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are.regularliy “ouwnder Epidotey apatite, and carbonates are

also characteristic accessories. Small browa tourmalines

~appear in some sections. »Green,biotite and hornblende are

rare. Pink-garnets may be seen in some hand specimens but

'thﬁyﬂarefusually microscopic and never abundant.

The phyllite group is second in -importance to the
nica schistt_;"and a8 usugl is a*gradaticnal types The-term~

is s convenient one -to use for rocks intermediate in. texturs

_between schxst and slate. On a 1ow ridgé'vest of the highway

and Suttom Jantlon ‘there is an- apbroach t0 true

'slaty'eleavugerbuu more'typleal GXPOSHISS‘aTG minutely

5“cruupled end folded and show cleavage directions rathor tham

cleavage Seraceg. The texture is very fine aﬂd the rocks ars

colored gray to- blaek by graphite.or ‘carbon dust (Plats ).
, Quartz-layezs%mpﬁto one-sixteenth of an inch in thickness may

be' preseat-and.give the nhylllte a mlnutely banded appesrane

S~snapoawmon6@ilﬂal crutples are characteristic of the group;
théy.var?“ffbm’microscﬁpié”siZes up 0 several inches across
gnd in places two 1ntersect1n0 sets may be fOLnd. The pnylllte

is 1nterbedded with the mica schist in zones varylng from a

fewaan&masﬁ$0gseveral'hunagedsrof feet. Due to its grsfational.

character sharp consacts arse uncormon.

Qnartz, serlclte mica, CthIlue, and carboa@ceous

~matﬁer ‘are the essen 161 eonSuiuuents of tns pnyliites - Inbter-

exrs of-

et

ove sn Yetween elus

-

Pl
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ninute. quarsz gralns and outlnne also the moncllnal flexureu

;pz'evn.aus:!.;,r’E i red 0. Alb1$e~ollooclape mntacrysts show
- the sgne characterlstlcs as in the. nmca snhlst but ars 1a E

fgenerﬂl smaller and less abundante ”hey are clouded‘wluh%caihdn;

dust which darkens the lustre on cleavage faces,seen«iﬁ a }

hand specimen. TIlley, C.E. (Quart. J. G. S. London, vole 79,
p+180, 192&) des crlbes,“knots of a black well cleaved mlaeral
formlao poronyroblasts in g quartz-chlorlte-muscov1te groundmassil’

Albiﬁectvianiag ‘commonand the blackness is due to

;earbcnaeeOhg inelusions., (Start area, England). ,“This_maﬁe?ia;

i*cloudlnv the meﬁnerysts shows in place monocllnal‘folding'

which 1s'cont;nuous with the orlglnal crumpling outgide its

boundawlego; xﬁe CGL

DLE gus Laterlal thGh the 1b1ta

& 5? L

could not LSG durlnv the. repl cement and is certain evidence

of ‘the later age of tne.metacrysﬁs. Among»the aecessoxy

~m1nerals spatite is common as euhedrql to subhe ﬁwl crvstals ‘

and. @130 ealeite in twinned, 1rregu1ar Torms.. Bpidote with
blue%élinozoigitewrims-is~a;regular accessory. Hornblende
blades arse rich less common. Ilmenite, rutile, and titanitse

among the titanium group, and small tourmalines have also

bsen-nobed in thinfssﬁtion. Pyrite is cnaracterlstxc and is:
7

foun& Ane shqrp CLbeS of all sizes up %o g 1ﬁch. }In1plaees

it iSﬂ fracﬁur@ii or COthalZIS- ‘_rs;;mants of mJ.(:a, 'ehlori’cé,‘ etce

Pseudomorphs of hydrous iron oxides may also occur where

weatheoring agents have penetrated. Pyrrhotite is less common
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and lacks the erystal outlines and large dimensions of pyrite.

The qgarﬁ21te group is imporbtant for the evidence

iﬁ_furnishesgof;the,sedimsntary;oribin of the Sutton Series

bub¥is of“slight areal extent. It occars in beds several feet

thick down to layers measured by a few inches. The rocks are

medium to fineugrained and granular to schistose. The eolor

'varles from grayish-white to almost black in carbonacaous

types. (Plate ). The quartzites may'be streaked with dark
aﬁdalight layars which rapresent initial differenees in

sediméntﬂtion., Small pyrlte cubes occur dn the earbonaceous

—"_types and if oxidized form rusty spots.

In.thln sectlobﬁquavtz 1s PfodODlﬂ nt as would be
expected = @nd oceurs in intsrlockln 2, unstralned aggregates
which may have a slight elongation parallel %o % he schistosity.

Sericite mica and cnlorlte are intergrown as in other parts

of the Subtiton Serled but are les S abundant and seldCB doninate.

the gbructures Albib e-metacrys*s oceur syarlnvly. Carbonates

are characheristic accessories. Magnetite, ilmenite, and

titanite are common; rutile needles are relatively rars.

Epidote and zircon are likewise uncommone Apatite is a regularx -

- accossery end-garnets are -found in placess:

The dolomite and calecite beds arse a calcarsous group

4

vazryin

I8

a

- from massive marble to schistose typess The texbure«

is ugunlly Fins“and sugar-grained but may also be coarse.

J 4

¢
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nica schist an& phyllite in small diseonﬁinqouﬁ§ez@dsnres'a-

5.

(Plate ). The color of the fresh rock varies from creamy-

whité throush gray to brown. They ocour interbedded with the

0.

_ DR Sl 4 Vs T L
fsw feau thlc} . Only sbout a. dozen outcr0ps have bOGﬂ;ﬁ%XM}mQ@w’

The surlace ‘weathers brown due to the slight iron contend of
the carbonate and the rock is much fracﬁured and fllled with

quartz and ehlori%e veins o- all sizes. In places eﬁ@lky

thlte fel&syar and quurtz ‘graing stand out promlnegﬁly on
‘the wo@uhorea suzface. Dolomite occurs in untwinned crystals

-with common~ graiﬂs of quartz. OCalcite is cnaractarlzed by

) - : ) or
abundant twinaing. In places elbite and oxrthocls Kse@ttered

e . . ... end o SR
app through the sections, »vph are probably of sedlmentary

origin. Grcen fuohslte st breal Ls,ﬂﬁd paler talv have be sn 1otmd

in hand snecimeas but in tnmn ‘section ‘nay have passed for
mica -in many casges due tqﬁtnelrﬁlacxfof coloxrs: Thers is-

sufficient mica in parallel dimensional arrangement in places

“tOngvefthsse rocks”an irregular schistosity but ordinarily =

they are massive aad abundantly fracturod. Aceessory minerals

.xnclude D7r1+e, chlorlte, apatlte, and carboaaceous natter.

Ev1dence o? Oxd g nal Charucter. There are two

rlines of. atth ~to this problem - (l) the field ‘evidence, and
'{2)*theﬁmzneralogiéal*evi&encs; These are inseparable for
purposes of discussion and codverge to the same conclu51an

that the Subton- Series is sedimentary in orlgln.

s e
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ey

Mazrble and caroonaue schist oceur in a- number of
locslities. In ell caseg they are c&nxornable with the superé
and subjaeeat mica SOulSh and phyllite, show no erOSsécuﬁtingf'
features, and.indicate nothlag of an intrusive caaracter.
Quartzite is of common occurrence and shows bthe same
characteristiecs as the carbonate be&s. 1% is more them

ninety percent pure.quariz.

The-miaavcchist averages aboubt £ifty percent of

quarcz Which is an. improbable propor tion for amy rock eycent

a sedgmenu.v The fact that bthese scnlsts now conbal n‘abund@n*

alb‘te has no bearing on the problem in nand as this minersl

The phyllite and mmch of :the mica schish contain
abundent carbon dust or graphite. The local occurrence of
caibon in itgelf signifies nothing as it is commonly noted
in mstabasalt and greenstones but in the present case it is
Wldely distributed and in the phyllite forms an appreciable
pereentage of the mineral content. Therse is no evidence that
it has been introduced and the conclusion théréfere‘Séems
justifig&ﬁthatfitﬁiéﬁan~orig;nal constituent of a sedimentary
formation. | |

The ﬁQtal eviiénee:of origin-of thé Sutton Series

E

converges to one eonclusxca - that it is of sedimentary
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characters lHetamorphism, both physical and chenicel, has

masked certain details snd it is only by separating these
‘later features that the original. character of "the rocks can

' be.deciphered.

Thickness. The only conbinuous section in the

Sutton Series in which it is certain that there is no
repetition of bedsléy.folding is in the gorge oné mile noxrih-

west 0f the end of the rosd north from Dunkin (Plate ).

This-is e verbtical section of about 400 feet in:the crosh

of ‘the enticlinorium. It camnot be regarded seriously as a
minimun thickness and is included in the discussion %o~

illustrate the lack of quantitative data concerning fhe-ﬁrdblem;

The axis of_the,anticlinorium passes much c¢loser
to the east boundary-of the series than it does to the weste
Along»the-lnﬁernational*Bbundary whers the greatést'breadth

of exposure occurs west-dipping schist composes 9 miles of the

total of 14, and only 5 miles dip east. Furbther northeast

the seme>cubcerop ratio holds but consideration of thickness

~ is less justified here due to the intense flowage which has

occurred on- the northwest side. The factors tc be considered

in & -disecussion ofﬁthicanSS‘are as follows = (1) the amount

_of thickening by repetition of major £olds on the limbs of

the e tiglinoriun, (2) the magnitude of the displecement along

the Brome thrust end the position .of the axis of the adjacent




‘sbctloﬂ referre
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synclinorium to the west of the main saticlinoriun.,  Assuming
an sverage west dip of 45° ‘and an east dip of.60°, and
neglecting the above factors for the moment, the l4«mile

6o would represent 2,000 foeb measufed fron

g:u

‘the thrust fault on the west and 22 OOO feat measufe& from the

conbact with 5he Hansonville Series’ on,the east. The fleld

study shows that the schist west of the axis has been tnlckenea‘

by dreg folding more than ﬁhau on the east and they may for

that reason contain nore repeatsd structures. It is unlikely,

'hevever, that a restoration of the pre~folded sedinents mould

thlnvout»the western limb to the dimensicas then oceuple& by

- tho east side. In other words the as etrleal osition of
bos

the “"13 can not be cxplaineé entlre 1y by tne relaulvely

'greater thlckealng of its west llmb. There-remalns then %o

be considered the thrust along the west houndaryf Its throw
is unknown but because the basement of Tibbet Hill chlorite-

- schist is exposed east of the Broms ThruSu iaere must be a

synclinorium-between: tne Sutton lountalns and the Brome
mhruSu.> Some of the discrepancy in the distribution ¢f the
series east and west of the énficlinorial axis may be:due to
this-synelinorium in Sutton Yalley. It is alsé possible
that the west side of the basin received a greatser thickness

of sediments in the.first place than did the eastern side.

With g0 many unknowns and variabdles oaly sa arbitrary figure

_can%bewofféredffor the thicikmess of the series and a minirum
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of 10,000 fost is giveﬁj;n the geological column (Insert f.

Age‘ Leﬁaa was ths flrst t0 hazard a’ gues as to

the"aﬂefcf‘ﬁhese~sehistso Hs didfnot'svspeet the pre ensc e of

thrusts oeuweea the Phllmnsburg area and the Suttqn Houaﬁalns

and thers™ fo r8 his coneluslon that "Sutton Iountains wonld

thus appear 10 be composed of stratas which overlie the
| 194 I v

megnesian portion of the Quebes group™ though sbill partly

trua.cannetlbe-said to rest wpon correct regsoning (1863,

Pe 251)e -HesWaé,thus.convinoéa that théy were5theﬁmetawoiph039d%
equlvaleﬁt of - Camnflan aﬂd OrdOvlclaﬂ beds, a concluulcn mhqt
was eomba‘*ed by Lot ‘Selwyn (1883),and Ells, . both of

whom subssquently rapor%ea on the regionJ* Dresser {i905;%

DPe 509) ﬁas the first to complain of the change‘frém Logan's
expressed views, but practically no other opiniom up o the

time of this report has come oute

If the supposition that the Mansonville Series

'(See“p. ) is Upper Cambrian, theh structurally the Sutbton

Series must be pre-Upper Cambrign in part. The conclusion
reached in the discussion whi@h follows favors a Lower Cambrian

age ~glthough no dirsct proof 1s pO;Slble fron the present

- studys

#

The Mansville Phase of the Oak Hill S“fles is:the

keay to the pvosluﬂ in that 1% seems to be, though part of

+the Sutton Sééies, 2 slightly meﬁwaOTPhosed produsct of the
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Lower Cambrian Oak Hlll arﬁebo . 1ts relaﬁlon t0 the narmaT

Pphase of the Ozk Hlll Serles has alreadv been glven in detail

(pe ) and it will now be compared with the Sutton schists:

in order to consider the possibilities’ 01-further correlatlon.
Paleontologic data are lacking entirely so that the evidence

must rest on lithology, strabigraphy, and structure.

A lithologic comparison with the Mansville Phase

is significent. In the Sutton Valley the mica schist is

idenﬁical with the upper and lower sericite schist of “the

‘Mansville Thase but as one proceeds further east the oubward.

81m11ar1ﬁy ieereases due to- albltlzatlon and cog rse-ao of the
texturs. Tne phyllite of the Sutton Serles shows the same
relatlonshln - 13 the Sutﬁoa Valley it is entirely similarx
to that of the Mansv1lle Phase but as one works east the or¢91nal
character is masked by alhltlzatzon. Thln;quart21ﬁe beds

are of cormon occurrence in the Sutton Series‘and sinilar thin

beds occur with the phyllite and slate of the Marsville.

‘Dolomite beds occur in a nuomber of localities in the Sutton

" Series and most of them are brown-weathering itypes nob

distinguishable from those described in the lMansville formation.

A complete stratigraphic comparison can'not be made

aS'nO‘continuouS'exﬁosuxés ars knomn"within the Sutusn sehist

“

which contain more than thres of the various waits of the

‘HanSV1lle formations This iS'partly due@to the more intense
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nmetamorphism, perhaps also to actual chenges in the sequence
end thickaesses. A locality 2 miles northéast of Richford,
Vermon%, and 2 % mile south of the boundary fumishes the oaly
stratigraphic: evxdenee in the Sutton Series. Mies sehist; )
‘dolOmite marble, and =& thin band@&'pbvlTite ogeur in Sﬂveralv
adjoining outcrops alongside the rog ad and the draﬂ folds
indicate a sequence as named above with phyllite the top
membore ~”*is ig sinmilar to the suecession deschbed from the

haasv1lla ouberop in Flate .

‘Struetural relations are developed more fully in
the next caapter (Dc ) vub it»may be stated here that the
;nﬁﬂasv111elile st the base of the exposed port{dh?o% the
_Sutﬁoq agzg; because of 1ts unconxormable p031tlan upon the
basement ethflue schigt, The llﬁhology of the maln paxrt qf
the Sutton Serles-ls entlrely compa aﬁle vith*that'of the

’ManSVllle and Ok Hill, as already indicated, and itis not

£y

S

unreasbnable to suppose that the whols .group is Lower Cambrian,
though for ithe most part st'@tlpvaphlcally higher th@n the Oak
Hill Series. There 1s no trace of an uncozformw by aad~tne ’
differences in metemorphism bear no relation to the age of
.the.r0cksmﬂrfurtnez,ulu5weuid~be a-rﬁmark ble coinciderce if
~ . the: sedimentation in late Pre-Cambriasn shoulﬁ so clasely
resegble the peculiar sequencs of slate, marble, and schist

kfound in- tne Lowsr Cambrian of the Os=k Hill Serlss,

Some addltlowal 4info r- bl 3 mwy be. glewn@d from t

estimate of the minimum thickness of 10,000 fest for the Sutton




‘being probably Upper Cambrian and even Ordoviecizn.

schist. OFf this thickness only 300 feét;,more‘or less, atb

the very base consists of known Lower Cambrian’strd%agﬁ The

vast bulk of the schist, therefors, is cerbainly post Ock.

Hill. Thet it might still be Lower Cambrisn is entirely

pOSSlble, $hough it is far more likely that the mld&le and

- upper portions belong to laﬁer epochs. Because the mlddle

Uaabﬂlaa is but gnarxwg y p*e;eat in Forthern Vermont, and

waknown

in Quebee, & logical conclusion would be that the
utﬁaa'SerieS is Lower Cembriszn in its lower part, the rest
In the Thetford area, H. C. Cooks first SHEPOS@d 
fﬁéﬁ the Bennett schisss which are the northward continnetion
of.the Suuton schigts, were Pre~Cambrian but later eoncluded
independently of this present wozk, that they Yappear 0 be

the lower, Leﬁumorsnosba part of the Caldwell series, which is

'probuolv of Cambrian ﬁoe°£19az, De 24) . The Beanelt ‘schists

of the T %fO;é area as described by Cooke, and as shom by
hin o the write or, sgres in 81l essentisls with the Subton
schists. It is o interssting to nots that Cooke mentions

s Al

that a "magnetite layer [? Pinnacle Graywacks] is overlain by
a véfyxpufe:érysuallingwlimesﬁone,[? Thite Brook Dolomite]
aboult 10 feet thick". (1232, p. 53&)s Cooke concludes (1932,

p, 5d) that the "peblrographic similarit 3 ‘of the original..

5

-
i

components of the Bennsct sc;i' vﬁe th uppsr parb of the

-

Caldwell series, the entirs lack of arny devznni bre cak batween
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fhem,,an&,thevst?uctufal relaﬁions’already'ééSGribed,
togeﬁhar»seem.ﬁo indicate beyond a doubb t thet the schists
are merely the lower, metamorphoseé part of the Caldwell
é ; - seriesge It would appear thersfore that thejchief‘dif”ereﬂée'
o between the two schist bodies is thab ths Subbon schists
f~are definitely Lower Cambrian in theilr lower part, whersas
the Bﬂnnetu sch gts a ars almoat certainly Upper Gémbrian in

- their upper part. ' .

x» ‘v‘ From his knowledge oiﬁthé<intric te stru ture in

the néighborhocd of Pvc nmond, Que., Dresserxr ia 1906 ccneludsd
"as it thus seens certaln that the Sutton "erlcs c@ﬂtalﬂs

no Pre-Cambrlaa clas+1cs in the V1clawtv ox Saint Ffaﬂcls
River, 1t is GOGsequeﬂtlJ possible, if nOu probable, that
all the clastle rocks of thls series, throughout une |
district, are altered members of thezQusnecﬁgroup,‘as in

-this section” (1906, p. 509). d

In conclusion it may bs sa 2id tha 4 there isieviﬁence‘
- t0 prove a Lower Cambrian age of part of the Sutton geries;
~thers is none fbr'its<inclasi0n in the Pre-Cambrian.
Uhdggbtedlvare—Cambrian’roéks cccur elsewhers along the
Groon - llountains -axis, bub his does-not eéﬁstitﬁte'aﬂ»a
priori reason for assuming, as has been done in the pasﬁ,

that the whole entielinorium is Pre-Cambrian.
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Interval between Ordovician and Pleistocene.

Asauming'ﬁhat Ordovician rocks ocour in the Subbon lowntains
Massif, thero.is a‘g:eat'gap.bétweethhé age of ﬁhem{aﬁd.of§ ‘
thegnextjsuccaeding sedimentaryrock ~ post—glécia1 dep0sitsc
Eléewheie, to the northeast snd east, Silurian and Devonian
sediments were deposited, probably covering much if notvall
cf this aréa. but such straba have left no trace of thelr

previous existence behind.

Pleistocens and Recent Depositg.

Ocourrence. ~ This ares is abundently supplied

witk sandy till, stratifisd gravel, and river silt snd mude

Ko special study has been made of this uncongolidated maberial

end: oaly its obvious fisld charachors are recorded hsre.

It is distributed fairly uniformly over the valléyrbottoms

and thins out on the sides of the hills. I%s maximum .

thickness is unkaowa bub is probadly less than 100 fezet.

- Iill. The unstratified material is typically a

t211 but in many plsces contains no elsy. Roulders are

gbundant and are set in s fine sand or'gravel matrix. They

include gneiss, granite, ete., rocks foreign to Southsmm

Quebec gnd in a2ll probébilitg derived from the Pre-Cambrian

_ wask .
to thavBOTﬁbk4,Tlll is found as far'up as 2,000 feet - above

Leat

f=7]

sea-level in the Sution-lUountains. It is the ol
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uncongolidat ed maaer;al in the revlou and everywhere resﬁs

ai ctld o1 the 014 Paleozo:» rocks.

Stratif%ed Gravel. This mate*lal is exposed in

~hundreds of Pito in Soaonern Quebec as it is excellent ro2d

metal and is used oxt easively (Plate ). It is a fine fo .
coarse, well-washed graVel.Wiﬁh a few sandy layers. It is
invarlsbly GfObS“bvdde and has rather stesp fore-sst beds.

The highest elevations at Whmea it is found in Brcms County

'-are ‘at Bolton Centre and Sally Pond, 800 to 900 feet above

preseat sea~levels HNo marlne or i r@shrater aﬂells have been

found anymnnre, but as much of it lies aboxe the, 600~foos

: contour wh 1eh'appL031mauely marks the str &d~11ne of uﬂefpostn

glael&l Champlain Sea, no mwfvne types at least azxe to be
expectedg Tneu gravels overlie the $ill but if the latter is

absenﬁ“they lie directly on the metamorphOSed Palsozoic surface.

Léda'elay.;v This is known from'butione‘locality,

on the south ulde of Pike River, about midway between Hunter

 ‘HiI1é and Freligh sburg, ab an elevgu¢oa of 300 feet. Fogsil

pelecypods are common in this ezposure, 'GOldthwalt (1912,
Dpe 357} has examined fhe’entire*mountain froat of *h'sWarea,'
alongwtheraakwﬁi? Thrust and did ﬂot report any Leds Clay.
Hefdid mention cccuvrsﬁCG Of‘shell'localities, h ut whebher

theJ were in clay or (more likely) in sand ke did npt sa7.

Eiverfﬂiiﬁ and i, This material oceurs in the

]

valley occupied by the lUissisgguoi River and its West ‘Branch,

/
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Pike ond Vamasgka Rivers, -and is the most recent of ths . .

nitge I% is nob continuous throughout

uneoasolidated sedinm

41

the ziver boltoms and is inberrupted by rock exposures.

The mogtvexbensive deposiis are at’the;juﬂction of two branches

of the NMissisgéguol River at Highwabter where the streams wind -

>

in serpentine fashion through their own mud flats.




IGNEOUS ROCKS.

'y N ; g
T

Bolton Metaperi Loﬁitk snd Derived Rockss

opm
known collectivoly as the Bolton Igneous Group. These will
yed in the appropriats renorh as nebabasalt, nmeta-

snd metqpealaotliee _Of these, ,tbe latter only is

‘ gabbra,
found within-the areavof the Sutton Mountains, end is therefors:

the only one to be considered hera.

The Bolton me eiidoﬁi “jrsludes also a number OF
derivatives, chiefly Serpenﬁine, talc, andvmagnesite. 1%
'forms‘enly-a minor part of the igneous zocks of ‘this part of
- "Soﬁihe: Quebee, bub to the northeas 5, ésPecially in-the
Thetford digtrict it is very exbensively dbvelOQGdog;¥ ithin
the present are it,oﬁtcroPS in a zone‘closé td’the*eastexn
marJLa of the Sutton Mountain °chlst (aad algo in a paral“al

zone 1o the east of the wissisy Tmoi Valley, Tast Branch),

\‘and in seattered localities in the Sutton Mountains,

particularly two and hal* miles northeast of Sutton Junctlon,

.fo f and five miles no:ﬁh of eaut of South Bolton and south

of the Bolton Pagss ROad .t’ﬂi?se XD Osu':ﬂas neadr the extrene
northeastern vart of this reporiearea, one mile north¥osh

-of South Bolton and several small sreas close to the sashemn
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but the soil aﬁ&vdense_forest growth offectively conc
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norgin of tﬁe Sutton schists. The largesh outnr0p of tnls

rock is between one guarber and one half of a square m

mile
:occupying th

-

e hill efonaouslv nanad Harz‘%ountaln on the

Memphremamom map.+ This lies outside the limits of this

bregsent report area. Those oceurrences within the province

of this report are, for the most parit, tale and impure

soapsto 18, With nore rarely, serpenitine. They are usually"

gmall,:of the order of 100 feel across. - Doubtless many

more cceurrences could be fozqd within ths Subton Ecuntains,

The digcussion of the metaperidotite is reserved

~£or'theﬁfeport on ﬁhé”é&jdining area to the east, where the
Bolton Igaeous Series is so well developed. In this report

reference will be que particularly to the bearing of thess

talc deposits upon the develooment of. mGtGBOEDhlSW.Wltbln

the Suﬁﬁon,Mountain~Schists.

&

Bromg Alksline Intrusives.

Brome Mountain is the nosgt easberly and the largest

of the teregion Hills. Its southern edge is exposed along

the northwest margin of the Sutbton shoet. In the course of

this work it was not ¢ uudled in any detail, and. is mentloaed

here only for comple eness. The rockssars mostly cecarss

textured 1light gray-brown intrusives with dark minerals

subordinate. Syenite is the most common SDSCleS on the

sal them.




south side of the body, but olivine gabbro and snorthosite
are found alsewhere, out side the limits of the vut On 5beat.
It is dovbtless a sboeck and cubs only the rocks of the Osk

e CHilL Slice.

Fumerous bmaIL pe?mdtltle v01ns b@uw@@ﬂ Tunham and
Frelighsturg are prooably t0 be relaﬁem to this intrusion.
Veins up to four inches across consisting almost ps*qu\O;
qugftz,and orthozlase -are numMerous in one or}two lbcalitias.
About & mile north of trisngulabion station 33-D-1, sad on
the wes 9 de of the road is a small exca#ation that expoges

2

Whau appears uO Te an izneous ‘rock en tirely surroundsd by

‘metamorphosed sediments. In 211 probability this was an

‘abortive outlier of the Monberszian intrusives.

Lamp?thJre Dikes.

— ~ Trap dikes are relabtively uncommon in Southem
Quebes but‘ara distinctive in characher. They,éze ugually

« 1 to 2 fest wide, grs; -olaes in color, and of a fine, dense,
texturs.(Plate Je A l%jOfluJ of them are porphyritic

and o few anygdaloidal.

The dense groundmass undsr $ha mlcroccc ¢ 1s compoged
of ninute brown homblende needlss, albgtlzpﬁ plagiccﬁase, sad -
an intersbitial paste_of chlorite and carbonate

-

products. Ths general term lamprophyre thua fits =211 tHess
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rocks, qnd a few correspond %0 the more specifiic beim ecampbonites
- Phencerysts of sugite (Pis$e ) and brown hornblende

oecuy\up.tofthzeeﬁsixﬁeeths of anxinch'aeross, and in places
thers are remmanbs of olivine. Chlorite and caleil a’reyl@ge
thess minerals to a cor sxqerabTe &a"ree, Br g4 biotiﬁe_iﬁ.a;
common 8ceess sory and titanite, maoﬂeuwtenllmenwtu, and apatiﬁe

are also of reaa]a? oecurrenc

Amygdules up to one sighth of an ineh are eonmon.

They are usually lined with green chloriie and filisd with

calcites .

Age.  The threo igneous types just deserihed
intrude the Cembrian and O*dov1clan rocks with which they
are associated. mne two Iatter ars fre%n .and'nassive aad

give no indicatior 0f having besn subgecued to the diastrophism

-0
v

i3
4

£

ected Soutﬁer'lQueomc. The Acadian orogeay in ILate
Devonian time was the last of theae dlsturbaﬁce and the
trusives cameﬂln still later. rom a Knowledoe of similar

roc&w elscvhere in this geologic pféVlnce g, is probable

jtbat the granodior it and alkaline rocks weras intruded in
'La%elbevonl' time afber active orogzeny had ceasedl. Theiz

relation to gach other and~to,ths lanprephyrs dikes, however,

hasg yet ﬁo e dem
clOSqu
iﬁ”é’laﬁé? ray

It escaped th
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enticlinorivm is really
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SDHEICTURAL GE0LOGY,.

There are two chief sbructural manifestations 1n

_ﬁhls area, Lirst the antlcllnorlum of the Cak Hiil Sllce and

secand the massif of the Sutton sohluus ‘sonsisting ch iefly
of the Svutoa Mountain antzcllnorlum and part, at least,

of the adjaceal synclinorinm to the wesh.

The Oa_k Hill Artlclmorum.

Betwcoa the 0 Hill Thrust and the Broms Thrush

.—\

Pre~0amh“* n bascment, the Tibbel Hill schist. Ths,Oak Hill

Serics is closely folded, thoe Ffolds Zor the mosh ia 5 are

som e 12t ersrburned btowards ths west. The youngesﬁ beds are
seon oanly along the western margin, and, with a few exceptions

due t0 ropelitior

h

by Ffolding, oldexr and older beds occur as
tne 30638 progres lvely ea ,twér&s until, Jjust east of the
strike of Fimmeele lountain the chlorite schist basement rogk
is exposed 511 the way aloae S gstrikewise-direction. Thorafore

the Osk Till Series » 221ly ouberops in the wesfern half only

of ar anticlinorimm. The easﬁerﬁ,half has been eliminated

by erosion end the intervention of the 3rome fh?usn. This

a very gentle arch of Ffolded strs ta. ,

(¢}

The complete thickness of the Oak Hill Series is only aboud

4,000 feet, and the differencse in elevatios between the Osk

Elll slate {400 fse%) and the Tibbit Hill schist on Pinneclse
7

s
Mcuntain {2,100 fest; is 1,700 fest. Che total differemce in
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elovation between the base of the Cak Hill Seriss aTOQW‘the

i : of th Oak Nl Stci
~east ana West,b'uaa&‘leﬁxxs tﬁereiore_a;?OO*feeu. Inasmneh

a8 the width from Pilunacle Mountain westwards across the
£ strike to thg Osk Hill Thregb is 57,000 foob, we héve‘namns
| of messuring the anmount of slovablion concernod in the formation
of the anticlinorium, i.s. 5,700 feet verbtical elevation in
87,000 norizontal distance, v which is a little lsss than ons

in sevens' The anticlinoriun conceraed tﬁerGfore was ?v ki

'{“ﬂ flau ane, ovt effective enouan over seversl miles in bringing
t0 the surface uhe eatire Oak Hill Sevies.
The &4@1011&&1 nature of the Oak Fill Sliice is

conyinéd by the¢cle VS5O ‘This has a relstively low ez,“:ard

0".’
p

j% dip on Oek Eiil, bns the dip o comes progress ively steepex

e

s almost vertieal,;

‘.1-

and steeper until on flnaagle aoua@ai it

but with an eastern inclination. Zash of Pinnacgle it becomes

f ¢ompletely verbiczl, and befors the Brome Thyust is reached if
¢ ' t ras over 30 a very sbesp westerly inclinabion.
. ‘ This faa cleavage, as it is called, is approximately

parsllel 40 the axisl plames of the folds in the Oak Hill
Seriess - Innﬁefms,af the larger structnrs conprising all of
:gw“'é , Oakrﬁill uglaﬁd‘tha fan ¢leavage may be considered a8 parallel
& to the axial planes of uﬁknownbfolds'in the Dibbet Hill schisd
’andwof that part of thekOak,Eill Seriés whigh oneceg complieihely
“6verlay it. . The shructurs tuns consists of s 10w arch with

the axial plsunes of its secondary £olds diyeyging,uyward;‘
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This defines s nommal anticlinovium and he Osk Hill mnib
- is ecnsidered to bé é‘remnant of g once laxger structunre of
‘this type whose exls within the Tibbet Hill schist is maried
S by vertical cleavaéeiA"

The Oak Hi1l1ll Thrust.

- :  The Oak Hill Thrust forms thelwestern boundaiy of
, ﬁhe;aﬁﬁielinofium end is deﬁérmined.definitely“by-the fogsil
| conbént of the adjacent ‘Tormations. Theéstanbridge slate on
the Westfconﬁains 8 sparse grsptolite faung, of Trenton age |
and the Osk Hill Series which overlies it is kaown to be

/f}?é@éwy Lower Cambrizzn (p. ). The latber serles is overturned $o

1 <5
jﬁﬁhd?ﬂé' the west aloag the thrust zone, vhich suggests an east-dlpplng

thrust surxaceo This conclusion is quite in harmony with the
Rosenberg and Philipsburg Thrusts further west, both of which

dip east.

o

It is quite possible of course that drag:along the

S,&f ey R L :. _ ‘

 f94£§z:;J36ék Hill TﬁruSt‘is¢§grtly responsible for the overtﬁ%ﬁ?ng

‘ at this place, nevertheless this former conclusion is bome
out throughout the Oak7Hiil,SerieS“in every locality giving

any sbructural clue.

In only one place can the actual thrustﬂbs?SGeﬂ.-
In. the strean bcl ‘below. the bridge a mlle and & half.west

of Hunuer ills the twO klnds of slate ars in contacu, and
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‘ng-exposure clearly ShOWS'thevSWeetsbur restina by faultip?

uponﬁtha»Sﬁanbriaﬂe. Throuvhouu ths zone, manped as g llne,

-~ of the Oak Hill ibruSU nunerous ouberops can be fouaﬁ in whick
'the_two types actuslly are intermingled, one type having'beea‘u'

- dincorporated within the other as the overriding procesded.

Minor complications of the main folding sbound,

esﬁ@dially'along_the strike of the two aolomitefbédsn Within

rthe*SWehﬁéburO-slate, the Gilmén quartzite and the Pinnacle.

graywaeke complications occur, but because of ﬁhs e85 antlgl

‘honogeneity of the formatlonS»thsy rarely are seens The

wosternmnost llme of outcrop of the Dunham dolomlte in some

places off ers xntrlcacles of a high ordexr, Ofuen qulﬁe
ﬁnresolvable on anngappable scale. Agz%g sugg are the

outerops between ﬁwo.éhd thiee niles ndrtheastvof Dunham
village, (Ranges 1V and V, Léts'lé, 15, 16). Hers Dunham
dolomite and Scottsmore quar%zite are intricately folded andr
probably thrust faulted so that no good:purQose'can~be served
by#trying to map then in a half-way manner. They are accordiagly
left as Dunham dolomite. Again half a mile west of the four
comers north of Dunhem Village is & small outerop north

end south of the road for a quarter-of a mile west of Garrick

Comerss North of the road at Hunter Mills thrusts complicats

an-already,over¥complicated structure, A mile south of \

Dunham, on the road to I relléthuIS, there are ssveral ouucrons

_w“qJ

whose relations t0 each other can not be stated with Oﬁrﬁ“l?uy.

Sea le ”zj 2l Lo YRuz ;fez ﬁ/ﬂﬂ7b ?( ovuzzﬁﬁo = /uruu{;

S
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‘place whers the mapped structural position of the Wai
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In nearly all these cases the folding, in which the Dunham

" dolomite takes part, is overiturned to the west.

‘The White"Brdok dolomite sshows equally intrica te

‘foldinve In this cass a very sllgat metamorphism in the

coatlﬁuous ronks ind roeuces ad&\aﬁésﬂ distraction. moreover;

~ the folding is not only overuurned to the West in most

ﬁ'eases, but usually 1soc13nalo The m@pplng of the fornatlonﬂ_

at the four cormers between Gilman and Call Mill can only

be considered approximate, and this is true also oﬁ;the<

| ‘dutcror3ffor a mile along the road to ﬁhe*norﬁhea ste A

plane table map of taebe 100a11tles would resolve most’ of‘the

‘ydlfflcultveo, but the outl"y of time for chh purpose would

scarcely justlfy the added refinement achieved. - Further
southwest on Range I lot b5, Dunnam, on the farm of }essrs.
Mccul1aﬁh the dolomits: oocurs at the nose of a south pivnging
antlcllne, rlth however, minor unimportant complleatlons

which could not be shown on the ‘map. One mlle further east

it also ogcurs in half-a-dozen parallel bands separaﬁed by
elther the grayvwecke or the nemaﬁltlc slabe, e@aaﬁmgamz&% 1ts
strLcturﬂﬂ¢@%aazqmﬁZ§aza%w&&zaag readily resolves itself

into a series of tlvhtly compressed folds. A% the nor*h end
oL the plunging SJncllne Dunham, Panve I, 1ot 1, the

GOmpllcatlons-agalnware considerable but appear to bé”the

~ result of minor puckerings in the main £0ldi The only other

de

te




BTDOK ‘dolomite is open to seriéusxquestiOning'is for sbout
half e mile gouth of Sweet's line (Brome Range IX and X,
lots 7 amd 8). . Thore, in a heavily wecoded region, the fev

outcroPs conceivably might admit of different 1nterproﬁatloua

-

HormaT faults aad ninor thruSus ars qulte coxmon.,

One of the most important of the former is that which occeurs
West of Pinnacle lountain being traceable from the bordef
northwards a few miles. A thrust near Bronme, by which the
upper part of the ﬁansville Phase,anaﬁtheﬁchloribe schist ’
are‘brOught.together ié_easily demonstrable. Normal faults
of the tear fault type are common, sometimes mappable, sometimes
not{ Several are'éépped Which interfere with the straight
course of the Brome Thrust. The one which displaces that

_ thrusﬁ where it crosses the Yamaska River is particﬁlarly
notewérthy for it also displaces a subsidiary thrust lying to
the northweste. |

,,,,,,,,,

The Broms Thrust. -

- The Brome Thrush, nqzﬁlno the present eastem
boundary of the Oak Hill antielinorium, is not determined
from faunal evidence. The dislocation is?ﬁetermine&ffrom.
the stfatigrabhic and metamorphic relations of fhefoak Hill
and Sutton Series, and conf?med by the chwracter of fneralizétiOn' 

and -the local physiographic iaspects-

The Mangyville Phagse of the Oak Ml*l S“fla Sy describa&
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on page -, oceurs only Zo. the east of the Brome’ Thrusth.

 West of that break there is no indication of & diminution
in thickness of the exposed beds of the Oak Hill Series.

Therefore, along the Brome Thrust, beds stratigraphically

equivalent and once stratigraphically continuous are actually

decimaied in thickness. By no known procsss of sedimentation

can such dlﬁnnutlon be efol°lﬂeé ana we nusb tnsrefore

Moreover there is a pronounced

4 have 1 recourse t0 a Ffaulte

I}

/] o an ‘o s
j change in the metemorphism involved.

)
o /

This is very sl 1ght

/
f west of the fault buﬁ everyuhxnﬂ save the chlog;te schlst’/f
§ east of it is transformed 1nto nica schists and marbles .

{

|

j

[ Once again such sudden change can scareely be- efplalned 1n
a fault. Hence on two unrelated

i
» teLms of aﬁyﬁﬂlnﬂ el & bub

\ grounds the Brome fault is made obligatory. There remains

\ the problem of the nature of the fault, which, inssmuch as

stratigraphy and mebamorp
phases of the Oak Hill Series makes a thrust necessary, for

\  the actual fracture cannot be seen, must be inferred. The
. rphism of the normal and Mansvills

< a normal fault could not involve horizontal diSpléceméat

enovgh to explain those two coad tionse Th ne cleavags makes

k!
H
[
1
H

an underthrust necessary, as an overthrust of such dimensioms.

i~ would not only have induced eas’t dipping clsavage in both

. ' upper and lower messes, but weuld also have induced-local

overturling of the folds. Neither is the case. =
. - . -7 .
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| Becguse of the implication that the metamorphosed
Mansville Phase beds were faulbted beneabh the normal phaso

~ ©of the Ogk Hill beds, it must be vnderstood that the thrust

 must'poSt~&aﬁe the meta@orphism;' ThisvisAdisedssadfmore %?ngyz

in the chapter on Historical Geology.

In & few localities along %he trace of the thrust
there is evidence of brecciation. Thelline, as mapped,
‘probubly represents the eastern limit of a thzust zone rather

a - than,ﬁne sharp boundury of a faulb plane.
L The evidence of mineralization is corroborative
vauaaotfcoezcive evidence of thig fault. The eastern limits
of the Tibbot Hill schisb £orms a belb which is the Tocus
o : sulphide
Qf«cogsidefablgxmineralization throughout its entire length.
Dozens of old workings, including the Shepard and Sweeb Tnines™
of Brome Couaty, attest this fact. The minerslization is of
P a medium to high tempsrature type and includes bg;nlte,
" , chalcopyrite, pyrite, amnd pyrrhotitegans tﬁg;;;;;;t ig a
. mebamorphosed lava it is;grObable that it isg ﬁhé'&irset gourea
_ of these sulphides. It is probable that the mineralization
. is localized by a fracture zons of considerable extenu parallel

t0 the regional sitrike of the forﬁatlons, and thougn it is not

supposed that the SUIDQldeb aad the Brome ~nrustvara-1n~any
seénse contémpOfaneﬁus,ﬁit is quite possible that the Broms

Thrust fracture systems guided the sulphide-bearing solutions'
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and were in part responsible for their present los a«lzailona

The dlSpLaeeman s aiong the Brome and Oaa H31l Thzust

- surfaces are‘quite“unknown but it is prodbable tnot they ave

.n.

measure%ble in thousands ratber than hundreds of Aect. The

stratigraphic break a’t the Oak Hill Thruss ranges from Lower

Cambrian to Middle Orxdovician. Wppor Cambrian and Lower

”O?ﬂOVieian seetions in Southern Quebes represen several
£ thousand feot of sediments end if aver deposited on the Oak
~Hill Series have been ealirely erodede The stratigraphic
‘break along the Brome Thrust is not dafinitely knovn but as
both the normal and the Nansville Phases of the Oak Hill
Series, with respective thigkﬁgsses of 4,000 and 300+ feet,
approximately, have boen broﬁght to lie side by sids. The
intervening gradation from one ‘“1ekneqs t0 the other has
been eliminéted. Ten deﬂree original dips are unususal, and.
‘e would result in a horizoantal dls lacemsnt of approximabtely

25,000 feet or nearly five miles. On sccount of the ten

degree dip considered, this is certainly a minirmum figure.

—

_Sutton Mountains Anticlinorium. .
X et rren O i, S /—"—-‘W

e e ~ The second tectonic element in this area is the
’eomy;ex'of sehigtsin the Subton liouniains. This uﬂit‘exteﬂ&s

southward tnrou"’ the Grean :oun*“lab of V»rmonu in%o . - ;w.
fff: /w_z "3 ,s)wq“.'«eav‘f’t*“

By Frmion

I
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Nessachusetts, and northwards turough the Nobzo Dane Hills

#%fapproxlmately 400 mwles,and in Caana avex ages ten to

Lifteen miles in widthe .

8o imporﬁaﬁt is the structure of the Subton
Mountalns, partlcularlj with regard to the belwef that
Logan considered that structurs syncllnal that a brief

statenent of the previous views scems in order.

Nowhere througkout any of Logen's writings has

the writer come across any stabement that would lead one

to suspect that Togen was ignorant of the anticlinal structure

of the Sutton Mountains. On page: 241 of the Geology of
Cenada, 1863, he wrote "This would shew em amticlinal

intefmedla & betwoen the other two, %the axis of whieh, in
its course southward, would apparently run through the -
highest part of Sutton Mountain”. And again on psge 251

he wrote "Subton Mountain, standing between these iwo

anticlinals, ..ees. might be expecteéfto present a syaclinal

strucbure. Ia thres transverse seetzOﬁs, however, the strata

have boen Observed to maintain dips, generally at high
angles,,*n opposite directioans from the aXlS off the mountaln,'

with nueh constan” 3y, for upvwerds of twegty-flve niles®, -

- He.goss on to Justify this anticlinal strueture in terms of

his errxonecus. conception of the ordexr.of dgpo on o the

beds of the : neoon G¥9%p. Somewhat later Elchardscn (1860,'
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ppe 33, 37, ebtc) deseribed tnis strusturo as a Tdouble

synclinal”, “a term thoroughly in aceoxrd with Logan's comcant
9 Odtalog) } ; O o

of the structure, o section drawn in ascoxd with vhich was

B

published later by Selwyn. The latbter, Ffollowing the len
of T, S. Hun®, persisted in an abtbempt t0 demolish the resulis

of Togan's ressarches,in ths Fastern Townghips, and in 1883,

[on the Qushec Groug/ published what eppsared 40 him at leas?

to be a particularly daming blow. None of the complexities

i
in the section as drawn by Logan is meaningless, whorsas the
5

soetion ag drawa by Selwyﬁ,‘imbecilic in its s
explaiﬂs‘noﬁhing-more than the anﬁiclinal form of ths Sulton
Mountains, and is grossly miglesding elsevhere. Yet this was
ihe(;@tefgative to a view to the destruction of which Selwyn
8ppears to have dedicated himself. The présent work has shown

more clearly than ever the thoroughness -of Logan's work.

That he was mistaken in the order of superposition of hig

Quebes Group 1s not surprising when we consider that overthrusts:
were scaicely recognized in his day. (Logan described the ome
at Cuebec as an "overtum anticlinal fold, with & erack and

great dislocation running aleng its summit”™ (1863, pe. 23%).

Logan's error in his concept of the stratigraphic suecession

could have been made continuously down o the present. As it

of the Quebec Group was seized upon by Selwyn as g valid

excuse for suppressing Logan's geological map of Southern

Quebec. Had Selwyn allowed this map %o be published, corrections
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the wnderstanding of the so=called "Qu ebec ;roup”

these Subton schists are displayed in twovphysiographic:

110,

was;uin‘a few ysars'time; 8 map of thatrﬁégion wag published
by the Survey as compiled by HElls (1896) which in the vieinity
of Suﬁ%dn Mountains coulﬁ;scarcely be norse misleadigg'as to
Stfucture or s%ratigraphya,:And this was the kind of woxk

that induced Walcobt® (1890, p» ), who in this as in many
another controversy ﬁas the gpostle bf stean-rollex tao%ios,

to write the following smug and arrogant statement. "It is

the region in which Sir Ellllum B, Logan worked so lanv and

arduoasTy when bulldxnﬁ up the "Quebec Group"; also at 2

later date, when endeavoring to.obtain evxdeneestO'susﬁain

his view, that the crystalline rocks were the albered
‘equivalents of tho sbrata referred to the Sillery division

Of the "Quebec Group". It is the battle ground, where Logen

end his adherents have been gradually driven from position
to position until, nov, there is little lext to ée end of

what seemed in 1863 a well supporbed position™

It is probably not too much to saJ that Selwyn's
inability %o recognize the great merit that was Lsgan’s, and

train at a gunat succeeded only in rebarding
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Vithin the Subton.and Memphremagog quadrangles

regionsg, the Sutton Mountains and the Missispquoi (West
Branch) Valleye 71tn1n tpe mountalns the structura*is

anticlinal, but becanse the basen ient of cnlorlte snnlgt‘-




negrly three miles difference.

 another nile west the outerops dig weati so that the crest

111.

upon which the schists WeremdeEOSitedtas sediments is exposed

-just east of the Brome Thrust, that basement must have a

synclinal form undexr the»valley.

osures are so poor within the Missispauoi Valle:
D , ! Bqu0! v

“that practically no observations on drag £0lds can be made in

support of the synclinal nature of the struciurs postﬁlaﬁed

for that rezion. Oubcrops are common all over the Subton

Mountaing and especially along the two transmontane roads,
There abundant evidence of the anticlinal nature of the

structure can easily be seen both from the dips of the schistsw

and the drag'fdlds‘develbped in them. Strangély enough the

‘physiographic axis of the mountains and the siructural axis

do not coincide. At the southern end of the range thers is

The structural exis pursues a slightly undulating
course abaut'E;BOQ“; through thé Sutton Hountains and,ié well
defined south of Bolbton Pass. At the south it lies 2 to 3
niles east of the crest of the range -~ at the north ths two
coincide. On the open hillside 1 mile northwest of Dunkin

& number of oubcrops show low dips of 10° to 15° east of north;

asses through the intervening drift-covered arca. The best
P S ,

demonstration of the change of dip is seen in the gorge ome
mile nortawest of the end of the road, 4% miles north of

Dunkin. As one proceeds westward up the gorge the dip is




) ' casl
“low to the weawfs, thea boo mes‘almo t hori fonual with ninox

5

variations east and wesbt, and finglly &ipg?permanenﬁly waste

¥

‘The change in dip may also bevobsarvad in Bolton ?asg"leus
then 1 mile east of Sally Pond. ‘Forth of Bolton Pass to the
| limité of the present area theo stsueuure is greatly confused:
(pe ); still further norﬁhg however, the ordinary condibioms
are resumed and on the onbtreal-Sherbrooke highway there‘is
clear evidence of the location of the crast line. On & low
o rosd=cut just west of Fast Ry station on the Ce Po R.-the
change in dip is shown along an exposuze'é feﬁ.hundréééfgeﬁ
in length which lines up with the position of the.axis as

deté"zined in the Sutton Mountains.

Along the international Boundary the axis lies 5
miles from the easterm limit of the series and 9 miles. fvom
the western limit (see map). The significance of.thi5>feature

with regaxd to the thickness of ithe S’GﬁlGﬂ ‘hag alre@dv ‘besn

dis seuss sed (pe e

. The Sutton anticlinorium pitches northeast at an
average angle of about 10° with the horizontal. There ars

great variations, however, and in some exposures the crests

‘of the folds in the schists are literally standing on end.

Drag 2£0lds a®mea charscteristic featuro of the Sttton
Series, ranging in sizs fTrom microsecpic t0 giants mors than

-1 mile aercés. They ars best developsd oz the west limb of
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ths smbiclinoxium bub on both»siﬁes'ﬁhsir_devslcymant is

Zaxrd to the

guite orthodox, the uppor (that is, ouber, with re
axis ) beds having movpu_uuwa'xs. -Othexwise the Subton sbructuve
would b2 a simple anticline. There is 1o rogularlty in zslative

movenents along the stirike and no stratigraphic details ars

obtainable. In the structure ssetion the Sutiton Series,iS'

g simple ags this wounld indicato.

o]
[~
j 203
o
S
e
Lo
o
(20
4]
4]

On the west flank, south and eash of Brome Lalke,
the S%ructure'is complex. The normal str1k610f T.30°E. tums
east to 80° in mény7pléées;fofmiﬁg in plen gisnt dreg folds
referred to in the previous paragraph, North of Boliom Glen
this aherrant striks conulnaes aéross the'projection of the

antlcllnorlal axis and is sees particularly well on Bolbtca

Mountain, =n east-west ridge.  Illany localities, as im the
( : g J. , : ‘

vicinity of Sally Pond, show ‘and extremely confused and

irregular structure in which it is impossible 40 take strike

The south end of the mountains and the east flank
in generel are more uniform in structurs. The schistosity
strikes in the normsl directioa sbout ¥.30%Z. The average

dip of the east side is about 50° and that ‘of she west side

‘ebout 45%,.
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Sehistosity is developsd only along stratificaﬁian

Planes in the Sutton llountains.. In This respest 1t contrasts

=

ith the axlal plane eleavage of the Ouk Hill anbielinorium,

The ev1dence of sedlmeqtary character of the Sn*ﬁon Jeries

‘has already been given and in suDGOﬂﬁ of -the SUratlflcatlon

cleavage it is only neeessary o sitabe %haet the SOQlSuOSlbW
follows the dip of the.anticllnorlum on both sast and west
sides and is flat-lying along the axis. Thus all dips aud

strikes refsr to both shbratification and cleavage.

The 1imbs ‘of the drag folds, both larze sad small,

are eloselyﬂcomprassed as a rule and their axial plsnes-on

opposite sides of the anticlinorial exis are nob pavnllalg
Instead they converge upwara and corrvospond o Van Hisels
defi ition of gn gbnormsal arnticlinorium. Ia this respect =g

well as in the type of cleavagé developed the Subton

‘anticlinorivm contrasts with the Osk Hill, -

The positiqn-of the Mansville Phase of the Oak Hill
Series within the Sutbon anticlinorium is ét the base of
the sedimentary seéies along its westerm flank. Its great
reauetion‘in.thickness makes it unlikely that it would be
found many miles further easte In«fact it is restrieted to

the neighborhood of the Broms:Thrust and the Subton Valley.

It esca 33 the extrems crumpling common in much of ths Subton .

Serieg and is thus of value for correlation with the normal

phase of the Oak Hill Series.
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Eozmal sulting.

The Ook Hill anticlinorium shows numerdus small
displacements which arevbssﬁsdescribe& as ieawvr, hinge, ox |
cross faulbs. - The largest one is showa on the map immediateiy
east of West Brome Villagee Others are scatterad iireg@;arly

through the snticlinorium ard apparently have no regional

significance.

£ The Subtton snbticlinorium shows a patbtern along its
topographic axis which is probably due $0 normal faulting.
‘Plate  shows a panoranms of the Sutton lountains which
i]luSuraucs this feature. In the southern part s series of

-

.wnOtche“‘ shows ’n_the,skyline with’thefsteeper sides facing
north. ‘The conuouflno in tne mounivains is too xnaccura e to‘
show {his feature on the%man and dus to the dense forsst
growth no geologic evidaice was obbained regarding possi

dislosabions. The line dra awing in Plate  shows diagrammatically

o

a set of block faults which may represenﬁ the-eondi sions in

L

=3
&

* the subton Mountains. T vest exten® is unkﬁowa and

13

the displacement is likewise conjectural. The time of this
faulting is almest certainly poss-icadisn bub beyond thab

there is no definite evidence. It is probable, however, that:

the dislocations shown in the present topography are of rescentd
origin, pesriaps ¢8ru1a"y0 The faulbds may have originally

forned at an earlier tims, but if Cretaceous peaeplanation

£:9,

was o8 effactive in Southern Quebse as it is supposed %o be

e
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elsewhers it is doudtful if the present topography would

show any trace of pre-Cretaceous faulting.
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METAMORPIIC GEOLOGY.

Iﬁﬁrodﬂotion‘

The metamorphism of the rocks in Soﬁthern«Quebee»has
;f;ﬁwo néﬁural'divisions - (A) that Wbich is clearly connected
‘with igneous activity, and (B) that which has no connection
with igneous activity. The first includes the‘metamorphism'
 effected by the metabasalt, the netaperidotite, their parent
mégmas and their aerivatives;jthe second inecludés the regional
metaﬁorphism-ofuthe sédimentary series and of the Tibbet

Hill schiste.

. Three meﬁamdfphieﬂﬁfOééSSés, thermal, djnéﬁie,'énd.
hydrous, ars responsible for the changes brought about in
these rocks. Thermal metamorphism of group A is faizly
uniform, but hydrous and dynamic processes; aithough important,
vary considerably. Dynanic meﬁamorph;sm is lsss%important
then hydrous and thermal processes in group B. Thermal and

hydrous conditions vary considerably as will be seens

Metamorphisnm connected With Igneous Activity.

The metamorphism connected with igneous sctivity:
is both endomorphic and exomorphie in its effect. Endomorphism
deals with thoge changes which occur within the limits of

the igneous body; exomorphism is concerned with changes ocourring




in Southern Quebec.
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in.the adjacent country rock whose source can be traced

directly to the igneous bodys Both types ave well developed

The grade of metamorphism varies in the

endomorphic processes bub is wniformly low for the exomorphism.

Becauée of the abundance of télc éeposits within -
the area of the Sutton Mountains a more.extended aecount‘of
the concerned mebamorphism will be glven here, rather th@n
dexerrxng 4t 4o the follo“1ng raport. The talc is tho result

of: tne ‘mebamorphism of bOaleS OL peridotite (Bolion Igneous

‘ Serles) rnlch, with uhelr‘related rock types (metagabbro,
metabasalt) are far better displayed in that part of'the

fHemnqreﬁawov area bey rond the limits of this reporb.
(]

Bplton‘ﬁeﬁiveridotite-and Derived Rocks.  There are

foﬁrﬁsub&iyision3”¢o~be céﬁéidere& in-this group - {1) the‘
1metqneridotitesitself in which there still remain abundant
remnants-and: pseudomorpqs of” pyroxene, 011v1ae, etc.,

(2) serpentlne, which forms g rock dominantly of that mineral.
‘with, in places, reticulating veinlets of chrysotile ssbestos
or tale, (3) an_iméuée,talc rock, or soaéstone, with accegsory
serpentine and;éarbénate, aﬁd~(4)'a fairly pure magnesite
rocks  These«types arewgradational but distinet enough for

 classification. Within the Sutton Momntains OAly (2} end

1 {3) are found.

The metamorphism of these rocks is considered under -
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two heads (T)_endomorphic changes, confined %o the body of
metaner¢dot te, serpentlne, eto. and (2) exomorphic changes,

;deallng with the effect on the wall and country rock.

/. ' Enaomorphism, This type of metamorphism is a
eharacterisﬁic feature of the~serpentine rocks of Southemm
Quebsc and all the field ev1&eace shows that the secondary

maﬂn631nm minerals, serpentine, tale, D@9n881ﬁ8, and. dolomite.

are conflnud within the llmle of the orlglnal peridotite

J——

1ntrusmonso Replacemanﬁ may be complete, s in a fGW‘talc

bodies, but the lems-like shape and rela%ively'sharn mineralogic

change at the contact with the country rock stlll favors the

ﬁeadOmOTpﬂlc hynotneJlso

- The mineral sequence determined from f£ield and

nmicroscopic data is as follows o

Peridotite j Serpenulne rac& % Talc-carbonate rock
| A Magnesite
o ___~>yHagnetite 7DO%OL1%G P
. Oﬁvme}{:;j 0 e
) - Pyroxene . ““*Serpenulns<< ——————————————— >Tale ?
(Hypersthene?) J = !

- v
o  "Chrysolite \\\\S\#Magnetits
i : : ; asbestos “AHydromagnesite

The field evidence of ésc-age relations of peridotiss, “serpentine,
9 E

and tale is plain. Sernentlne velulets cut the meuanerlaotlteA

A\

and fale veinlets intersect both. The relations of ths

i
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caxrbonates are less clear bub they are’ mos* probably late
1in uhe Sequence as indlcated. HydramaQneclte vexnlets cut
the serpentine rocks. DPockebs of doTOmlte and magne31te in -
tale and serventlne suggest a late ago. Mlcros~Oplc~bv1dence
.of serpent~n¢zatloa of peridotite minergls is abundant
(p. end Plate } and the later'cnwage to tale may be seen

in certain section® The succession of olivine, serpentine,

and carbonate, may be seen in one section (p. ).

The mineral changes caused by endOmorphiSmfare

AHMMM‘AA%I.*MMMA v .

relatlvely simple aﬂd include hl@h~ 180 types throughout.
The- chemleal chunges are more complex and the processes

 involved afford an 1aterest1ng f:eld of vtvly.

'Serpentinization of peridotite can only oceur in

the pyesence of considerable EZO. (Serpeatlne has 44 perx

cent 3i0,, 43 per cent Mg0, and 13 per cent Hzc) In the
days'when.weathering processes for se;pentine'were fashionable
‘the necessary quantity of Vateﬁ%as not a problem. Iater
«71ews of hydrothermal orlgln also allowed an almost unlimited
supply. ‘The most modern view, hovever, advocates that
sernentlnefmay actuallyvbe a'primary nineral which mesns

that the magna contained a high percent ag@@pf Hg0. Gisolf

s e - s o . .
) ) has lnterpreued sexpentine from New Guines as of prinary
;oriﬂln, preceding the crystallization of ollwlne. He agsumes

 that the nagme was high in Hp0 and that as the temperature
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y ofcrygtallization-of the systen was feaehed‘the'pressure,wasé
‘stili‘high'enough to pr¢vent-dissociation of thé"Hzo as a |
separate}phaseql Serpentine might thus eryétalliZe»firét, and,
’ wiﬂhgrélief‘of,pressure,.oliéine would ‘then foim;- The revérse~~
process might also holds If the pressure is low enoughiat
the temperature of crystallization of the‘system,ﬂzo separatas
‘and olivine crystallizes first, If the HpO is held in tho
magma;reservoir;there is anrincreasing "back pressuré“*in
,Whieh‘oiivine eventually beconmes unstable end is serpentinized.

This is essentially an automebtamorphic process.

Wells, P. G. (1999, De 55) found expevimentallg

1%that ollvine will FOt caaagv o sevne ntine . at a teﬂperature

SAS L
&L“i////. 01 520 C. znd a pressure of 267 atmosPhe;es. He considers

a——
..-,m-f,‘w"‘"w s

serpeatine to be a late magmatic process.

% ' Thefequilibrium relations of this system -
(Hs0-11g0~Fe0-58103) are unknown and there is no laboratory
'suﬁpert for-Gisélf's idea. The processkalso involves more
primary Hs0 then ﬁost physical chemists care td allow in an‘
ultrafemic,magma. On the other hend thers are many unexplained
field data in coﬁnection with serpentine rockse. Pyroxeﬁite

and .dunite dikes commonly ¢ut through serpentinized'rocksAto

@

the deop ir of all laboratoryﬁinvestigators. Primary

Fpris

serpentine would dispose of many such field difficulties
>and until such time as laboratory ev1denne is avall bl it

is.en edvanta ge to coabldef the ycssibillt*es o? the h‘pothesiss,
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- In Southern Quebec the evidencs in general indicabes .
that serpentine replaces the pyroxene and olivine of the
peridotite and is not primary. On Gisolf's hypothesis it

is an gutometamorphic effect caussd by the "back pressure®

'of“HZO‘OQ the crystallizing peridotite. On the usual hydro=-

[ thermal theory in Which HpoO is derived from outside sources

<.

serpsntinization occurs with falling temperature, and pressure

is no% a dominant factors It is & faet, however, that rising

pressure and falling temperature produce the same metamorphism

in many instances. . This may be true of serpentinization and,

if‘SO;'provi&es two'possible methods of origin.

Chrysotile asbestos occurs in rebticulating veinlets

throughout pérts of the serpeantine. It is never found in -

fractures in the adjacent country rock and is supposed to form:

in place from the serpentins by a slight change in eyuilibriun

conditions. The contact of the fibers with the serpentine

wall, however, iérinvariably sharp and the width of %he veins

is remarkably constant. One would expect replacement to show

boundaries of gradatibnal character gnd variations in the

width of the veins in many places. Koith and Bain ( ),

in g recent study of chrysotile asbestos in Vermont, conclude

- that it is-introduced along- fractures in the serpentins and’

i is not a replacement in situ. From experience in Southern

Quebse. the writer would concur with this view.
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The endomorphic sequence - perldo ite to oerpentlns
fo tale=carbonate = indicaﬁes that serpentlnlzatiaanoccurs
at a Telatlvely high tempevatur The evidence of ﬂﬂtomeﬁar.p

//

/

/mmrpnlsm.ls not econclusive but the vriﬁer’prefers this

hypothesis to any othex.

The tale=carbonate stage of endomorphism is distinetly
later and is nbt necessarily autometamorphics The change 0
tale is g0 closely related toalteration in the wall rock:
that it is best eonsidéred un&er:exomoénhism. The changa-t0
maﬂn631te is knowm only in a general way. There is only one
large body in Soaﬁha;a @uebac but its field rslatlons are
iimperxectly known. ”he cho ‘él.cﬁange§~1 olve addition of
0y and subtzaction of $30p end HyO. There is considersble
quartz throug hout the magnesite rock and this pmobably

represents the excess Sils.

Exonmorphisi. Etomo“phlc effects of the meil ﬂpevidotlta

and‘&erivaﬂ'ro ks are confined chiefly to the tale-carbonate
‘staﬁe in the paragen931s. The common f£ield occurrsace of

the tale bodies 1nvSoutnern quebec is as marginal zones
betweénfserpeatine'and'country rocks. There are algo leealit ies
in which only talc, W|tb ‘accessory dolomite, Océurse These |

represeat inall probability original peridotite dikes which

wers. gerpentinized and then completely talecized.
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Ezomorphic effects connected with pufely serpeﬂtlne
bodleo ars nou.lmnortan% in Southem’ qQuebec. Actual contacis
with the country rock are not commonly exposed bu%'afgensra;
fleld study shows -that this stage of metamorphism had no

maﬁked ezfeot on the associated rogks.

The talc-carbonate stage produced distinctive and

.Wid@Spread alteration in the country rock contemporaneously

with its owmn formatio "rom serpentine. The endomorphic

“alteration of %ale to erpenfxne involves congiderable ‘trensfer

7 b I A i Aok i 1 AR R

and iﬁterchaﬁge of material. Mg0 falls from 43 per*cegﬁ to
32 per cent, H0 frém 13 per cent to b per cent, and $i0g
rises frOm_44Qer ceﬁt to 63 per cont. The cha ﬁg ?rom'taig
to dolomite in%ol#es addition of GOy and loss of SiOz as the
main alteratioﬁs. This phase of paragensesis, however, is of

minor imporfance.

‘The tale bodies occur mostly in the mica schist of
the Sutton Series. ‘The wall rock at all such contacts is
highly chloritized and albitized. The schistosity of the rock

is less perfect than usual and it is studded with rounded albite

mstacrysts up to £ inch in dismeter. The qualitative change .

in chemical composition from normal mica schist .to the

‘ehloritized variety is addition of Mz0, Hs0, NegO, and

1 decrease-in 810 . Teleization of serpentine involves addition

of 8102 and locs of 1 DO and Ho0. Disregarding Hans0 for the
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noment, the constituents added to the wall rock are sesn %o

be {the same ag thoze iosﬁ to-the talec body, and vice versae

| Qualitative field evidence indicatbes, therefp:e, that under

£ the right PT¢ the develd@memt of tale in;the'serpeﬂtinized

| peridotite dikes involved en: active interchange of consh 1tuenté~
with the wall rock. This interchange results in two dis%inet,
zones of roplacement approximately bounded by the dike eontacﬁ.‘
The tale is apparently confined to the 11m1ts of the pre«

- existing sernantlne rock and chlorite and albilte ars developsd

~oaly in the wall rocke. There must have been bedily tiansfer

of solutions over considerable distance to effect this complets

5/7' | separation.

| j ; . -
I ; : Nas0, which now forms slbite mebacrysts, is the
- only necessary addition during the metamorphism. The metacrysts

ars confined. to the schist and replace the earlier minerals.

Regional Aspects of Zxomorphism. . The discussion

Ethus far relates oniy t0 chloritization @nd albitization of
tne schigl in the immediste V1eln1ty of tale bodlea. This

type of metamorphism, however, is not limited t0 t2le localities
buo ig widespread to a8 less inténse &egree-throughouﬁ‘the

'Suuton-mounuaxns. There is one promenent hill betwesh Bolton

Glen and Bolton Passg:on which only greeanish chleritized and-
212 y :

s
m«m».n\w‘.

albitize a roeks are exposeds. Another sush arss occurg at

Snﬁtoa lountain, east of Abereorn, vhnre the chlorlto and

H
!
3

4

albite ars 50 abundant thot one or 4170 writérs have classitisd

this rock as a chlorite schist, i.e. a metamorphosed gffusive.
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aress aad the rock consisis of a Pelt
mica, chlorite, and quarbtz, w

other-localities of smaller size are kaown and thex

only & few inches in widthe.

schist,
characterized in
thrse~oighths of

and ealecite,

throughout much of the mica schist in which-no definite trac
of chloritization. .can be identified. %
of “the roscks o0f the Subbon Hountains,

in Subton Valley, =nd abrupbly absont

ith albite meotacrysts. Numerous

ars

many places in which the bands off chloritized schist aze

- Replacenment follOWs[the échistosity in fheSS smaller
oceurrences and;thé best evidence offthé Charactéé of the
chenges is found in such small bends. The schistosity is
much less perfect than in adjacent mics schists aﬁd'ﬁﬁe*‘
texture is In places massive and coarse. There is eomplete

toxtural gradation into normal mica schist. The typical

mineral asscciation of abundant chlorite and miea flakes,
quaftz; and albite metacrysts, also shows ccmplete gradation
into normal mica These chlofitized zanes!aret
places by megnetite octahedrons as much as
an inch across. E@i@ote;'clihozoisite,
also common. Iimenite, fitanite, rubile,

epabtite, tourmaline, and green biotite are accessories.

Albitization is even more widespread as & regional

feature than chloritization. iletacrysts are scatbered

o

They are characiteristi

]

disappearing gradually

in the Vansonville Series
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to the east of thls report area. An aﬁalysis of & domposite

sample of thls material ylelds 1962 per cent of WaOlp, Whlch

‘recast as FNalAlSizOg gives lé_per cent of albite in the rock.

These mica schists are probably met@morpnosed sandstones_

{p. ) and though it mloht appean mn?obable that they should
have eontalned as much Naoo as indicated, neveftheleos anulyses
of the non-albite bearing schists show a con»ent of Hag0 Sl |
as Qign»as he albite bearing rock. The sods therefore has

not been inﬁro&ucea; but there is sbundant evidence that the

» b . 4 ~ A,

ite oecurrei after the schists wers

formed, as Follows: (1) the metacrysts of albite are large

4

snd cross-cubting, (2) they contain inelusions of epidots,

91“9,53+c° in which the schlstos”+y is pvespr“ad

w

as a relict struetu rc,,(z) nicrotecsonic study (n.- } shows

that there wers no g

k3

preciable stirssses aculhg cn the rosck

at the tims of formation of the albite, and (4) there is

"

distinet bulging of the schist around nany mptacrystse

From the above study of field end petrographic
relations of albitization end chloritization it is illogiecal
to dlsso iate its regional ocourrence from its local, more

intense, phases in immediste contact With:talc bodiese The

i?

minersl asscciations are identical and reglaeement of tne nics .

'sc;ist can be demonstrated in almost every locality.

Albitizetion is most intense near the tale aﬁd'rocksgCOEggse&QA

of more than BO per cent albite may bs formed. It occurs in
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averages less than 15 pe
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lesser amount throughout the chloritiz & band and masses

in the $utton Mountains and in the wnchloritized umics schisb

H
&
pi
i3
<
P

Althongh it night be sssuned
that this zoning is dne %o impregnation of “the overlying

schisty with Na,0 from concealed masses of haleized sernentine

" ana netaperidotite beneath the Subton Mountains it has already

beQ@. indicated that the schists themselves aze 3 parfectly

competent source of the Neg0 necessary to produce the albite.

It is not meent o deny the possibility of greater albitizafion

in‘tﬁé»viciniuy of such subjécenﬁ intrusions cm account of the
heat and vapors concermed. And it is noi out of harmony with

the foregoing ﬁhesis*that since Hazo is a common emanation

ﬂfrom ultrafenlc magmas end has grea% penetratlnﬁ power, some

of the rich alblte schists in the v1c1n1ty of tale deposits
owe part of their albite to such igneous source.{for ﬁhé |
formation of the miCQ scbists; etce., Ses p. 4.); The'history 
of the exenorphlc ef fec»s accompanying the:change from o
serpentine to ta 1c may th 1erefore be as follows - after the
Sutton antielinorium was formed ultrafemic rocks were intrudsd
'beneath the arched sediments. In many isolated places and
particularly in {wo zones on the east side of the anticlinorium

smallfdikes'broke-throuoh to higher elevations. Tha intrusion’
o .

probably ocﬂarred at congiderable depth and the overlying

. TocXks wers. thoroughly heated as:the process progressed.

Serpentinization was the first endo aworphie change snd had
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littlewexbmorphieweffect. The secondaryfendomorphio cﬁaﬁge,
t0 talc and carbonate oceurrad after the eanticlinoriun was
.formedyand stresses had ceased 40 bo active. The newly
formed schists were still hot, particularly those nearegt
the bottom of the anticlinorium, and solutions became very
active in transferring material back and forth, resulting,
in parb, in the formation of bthe albite metacrystis. At
this stage tale formed in conbact with the wall rock and
‘chloritization of the schisA was co;temporaascu ¥g0 was
transported congiderable 1staaces to form the green bands
now found in the schist and similarly SEEON travelled equal

distances back to the contact in order to complete the -

«

have been intrcduced to form the abLada % albite metacrysts

\ replacemente A% & loter sbage of tha chloritization Fagl wray
§ seen in the irmedia t2 vicinity of soms ta2le deposits by

i .

i -replacing minerals alrsady formed and present in theisch ists
. end chloritized rocks. Sinee thab period erosion has rem0vea

E thousends of feet of material which then covered this scenme

! of igneous and hydrothermal activity and we can now plece

together its metamorphic history.



~mine that I quote a paragraph, "The .al.bite porphyroblasts

of the Wissahickon schistrﬁers qumed by replacement;of the‘
micacéous minerals end to a léés exteg% of the quarﬁz‘ana
after the completion of dynamic metamorphism. The,teztﬁrss
imparted~to-the-rockiby djnamic metamorphiém»are_reﬁaine&

‘in the albitercrystalé through theIQTGSerVaﬁion of the
accessory minerais° The constituents of the élbite are
beliévga tc have been present in the sediﬁents.ffém.which
the schis?t Weie dérived, and were merely taken into solution
andfredepositeé by the-agencles thal caused the»albifization‘

(1932, pp. 468-9).

_YVolume Relations. There is no field evidence of

. volume change resulting from endomorphism of peridotite and
\ if changes haveioccurred they are probably small. There is

i vevidencé, however, of volume changé due to exomorphic action.

| Albite metacrysts, in addition to replacing the earlier schist

minerals, tend to force apard the~parallel-arfanged mica and

Lo

chlorite so that the albitized schists have a*distinctly‘_
| lumpy appearance lacking in albite~free types. This effect
is entirely differant from any crumpling or minute folding

of the schist which may have occurred before albitization.,

Chloritization, ths other major effect of exomorphism,

\gives‘nq_evidencefOf volume change either in the field or

‘under the microscops.
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MGtamornhlsm not Connected with Igneous Aetivity.

The minerals.in the rocks of thiaﬂgrbup_are~0f

wiformly low grade but vary in amount. They originaﬁe from

- both sedimentary and igneous rocks and indicate a convergence

A A A bt g
rvat i e B ST g
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to type as described by Leith end Mead ( ). Dynamic and
hydrous metamorphism varied 00ﬁ51derably but the ﬁherﬁ¢l

coadltloqs ‘wers rather unlfofme

Tibbet & 111 Qohwsa.ﬁ‘ The LLbbeﬁ Hlll schist is

kno“n to ve a metamorpbosed lava (ps ) from tae abundance

.

of amygdules a umd nore rarely, flow structu;es which it eoat ain
Its orlglnal chemical and minersl charucter, however, can
only be surmiséd{ e esseatlal minerals now occurrlng in

it are albite, epldot e, and chlorite, with calcite, quartz,
magnet;te-llmeﬂlte, futlle, tltanlue, serlelte mlca, apatite,
end zeolites as prcmlnent sccessories. There are no analyses“

of this material and therefore no chemical comparisons may

,i be made as in the case of the Bolton metabasalt. The mineralogy

? of the two rocks is similar except for the absence of actinolites

in the Tibbet Hill schist and it is possible that ﬁhe formation

represents an original basalt in which thermal end dynamlc

é netamorphism has procecded further than in\thegcasevof,the'
Bolton mebuuanlﬁ- ey {1923, p. 183). Cound that chlorite~ ' -

ep1dote alblte sciiist had much the same cheﬂlnal comnoultlon

as oasalﬁ (Starﬁ area, England). _
v Do e .
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o There is little evidence of the mineral sequence.
- Epidote, albite, and chlorite appear to be coatemﬁoraneous;
calcite and mica which in most places out across the gchistosity

appear 0 be a later generation. The characteristic titanium
> .9 o d .

mirerals, especially rutile and titanite, require mors detailed
study for determination of their paragenesisffpo o The
same general ehanges‘in the primary mineralg‘apply td the
fofmation a8 outlined for the Boltcn nmebabasalt - albitization
of caleic plagioclase with development of epidote, chloritization
and”carboné%ﬁbn of earlier-formed femic'minerals;; These |
changes are aecompanied by marked dynémic netamorphism which

resulted in the preseant schistositj of the formation,
| Volume relations are unkaown bub from analogy with
the Bolton metabasalt it is probable thet & slight increase

has occurred.

Sutton Series.

The evidence of the sedimentary
character of the Sutton Series is definite (p.

), end it
~order to ascertain the original nature of the sediments.

The Sutton Series is described under four heads (p. )
as micaschist, phyliite, mérblé,‘aﬁd quartzite. Of thesg,
the first two make up most of the series énd marble and

quartzite form thin beds in certain localities.
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The principal minerals common t0 the mica schish
and phyllite are quarﬁz,.mica,\chlorite, albite, and epidobe.
‘The phyllites are distinguished mainly by their contpent of

carbonaceous material end finer texture. -The gradation %o

noymal mica schist, however, is complete.

It has been shown in the preceding pages that labe

—

‘ *
pRaY
——.

hydrothermal action has changed the character of the Sﬁtﬁon
rocks 40 a marked degree. The green chloritie bands in the
schis?, highxinmalbite, chlorite, and spidobte are evidence of
this replacement, and the much ﬁorerwidespread‘aevelopment

of albite mebacrysts throughout the schist is a charscterisiic

~feature. In outlining the metamorphic history of the Subton

Series from the Sedimentary point of view these later features

i
|
ﬁ
| @are disregarded and only the essential schist minerals, guartz, .
4 . .
H . - .

i mica, and chlorite, are considered.

1 .

1

Hica.Sehisﬁféad Phyllité. The alkalies in a composite
sample of albitized ﬁiea schist giveil.éé'per cent Napgl and
\ 5486 por cent K30, Recasting the Nap0 as NadlSiz0 for albite
Eaﬁ& the potash as HRKA1SiO4 for mica giveé 14 per cent albite

-zgnd 285per cent micas Column 1 of the accompahying_tahle
\ ' -
“shows the estimated percentages of the remaining minerals.
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1. Albitized | 2o Albite~

Minersl | , |

, | schis?t ; free !
Albite;‘AgA R VR f R
Quaxrtz fr | "45f: , § B2
Mica 28 32
Chlorite s 10
Others 5 5 'j 6

| i

A~re—calculation for mica schist without albite is giver in
colurm 2. The proportions of quartz, mica, chlorite, are

shown in whole numbers onlye

Petrographic, field, and microtectonic studies

(ppe )21l indicabe that these minerals are recrystallized
DD -2l 68 That these m recrystalliz

products rosulting from the complex metamorphism of the -
Sutton Series. The fexture,is relatively coarse snd of
dominantly schistose character. The sehiétosiﬁy,is determined -

largely by the segregation, intergrowth, end parallel

dimeasional arrangement of chlorite and mica flakesy.

There is no field evidence of addition or subtraction
of material in the formation of the mica schist (later
ehloritizatibn'apd albitization disregarded) end it is general

experience that no essential ‘change is mecegssary. H20 was

| present as in most processes of mebemorphism but may have .
ébeen»mOre a medium of ecirculsbtion than of actual combination

-in“the secondary minerals. On this basis the mica schist “is
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probably derived fram an argllWaeeous sand whosge prlnc ipal

ninerals were quartz and kaolinite. lMica and chlorite were

‘probably accessoxry minerals. Cémentaltion t0 sandstone and

metamorphism $0 mica schist followed in order. During

‘metamorphlsm the quartz recrySUalllzed in Iargex gvalns and”

taaded to se ?rm,gﬁe the ramalnlmg*materlalu Kaolinite

recrystalliz ed to mics aad chlorwte nay have develoPed by

reerystalllzatloa of oxiginal chlorite or by develoPBenL fron

g % other accessory femie minerals.

Similérly, thevghyllite §fobably ofiginateéffrom‘a

carbonaceocus, sandy mud which graded into coarse argillaceous

s still preserved in their

b .
z’sande This textural varlatlon i
i metamo:phic equivalents on a magnified scale.

R

b¢ﬂe qu@aulty
of carbon has probably remained constant as the thermal

- mebamorphism indicatw=d by the existing minerals has not been

sufficiently ‘intense to expel any of it. If gradations to

L jfunmetgmorpnosed phyllite were known the carbon conbent would

“then be a valusble index of 1osses and gaxns durlug meuamorphlsm.

}Qtar%aite and Y aroTe Horizons.

The thmn horizons

:Qf quarﬁ21oe and marble interbedded with the phylllue and mica

‘schist indicate abrupt changes in sedimentation. The quarztite -

contalas mica and is really a low=mica schist oziginating
from thin horlzons of quartz sand which were better sorbtsd

than the sversge arﬂlllaceous naterials The marble'baﬂ&s-



R

s,
s

IR

‘eentaln accessory quavtz, nica, and felﬁspa
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The carbonate-
may be &olomlﬁe or calclbe and the beds represent local

calcareous deposits within %the clastic sedimentg., -

Variaﬁionliﬂ,iezﬁures Evea a calfel field ox

laboratory study of the rocks ngHpGQ in the Subton Series

indicates great textural dlffe$enees from place 0 place.

The main ehaﬂge Obgerved is in Saﬁﬁon_v lisy where the schist

is as a rule much finer-grained then in %he motntaing,

.Albitization decreases to zero in the velley bub this change

aeeomnqales, ‘and is not the cause of, the change in texturs.

The m”ca, chlorlte, and quartz ~are each of smaller dimeusions

although of cor po Ang nroPortlons and degres oF
recrystallization,

" The -cause of the varlatlon is evidently dependent
on the length of time during which the necessary dynamiec,

thermal, and hydrous nfocesces o? metamorphism wers: mq1nta_ned,;

The thermal element is the coatrol_lnv feature in tae.Sutton

.Series ond the coarser grain developed in the Sutton Mouvntains

azea is due to the deep burial of its rocks and maintensnce
of the required temperature conditions for a longer period of

time than obtained in the Sutton Valley area. Thig conception

is in harmony with the exomorphic history oubtlined in connection:

Wi‘bh chloritizabion end slbitization (p. - ).
“0f peridotite beneath the rlslav @ntlcllnorlum in the Sutton-

Hountalns would serve to mn1n+a1a uwl*orm tnef;wl conéltloa;'

The lccalizatiQQQ:
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J;for longer perlods 0¢ time than in adaacent 87088, vin
!;aadltioa, nore so1u tiong may have bevn circulated end the
f abnozrmal character Of the anﬁiclincriﬁm is itself‘evi&enes

/ ‘of the intensity of dynamié'metamcrphism. The eoincidencs

of the albitization with the area of coarse=gralmed mica schist
nag geneﬁé signific cance whebher or not this explans ation is

"the corzrect one. |

Volume Relations. There is no evidence of change

of volume during development oi the Sutton rocks. There
must of course have been decrease in porosity in the early
unconsoildatei stages but this lies outside the domain of
metamorphiSme The.old*eonception'of molecular volumes is
now believed from studies of crystal structure to be invelid
_ana'itvishno longer good doctrine to state that & mica seﬁist
" 48 of gmaller volume than the argillaceous sandstone from
which it is derived simply because its minerals are of the
There must be direét'field evidence of volums

changes similar $0 those obtained for albitization.

Qak Hill Series. The structural pO“ltlﬁn and

simigyrity of the Oak Hill and The lowar paris . of the‘SuttQa

oot S

Series make pogsible the conclusion that they are contempor@neouu
in age (pe = ). It now remeins %o discuss the metamorphic
aspect of the Osk Hill Series ana'ﬁo indica%e_its relation to

similer features in the Sutton Series



158;7

Contrast with the Sutton Series. The GlTEan

/ scnlsﬁose quartzite comprises most of the Oak Hlll Series.
It is a xlneweralnea rouk whose essential nlaernls quartz,
mlca, and ehlorlue, oceur in appf0y1matewy the same pw0portlens

~as in the schisbs of the Sutton Series. The degres of re—

crystellization and schisbosity, however, is in sﬁZOﬂo conbrast.
The nica and chlorite of the Sutton schisis is se egroge tﬁ& into
dofinite bands with the flakes in psrallel dimensional

arrangements In the Osk Hill Series this segregation and

dimensional avrangemenb is less perfsct, the flskes are usually.

Hﬁnute, and in meny thin sections there are clouded spots

-

thich are certaiuly not recrystallized and probadly x rgpregent

-t

-

gillaceous material which has not yel been gerigitized ox
chloritized. Most of the quartz grains are streined and have
~“been roﬁa ed into parallel position with the regional schistosity.,

Many of them also have fainily rounded outlines, These factors

?Aall indicate incomplete recrystallization. The quartz in

the Sutton Series schists is highly angular in shane and there

is 1ittle evidence of strain in the grains.:

The two marble formaticns in the Oak Hill Series
érermassive, usually fine-textured rocks. The degree of -
'\

rec vetallization and segregation.of non~carbonate subsbancses -

is not as f&r advanced as in the marulns o2 the Subtbon Series

e

for in many thln sections there is clouded m materl 1 which g

nct yet recrystalllzed. Ko sbhisﬁbse'carhqnate rocks ars
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known -in the Osk Hill Series. The butsaa ma’nle are schistoge

;i meny places and in general have a eOarsar grain,

The slates of tqe Oak Hlll Series and the phyll Ges
of the Sutboq Series contragt in much the same way as a1ready
dequlbeﬂ foxr the schists and marbles. Relatively coarse
texture; complete reerys%allization, and folded cleavage are

the maein fealures of the phyllitei; Hone of these charseberishics

da nearly as well developed, if st all, in %the slates of tho

Osk Hill Sericse

HMetamorphie Background of t%avO;k Hlll Sevle The

Pormation of slates, quartzites, and marbles, such as ocour

Qin uh@}Oak-lel Serles,_ls oralnarilyAexplaine@,as,aue to

regional metemorphisme This is admlttadly a useful pigeon=-

hole for thimgs'diff cult of explanation dutb ot tne same tims

? ereates a defeatist attitude toward metamorphic Problemns.

The metumorpﬂlsm of the Sutton Series is thought

50 be connected with concealsd peridotite and its derivatives

end textural differences in mebamorphism of the subton lMountains
and Sutton Valley areas are lxk571se believed due to dletance

from thig igneous soure In the Osk Hill Series no similar

| assn&ptloa can- be made f£rom any field evidence available.

The minersl assoclaulon,.nowever,wis quite similar to the

‘sutton Series and indicates similsr thermal and hydrous

procesqes of meuamorn ism, Dynamically, the metamorphisnm is
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less intense. ‘During the main’ yerlod of meﬁamorﬁhi sm the
tvo series were further a gpart than now {the Brore ﬁhrust
lies neuweea them at pres: ent) though it is too hazazdous %o

postulate that the ,incompz.e“te mebanorphism of the Oak Hill

Series’is merely due to itg greatez distance from the source

of taermal energy beaneath the Subton anbic 11noriume It is
3
6, is

1mportaat t0 recognize the 1Qentlny of the metamozylie

batter to leave the u1%1mate gource unex plwxnmd ~but
""" brocesses Operating here with those in the Subtton Seri

which ave believed to have dirset igneous affiliabions.

vu

With this as a basis a comparison of the metamOrnhism\of'the_
! p phis
! s . . v : Y csa .
two series is as follows ~ (1) Thermal conditions approxinately-
_ b

1 the same. (2) ujn&MAC condibions greater i in %he Sution

| Seriess. (3) Hydrous circulation probably more active in the
H ) . . .

i Sutton Series. (4) Time of mainbenance of these mebamorphic
- D

| pracesseﬂ greater in the Sution Series. This last. featurs

is the most important and helps to explain the incomplete

o

recrystallization, fine texture, and imperfect schistosity

D

'.0f the Oak Hill rocks as conbrasted with the Subton rocks.

- aia

Genesa1 Disengsion o”‘Wetamorphisz¢

o - The chenge in mineral composibtion and texture -
brought about by metamorphism is dependent om 8ix variables - -
the tempsraturs T, the pressure », (including both rock snd

- fluid pressures) the eireulating sclution S, the or;gla l
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mineral composition G, the original texbture Ts aad\the’
time Tpy. If quanﬁitaﬁive daﬁa concerﬁing each 0f these
variables could be obfainedffor,a systéﬁ-inwequilibrium
there would be Qo unsolvéd prdblem3>in;rockumetamorphism.
It is a progressive step, however, t0 recognize %hsiﬁrx

importance and 0 realize the limitabtions of any scheme such

insan v

x4

&s IEskola has proposed in his facies classification. "Tilley's

mebamorphic facies "designates a group of rocks characterized

e
by a definite set of minerals, which wnder the conditionsg

N

obtaining during bhe formation were in perfeet egquilibrium
with each othsr. The gquentitative and gualitative nminers)

eonposition in the rocks of a given facies varies gradunlly

e s s e it S M pt

in coxrespondence with variation in the chémical composition
of the roek". (Tilloy, 1924, 992167). Grcup B in this
cheptor would Foll in his "Gresnschist idciés“. The meﬁamarphism |
eonnectad with fthe metapsridotite has no place in his:

catlca.

B
felo

s
celagsit

.
Eskola's system is based on onlylthree‘of the

six variablesilisted on the preceding-page, P; Ty and C. o

In an indirect Wzy it considars S and Ty, but it ignozes Ty

Ealt@gethér. Sedzrholy has recently pointéd out this deficiency

ana it 2ppears 0 be a very real one. Thus thé qualitative

and quantitative mineral composition of mica schist and

phyllite,in the Sutton Series are practically identical but
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' , they can hardly be said {0 belong t0 the same ﬂLaGle““ The
5 deﬂres of vranulaﬁicn-in the original rock has an important
' bearing on the case with which solubtions can cireulabe end
; on the maaner of transmission of stresses. fTherefore Lexbume
' should always be one of the factors considered.
; The accompanying table lists the imporbant
§ characteristics of 7, S, Cp Ix, and Tp. The depsndenss
§ of I exd P is not of gre ok importsnce in en open system such
L f as thet whick includes the dynamlc metamorphisn of the Subton
{  or Oak Hill Soriec. PFluid pressure, howevor, is of importancemw
in relatively closed systems such as. those described fO? the
! Bolton metaperidotite. S is o "varishle among veriables®, i.e.
its absence will not change any of the other factors bub if
it is present (ts effsctiveness is dependent on esch of the
other five fachorse C, Tx, and Ty ars necessary. independent
variables.
. | Relation to  Varisbles  Relstion t0 Associatod
.. the metamoz- . each other = mebamorphic
_ phism » , 5 - | process ;
T - - | Thermal |
) : DGP end eZIJ‘J o T
Active P ? | Dynemic (xock
e . __Ppressure Oa ﬁy)
S . - Dependent = Hydwrous

__Independent .

Passive Tx ~ Independent .

A




elevated to the realm of philosophy and is only of theoretical

Ty P, and S ma3y be furtner described as "actlve“

varlable»,\loeo the u,ﬁmun‘i; of S may be Vdflel or T and P

“may be changed while meuamozphlsm*ls in progress.: C, Tx,

and Tp can not be accelerateds The aotive variables, T,“
P, and S, are included in the three processes of thermal,
dynamic, sad hydrous netamorphism which have constantly been

referred to throughout this chapter.

2

This conception of a metamorphic Ffacies is broader

in i%s scope than that proposed by Eskolse It may be defined

‘as follows:~ "The application of a given temperature T end

pressure P, acting in conjuﬂction'W1 th dominantly aqueous
solutions S, on a roak of glv:n mineral. eomp001t10a ¢ and
texture Tx for a given time Ty Will produce & metamorphic

facies of fixed mineral composition and texturam. Expressed

‘mathematically: M= £{T, P, S, C, Tx, Tm).

As equilibzium is rarely atbained in rocks and as
no quantitative values can be att ached to any of the above

factors the SUrlct conceptlon of & metamorphic: faeies is

- interest to geology. The idea is of value, however, in &
iqualitative way and relative evaluation of the various

metamorphic factors is usually possible. This has been done

in the preceding discussion of the mebamorphism of the rodks;
in Brome County. Evidence of disequilibrium is abundant,

- i.clusio“s of epidote, mica, quartz, ebte. in albite
>eZe D N N ) ,




,metacrysts, but the relative importance of 7, P, S, G,

T};’.‘» ;
and T can be compared from one formation to the next. Thus
a purely ideal concepbion ¢

on be made an exceedingly useful
tool in the study of mebamorphisum.

In*eonclusioﬁ'let it be emphasized that metamorphism
is t0 be considered not és compounded of‘unrelated regional,
kéontacﬁ,;or-hyafoﬁhermaltypes, but as a menifestation of
common fééﬁors acting in different ways to produce different

effects.  Thus, the success
%

ive stages of 2lternation of an

igneous rock after its primary érystallizatioﬁ«merely represent

different values £or the same set of mebamorphic fachors which

could produece a mica schist from an argillaceons sandsbone.

i e AR
PRSI

5
The difference is one of degres only and acceptance of this

broader point of view will go far o raise metamorphism from

a descriptive to an interpretative science.




'éhlorits‘sehist, the reasons foekrg@@e Pre-Cambrian age are

145,

GEOLOGICAL HISTORY.

This chapter outlines the history of sedimentation,

structure, mebamorphism and geomorphology, as far as each can

be deciphered. Most of the materisl is collected from‘previous

chapters and is placed here in chronologic order as g suﬁgaxy

- 0of the main events,

The subject has three natural divisions for purposes

of debﬁ“lpthﬂ = (1) pre-Pale ozoic history, (2) Palsozoic

khlsiorJ, and (3) post~Paleozoie. hlsto:y. There is little

ev1&ence of the first period, the second includes most @f

tne active history of the region, and the third is a mora

passive phsse i in which the pfeuent l@ld oquaCG W .S ceveJOQQQ.

-~ Pre=-Paleozoic History.

The oldest rock exnosed_herewls the Tibbet Hlll.
4»7")\_/\/-L-[‘,«? ,,’fc:*{ ._. -2 .ef/j'

given on Do « This formation results from the metamorphism

of a thick series of bagic extrusicns, but as to the basement
s . *

upon which the lavas were poured oub no remnant remains.
We have a clue, however, in the composition of the thick
Pinnacle*grayWacke, which is composed chiefly @f quariz,

orthoclase, and magnetite with many other mineralsiin smaller.

amounts. The magnetite may be safely assumed t0 have coms




_ffnm theﬂchloriﬁé_schist; but the quartz and orxt honl(ds0
A'éan'oniy-have-come fron a gran.tie_o" gnelssic te”“aae.
Sush 2 basemont rock we may assume formed the floor upon
which basslts, ebc., Were exhruded in Rre~Cambrian time.
Metamozphism of the basalts to magnetiferous chlorite schists
was also gecomplished in the Prewéambrian g0 that at the
beginning of the Combrian the arasa prossabed aﬁ least two
main roek types, granite or gneiss, and superjacent shloxite-
.  schist. Those were exposed n a 1an' sux L408 WhiGh in lato

Pre~Cambrian time had bsen reducsd $0 a peneplain.

Poleozoic History. .

Lowar Cembrien Time. The known Palgozole history

commeancad in Lower'Cambrian time with the downwa:nl of tue

Pro-Cambrian peneplaza which initia%ed she *o~matluq of the
:gppalachian geoayncline. We should, psrhaps, be more precisa,
O and call it thc Paconic geogyncline, rezserving the texa
~ Appalachian geogyncline fér that ons whose seaimeh%s isre

-folded in tho Appalach i° revolution. The initial down~

warping was pTODale of a very gentle naturs, allovlng the

: sea to penebrsbe the geosyncline and inundate the 0ld Pre-
Cambrien surfsce slowly. The evidencs £or this is the
universal presence of a basal (Gal1 i _l) slate, whigh is
-an. exeeedingly fine~ﬁrainei”detritalvrock aﬂdvrepresénﬁs

the reworked re?olluh developed over taa old nnlorli ”ichlst

surface. ﬂhe sllgat 1r%e’ular tiss in tals 0ld surf=ce were
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sufficient to explain the present variations in thiclness

of the Call Mill slate, from a few 1nches to about 70 Teek.

Meanwhile the New Brunswick geanticline (seo

Sehuchert 193 , p. ) was rising and its weathered produchs

were being brought down by streams and deposite d Within the

spreading geosyncline. S0 rapid was the rise thaﬁ digintegrabed

+

roducts alone were at f£irst brought dowm. Erose—sesathg
(]

L
1+
[}
38
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SR T T T T These‘wers the result of the bresking

"up of a granitic rock snd hence were rlch in. quartz and

unweaﬁhered orthoelase, and also in deurltal magentite from
the chlorite schists. The result was the aecumualtloq of

the Pinnacle vraywacke, vhich eventually became in this area
400 feet thicke It is quite possible, 'if not probable, thab
this formation, which is known to exbend soubhwards into
Vermont, and has been seen still furﬁhei north in Quebec
(Dresser, personal communication) is a delts deposit, somewhaﬁ
modified'by~shore currénts. Along with the sands, rivers

wounld naturally have brought much mud or silt, This,material,

equivalent t0 the graywacke in age was doubtless carried

further out to the west and deposited directly or nearly so
upon the 0ld Pre~Cambrian surface, -now buried beneath the

several thrust block8. Following the deposition:of the

- graywacke elther erosion of the neighboring highland ceased

or thergeosyncline became rather suddenly considerably wider




carried still ¢ur*her westwards, and is not at present

148.

8o that the locus of clastic sedimentation shifted considerably

to the east. In either case, in the area considered clear

walters resulied in which fine-grained unfossilifezrous (probably) -

lim reclpitates were formed, diagenebtically or later, more
. P 9,‘ () 9

or lesg eompleualy dolomitized into the White Brook dolomits

formation. Thus was comple%ed‘thé first cycle of deposition,
ending with quiet aecﬁmulation of non~clastic materialse |
Meanwhile decomposition was preparing a :egOlith of Zinely
weathered produects on the uplanéé; which a suoeeedingaslighﬁ 
uplift was to shift seawords where it was spread out as the
West Sutton slaub, followed, as deeper erosion separaﬁed4the

more resistant (chiefly quartz) remaents of the highlands and

rivefs boxe *hgn to vae 862, by a. Sanagﬁoqg.later 10 be

'meuamownnosed into the Gllman quartzite. By this time none

of tne 0ld chlorite schist erposures remained hence no

magnetite was available except from exposed pG‘ﬁlGﬂS o” the

e

Pinnacle graywacke. Practically, only granitic rocks wers

aVailable, and under the influenco ¢f either longer o more
efficient weathering ned¢ly everything but the quazrtz was
weathered tofmud end silt. This latber materlal was doubbtless
exposed.: The formation of the Gilman quartzite must have
occupied a vefyslonggﬁime, for its thickness is probably
thrée'thousandffeet.¢ Once again, as in ﬁhe‘case of the

3

Pinnacle graywacke, a cessation of erosion induced the formation
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of a calcareous: rock, called the Dunham dolomite, practically

-identical with the white Brook aolomite.

i1l s

Thus the first six formations of the Osk H sries
can be divided into two cycles of sedimentabion as follows:
6. Dumham dolomite ‘3. White Brook dolomits
5¢ Gilman quartzite 2. Pinnacle graywacke
4, West Sutton slate - . Call Mill slate

indicative of rhythmic movements of upland and geosyneline

during the early phases of formaﬁiong

0f the sbove formations the uppermost two are
fossiliferous, very sparicgly so. The Gilmsn quarizite has

yielded a few speeimens of Kutorgina, & Lower Cambrisn

brachiopod (discovered at 4.30 peme on the last day of field

work in 1930) and the Iunhem dolomite hes a large number Of

fragmentary trilobite remeing, some of whiech belonz o the
A Wi 5

Charac@@ristically Lower Cambrien femily Mesonacidae. These

will be described in a fortheoning museunm publicsabtion cn the

Paleontology of Southern Quebec.

Succeeding the second cycle of sedimentation a
$hird was initiated beginning with the Osk Hill slate,
followed by the Scottsmore quartzite. But there ths cycle

was interrupted for bafore the quartzite was developed %o

.any exbtent further erustal disturbances occcurred wnich
J b ‘

“locally induced the formation of conglonerates (Scottsmors
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conglomerate), coarse in some plsces, in othe“s indistinguishable

in the field from the Scotismore guaxbzite.

The rema*ﬂlnﬂ gediments. of the Oak. Hlll uefleu are

mudgbones, called the Sweebsburg slate and the Vail slate o
The formar nas the appearance of cycllcal sedimenta n. that

night possibly be seasonal, though its folding mekes any

attempt $0 plot successive layers impracticable.
. P - A

Thus in the original locality of the Oak Hill slice

sediments of Lower Cambrian age accumvbflited t0 a thickness of

-at least S,OOO feet and probably 4,000, The westem Share of

this sea is unknown, but was probably within the present
geoarﬁnnzcel limitg of the Suttcn shast. IDastwaxds the Lower

Cambrian sea of Osk Hill time was probably limited quite

sharply, and may not have extended fazr heyond the Subion-~

Memphrenagog boundary. The reason for this shsatement is that

could not heve heen far distant, motter of a very few miles,
7

one to five, say, preferably the shorbor estimate.

Following or coincident with the formabion of the
upper beds of the Osk Hill Series ceme = great widening of
the geogyncline. The locus of clastie dépoaltzonrshifféa
eéétwardS'and gllowed ecalcareous rocks to aceumu%@ﬁé further

west. South of Quebec Xeith (1932, p. 361) lists a grest




geries of dolomites and limesthones overlying what appears to

be equivalents of the Oak Hill Series, thus indicating Quieﬁ

~0xr at least clear Water in this part of the trough. - At ﬁhlﬁ

time, it is believed, tae sedlreatf now composing Lha sutton
schists weire deposited. These were lald dOwl in tne newly
formed eastern and deepening part-of the geosyncline, alloﬁing
sandstdnes, shales and locally thin limestones to Fform. These

were later $0 be metamorphosed into siliceous and csrbonacsous .

schists and marble. How far eastwards the marein o the
. . <

trough spread in Lower Carmbrisa bime is:problematical. Kerr

- has mapped some formations along the Bunker fauld to- the east

of Lake Jdr hremagog ag Lower Cembrisn. IF this is so them
3% gives us a measuro of the extent of +he Lower Cambrian soos

What thickness of Lower Cerbrisn beds was doposited in the

Sutton Hountain mass is impossible 4o saye PFour hundred foeob

is the greatest single series neasured, thcugn four trousand

would secm to be nore nearly o*rect. A% what appears to be

sligktly later in ILowor C mbriaa time the Milton and Mallet

ot

dolenites of the Rosenberz blosck (in the Lacolle sheet) were
made. The site of the deposition of these beds must have

been quite close to the western shore of the trough, but

because that shors was low, and therefore shedding little

sediment eastwards, calcarsous sediments could Porm much
closer to that western strand than $0 the eastern strand,

which bordersd the rising Hew Brunswick geanticlina.




e

seguence of even

upper stra abigrephic limi

Middle Camdbrian. Within this area we have no.

4
regcord st all of Middle Cambrisx events. Be &s with the
Parsdoxides Teuvns (the Sﬁo«Albaﬁs shale) sre known in vc=1aaf

a
ew niles south of the border, so it is reasonaflble to

“assume that they once oceurred here too°~ But what the

@

s was from the close of sedimentation in
the Lower Cambrian, through the 111ddlo Cembrisn, and on to
the beginning of sedimentation in ﬂle Upner Camhrlwn Wo have

no way of telling. For is thoro ery Teok to indicate the

] 0fﬂjh$>57ﬁﬁ0ﬂ schist. Conee 31lvably

they mey oll be Lower Cambrian. Possgibly they iz nelude, if

pper Cambzian and pospihly Ordovicisn.

There are no higher strata than those of the
Sweetsburg and Vail slates on the west or the Sutton schists

on theveast.

3 - ey ot ™ <y . . . ; ~ N
Tacoalc Owxogeuny, Tas 20lding which has affected

utbon sehists is aseribed

o2}

both the Qak Hiil slice and the
to the T&eanie-oroﬁeﬁy. At the loae of the Oriov1 ian. tﬂe
entire Lower G~Mbr1an serles {and higher beds, if pr ssent)
was folded iato tiwhtly»COmpressed £olds. Coiacident With

the formation of the Phlllpsburb, Granby, aad Rog eab°

‘.Jc
and
bt

$hrusts further west came the rupture called the Osk Hi
thrdsti by which the foldsd Lower Canbrien beds came to lis
d

upon the Qtanbrllge ( ddls Orio vicien) slatos. The fol




.

153.

~

developed not only normal anticlines and. synclines, bub wider

arches and troughs upon which the more apparent folds appear
t0 be superposed - in other words, flat anbiclinoria and

- syaclinoria. The Osk Hill-slice is the western half of an

antlclanrlum, the Suttoa Mounualns are develOPGd fron a

‘second, and the sSutton Valley is underlalﬂ by a synclinoriume

Shortly after the folding erosion began 40 reduee the TacOnic

Mountaing. /In the Memphremagog sheet tnere is plain ev1dence

that complete~peneplanation did not obtain, but while consider-

" able relief was still in existence, intrusions and extrusions

of a basic rock began, building up a lava plateau. Wiﬁhin

this area we have direct evidence of this only in the scattersd
metaperidotite masses throughout the Subton llowntains, with- |
their atbendent teleizstion., Other inbtrusions, probably of

‘ ' hore b
large extent, but not exposed at the present surfaee, “iy € been

aresponsible for the soaking of the-folded rocks of the Suscoa

Mountains with magmatic vapors coaverulnb the sedlment ary !

K\\*:r:oc,k_s into scn;§E§,f Penecontemporaneously bub later than

—
the development of the schistosity ceme the introduction

ofTalbitebthrbughout the Sutton schist region aa&*%h%*“~

development~of mebtamorphic- produets«cfﬂtne»serneﬂtlaevracls.w




i
S’

Aeadlan Orogenye. Fem other eveats need atueaclon,

Durlng the Devoalan the Acadian orog ay,gof Which;thera’i

w

direct evidence in the Hemphremagog area, affected this region
little except in the formation of the Brome underthzust as a

concession %o the c:ustal foreshoriening albtendant upon that

orogeﬂyo

Montereglan Intrusicns, The only 0 sher event of

importance Was the intrusion of the igneous rock of Brome
Mountain. We have no daba to tie down its age exacﬁly; Locally,
Brome Mountain truncates the treﬁa iinés of the Taconic folding
and hence'pnst be post Ordovician. An igneouS'breocia of
conéanguinious nature on St. Helen's ISlan&, uontroal contains
xenoliths of Lowexr Devon;aJ fossiliferous be Se H%aca;brome
Mountain should be posi-Lower ég§§§§g§aﬁ How much later we
cannof,say, except that sufficient pre#Pleiétocene time;mustﬁhaﬁe
‘elapsed to allow for the erosion of ths original igneous mass,

and its sedimentary cover, to approximately its present forme

Post~Paleozoic History.

In this per;od obcurred mainly the development of tae

N\

prebent topegraphy by nommal -strean erosizn,>and the Pleistocene

\flaelalanﬁase‘, The earl stages are vakaoyn, but in Triassic:
: 3t J g

time some of the basic dikes which do not sPpear t0 be related

t0 the Monteregion Hills may have been intruded By4cretacaous

time a peaeplain~wasiproﬁably daveloped Simil ar Q. oq;f postulatedr~

for mosh — S — —




faulting in the S

of eastern North America. In Terbiary time Southemn Qusbeg

N\

was probably affected by thefsame epelrogenic movenents-
ascribed from bthgikregipns to \this pexriod and the bTock
ub

Qﬁ\#ountalns may have occurred ot this
time. By the close of the Terbtiaxy a faixrly nature topography

was developed not unlike that exié%ing\joday.v
In the Ple%ﬁﬁoaene the”wholé~area Waé buried beneath
the continental ice sheet. It advanced across Sovthe 7 Quebeo

in a general dlvecthﬁ slldhﬂj vest of noxrth ana cut QGIOSG

| the long uLlnaT valleys rabher than followed,tnema When the

ice finally diseppeared the land stood several hundred feet
lower then it does now and a marine arm exbtended inlend known
as the Chemplain Sea. The succeeding uplifi proceeded rapidly

and steadily, exposing wave-built beaches containing an Arctic

fauna. The upper strandline in Brome County has been destroyed

but elsewhere reaches a maximum of sbout 600 fset above sea-

leVélo

Surface agencles since the Pleistocene havs tended
Z
b0 restore-the-nmature-topograpny 0f the TeTrilary-by removing-

glacial debris from the uplands and marine gravel and sand

from lower levels. . The strsams, however, are still of the

glacial type and a loang period must elapse before ‘they complefely

accomodate themselves to their pre-glacial environment.
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ECGEO&IC GBEOLOGY,

Exclusive of road maberials, those products of tho

rocksg which have secursd at tion in the past are copper,

iron, and talec. On The basis of the present work the first

two may be ruled out as economic possibilities, although

-poocatly Dresser (1928) has optimistically urged the possib

of copper again becoming an sconomic factor in this region.

Talec and soapsione can scarcely compete with the product of

Mﬂw
the Madoe rock; but is by no mean out of the running.

‘Practically no satisfactory building stone occuvs/EﬁLJ,
but many of the formations mlpht be madﬂ to yleld a good

qhality of CE&Q&G&:SGOﬂeffOT roads, 1f the need aver aroaoo

Today an sbundance of gravel suffices. Locally calcareous

ility

rocks are abundant, bubt usually not sufficiently sé?%@@ pure

RoUGhy —toconpete-with=Tine for fertilizer or cement T=om
o £l

zew, morufoctuied—elsewhers.

(&

The various products are discussed in detail below.

“Mueh interest in tne 0ld copper workings stxll

lingers oa in the minds of the people ‘of Brome: County,

partzeula 1y tnoss se memories carry them back to the days -

of the Americen Civil War whem copper sold in Tew York for

55 cents a2 pound. s1ine in the price of copper,




‘most of the properties which were temporarily pro&uutlva

shut down, although as Bancro"* (1915) remarks, it was any

the abnormally high price of copper that allowed theﬂ fo

operate ab all, However, copper mines, prospects, - ﬂd

1ﬂdmeatlons are rldegpread over: tne_oouthern part of the
Easuern Towaships. Considerable agitation for the establishﬁent
of a smelter at'some.cegtral Qoinﬁ,.such as Sherbrooke, had
Been nmade for some time wntil, in 1915 Jo A Banérbft~was
commissioned by the Oueoec Bureau of Mﬂnes w50 make a detailed

gaologlcal examination of many of the oecurrences of ‘copper

B3

minerals in the Fastemn Townships that figure prominently

in the llterature, and to ascerﬁala, it possible, how many of
them could be depﬂndcl upon %o conﬁvlbutm regvlale to o coppor
melberes«"(1916, pe 14). Bancroft's report is an indispensible
gulde to a proper ﬁnderstﬂnding of thé c0pp§r,deposits.an@
prospects of the region. In his conclusioné; stated abt length
ol pp. 73 -~ 84, he discounits many factors that have currently
been assigned as explanations of %he closing down of thess
properties, such as the drop in the price of copper, the
imposition of 3 and 4 cents a round duty on coppsr eatering

the United St tates, the present cost of labor, =nd the eaxly

lack of transportation facilities. Except for four mines,

the Acton mine at Actonvale, Hustis and Capelton mines at
Capelton, and the Weedon mine at Wesltn, he goncludes thal

"It'dbes not seem at all pr robable that tne ores taken from
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any of the other properties described in tnis report have
ropaid the money that has been spent on them®: In no case
does Baneroft consider thai the;showiﬁgs,a%?aay,ofAthe “mines*‘
@f’prospeets in the area of this report warran%“a coﬁﬁipuaﬁion
of local oPe“aﬁion.’ He dOﬁs however incline favoradbly to a
emabic program of pro pecﬁlnb.= A descrip on of soma

of the most im ortant rospects its and "mines" follows
3¢ D D s P

Sweets' Mine (Range X, lot 8, Sutton). Bansrofi's
ption of the workings and geological situsation can nolb
be 1mpr0ved deﬂ. The following account is condenssd from

Ba&aigx% together with a few original observations regarding

-the geological structure. The mine is siiuated close %o

(if ﬁot'aotually on) the Brome Thrust. To the esst lies the
ManSVilie‘Phase 0f the Oak Hill Series. To the Wesf,the-
Tibbet Hill éthrite schist and the normal phase of the Iower
beds of the Oak Hill Series. Pusu’ nog S‘characterizes‘SOEa ol
the rocks in the neighborhood of the nine, due to pyrite mlth
which is 033a31onally associated chalcopyrite, bornite and
chalcocite. These mineralized zones are only a few feet in
lengih, and plﬂcn out, fork or swell when followed along the
strike, The maximun width observed (by Bancroft) was five
feet. The sulphides are always ‘sparsely distributed, and
superilclally, at least glve no prommse of ‘an abundance of -
ors below,_>The main opening is 35 fee$ long, 8 féet wide snd

150 feet dean apnroxl ately. It was sunk along the widest of
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the mineralized zaneso Drifts wero:-driven some 30 fesh in

}either direction f?om uhe bottom.  Half a doZeﬁlshallqw
openings have also beea made on the property. Work was
abandoned on this property in 1864 when it was ?ouna that ths
copper values declined below the surface, where practically

nothing bubt barren pyrite remainede Banceroft was not surprise

B =]

. to learn that "what ore was shipped away did not pay the

freighﬁ".

ﬂashsr'n Hine {?@a ge Iv,'loﬁ.z;,Brome)a' Rnsty,han&s
in the Tibbet Hlll chlorite schist bet ray the presence of'
pyrite,'with which there are disseminated grains of chalcopyrite
»and bornite. ;nree oppnlngs were made, two of which are said
t0 have a d th of 100.faoh and 50 feet respectively. Although
a GOncentraulng mill was in operation in connection with this
proPSréy no information of its successful operation is |

forthecoming.
. o
Shepherd iline (ﬁunﬂe Vv, lot 5, B}, Brome). Here, &s

-

in tne prﬂeed¢no cases, chlorite schists and 0%99? rozcks,
chiefly of the mansv1lle Phase of the Osk Hill Series, exhibit
rusty sbreaks which led to the exploration for suTPhldeg in
the rocks below. Pyrite is disseminated throughont the
'mineraliZed belt to a sﬁéll degree, and with it one may'fin&“
occasional grains of chsleopyrite or bormites Three shafts
'Weré,suﬁk in 1884 to depths of 67 fest, ?S”feet;_aﬁdfsa“t

foet., OCross cubs were driven From the Tirst 4o, and a
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concenbrasing mill Was srecied close ab hand. Opserations
Wers sus spended ”1ﬁa1n & year Or s0. NO ore, it is said,
was ship peu Tron tnis pTOpeftVn Hot hlng Of 1mpo:tunce is

now t9 be seen in the cut or on the dumpsa .

Range X, lot 8, N%, Subton. "Ho trage of coppeér

wag obs swed“

Range X, lot 10, NV, Suttone. “No trace of copper

was Observed’,

o
L
=
it
73
I

Range X, 1o% ¥rs Suttons "None of the rock
exposures examined on this. lot would suggest ths advisability

of further work Oeld@ done“ i} .
Rangy 37, 7 $.6. 4, Subton. ’fﬁuof-cwpwgp'w;\%%wwyw

Range XI, lot 10, $%, Sutton. ¥No trace of copper

was oObservsed.

Range XI, lot 11, E}, Subtton. "None of the rock
exposures examined upon this lobt would suggest the advisability

of further work being domeT.

1ige XI, lot 12, Wi, Sutton. "AsS a nminire rcospech,
 § i2e o P &

the property is of no valus©.

Bange VI, 1ot 6, Brome. 7"The prOper ty is of no

value as a mining prospect®.

ge VIII, lot 12, W, Brome. "fThe shafi ig now

’fllled up with rocksg
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the prospect is of no value”,

Pinnacle Mountain mine (1 mile east of Abbott Coxners,
Ste Armand Bast), was mentioned by Bencroft (pe 6L) but nob

described.

There is, in addiﬁion to the properties described

-and listed above an extensive ssries of excavatbions on the

southwest side of Pinnacle Ilountain. There, close 40 the
boundary of the Tibbet Hill chlorite schist (on the east)
with the Oak Hill Series (on the west) is a zone of fractures

along which the rocks have been very congiderably shearsd.

fSeveral pwt“ have been dug along the contact between tha

Gilman quart21te and the ?énnaGWe grayvwacke. Nowhere is the
dolonite expcsed, which is not surprising, for it is missiﬁg
from Little Pinnacle southwards, but in one or two places
traces (unmappable) of the West Subton slate occurs. The
entire zone is badly shattered and sheared, meking & simpie

exposition of the structure impossible. \\____——~—————°*-/é;/é/a,

£

There are two sources of diron in this arsa, ths
Pinnacle graywacke aﬁd;the West Subtton slate.  Occasionally

the White Brook dolomlte, where it occurg in the lansville

Phass of the Oak Hill Series, conbains magnetite, in one place
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‘Several openings. znd tunnels are vksiblo and a shaft sunk

from the top of ~the hill ‘18 now nearly filled with water.,
The "mine" was in operation in 1882, As with the other
occurrences pyrite and copper sulphides are sparsely scattored

through the sheared zone and doubt less the copper valuas

ffaded out beloa the zone of secondary cnricnment.

Prosp@cts for future: development. A note of hope-

has recently been struck by Dresser {1928), who urges a

renewal, not of i

@

cld copper Worxings, but of. 1ntelligent

proqpecting by mea\? of stripping, sballow rock cutting, apd

-diamond drilling. Such proso@cting must however, in the light‘

of past experlence, and of the kno\g eopper reserves of the
o)

world, be considered ay a highly spaculative undertaking,

s

<
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in sufficiently large amownts to cause notice. One such is
the oceurrence noted by Logan (18659Apa 677). Such abuﬁ&anee,'

“howgver, is never continuous fomr more than g few huw ¢E£9Q fﬁeu
C(ﬂ &{
along the strike. The Pinnacle gra; huCku eonsists OLﬂgﬁﬂd“GQﬁe
N . Cordgrr |
which In.pa XD made -y oy in places up 0 30 per cent ofgraing.
BP A o i Al f% A ‘

of magnebiﬁee there as.amueh magnetite &%4a@;s is present, -9

‘td

'

et}

ewen-B0-per-gont, the fOGK asgunes s dark gray t0 black color
gASES s & : p

but invariably yie elds a vnlte streak when scralched with &
.57 . '
7 N :
hemrmer, aw indication o~menoug%ﬂﬁ0w- ergusﬂafliaatesmﬁamx enderp

the rockﬁof no use as an iron Ore. loreover there is invariably

8 small percentage of TiOg in the rock, which probably eoxists ;\\,

in leucoxene, for there is little ilmeﬂiﬁe present. On ascount
0f its color, wolight and obvious m cgnebiC properties, it is
not to be wondered at thet it has aatrdcied the atbention of

Progpectors.

ﬂ

A few excavations have beea made in this fo f”zﬁien,
but no subseqﬁent development woxrk has beﬂn carried on.
There is no indication that any part of the Pimnscle fovmaﬁlan
would Jleli iron ore sulecleatly rich to justify exploitation,
Logan (1863, p§°“79_- 681)-llsus many loaalitieSjwhere'the;

Pinngcle graywacke bears a considerable smount of iron.v

The Test Sutton slaﬁe is almost e everyvhere suflficiently
well supplied with hematite to yield a pimkish or reddish o

streak. In scme places it is practically replaced by hematibtes
1

Excavations in this formation have
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wishinthigrarsa, notably on the Ffarm belonging to Mre CGrawford

& nile and a half northeast of Hillside and one oxr two fest:
pits a mile and a half easbtwsouthi=est of West Brome. The

West Subton slate is rarely more than thirby or forty foeb

thick, end hematite is almost always present at its base.

In some places it is pure specular hemstite as ab Crawford's,
but usually the hematite is disseminabed through the slatee
In ﬁo place is there sufficient hematite to justify furﬁhef
exploration. During or before the American Civil War a fow
cart loads of ore were hauled to Worth Troy, Vermont, where

it was mixed with local ore and smelted, but bbviously_ﬁhe'

- venture was not sucecessful, 74{//~—

Specular hematite in a large nass several feet across
occurs in a vein close to the Pinnacle Mountain Gopper Mine
workings, a mile east of Abbott Corners (Logen 1863, p. 679)?w
Further éouth in Verman%,‘in similar geological environment,

pure hematite is knowa to occur in masses several feet scross.

Talce

There seens 0 be ground for believing that tale
occurs in the Sutton schists in sufficient amount and of

: ; . e
sufficiently high quality to justify exploitingAsome&time

in the future. At present competition with supsrior end mors

sbundant material from Madoe prevents development.of losal

‘product.
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-iale\aﬂdmdeapSﬂﬁﬁd deposits ecouxr in scatbersd places, £

U

‘ ﬁ%ﬁhiﬁw$h@MSﬁﬁﬁﬁﬁ“§@ﬁiﬁ%&w fﬂbubtless SCOPLT MOTE OGCUITEN3ES

are walting to be discovered, ﬁutithe.thiek cover of vegetaﬁinn
prevents thelﬂ recognition. A Tew of these localities have

been mozced buu no development is being ecarried o1 10We

Thege occurrences have been deseribed by Wilson (1926) with
fuller detail than can be given here, and because no work has
been done on the various DfOpe tles it is needless to add to :
Wilson‘gféxcelleat roport. His des crlotloa 0f the general
oecurrence is Worth'quoﬁingo "Numerous deposits of tale angf
soapstone occour in association with the gserpentinized intrusions,
throughout a belt up to 25 miles wide and 125 miles long extending
'erm ¢he:intsrna%ioﬁal Boﬁﬂﬂary to the region southeast of
Quebec. The tale and soapstone occur for the most part along
the margin of the intrusive, bub in ) Tew localltle aleng
°zoaes o” deformation within the serpentine mass. Th@y:are
ganerally grey or green and are more or less schistose. iTﬁéy

vary considerably in composition, in some cases cougisting of .

almost pure tale, and in obhers of a mixture 0L valc, magnesite,
‘dolomlte, and disseminated cnromlte, or chrcmite and szlerlte“

( ). Wllsoa deseribed 21l of the deposits ¢ he knew about,

o

and excerpts from his descriptions Ffollow:

Sutton {Range V, lot 10) Bed of brook, % mils =

of north-south rosd. Two and a half miles due south of Sutton..




H
i

"1t eansis%é of two zounes of pale greenish-grey ta1é‘schist.
2 feet wide, 15 feet apart, but‘eﬁnverging towards the southe
Between the se chig} zones there is a gradusl ca@pﬂe from: the
tale schist %o massive tale 2nd magnesite and from %ale and

nesz%e t0 talcose Sefpu.tl ¢, - The talc and magnesite

{mlxﬁure that forms the greater part of the deposit conmsists

of pale gresenigh walta tale, scattersd aggregates of grey

mognesite, and disseminated grains of millerite and chromitey.

I—'j

The latter inerals "would prevent its use in high grade

telounm powder. (p. 97).

‘Potton (E@Qge v, loi 19) "It is situated near the
middle of the 1ot and about 1, 000 foot west of the Missisquol
river road ..... The talc has a grey colour and is, therefors
of SGCOhd»giade quality", (pp. 98-99) Dismond drilling in
1920 evidently did not yield 1nzor1utlon comnelllﬂa or even

allowing further work.

Potton (Range V, lobt 28). Situated on a northeast-
facing hillcslope about one and s h%@§‘miles west of South
Bolton Village. The pr;ﬁeipal Opening in the deposit is g
pis 9-£eet.lonﬁ, 5 to 8 feet wide, and 2 to 3 feet deep, in
which there is exposed in succession from east t0 west 2 fee*

of grey, talcose, hard schist, 2 foeb ofvsoft pale gray,

platy tale schist, 4 feet of broken talcoss sarp sntine, and

-1 foot of “9331ve serpsn n1ing eeecss Tho material eeee. might

be used for those ﬁa'pases in which c¢olour ig wnimporbant,




but it is probably %oo much broken for use as soapstone.
blocks™ - (p. 100)}.
Bolton (Range I, lob 23, properby of Joha Pibus).

"This deposit is situabted aboub 5 miles southeast of Knowlbton

(and thres guarters of a mile southwest of Joha Pibus! house

:-_Qn the Bolbton Pass road). The talc deposit lies on the east

o A P L
margin of g belt of serpentine intercalated in tho complex

of schist and impure crystalline limestone that forms the
west 1lirb of the Subton Mountein anticline. eeesoe The openings
in the deposit (made in 1911 = 1913) include a shaft said to

be 28 feet deep, an adit in the hilleside 140 Ffeel long, snd

‘several trenches and prospscl pits. The adit has now caved

/ | |
o in, snd the shaft and moshs of the prospect pits are now filled
{ 1y , . D D B

' with debrise <eeee The talc seen in the dump from the adit

' would be satisfactory for most purposesvwhere a white colour
purp

4 is not essential", (ppe. 100 - 101).

S-S

Bolton (Range II, lot 26, properby of*%eorge ?ibns)-
' "Sittated about 1,000 feet southeast of the road from South

Bolton o0 Knowlton (Bolion Pass) and at the southeast coiner

P of the 10%s sosece
"Only two pits were observed in ths proDSrty sessses

"In the first pit a zone of platy cream~white: tale

s

\\ schist 10 feel wide is exposeds essseee In the second pit

1
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pale gx eﬂa serpentine cut by seams and veinlets of balc o

t0 hal? an inch wide is 8xposeds secececco

3

ee

*h

fSince the zone of %alciio
is eiposed in a single pit the amount of talc known to be
present is sméll, but it is ome of the few depoblﬁs of ni"ha
grade talc in the Bastern Townships and tAefwidth.ox the zone
(p» 101).

o0
Lol
=
o
)
o)
&
<t
vl
o

indicates that an extensive deposit may b

BOlﬂOn,‘_¥I364é/ 1ot 4). . Sif tuated about one mile

northnorthwest of South Bolion. is deposit though woxked
. D , P2A .

at one time is now completely. overgrown Logan’s descripticn

is gquoted by Wilson. “Resﬁlng upon a band of the labter \\

- A el

(dolomite) is a layer of about three Teet of im‘ure steabite,

[N

overlaid by 4 feet of dolomite. This is followed by a laj ayex

of a few feeb of chlorite, to which succesd about 5 feet of

Y

steatite; the upper two feel of Wnlch are ve;J pure and compact

‘and furnish larze blocks free from flaws". (1865, Do 797}
Although in 1871, 300 tons of sospstone were shipped hence,
Wilson calls this deposit low-grade. "If the deposits do not
extend farther along the shrike ﬁheJ are nob suiflc lently
large to waryzat the erection of & grinding mill ezcept in.
conjunction with obher deposits, of which there are several

in the nel"h$§u§1£5 district™, (pe. 104).

One other occurrencs mentioned by Wilson is one

t"wide in this properbty
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in Bolton, Range VI, 1ot 26. 1% does not appear to bs of

[ any importance.
f o

A few'additional ocourrences haveebégn discovered‘
during the course of the present survey, but they add little
to what Wilson has written regurding the origin,vgeneral
.relati;ﬁships and availability of the depositﬂ.'

Brome (Range VIII (WA), lot 1). Both northeast and
no;thve t of the road comers on this lol are ta alc dePOSlbus.
”he one to the northeast is the larger and by 21l means the
most 1ﬂuereSu1n3° The prevailing ccunury ‘rock is a siliceous
sericitic schist, intensely crumpled in placss. Aﬁout three=
eighths of a mile along the roa ad north from the coxn”“ﬁ and
6 or 6 chains east of the road is a mags of partly serpentinized

peridotite in which there are masses of chlorite and, in

. Loose pieces, some talc. Some fifteen chains northeast in &

Eelearino is a knob of talec some twenty feet across. It has

fobv10asly only recently been discoversd, snd no- GXP1073ﬁ°7y

‘
e .
“"-m-.*\u

; work has been done. It appears to be of gocd quality. The

1nterest1no thing about this occurrence is that the scnlsts
1n the viecinity of this tale boss are heavily albitized, a
condition not observed in any of the odcurrences already

alluded %o,

Brome (Range IX, 10t 7). On'the east side’of
the north-south road thers is a small amount of tale asboclated

with siliceous schists. Ho serp ine 07>1gﬂe0us rock is
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f\ exposed here. Very poor exposures of gimilar assosciations
v '
\
|

may be found in Range X, lot 7, (S%) and Range X, 1ot 8,

. Bolton (Range V, lot 26). Tale occurs hers with

siliceous schists, but no trace of igneous rocks.

In conclusion, it may be stated that tale devnosits
" 5 je :

are fairly common within the Sutton Mountains. The grades

of known deposits vary £rom high class to low class. Although

In no case is the deposit very large, noY is there much hope

, i of finding large deposits under the geological conditions

these talc dsposits.

R .

1/ o N : - . ) . 2 .

uyf ; concerned. Nevertheless it is probable that with an improved
/| markeb opportunity may be available For the exploitabtion of

N !

n -
i Serpentine.
_5
] Throughout the Sutton Mountains exposures of
i serpentinized peridotites oceur. Nowhere, as far as our

examination has revealed, is the serpentine of commsrcial

e

value, nor is asbestos assoclated with 1%,

Chronite.

Chromite is & differentiation produet of peridotite

ok B RSl o et

Va =

and is common in the serpentine belt of ¢uebee. It has bes

' mined for half a century in the Wiciniby of Thetford. One

gt
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nile northwest of South Bolton Village is an o0ld excavabion
in a chromite bearing serpentine.  This was quarried

time, dbut has nol ylelded rieh eaough ors Lo Jugbtify Ffurther

oxploitation. Harvie stabtes thet only one shinment of 27
wia g . iy .

tons has been made. (1912, p; 291).

Although two continuous bands' of calcareous rocks
tiaVQEﬁe-ﬁhis aréa, namaly the Dunham dolomite and the White
Brook dolomité,fneither is pare°euough~or thick enough %0
bé used for buraing. The White Brock dolomite is in some
places colored & besubiful pinkish mauve, and might, 4f it
were not’so cut by quartz veins, be used aé'a decorative
Stone. Limestone and dolomite bands elsevhere in the Subton

Mountains are too discontinucus to be relied upon.

Slate.

In one or two places the West Subton élate formation

‘provides a good ftype of slate at the surface., This is indicabive

of better quality of stone below. The abundence of hematite

‘usnally present in this rock might cause it to weather unpleasant -

1y, although such is not the case in the ouberop, Rarely is

thers the slightest natural discoloratidu,, This slate displays.

good eleavage south o7 the road one mile from West Sution towards
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Farn¥am Coiners. In the gorge below the dan at Call Hili,

the Call Mill slate is admirably suited for roofing purposes,

~and if demand for slste produced in Canada arises this region

;should:be ﬁhoroughlylprospeatédy'




17l

BIBLIOGRAPHY ©

il

Neny references tb the geology of this area are 4o
be found in the early Reporis of Progress of the Geological
sSurvey of Canada. Only those wh

hich are of imporbance ars
listed below

Vil e

Report of the select cormittes appo
Commong to obtain information
Surveys, etic., etce

Ottawa, 1884, Appended %
Canada, Rept. of Progrs
ADAYMS, Po D

inted by the House of
as to ths Geological

0 Geological Survey of =
sg 1880-~81-82, 1883,

Notes on the microscopic structurs of sone rocks of the
Quebec Group.

L

Aprendix t0 Selwyn, 1883 (see below),

¢
BANCROFT, J. A, :
Report on the copper deposits of the Tastern Townsghips
of the Province of Quebece - S
Guebge, Department o7 Colonization, Hines and:
Fisheries, Quebee, 1915, :

CLARK, T. H.
The Lowegt Cambrian of Southern Quebec.
Bulle Ge0le SOCe Amer., 42 D. 225, 1931,

. Struchure ; 2. Stratigraphy of Southem Quebec..
Bull. Geol. SCCa fkme:’.‘c' 4‘5, PDoe 1-20, 1934,
COOKE, HeCe
Thetford map-area.
Geols Surve. Canada

* SUI;}};’E. Rep"ﬁa 1950, pﬁ. D’ PDe
Ppe. 1-14, 1931,

Asbestos deposits of Thetford ax

‘ T arsa, Gue, o
Geol. Surve Canads, Swom. Rept. 1931, pt. D,
Pp. 1=24, 1332, :




e

172

DRESBER, J. A

An investigation of the copper-bearing rocks of the
‘Eastern Towaships, Province of Quabec.
Geol. Burve Cansda, Samm. Rephe 1902, PDo: 308=316,
1903,

£y

Cangdian Ins

; Copper In The Hastern Townships.
f : Cenadian llining and let. Bulle. 191, DDe 341-345, 1928,

o Hining and let., 31, pp. 83-88, 1929,

' DUTTEUX, I

;o The Iron resources of the Province. of cushoc.
FAREE O - Iranse Can. Iining Inst. 1913, 16, pp. 5-8, 1913,

EILS, Re We . |
; , Report om a portion oFf the
S : - in the south-west shes
D v (Montreal sheet)
Geol, Surve Canada, Ann. Repbs, 1896, n.s. 7, pt. 3,
1395,

¢ Province of (uebec comprised
t of the Easter Towmships map

PATRBATHI,  H. W,

A Some recent mining developments in Scubhera Quebec.
e _ Geol. Surve. Canada, Sumns Repte l95§, PS5 D, DDe
;o0 25-27, 1932, , -

HARVIE, ROBERT

Geolegy of Crford map-area, Qusb
: "Serpeatine Belt,™ Bolit.unm Towash
di ' Gecle Surve Canada, Summe X
: 1912,

, southem part of

(&

!”‘ &y

&3
b
9p

s
Se 1011, pp. 286-292,

Geology of Orford map~arsa, ard the southern part of
the "Ser.entine Belt," Potion Tevnship, 6.

- Geol., Surv. Canaia, Summ. Rephs 1913, ppe 212-216,
1914, ' ) o '

»and Rlgsisquel Cownties, Quebscs .
Geol. Surve Canada, Suma. Rept.” 1914, »D. 98-99,

JEERS IO, Re Ae Ae ’
A 1list of Canadian minersl OCCUTTENCO
Geol, Surve. Canada, ilem. 74, 1915,




Lo e - | - 173

KEITH, Arbhu :
CaJnriaa guccession of Northwestern Vermonb. .
Amer. Journe Scle, (5), B, ppe 97-139, 1923,
ufﬂﬁTUrﬁ and Stratlgraphy of Northwestern Vermaﬁte
JOOT o -,s!cb.;filfl"‘ s)OJ..L..A_"‘“d : Sﬂlé, ?23 P};)c ;
398=406, 1932

LOGAW, ", H. R ,
Geol. Surve. Canada, Repl. Progre 184748, Dppe
5w939 1849, .

FRIRIN it

This fenont is seoxece; the material can b? read in
the Following refsronce:= Jou ui of the —ggislstiwe
Assembly of the Province of Canada VOle 8, Appendix
3 . ] 3
G, Repoxt of Prograess for the year 1847-48, 18499
YA _Geology of Canada, 1863. - “
' g &coig Surve Canada, Report of Progress to 1863, 1863
Y & »

ebbq_e

Py - RICHAARDS (I, James
‘ ‘ Report of llr. Jemes Richardison.

Geodl.e Su.l‘?g u{i;&:udo,, )23}?00 Prcgl‘e 1865"’66, PPQ 29""46,

1866,

; SCHUCHZRT, Chazles
; Orogenic btimes in the Northern Appalachians.
¢!

10 SOCo ‘L.,.u'”e, A‘l, pDo ?Ol“"? 4: 3.." O

SELWYN, A. R? C.
The uebec Group in Geclogy, ese o o ‘
Trang. 30: 50Ce Cenads, 1, sects 4, Dppe 1-13, 1883,

Notes on the Geology of the South-o astern porbion of the
Pr0v1nbc L Quebheck, , , ,
Getl, Surv. Canade 8, R@pj’:’a PIrogrs 1880‘”81"82, DD

% 1-235, 1883,

* .

SIYGEZLL s Js Ta I :
Weathering and al hitization of the Wisszhickoan gschist at
the Praityhor Dam, Baltinors Go,, Maryland.

Bulls Gsol, Soc. Amer., 43, Dp. 449468, 1932,

WALCOTIT, C. D. _ _
, A review of Dr. R, W. Zlls?! second reporb on the Geology
: of a portion of the Province of.“uehee; ’t’ additional
notes on the "Cuebec Clomn.

Amer. Jouia,.scln,l 3}, 39, pp.-101-115, 1890,




5

WILSOW,

174

WILSON, A. Ve Go ,
and Sutton HounLglns, Puebgce

On the glaciation of Oﬂfoz
Amezs aouxae-Sclo, (4), 281, pe 196, 1906,

M. He . .
Tale deposite of Canada. .
Geol. Suxve. Canada, Eeon. Geol. sSer. 2, 1926,

YOUI‘IG’ ) G’A Ae
Geology 21d economic mineryals of Canada.

Geol. Surve Canada, Econ. GeOl. ser. 1, 1926,




