plain. Serpentine veinlebs cut the mnetaperidodb
and talc veinlets inbtersect bolth. The relabtions of the

I SR ]

carbonates are less clear but they are nost provably late in

J:‘[.‘

the se*a“noe a8 indicated. Hydromagnesite veinlets cu

l__!

serpentine rocks. DPockets of dolomite and magnesite in +sa

ntinization of peridotite minerals is abundant (pe.
A b tale
and Plate ),and the later change,may ve seen in certain

section® The succession of olivine, serpentine, and cazrbona

may be seen in one sschion (p. ).

The minseral chaanges caused by e dOﬂO“DQlSm are

-

rroughout.
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are more comuplex and the processes

nteresting field of study.

Serpentvinization of psridotiie can only dccur in
- the presence of considerable Hgo. (Serzentine has 44 per ¢

.C
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L,
oy S
ST



5i0p, 43 per cent g0, and 13 per cent Ho0). 1Iam

when weathering processes for serpentine were fa

the necessary quantit}-of water was not a nroblem.
viewg oFf hydrotheral origin also allowed an. almos
éupplya The most modern %iew, howeve;, advocates
serpentine may @ ually be a primary mineral which
that the magma contained a high percentage of HoO.

) has interorebed serpentine from New
i

—
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D
N
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t walini

tha
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the days

shionable

mneans.

temperature of crystallization of the system was reached

)
[6)]
3
]
[853
651
o
‘]
M
@
=
QI
6]
169}
d-.
l.J .
o
H
o
},_J
(Q
o
@
s
(@]
=
Y
[8]

0O as a sevarate phase. Serx rpenvine might

to prevent dissocis

SRR

tion

crystallize Ffirst, and, with relief of presgure, olivine

crystallizes First. If the Hp0 is held in She masn

=

71

ey

i

4.

ted

resexrvolr

there is an increasing "back pressure” in which olivine

table and is serpentinized.

essentially ang autometamorphic process.,

Thi

S

i
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“the despair of

peridotite

The equilibrium relations. of this. systen (HoO-lig0-
FeO~Si02) are unimown and there is no laboratory support
for Gisolfls ides. The z“oce%g also involves more primary
Héo than most physical chemists care 10 allow in an ultrafemic

magrig. On the other hand ther
data in connection with serpentins

are nany unexplained

70Ck

dunite dikes commoaly cut bthrouzh serp

all lszboratory

Bt

dispose of many such i

iovesti

igat

eld difficulties

s. Pyroxenite and
ized rocks to

Primary serpentine

0TS

and until

such time as laboratory evidence is available 1t is an

advantage to congider the poscluwllties oz

In Southern Quebec

at serpentine replaces the

3 4

and is not

3 ‘his nay be tru
if s0, provides w0 possible method
Chrysotils asbestos occur

Onn Gisolf'e

O
-1

@)
Hh

‘,.ln
3

-
o+

the hypothesis.

the evidence .in general indicabes

yroxene and olivine of the

serpentinization and,
origin.
retilculating veinless



fractures in the adjacent countzry

~

form in place from the serpentine

gguilibziwn conditions

" The contact of

rock and is suypposed to
by a slight change in

3

the fibers with the

serpentine wall, however, is invariebly sharp and the width

A

of the veins is remarkably constan
eplacement to show boundaries of

Ao

and variations in svhe width of the

t. One would expect

Keith and Bain ( 773: ), in a recent study of chrysotile

asbestos in Vermoant, conclude that
Tractures in the Se;gduulfe and 1s

situn. From experience in Southsim

cgoneur with this view.

The endonorphic gseguence

to tale-carbonate ~ indicates that

a relatively nizh tenperaiure. Th

is not cone 1U81V9 but the writer 7
any other.
ne talc-carbonate stage

Ao

ase o ; .
clzzmwly related 0 altex

g% congldered uader e

is movn only in a gn

it is introduced along

not a replacement in

a

Quebec the wrilsr would

refers thils hypothesis %o
of endomorphism is distinct

10t necegsarily sutometanorphic. The change to-

raticon in the wall rock

xomOrphisme. “he change

|
;
s
K
!
]




002 and subbtraction of SiOZ and H?Oo There is considerable

quartz t}foughout ths magnesite rock and this probably

“represents the excess 5i0g.

Exomorohisr.  Bxomorshic effects 0f ©

and derived rocks are confined chiefly to the tale-carbonste

stage in the paragenesis. The common Field occurwrence Of
the tale bodies in Southern suebec 18 &5 marzinal zones

: . also

between serpentine and country rock. There are/looalities

ale, with accessory dolomite, occurs. These
represent in all probablity original DS‘LlOui

were serpentinized and then completely talcized.
Zxomorphic effects conneclted with purely serpeantine

4

bodies are not important in Southern Quebec. Actual contacts
with the counﬁry rock are nob COmmOij exposed bu

Tield study shows that this stage of nstamorphism had no

f]

Wl

narkced effsct the associated rocks.

o
ct
Q
D

=

age produced distinctive

C‘P

8

and widespread altsration in uhe couvntry rock

with its ovwn fowymation from serpentine. The eudomorphio
alteration of talec to sernentine involves considerable .

and 910 rises from 44 per cent



‘added to Tthe wall roc

Dodily trans:

5102 as the main ul rationg. This phase of the paragenesis,

nowever, is oOf minor imporiance.

The talc bodies occur mossly in the mica schist

of the Sutton series. The wall rock at Qll such contacts

is highly chloritized and albitized. %he schistogity of

the rock is less perfect than usual and it is studded with

rounded slbite metacrysis up 0 a quarter of an inch in
diameter. The gualitative change in chemical composition
s e e . y . .

of g0, Hp0, Nas0, and decrease in 5105« Talcization -

o
[

-

of serventine involves addition of di0

o+

the moment, the co

HoO. Disrezarding Hagl for

( r'n

. are seen D be the same as those

lost to the tale body, and vice ver Qualitative field
S _____—_______d

2 P I B X 4+ B T
therefore, that under the right PTC

? - - - 1 3 S vy e s o R A K B A e 3
the wall rock. Dhis interchsnge resulbts iz two distinct

p T S T A e ra ey R - 37
zones Of replacenent approximately bounded dy the dike

contact. The talc is apparently confined 0 the linits of

the pre-existing serpentine rock and chlorite and albite are
develozed only in the wall rock. There must have bhsen

er 0F solutiong over considerable distencas

2
T

t0o effect
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FPleld study ¢

" .. P T
nows that the ilango

traversing east acrol

90,

ville seriss ig

4.7 s

& the Sutton-~

w0

@

4

Hensoaville contact there ig an abrupt change from chloritized

arnd alOlulZ schist to

micea and chlorite. There

o

break between these two
of the
r\o“lec_r of the metamo
be explained as foilows

schist just west of the

difference in metamorphism is necsssary. From

1~ The CllO"LuJZGd and

gray duartzite containing accessoxry

is not believed to be ar 1y great
formations and thus an explanation

a
- ’ LY A Qand Ao s - -
rphism of the 3Sutton series it may

EN

albitized

contact.coincides with a zone of

=
o

peridotite intrusion which now outcrops at intervals of a

few milses as small ftale-

gserpentine bodies. The exomorphisnm

which accompanied the formation of talc resulted in the

chloritization and albit

ZONE. The golutions

incapavle 0f any marked

amowt, Or entlre absence,

precedes

~

ization of

o
o
jaf

the genist in this bvordar

1]

(uartzite were
repiacement on account 0f the snall

of Als0z in this rock. Chloristization

2 -

albitization and these early solubtions, by ubilizing

all available Al503, would prevent the later Haol-bearing

solutions fron forning any albil

<t

beds in

zulte analogous

to the lack of chloritization and albditization in cuartzite

he Sutton series and seems 10 be an adeguate explanation
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General Digcussion oFf TebumorJ 1ism,

The change in mineral composition and texture
brought about by metamorphism ig devendent on six variables -
The temperature T, the ‘reséére P, {including hoth rocx and
fluid DLG“OLT@S)‘the éirculating solutions S, the original
_mlAbrql com;oiition C, the origiaal
’

shese .

-

- variables could be obtained for a svstenm in equilibriun
o 4

there would be no ungolved problems in rock metamorphism.
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t0 recognizef their-

importance and to realize the limitations of any scheme

the conditions ooualging luring thelr formation were in
perfect equilivrium with each other. The quantitative eand 7“¢&4¢@‘

-

mlﬂ””al codu“sition in %the rocks of a ziven facles wvaries

gradually in corrsspondence with varistion in the erical

em 1s tased on only thres 0F the gix



nas recently pointed out this deficiency and it appears
to be a very real one.  Thug the cualitative and gquanti

- series are prac

in

~ L

with which solutiong can circulate and on Lhe nanner of

transmission of sitresses. Yherefors texture should alw

characteristics of

ol A

of T and P 1s not of great imporbance in an open systen
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such as 3vhat which includ

Sutton or Oak Hill series. Fluid pressure, nowever, ia

importance in relatively closecd systems such as those de
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Tacies of fixed minsral composition and tﬁ“purf"

mathematically: 1 = "(;, P, 3, C, Ty, T)

gualitative way and relative evaluabtion of

metamorphic facliors is uvsuvally possibvle.

in the preceding discussion 0f the metamnor;

now

in Brome County. Hvidence 0f disequilibriun is

e.g. inclusiong of epidote, mica, quarbtz, ete
netscrysts, but the relative importance of T,
and Yy can be from one formation TO

In conclusion le
is to be considered not as compounndsed OF

o e - - - %
contact, O arﬂ*o thermal types, but as a
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0FROGIITIC

Introductsion

Three maln periods of diastrophis
in the Paleozoic rocks of Hastern Horth imerica - (1) the

aconlan of late Ordovician time, (2) the Acadian in late

Devonian, aad .(3) the Appslachian in Permnisn tims. OFf these,

+% B 'y $ ¢ T f % o - o
the Appalachian is best established and nost generally
o

recognized and the Acadian is almost as well enbrenched in

geolozic 16.. The Taconian haes, uwntil recently, been
an outcast around whjch vhat seemed at one time nizht become

an endless controv
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the Taconian is the most in

4.1 Aot s 3 o < . Y .2 . s
the Acadian is second, and evidence of the Appalachisn

revolution is lacking altogether. Nothing is known of
pre-Paleozoic orogsny as there are no pProvén pre-Canmbrian
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the ares, ercess ohe Tldott Nete scbuil mole Sutta, Guadracsh.

Taconizn Orogeny The history of the Taconian
question 1s reviewed in my recent paper (/92/)

The summary shows that most of the so-called "evidence" is
incounclusive excspt in ceritain localitises in Few York. The

-slates




“the order of deposition of these

and o sumnar

2

Silurien or pre-Devonlan period of orogeny in the Pa
but there has been 1little evidence of its exact date
recently. That evidence is now accumualiing and, . am

otqbr localities, has been fouad in Southern
?
The evidence of Taconian orogeny in

Struetural evidence

o<

(1)

of conglomerate, shale and limestone

within black

lie

w0 elonga

Cuebsc.

Souther
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aledczolce
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ong
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T Quebhec

and Leuamo:quce
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of gstrucitura

1 evidence #w#n indica

eceur -

series and

angular unconformity between the lemphremagoz
toe Silurian sediments.
Pgleontolozic evidsnce, The tvime lix
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uacoqﬂo:wl bebween the Millinzton and
>

are Tixed by the evidence Ffrom Tossils. Graptolites collected

{.

at.several localities in the lism

£y s Ji. Ty g e
Series saA0wW tnav

it is Prenton, and a varied fsuns of corals, brachiopods, etc.
S“_-IJY‘(.OLF‘\ »
in the Wzitiiyoer place it,in part ab least,as early as

he Memphrenasog

and Silurian series thus represonts the time bebween Trenton

) ) H 4.

and Wiagaran bubt the break bebtween
S//ur:qr-x
the YLilictita Ter

g )

sents & shorter interval. DThere is 1o

e}

t

[

]
}._

direct evidence here of enything nmore than a time gavn.
) v <& a4

e

Metamorohic evidence. A direct comparison of the

A

metamorphism of the Hemphremagog and Silurian series is
possible as they both contain rocks vhich were orig ginally
fine-textured muds. The Ordovician mud is now withous

exception a well cleaved slate and usually cruwapled.

hderd o --- b% S AT 5 oo - - 1 3
Althouzh a weak secondary cleavsze can usuvally be seen,

T

ilurian mud is on the whole oaly a Sﬁ?

(')
Ui

4.
vz

occur in the Memphremagoz series, only guartzites, whereas

Mansonville

are in comparison to the adjscent

o)

slates, »ractically uanmetamorvnosed from the structural
point of view.
The combined evidence indicates beyond doubt

that &1atr0phwsm occurred between Trenton and ulava:aa time.
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Acadian Orogeny. A second period of Foldin:

(?

occurred in this region late in the Devonian period, and it

b : . )

iingly correlated with the Acadian orogeny. ‘hers

is, it must be said, no divect evidence, in this area, that

the folding of the Silurian beds was not dF7aj unvil the
close of the Paleozoic, bub a glance at Schuchert's (1930,
P nap of the areas affected by the three Paleozoic

orogenles shows the improbability of this region having

veen affected at all towards the close of the Paleozoic.

ol

From the vicinity of Lake llemphremagog northwards along

B

the strike there ¢

o

re outerops of Ffossgiliferous shales and
limestones, all of which are Silurian or Devonian, and
igs not one Carboniferous rock known this side 0Ff the

' e , . . .
Bonaventure conglomerate of Gaspé that antldstes the

reglonal 0orogeny. Coercive, i1f not cogent, evidence,
&
ndicates therefore that the folding was Acadian, and nob

Conclusion. Recent investization in fuebec

demonstrating the validisy of the Taconian indicate that

~

a re-valuatvion of the extent and intensity of Paleozoic
orogenies in Zastern Iorfth imerica 1s necessary.

dominance 0F tThe Apoalachian revolution over the whole region
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GZQ;CﬂIC HISROIY

This chapter outlines the history of gedimentation,
orozeny, aad subseguent structure and metamorphism, and
igneous action as far as can be deciphered. ost of the

na ueLlwl is collected from previous chsplers and is Dl .G ed

here in Chidl@l order as & summary of

Except for the later erosion and zlacistion, the

In terms of rock-maiing 1t can be divided very easily into
four parts, a2s follows.
(d) Late Devoanisn. Intrusion of Stanstead @ranite

(c) Silurian and Devonian. Silurian and possibly
Devonlan sedimentatio

(b) Late Ordovician. Formation of Bolton mebabasal

and Ordovician. HMansoanville
o
P

(2) 1Ilansonville and liemphrenagog series. mCCO"dlﬂy
to. Schuchert's paleogeography, the material o
was derived from the Few Brunswici gean

P 7 A-nasd s T . ~ ot ] A T + T T e
and was dégosited in the sousheast gide of the St. Lawrence

geosynclines he accumulation of ch a considerable thnickness
0f clastic maverial indicates convinuous upvwarping o0f ithe
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and it was a land mass Quring all of liiddle Cambrisn. In
the Upper Cambrian there waes submergence and deposition of
one or two thousand feet of guartz sand with intervedded

grit and clay mud, the Mansonville serieg. This was followed

-

by several thousand feet of red mud and inbterbedded sand

which,; althouzh not now exposed in rome Couu“y probably

=3 (&)
s <

overlapped 40 some extent. These sedinents Kzz

A

EOLLALA AL T I A

enn 10 the north of our arez. Their
most southerly exposure is alomg hizhway To. 1, inmedd iely
west of Oxford Zake, in line of strike with our liansoaville

axis 0Ff the 3utton llouataing. The rezlon undsr considerstion
therefore was dry land, underfoinz erosion while the rocis

i1 .

of the Oak Hill series, and s3%ill further west the filton
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in which the fizner -mudsg could be deposived.
‘hether the heds ¥were &ver SUCeH

area narxed by or a comrLOH

an unconformity

for comments z conglomerate).

“e have callef

1 Ordovician time subnergence again
the rule, the Ordovician sea spreading as far as and
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a1ruvi

became
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Towards the close of the Orxrdovician mountain
* L

making made itself felt. ©The two slate formations together

with their extengionsg eastwards and westwards of +this ares

were thruwn into folds, elevated and the wresulting (Taconian)

£ . -

mountains subjected to erosion. Before peneplanation was

efffected intrugion and extrusion of basic rocks occurrsd,

abbro invading the se

the surface of erosion then being developed.
The lava flowe accumulated in all probability to a thickuness
1

Taconian mountains. Some of these flows probably poursd
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exigtence of considerable slopes, with youbthful or ma

by rivers, (The preservation of the above mentionsd breccia

must be considered t0 have been Ffortuitous.) Tthe iliddls

Silurian sea began 1its advance over the region, in which &

asal confl«mg"ate and sandstone was succeeded by the Glembroo. e
shale and ultimately by the : of
liiddle Silurian age. Lacking nore

£ T . r 2 e N S P Y o . .
thhereganhouis at lesast into Devonian time. 3Be that as i

- FRE) . 4. s 3 ’ 1,
011 vane west sSide, tne

of IIiddle Silurian ags, is
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ECORCHMIC GEOLOGY

In spite of earlier high hopes, nothing has been
found in this region to Jjustify any extensive outlay of time,
or money or eguipment save as noted below. Of the metallic
materials found chromite, hematite, psilomelane, copper,
galens, sphalerite, and of the non-metallics, tale, asbesios,
serpentine, gravel, and limestone have been mofe or less
'successfully prospected for. No building stone of any value

can .be found here, except glacial boulders.
Chromite

Atiabout one mile northnorthwest of South Bolton -
is one of the earliest prospects for chromite in the\serpentine'
belt of Quebec. Chromite occurs in veinlets and disseminated
throughout a serpentine, dut although a fairly great amount
of quarrying has been done, the amount of chromite does not
jﬁstify further exploration. This occurrence'does not
appear to have been listed before. Other localities are

given by Harvie (1912, p. 291).
Hematite

A short distance southwest of Millington (1ot 9,
Renge IX, Bolton) hematite of the specular variely occurs
in large lenses either pure or with considerable quartiz.

"The largest body is about 40 feet long and 7 feed wide at
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the surface, but at the bottom of the pit 70 feet deep it

is said to be 18 feet wide." (Harvie, 1912, p. 291).

Pailomelane

Though not in guantity sufficient enough to warrent
exploration, psilomelane is known to occur in the meadows

north of South Boltone.

Galena and Sphalerite

In the southeast corner of the ares there is a
mineralized zone extending from the lighﬁhousé south of
Round Island soubh to the interstionsl bowndary, and inmland
for ﬁalf~a4mi1e or so0. Galens and sphaleri%é with minor
. amounts of pyrite occur in several spots, ffequently in
amounts that look attractive, but general sﬁrveys tend to
discount the worth of the occurrences. Numerous pits have
been dug on both sides of the road from Leadvilie south-
egstwards, with little success beyond an occasional rich-
looking specimen. The most exteﬁsive of such Workings occurs
near the light, and is popularly called the lead mine, a
ngme egregiously misplaced. Fairbairm (1932, pp. 26 - 27)
states fhat "no further developments should be carried on
unless there are indieations of higher metallic values than

are known at present”.

Copper

m“w.&-————-

Lo}

Within this area numsrous copper prospects have
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been opened.: Thesé, with app30pr@@te comments, have been
deéeribed adequately by J. A. Bancroft (1915, pp. 152 = 185)v
to Whoée remarks nothing need be added excépt‘in the caS@'of '
the Memphremagog, or Smith, Mine, situated on thé northwest
side of Hogsback Mountain. In addition to Bancroft's
description which refers to earlier comments by Dreéser,»
Wilson, and others, a recenﬁ repozt by H. W. Fairbaimm,
(1932, p. 26D) deserves quobing.

"There is insufficient chalcopyrite in thislaeposit
to consider it a copper prospect. The known tonnage of
pyrrhotite is likewise to0o low to0 warrant ins%allation of
a sulphuric acid plant. The only expenditure advisable af
present would be for diamond drilling in ordexr ﬁo learn
something of the deposit at depth. Given a consiaeiable}
increase in the ftonnage of possible ore, the fubure of the
property would then depend on marketing conditions for acid

0r on new uses for pyrxhotite.”

Copper has also been discovered in insignificant
amounts in the vicinity of Leadville (Fairbairn, 1932,

pp. 26~ 27D).
Asbestos

In several of the metaperidotite oulerops asbestos

~occurs 0 some extent. In none, however, is there enousgh to

“justify further exploitation. The most important of the

¢
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prospects ls that about a mile and & half southsoutheast of

Mansonville where a tunnel has been driven into the side of

& hill, but is now sbandoned. CGonsiderable short fiber

asbestos can be found in the dumps, but not enough nox of
sufficient quality to justify mining. Harvie (1912, p. 292). |
mentions a deposit on lot 9, range VII, Bolton, and snother
prospect has been dug into near the shore of Gréss Pond |

(lot 16, Range VII, Bolton), with indifferent results;

Serpentine

A recent survey of the metaperidotite outcrops
carried out by the Vermont Marble Companies showed that

none was capable of producing workeble verd entigue.
Limestone

The limegstone has been burned for lime
in several places north and south of Knowlton Landing.
In earlier days, before high quality lime and mixed artificial
fertilizers were available, local limestones werxe able 1o
supply the whole amount of lime needed. At present no lime

kilns are in operstion.

Gravel

Along the Missisquoi Valley there is an abundance

of gravel, presumably of late glacial date, of excellent



~guality for road making.

“gravel in the viecinity of the valley.

g3

Of late years several miles of

roads have been widened and completely resurfaced with locsal

Purther east, nearer

the lake the glacial deposit appear t0 be Ffor the most part

unassorted, gravel is scarcer, and some of the roads as @

consequence are deplorable.
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- LIST OF PHOTOGRAPHS

Teke Memphremagog, looking southe ©Owl Head Hountain

on right, Bear Hountain in the distance.

Peasley Pond with Bolton igneous mountaing in background,

looking southe.

Slates of the Mansonville series. Stream gorge 3 miles
"southsoutheast of Mansonville.

Mansonville slates about four miles north of HMansonville,
on route l. ILooking novshwesﬁ.

Massive quartzite in Mansonville series, 5 miles north
of Mansonville, east of the road, looking north.

Quartzite ridge in the Mansonville series, one quarber
mile northwest of South Boltone.

Flowage folds in quartzite of the mansonv1lle series.
One mile and 8 half northwest OI Mansonville.
Looking southwest.

quartzite bed in slate of the Memphremagog series,
about one mile west of Millington.

Autoclastic breccia. The remaing of a once continuous
bed of quartzite of the Memphremagog series.
About one mile west of Millington.

Contorted and brecciated slates and quaritzite bands of
the Memphremsgog series. Four corners esst of
Malaga Pond.

Autoclastic breccisa in the ﬂembhremagog series. Four
corners east of MHalaga Pond.

Flow structurs in Bolton metaoasalt, near Travor Road.
Sugarloaf Mountain from base of Owl Head, looking northwest.

Distant view of Lake Memphremagog, looking south. Owl
Head HMountaein in center, Bear Houatasin to left and

Hawk Maeuntain to right. Sugarlosf Mountain on
extreme.rlgnu.

Radiated actinolite in serpentine near Bolton Centre.
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17,

18.

19.
20,

21l
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116,

Pillow structurs in the Bolton metsbasalts on the slope
of Owl Head near road.

Steeply inclined pillow structure. One and one-halfl
miles west of Vale Perkins. Iooking east.

Detail of pillow structure in the Bolbton metabasalts on
the west slope of Owl Head Mountain.

George Pond br "ecCcla. George Pond.

George Pond breccis in road, with pebbles of guartzite
grit, and serpentine. One mile and a half west of
Peasley Corners. '

Valley along contact of Bolton metabasalt on left and
Peasley Pond conglomerate on right. Looking north.
Peasley Pond. : :

Peasley Pond conglomerate, basal beds. Péasley Pond.

Peasley Pond conglomerate. Peasley Pond. Looking north.

Glenbrooke shale, strongly caleareous. One half mile
west of Vale Porkins., Looking south.

Most northerly outerop of the Glenbrooke shale. The hills

‘in the distance, towards which these beds strike,
are composed of older rocks. Looking north. Two
miles northnortheast of Channell.

Glenbrooke shale, ZLooking south. Kote vertlcollty of
cleavage. -One half mlle southwest of Vagle Perkins.

Pharaoh asbestos prosnect in Bolton metaperidotite. One
mile southeast of iansonville. ZLooking east.

Entrance to tunnel. Snith iine, northwest borber of
Owl Head Mountain.



