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DEPARTMENT OF MINES

CANADA

. GEOLOGICAL SURVEY

... Redpath Museum
. MeGill University
~Maroh 2&,:1933

Dr. G. A. Young :
Geological Survey of Canada
ot tawa .

Dear Dr. Young:

- Your letter of March 21 is .at hand. In reply I may say
that I have no copy with me of the manuscript. The carbon copy
shests included in the present manusoript come from Pairbairn's
report to me, the original of which is in the Harvard arochives.
I agree with you regarding the inadvisability of typing the
report as it is, but would have no objection to that procedure
if you deem it best. It would, of course, provide you with a
copy in case of accident at this end. However, I shall probably
add material throughout the report, so that eventually it would
need to be typed again throughout. Moreover, in the present
condition of the manuscript, the typist would not be able to
evaluate the headings corresctly.

‘Suppose that you decide to type the report as it stands.

It would then sesm besgi~to me-to-have-you return it so that I -
could make a table of contents and arranse some system so that
‘the typist can easily recognize the division into chapters,
paragraphs, etc. This should::not take wore than a couple of
days. This * did not do, for the Director had guggested lMarch
20 as & date upon which it would be agreeable for the Survey to
. receive the manusoript, and I supposed that the manusoript

mlght be returned to me &s was the Laoolle manusoript previously.
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DEPARTMENT OF MINES

CANADA

GEOLOGICAL SURVEY EE

Six weeks will elapse before I can touch the manuscript
again. In case you decide not to type it as it stands it would
seem best for you to hold it until. such time as I shall be

ready to work on it again. Under those conditions I will
inform you of the date on which I would llke to have it back. .

As a ‘matter of detail, does it maxe any differenoe
whatever to you how photographs are mounted-.

- Yours very truiy,'“

R 183 e Bt s = B




f}ottawa Ontario,'?iv'ﬂvi,,T;(V,
o Mareh’ 2L, 1933 Tt

Dr. T.H. Clark,
Redpath Museum, S
MeGill University, ..
Montreal, P Q.j e

:Dear'Dr. Clark: - | |
| The Director has Just sent to me the manuecript_W o

of your rebort on the "Lowest Cambrian and Sutton schists of
southern Quebec.” The Director in.a covering note states that

" : you ask to have the manuseript returned in order to complete

- it and that you hope to be able to complete it by midsummer.
‘ The Director has asked me to find out if it would be practiceable
- to assemble "two .copies of this report so that we may have one .
- while the other is being revised by Dr. Clarke.” He suggests you

o may have carbon copies of the part already typewritten and that

'}ewe might prepare typewritten copiee of . the parts etill in longhend.
o Looking through ‘the manuscript. I find that ‘the

~fﬂftypewritten”part is the.carbon sopy so I presume you have the
~..original. I find also that less than half has been typed and I

Judge that much of what you have written 13 eubJect to revision.

‘ ' I am inclined to think that 1f a duplicate is to
be retained here, it would .be best in the 1ong ruan,. to type the
whole of the manuscript as it now stands. This is considerable
“work and considering that the greater part . of the typing done for
the staff has to be done by one typist, and that there is much
pressing. work on hand, and that since your report is still only
in & growing stage, much of 1t would have. to be typed later on,
1 he31tate about proposing to type your report as. 1t now stands.

: - Please let ‘me know if you have the original type-
writteq sheets 0of which you sent’ us, carbon - copies, and also .,' '
‘ please say how soon you would require a copy:of the report-

. in order that you :might be sure:to’ complete the manuecript by -

 mid-summer,..: - - T
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. Dr. T. He Clark,

Ottawa, March 23rd, 1933.

Redpath Museun, ‘
MeGill University,
Montreal, P.Q.

" Dear Dre. Clark.

, As suggested by you, I will hold
the manusoript until you ask for it. We will postpone
Typing until you complete the report. As regards S
photographic prints, if they are not already mounted,

. -please send them unmounted with numbers and titles
'Written on backa.j - B B _

Ceavaus o e




T I would 'be muoh obliged :for ény suggestions‘%»"' c e
as to how we might best aocomplish what the Director has 1n S
mind. VLA
R very truly, I
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122.

123,

126,

126,

copper Mountain, memoir by v.Dolmage. Gopy for text (finsl pert)
regeived June 18, 1931. Sent text, edited and with comments, by
registered mail to Dolmage May 11, 1932, Dolmage:has promieed '

t0 return revised text befere end of year.

Bulletin: contributions‘tolCenadian Mineralegy.'
'Erticleeby uunning,:received Mey ~ll 1951.
Article by Poitevin received June 15 1961.
Artlcle by Stooﬁwell received Eeb. 22 1962, typed copy
reoeived end given to btockwell Hov.v5 1952.

Upper Cretaceous Eormmlnifera memoir by R.T.D.Wiokenden.'quy o

received May 21, 1901.

Lake Ainslie, memoir by u.w.H.Norman.-quy received Mey 26, 193%,

- In ﬂands of euthor for revieion..»‘:

128,

Pictou coal field"meioir By:W}A'geil. Part received June 4, 1931,

"~ Gave Dr. Bell on Dec.ll7 1931.,Received oompleted M3S. June 18

19324 On July ll informed thet no immediate proepeots of map

"_belng prepared work on text therefore. deferred until recelpt )

130.

of further notice. *-5- ,f;i":5?7J;:ffdi'iie.‘;jq,»-:w?"

e AV sl n g S

011 eta., in Western uenada Lc.‘ueol.,Ser., bv u Hume, new

'4edit10n. MSS. and 46 figures of revieed edttion recelved

 Nov,. 16, 1932, but copy still laoks one chepter by Wickenden.

140.

142,

143,

Anthropometry of the beaver, etc., bulletin by J B. Grent. Copy

received prmor to March 19 1951, ﬁgg;;“;g,ﬁ_

nlora of Arctic banada notee and MSS. by Ostenfeld._@opy received

mov. 5,71931. Loaned to ur. Malte Nov. 5 1951.,4 .

Ann., Rept. of Museum 1931

.- Borwarded to ueputy Minibter July 27
1932, Page proof seen -and 1 1+E ¢

recommended - to,uirector 0qt; ee
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, This ievthe~eeoon4'offa series of reporte'eontemplated
f N by ‘the Geologioai.sﬁrvey of Cehada'dealimg mitﬁ an Eest-West

1 strip of countiy north of and adjacent to the Internstional

- . Soundary in Southern Quebec. Theureeaone for the field work,

of which theee reports contain the reeulte. has been given in

a previous report. Briefly. it may be summarized as an attempt

.,to provide & satisfactory standard with whieh geological units

~ of the complicated structure of the Quebeo Appslachians may be

compared. In partioular the Sutton MOuntaine have never before

T

been studied in any detail, but enough wae known to give riee to

cOntrovereiee which have endured over a period of gsventy years.

s e i

S L The- qnestion of age relationehipe hae ever been' ‘the ult;mate

issue while the more fundamental etudy of etrueture and

N metamo:phism hae been negleeted by mOSt investigators. JThe ;
"vuncertalnty of the whole problem and lack of unanimity of :
eoncluelons 1ed the Ce.nadlan Geologioal Survey to underte.ke a

thorough examination of the region.-{fffiff*

The present etudy of the etruoture and metemo:phiem '
wag  commenced with the immediate obJeet of determining the age
' relations of the rocke Solntion of this problem would ellow '

pr0per correlation with the territory both to the eas-c and

west and’ thue afford eontinuoue eection extending eaetwards for

: 60 miles from Lake Champlain aeroee the folded roake of the




Lo

region. This section, it was believed, would‘provide.the\key
to all further.regionai or economic work northward in Quebec
and southward in Vermont. Ain addition it was recognized that
something might be learned of the early,PaléoZoio orogénio
periods which would prove of value in the ﬁnravelling of the -
goologic history. Also it was believed that some addition
might be made $o our knowledge of theoretiocal problems in

structural and metamorphic geology. MNoreover, this area is,

- 1like most mountain-built zones, oné of potential mineral

TroSOUXCESe COpper, iron, ohromium, asbestos, talc, snd a fow
other materials have in the past been extraoted. in some cases
profitably,vfrom these rocks. To determina how far the o
geologioal relations would support the 1ooal confidenca in -

their ultimate axgloctation was one: of our most important f'

tasks. :

Loaality~and Area; :: .

| The area. treated 1n. thia report lies withi.n the

'_tSutton and MemphremagOg Quadrangles. Its western border is. _
: -the Oak Hill Thrust which runs approximately from the vicinity '

of Eccles Hill through Dunham to Sweeteburg. On the east it ‘
is bounded by a somewhat arbitary 1line a mile or so west of

. and parallelling the (East) Miesia quoi Rivexz mazking ,,,,, .
'physiOgraphloally the baee of the Suttan Mountains on the east.
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'This area .350 square milea 1n extent 1noludes parts of

| mlssissquoi and Brome Counties. and parts or all of the{f'h’
$ownships of Dunham St. Armand.,Farnham East Brome. Sutton. 7
'Bolton, and potbon. . ot

© Physiography.
TheAregion 1155 oomjletely within the Appalachian |
Mountain Provinces The structural trends; and consequently,
‘ﬁhe‘dependent‘physidgraphic trendéAdli'run at'about N.20°E.i
.The region is dominated by the maas of the Sutton Mountain
Range,. whioh eulminatesin Round TOp, slighly more than |
- 3,200 feet highe “urthar detaile of the cOpography are -
_glven beyond under Physiographyc.g ~ v o

| OutcrOPB are reasonably oommon. Sbme’of the -
»jmountalns are cOmpletely exposed. Glaoiation has been

.};thorough and tha outorOps are. as a rnlo. quite fresh. ;,i.

, _ The less mountainoua part of the area is a thriving
, agrieultural region. depending upon mixed farming With

emphasis upon dairy produota. No manufacturing ie oarried »
" on here. Brome Lake ia ‘an - 1mportant aummar reaort, and parts '

. of the Sutton Mountaina deserve as well. although the 1aok of
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1akee there Operatee againet their development. The'network

- of roade in the western part 13 ‘qufficlent for all commercial

.needs. Three roads only ‘oross the Sutton Mountaine. at

Bolton Glen, Bolton Pass (a provineial highway). and at
sutton Mountain " Gravel is abundant and has been ueed T
advantage. so that it may be said that there are very feow bad

roads, ‘and these are fast being improved. ;uy:?i' -

Sutton and Knowlton are the largeet towns in thie

| i-}area. Frelighsburg, Dunham, and Sweetsburg being importent

ﬁ_;vlllagee, the latter the oounﬁy eeat. A score or more of smaller

" villages such as Brome, Weet Brome. Abbott COxnera, Abereozn.

communitiess -

Glensutton, Highwater and Dunkin are 1ooal agricultural

Prevj_o“ W_Ork’:“."j:;.;i_: R

Sir William Logan. the firet director of the Survey,

epent the eeaeon of 1847, pert of 1848, -and ell of 1849 in

southem Quebeo.‘ During these years Hhe first.outlined his
theory of the structure and- age relations to whioh he adhered
during the remainder of hie life. In the next decade he made

occasional ehort tripe but did no protracted work 1n the area.

. Jamee Bichardeon, one of Logan'e aesietants, wae in southern

Quebec dunng 1864-5-6 oontinuing the earlier work ‘and eleboratmv
upon ite Logan retired from active Survey »worth 1869 but ¢

a

i
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ooﬁtinoed the work“tegun many years before‘epvto the time of

his death in 1876. His last project, out short by his death,

" was to sink a bore hoie at_Riohmond by which he hoped to

| esteblish:beyond doubt the eorrectness of hisfeonolusions.. =

Alfred Selwyn the seeond direotor of the Survey, B
and James Richardson, spent the summer in 1877 in this areae..
Selwyn 8 conelusions were Opposed to those of Logan and were

generally eeeepted from that time one Arthur Webster. sn

' assistant ‘'was here in 1879 and 1880 eontinuing Selwyn's

- WOIXXKe Robert Ells and Henry: Ami were on the seene during the

early part of 1885 Selwyn during part of 1885, Ells and Aml

| - again during 1886._,The disooveries -of 00pper and asbestos

nade it desirable to re-map ‘the region and Ells continued fl

" this work in 1889 1890, ‘and part of 1891 in and aboat Brome

county. - f ,'_' »».o.ﬁ}" "x}7‘f*ﬂ“"s'1 ‘Q?WI’

LA lull in geologie eotivity followed Ells' work

until’ John Dresser in 1902 investigated part of the Oopper

_ belt. Ia 1910 he was engaged in mapping the serpentine rocks

'1of southern Quebee. Bobert Harvie continued this and other

’ the summer of 1916 mapping some’ of the marble formations. and. ..

goneral fleld work in 1911. 1913. and 1914. Ge A ‘Young spent

in 1923 Fs A. Kerr mepyed the eastern helf of the Memphremagog;;,_sl

quadranvle and worked out the structure and stretigrephy off

that regien.ff'




DGSthe the quantity of field work oarried out in  ;

- this region only 8 small part. of it haa been. published.

Biohardson. Selwyn, and Ells alOne apparently publlshed all

of their results. 'Dresser and Hairvie have only summaries of :
their work in p;;nt. ‘A map of the Eastezn Townships was,
however, propared by ﬁogan on the saale of 4 miles 10 an inche

- This map he undoubtedly would have»publiahed had he-remaingd
Director ofﬁthé'survéy a year 1onger than he aotnally did.';':
The map was engraved bearing Logan's geological bounda:y lines,
but as far as the writer hae bean able to ascertain no
colorad-coPy exists. Nevertheleas the map with Logan'

boundary lines was‘ﬁsed as a base map for the publication of

N part’df”Ells"laﬁér repoit; In places Ells ecoepted Logsn's

; boundaries without change, 1n othars he drew in new boundaries; .
:f:As far as the area of this present report 18 oonoerned'l
> iW1Sh to- pay eapeclal tribute to the exaotnese of Logan g

:-boundarles. mllS’lines are in many oases quite inacourate.'ﬂ

fpjin the light of our present detailed mapping. 'Some of Logan's

lines in the Sutton Mquntain area‘ara Without'appkrent |
significande.'but beééusé weiiaok a legénd“or ofher means of
identzfyxng their meaning no good purpoae can be served. by
oriti§121ag thems " I would particularly refer—to a small _
closed line in the extreme aoutheaatern corner of the townshlp
of Dunham This line quitefhfaccuxately follows the outcrOp
of the Wh:u;e Brook dolomite in & - small’ aynonnal 'baein within




by the senior author in 1927.Vit was hOped would help to"
solve the 80- year old problem one way or. the other._:“ielde

- area was effeote&. and thue ‘a etrip of;oonntry 75 miles

7.

the underlying chlorite schist. Further the care with which

the Dunham dolomite was mapped is remarkable. This is shown

- by two closely spaced lines resemﬁling a road; but following

the intricate folding of that formation “Prom Ste Armand Center |
to Sweeteburg. It is not too much to0 say that had Logan 8 map
been published the 1ong eixty -year drought frOm 1870 to the x
present time would have been prevented. ' True, his ideas °f.w'
the stratigraphy have not all been eubstantiated, but the e
excellence of his mapping was so far beyond that of any of

his contemgorarzes and many of his eucoeseore that Selwyn is

to be oriticized very severely f£or withholding the map from

- publication. x{ia‘w

Many factors. pereonal ee well ag ecientifio, will
explain this Wealth of fie;d 1nvestigation and psucity of
printed results. but are not relevant here. It is eufficiant g'”

l‘

to say thet in more recent yeare tbe Survey hag not been

eonV1nced that LOgan was eo muoh in error regarding eome of

his eonolusiona in Southern'QneBec. 7’The field wnrk begun "5;15

:'_'- :

work was oontinue& until 1981. ﬁhen contaet with Kerr'

Wide has now'’ been mapped in detai‘




e f-;sPresent'Field Wonk-n;ﬁf%?443;*5%””“h

} Southem Quebsc hae been mapped t0pographioally by ,
the Department of Hational Defenee at Ottawa and two of their | |
A‘sheets, the Sutton and Memphremagog, furnished the base maps
for the present 1nveetigation. Theee maps were photographioally i
enlarged from 1 mile to the- inch to & mile to the inch for |
field work and all necessary date have been plotted direotly
on them. Inetrumente used included tally regietere for- paoing, |
' automoblle and bicycle odOmetere. Brunton compasses. and & ﬁ’

, planetable. Roadside outerOpe were located by pacing or by
'odometer.' For outerops . between roade pace and oompase traveree-
were made and epaced so a8 to obtain ‘the maximum amount of |
geologic information in the least time and with & minimum of .
3 _effort.* A planetable with teleeoOpio alidade was used to
advante.oe in a few looa.litiee mfw, lcu// &:wec ‘»ta]é o du.uu(. | _‘

Cow Exnept in the Sntton.Mountaine every outcrop has been
'separately mapped on the data eheete of the Survey. In the
t-mountaine. outeroye are largeLy hidden by the denee growth of -
hard woods S0 that metioulone mapping of individual outorOpe .

.'t_fwould have been well nigh imposeible in praotice and would have o

entailed at an. estlmate five,pr six summere' work._ e arei"“'“
voonvmncea that the epaeed travereee, with added interpolated

traverses across the Sutton Mountaine have yielded e11 the 'n

' eseential informatiOnfneceeeery for the purpoee of thie report.
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The séniorvauthor commenced Work on.the.western’
part of this area late in the summez of 1927, being then
'assistedvby H¢ W; MoGgrrigle.'iThie'work was continued in |
1928; C. Ho Crickmay and F. M. 'Hﬁtéhins rendering velusble
assistance. In 1930 both senior and Junior authozscollaborated : A
on the Sutton Mountains, having A. F. Benfield amd V...
_H. We McGerrigle as assiatants. fn 1931 tha Junior author - .

continued his work alone on the Sutton Mountaina.

o Aeknowledgaments.  The senior author wishes to state:h.n;f
tbat much of the N aocomplishxﬁwrecorded in- this report are -

- duse to help and suggestiona reoeived from others. particularly‘:£:‘.

}‘the Junior author. The Sutton Mountain,area was given the A
latter-as a thesis araa by the Survey. and IOrmed the basis of -

-::hlS dootorate at Harvard University.; There. he had the v -
valuable assistance of Professora E. S. Laraen and M. P. Billings

in preparing the material and report._ ‘Both those men also )

- found time to visit the area and\d{souss problems in the field.
" Dr. Billings" oritioism extendad over the entire ares, and -
_. both authora are 1ndebted to him. The assietants mentioned
?’ "above have all contributed essential parts to the work.. W .

'-;have reoeived valuable oritioal obsarvatiqns in the field

from Dr. P L. Tanton who visited the area for the purpose

A‘of examining the 1ron-hear1ng formations._ To many othera. j%r;x

Whose suggestions in the field or elaewhere. we hereby ‘;j.'




acknowledge 1ndebtedhess. particgia'rly Drs.
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| PHYSIOGRAPHIC FEATURES: ~'' *

éOpographio Divisionse

A division into fwo'eub~areaé upon é;tqpographical_ 'f
basis 1s a very simple ones thé Sutton Mountainegon the east |
and fhe Osk Hill Upland on the weate These are separated by‘
‘the broad Sutton Valley. ocoupied in part by the Missis quoi "
River, in part by the head waters of the Yamaaka.' See - o
.“jzfigure e ’ '

Osk Hill Upland. - This area occupiéa' sbout 170

qudre'miles. No part of it 1199 less than 400 feet above
' sea-level, whereas no part of the ares to the west lies above

500 foet. The Osk Hill Upland lies in general between 500

- and i,oooﬁfeet, ateep glopes are rare, but outorops foirly

common. Se&eralféubdiviaiohs aré’apparent.'_First:along the
' Western'b6rder’is & line of h111s fdrming a féry‘prOminent'ﬁ
physiographio Teature, inoluding the hills at Bull Pond, - .
. Oak Hill, Garrick corners. and Eooles Hill, also Minister
CHill 4n Varmant.i ;hie faatnre can be traced southwards beyond
Ste Albans, VGrmqnt.~ Northwards 1t 15 ‘not eaaily reoognizable.
This line of hills ié npheld by the resistant 'fo75 of tha ‘
9-Q~w0- f qnartzite formation which outerOps oontinuously
close to the traoe of the Oak Hill Thrust whioh forma the’
westera limit of this areas Ea.st of thie line of hills is 8 |
broad valley exxending from Frelighsburg through L&ke Brook

: M—o-———“"
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to Lake Selby. northwards through Dunboro and Marsh Creek,

RS losing its identity as a valley in the vicinity of Gilman

 Still further eaetA;s & zone of hills starting to the morth
| with Tibbet Hill and paesiﬁg southﬁestwardS'td,Piﬁnacle |
Mountain and Spruce Hill. These hills are of somewhat"
resistant chlorite schist, continuous to the north and south
"‘of our area. Pinnaole Motntain owes its dominance not %o the‘
iﬁherent properties of the chlorite schist, but to a small -
ﬁv.quping of much harder grayﬁaoke;‘ From this 1line of ohlorite

"~ schist hills the tOpOgraphj deseehds.eastwerde‘eaeily into the
Sutton Valleye B R T "

§

The Sutton Mountaihe.-“ The Sutton Monntalne arehll“

the continuation in Quebec of the Green Mountains of Vexmont
and cover an area of about 200 equare miless They have _
maximum width at the International Boundary of 12 miles and |
- taper down to a width of 8 milea at the north. about 20 miles :
~ along the etrike from:the boundery, The maximum elevation ie

" attained atfﬁoundlwbp{"about‘ﬁ 200 feet sbove sea-level, aud -

'f_‘the highest point in southern Quebeo.- The average-elevatioﬁ

P A approximates 2.000 feet whioh represents a relief of about o

._" 1,500 feet above Sutton. Glensuttun; and PottOn valleys.' o

B gThe average 910pes vary betwean 5 and 20 par cent but the f ‘
rugged oharaoter of the eountry precludea much generalization
as to-grade. The eaetezn elope near the tOpOgraphio axis is

as a rule more preoipitous than any other part of the mountaine.
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Viewed from the northwest the aouthefn pert of the Sutton -

" Mountains skyline appears as a succession of notches with long

low_south‘slopes and steep, short, northward faces. (Plate - )

- The continuity of the southem part of the mountains is in

sharp contrast with the more deeply dissected northern part,
which latter is transitienel tO'the eubdned topography
immediately north of Brome oounty in whieh Only the lithological

and struotural oharaotera of the mountain area remain.

Sutton Vallqz_ “This vallej‘eixenda sbnthwestwara

for about 17 miles from Brome Lakee In general the slopes afa
gentle but those on the east are steeper and less dissected
than those on the west.- The eastern, Sutton Mountain eide,lr

stands also in muoh greater relief and riaea on the average

. 1,500 feet above the valley floorz' The weetern BlOpe rises -

between 300 and 500 feet. The longitudinal profile of the

valley is. dieoontinuoue and the elOpe reverees at e divide

L about 1 mile norﬁh of Sutton village..

Glensutten,Valleglf’;ﬂhie’erosees the south end of
the Suttdn'Mountains in a geneiel”eaetéweet direction and joins

Sutton Valley at Eiehford, Vie and Potton Valley at Highwater.‘

 Quebece It hae a length of 15 miles and averages 2 to 3 miles }

in width.’ Ita elopee are eteeper than those of Sutton ana
Potton Valleys and the average relief is abont l.BOOxfeet.-
The profile of the valley floor‘ie very flat and eloPee gently
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t0 the weste

~Bolton Pagsse. This pass extends west 4 miles from

" South Bolton in Potton Valley and then swings northwest toward
Brome Lake for the last 4 miles of-its‘oourse. (Plate )e
It outs through the north end 0f the Sutton Mountsins and 1is
serpentine in plan. It width is seldom more than 1 mile and
the'%élley‘ﬁalla ére stéep to;pracipitous'in man& placess
The valley floor'feverses its slopé'jnstfnorth of Sally Pond.

I

Bolton Glen.:% This glen lies north of Bolton Pass‘

snd Joins with it 3 milas northwest of Sally Pond. It extends

' %hree miles in an éasthweat direction across the Sutton

'Mountalns and although 1ts relief is. similar it is a broader
valley than Bolton Pass.‘ Ita langitudinal profile slopes
gently West toward Browe ‘Lake. from an unnamed pond between

: Bolton Glen and Bolton Center.j East “of that plaoe 1t slopes
“’; steeply eastwards. LSy IR E S 5 ' |

Dréinage Divisiona. ffvE;l,f.:;'

There are four drainage basins within this area,rff*
. all of which head in the Sutton Mountains. (Inset ).»1 .

The streams vary ‘in size from mere: trickles to small rlvers S
30 foot aoross.J ”helr grades ehow little uniformity, ranging ”;
_frOm almost z6x0 10 preoipitous droys of 30 feet Oor moxre.’

The streams ocoupying the main valleya take meandering oourses\




@
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across gravel, silt, and sand of the'valley floor? this is -
interrupted in places by a rapid or waterfall where bedrock
is exposed. The smaller streams are in general’ more rapid |

and show less of these meandering features. o

Brome Basin. = This basin contains Brome Lake as f

its focal drainage point. The lake is shallow, with low shorés.
and is roughly eircular in shape. 'Fo important streams are
tributazry to it and it is of local sighificance only. It .
drains Bolton Glen. the northwest half of Bolton Pass and

the northern end of Sutton Valley.

Yamaska Basin. Thia lies directly aouth of Brome

Basia and heads on the western slope of the Sutton‘Mouatains.

- It ococupies 6 miles of Sutton Valley north of Sutton villaﬁe

and cuts through the Oak Eill Upland ina number of small |

depres91ons. Beyond thie area it widens and oontinues to the

‘St.’Lawrence River. . The principal river is the Yamasgko which

finds its source. in ‘the numerous sma.ll streama of the Sutton o

| Mountains and. £lows westward aoross Sutton Valley and the

Oak Hill Upland. ‘”he drainage aoross Sutton Valley consists

only of small streams butitheseﬂunito'furthqr,wget_tqvfpzm,ﬁf

the rivers -

Sutton Basin. ?‘ThisAbaein*ocoupies'the éouthernf}{;ﬁl“

half of’ Sutton Valley and drains the adjaoent slopes of the

Sutton Mountains and the Oak Hill Upland. The prinoipal
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stream is the western branch of the Missle’quol River which

'+ heads just north'of‘the village of Sﬁttdn'énd flows south

into Vermont where it Joins the main Miasis quoi River of

Glensutton Valley.

potton Basine. . This inoludes all of Potton Valley,

Glensutton Valley, Dunkin Valley.jand the eastérn‘pért‘of
Bolton Pass. It drains the eastern and aoutiern part of the
sutton MOuﬂtains and indludes‘the southern and eastern braaches
of the mlssis qnoi River. The meandérsTof thié stream are'
particularly notable at Highwater and are well displayed in

the flat-bottomed valley where ‘the streams unites FRuiter E
Brook. which oaoupies Dunkin valley. 19 the main fributary

stream and heade in Fullerton_?ond 6 miles north of Glensutton

Valley.

Interpretation of T0pograpgzg"“"

| The present tOpography of Brome oounty is of mixea
origine. The main features are pre-glacial and 1ndicate a |
mature stage of deveIOpment. The minor features are due to
the recent glacial activity and the tOpography has been -
modified slightly by accumulation of unoonsolidated 8ilt,
gand, and gravels - The drainage has baen entirely re-adjusted

ond the streams diverted mq:e_g:slesa ‘from their former channels.
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Rolation of Valleys to Structure. - The structural

units of Brome county trend northeastwerﬂ‘and are represented

- by the Oak Hill upland and the Sutton meuntaina.;«The{prineipal"'
.valleys already described have all the characteristics of pre=-
;»glaoial types and both follow and cross the strueture.

;_WGlensutton is the largeat of the traveree valleys and Sutton
the largest of the longitudinal ones¢;_'

Post-glaeiel Valleys are numereus.'eSPeoiallj in R ;/f
the Sutton mountalns. but of minor importanee to the region as h
& whole. ' They are of sueh recent origin that no structural
control is evident. They have steep gradients inllongitudinal
profile and acute V~ghaped %rensverse sections. Many of them
are suspended'ebofe’the main pre-gleeial.velieye in true -

hanging~valley fash10n¢ ‘ "ff1:° "“',.f'iifij:ff;j ﬁ,;

Relation of Drainage 10 lelﬁys."-@he streams of

the aros are ‘all post-glacial- in origin end are therefore not
in adjustment with the main valleys. The branches of the' "
»Missxs¢quoi rlvar found in Glensutton valley have a. contlnuous 1'
down grade which indioates that ‘this part of the revion v
responded uniformly to post-glaoial uplift.- In SuttOn valley _‘
the pre-glacial dralnage hae heen diverted and a divide passes .
) through about’ 1 mile north of Sutton village.; (Inset ). L
| The ‘streams north of this divide head 1n the Sutton mountalne,
¢ross Sutton Valley. and out‘weat thrOugh the Oakc: 3111 o
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o uplaﬁd. south of the divide the Weet‘biunoh'of the M.Ssis#quoif
| river follows the Valley eouth 1nto Vermontai In this case
post-glacial uplift was not uniform end the streams formerly
sontrolled by Sutton valley have been oaptured by the Yamaena .

river and its tributaries.a,ff%”

‘The post~glaoial streams are thus seen to bs both
dependent and independent of the pre~glacial valleys. TWaterfalls
and raplds ars common to both types and indieate a recent
origine The branches of the Misaiaﬂquoi river obviously are'
not aecomodated to the valleyaxthrough which they flow for .

"<-the1r meanders do not remotely parallel those of the valley _
sides. The entire drainage is youthful and was impoeed on
8 tOpography which in the Suxton mountains-was approaehlng
| -maturity and in the Osk Hill uplan& was in late maturlty at
| thﬁ% time of theninfasion. '

v Relation of Glacistion to Topography. ™ The region

- has been thoroughly glaciated and etriae on most of the exposuree
’ﬂtstrike about N.160 E.' The tOpe of the mountains show evidenee |
of ice aation in surface matkings and in erratias foreign to-f;
;~the bedrocks These include boulders of the alkaline rocke of
Brome mountain 1o the northwest and confirm the eoutneastenaly
movemen‘b of the 1oe :’mdioated by “Bhe; striae.‘ Wilson (1906 )
| has described twelve parallel v~ahuped notches which crose -

Rouad Top (3,200 feet above eea-level) at about 25° east of




|
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south. They are £rom 4.to 10 feet in depth snd evidently
- represent préeexiéting':fmctnrés fwhioh.ha.v‘e"_gbeeh; gouged out
vy t”he'ice." T T SRR e
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GENERAL GEOLOGY

Alﬁhough within‘thie'area tWO apparently quite

&1verse geological terranes can be differentiated, yet it is
our theels that these two differ in metamorphism only, and
that fundamentally the whole region eoneiete of but one
series of rockse. The boundary between the two distriots is
an irrevular llne a mlle to two m;lee West of the depression
known ae the Subton valley, passing thrOugh Mansville, Brome,
and reaching Brome Lake northeast of ;ibbet Hills East of

this line the rocks argVell‘metamoxphosed:te eehiets of

'jvarious kinds, westwards is a series of sedimentary rocks

feefing upon a‘basementfof oh;brite schists Those tweeregions

- have alrsady been approximately deSigneted, £rom the

physiographic p01nt of view, ae the Sutton mountaing and the
Oak Hill upland respectively- However. because the boundary
beotween these phyeiographic units is the line of the Suttan

" valley the phyeiographic and geologic ‘subdivisions are not._

quite the seme. ‘Hence‘in the succeeding pages theAareaéof ,

sedimentary rOokS w1ll generally be called the ‘Westemn Distriot.
and that of the metamorphio-roeks the Eastern Dlltrict.
The eorre3pondence ie, however eo elose that the physlographic o

Sorms may often be used w;thout foar of ambiguity.:;%{f:;
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"+ . The Western Districtm;w%%;;;;m,_;._

This is bounded on the West by & eontinuous thrust

fault called the Oak Hill Thrust, by which its rocks, of :

Lower Cambrisn age, are brought to rest upon the Gooxgla
'Roscnbcr_g 6'/16-':
slates of the REToT +I=83s8k and the Stanbrmdge slates

of ‘the Philipsburg Biocik, both parts of the region deseribed
in the earlier repOrt.. The strate of this district rest .
unconformably upon & mass of ohlorltu and epidotio eohist
demonstrably metamorphoeed baeie lava flows, and consist
of slates. ‘graywackes, dolomitee. and quartzites. They azxe
~¢losely folded overtuzned to the weat _and aa stated overthruet
;1on to the younger rooks to theKSESt. The uypermost members
. exposed are elates ‘which are everywhere isoelinally and
. irregularly folded,,dne 1n rart t0 theirepresent poeztion
"‘1mmed1af’1y above the Oak‘gill Thrnst. The elates.of this
, formation have in the past been exploited for 1ron. as %oo
".hac the graywaoke, without suoeese in either caee. At several
-+ places along the eastern boundazy-of the chlorite schist ars
- mesgre exposures of j elightly metamorphoeed saxnipg=-ef 1ocks
identified here with the Oak Hill Series. ' Their relationships'e
are discussed under the head of the ManSV1lle ‘Phase of the j;}:u.
Oak Hill Series. Within the chlorite echist, usually cloee“f‘"
to its contact with other formations. 00pper*m1nerals ooeurif;:'

and have been mined w;th indifferent auooess.,ee;g.;,:w
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" Phe Eastern District. |

The mass of the Sutton Mountains consista of
szllooous felspathic, sericltic, and carbonaseous sohists,
demonstrably sedzmentary, w;th a few intaroalated beds of
dolomite indlstlngulshable from the dolomite of the Western -

”'Distrlet. This terrans is underthrust below the rocks of ‘“5w~¥7'""

the Western District alonghtheir mutual boﬁndary. In general
he structure is that of aa anticlinorium, the struotural
axis however lylng somewhat east of the physiographzo axise .

Although dikes are rare. muoh of the schist near the axis

'has ‘been heav:ly albltized which”i;dioatqw'a magmatic souroo,

: not far below, responsible for part. at 1east, of tha meta—i-

mozphisme. A few 1ntrusions of basio rooks have resulted in j

':lthe subsequent formatlon of talo. whioh haa been quarrie&

) f‘and mined in the past. Chromite is also aasooiated with o

" lintru31ons. Tho eastexn boundazy of thia area is an’ apparently
'f? conformable sedmmentary oontaot between these schists and

.';3(?)Upper Cambrian slates-;ﬁ'EEﬂ@§#f“Q**“"*’-"*~

Relation of Present Workfto‘Previoﬁs:Invéstigations,”

The history of pievious 1nvestigationslin Southem

‘Quebec would make & IOng stOzy and Only the main *eatures aro'7"

summarized here. Ells™ map Ueqé) ia ‘the only. one published -

govering the whola area, “and’ it is cOnveniant to compare it




B

with the onve prepared for the 'preé“ent'work;_' ’

The Oak Hill Series, the Tibbet Hill sonlst and
the Sutton Series, are all inoluded in the P re-Ca.mbnan on

Ells' mape It is now known that the Oa.k Hilk ‘Saries is

and
Lower Cambrmn. Athat the lower part of the Sutton Series
can b correlated thh it. The Tmbbet Hlll sohist ig in all

probability Pre-Cambrian. S REES _;

4 ’ Structura.lly the a.ngula.r unconformity between
i the Sutton and “ﬂansonville Seriea is now omitted and only a.

disconformity is neoessary aceozﬂing to the present
q A _:Lnterpretatlon. The Oak Hill a.nd Brome Thms‘ts do not
o ‘appear on Ells* ma.p, but the position of the Su‘cton a.xla

S A-;". X

:.s approximately OOrrect.-w_ ST

Sl

L . Im general the oomlusions reachecl from the fielcl

» mappmg tend to revert to. Logzm's eonoeption of -the s»rangraphy.

of southern quebea, :Ln which the rocks, in various stages |
 of *netamor_phism. are all Pa.leomio. CmclusiVe evzdence may
naever be obtained but the problems are by no means solved o
by mapping the douo‘aful fomations as Pre—Cambrian. Logan' =

- conception of the struoture oi’ the Snt‘con Mountams as a

e A ot £

‘ : syncline, 'm:.ch conception was first shown 1;0 be erroneous

by Selwyn, finds no support infmodem investigatlon. o
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""”“The‘wesﬁérﬁ‘Distriét;‘g*“': : 

Pre~Cambrian.

ribbet Hill schist. The bulk of chloritic and

epidotio sohmsts herein comprised oextends the antzre height
of the map sheet from Brome Lake t0 the Vermont Boundarye-
For six miles southwest-from Brome Lake itlis two miles broad,
contracting suddeniy td"léss thén a'ﬁi;e for about four miles
in the viciniﬁy of West SuttOn;'thénoe swelling grédually
$1l1l its wzdth at the Vermorit line. is a: 1ittle Over four
mlles.' In general this belt stands higher than the country -
to the east or west, and culminates in Pinnaﬂle Mountaln
(2,200 feet), ‘which owes its emlnenoe'largely $0 & super-
structure eonsisting of a syncline of graywaake Who e supezior

resxstance has pratected the schlst below. SO
'fﬁtﬁoiogy. *'Macrosbbpically.'the roek presents a 
great many phases. In oolor it varies from very dark vreen

. through med ium green. to dull yellowish green. The less

':-metamorphosed parts are almost invariably blue, reenish blue.

>”_or purple in color. It i;ialmost invarlably fine texmured,
with 1arger orystals of chlorite. magnetlte. serio;te, or
“>ep1dote accaa;onally prominent—“7Veinlets of qnartz epldote




and calscite are common in some phases of the rock, which is
on the whole free f£rom veins. Amygdules of the same mlnarals.
also larger irregular nodular-masses,vare Sparingly prosente.
In several places the amygdules, filled with epidote, occﬁr,’
in marked bands anf ineh to several incheé_wida; and an inch
or more apart. On fhe whole.little diversity of texture is |
$0.be seans 1In oue or two plédes;'ﬁarticularly’o§DOSite the
West. Suttqn.schoolhouse, surfaoe features easily explainable

. a8 flow lines can be aeen, though thls is not certalnly the
true lnterpretation. The combinatlon of bvands of amygdules

 and this presumed flow structure lndicates a lava, and the f"

"lhlgh chloritic and epldotic content suggests a femlo type.

It is aot 1mp0331ble that some of the fine—graaned dense,~”{'
anyg dalold-free ohlor;te sohist is a metamorphosed bas;c tuff

"but of that we have 10 proof.,t-,f;~i T

5

lvtype whieh'rai ses a problem of origin very hard to settle.

‘At s60Tes of 1ocallties, but particularly east and northeast
of Pinnaele Mountain. there are numerous narrow hands of a f |
slaty rook.‘which have the appearanoe of infolded beds."’r‘.'

| Were it not for the faet that the lowest superjacent seﬂlment

is a glate. superficially indistinguishable from most of

. theoe infolded beds, it would be reasonable o consider then -

as tuffs interstratifled with or infolded with the altered

lavas. And. where anly the 1owest member of the overlying

l Assoeiaﬁed with the'chlorite'sohist%is a‘second-rodk

b
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series mlwht appear at the bottom of an infolded syncline B
its. dlstrlbutlon and rolationship would be essentially 31m11ar o
to those.of the rock in question. It was as thlS Lower

Cambrian slatesbody that I mapped these rocks at firss, but

gradational types heﬁween obvious ehlorite sohist and the
slate in guestion Wthh began to be discovered rendered such
& sep ration will nigh 1mp0331ble and tended to discredit
) the oorrelatiOn. Flnally some-hodles,of elate were discovered
, , in which were recognizable anggdﬁie_e sometimes .aflmes‘t round,
sometimes wuch flattened and squeezed. Such atrueﬁures'énded
our assoclating these sIatylbodies with tﬁe'LOwer Cambrian
'1-slate. and indueed us to consider them as, in part at leeet
lavsa flows which because of inherent difference in comp091tlon.
b»f had - euffered the formation of elaty cleavage to. such a aegree
" that they beoame £ rue slates. . It is nbt impoeelhle that
~esome of them may be eleaved tuff bede, but of this there 1°-
| no proof. Only where there is good reasoza to ouppoee tha.t
) they maJ really be plnched synclines of Call.M}ll slate
| are theg mapped separately. _”hey may be seea to good
edv_nta*e in outoroPs near the road side about a mlle and a e

“half due east £rom Plnnacle Nountain eummit.” Here for half

a mile north and soatn several of these bOleS may be eeen.,.f
/30 ZTE.«O
In the above meationed localltiee they are all emall wo—

o Wlde at the most. However. east of the

b; Brome ”hrust eimx]ar bede may be seen between Maneville aad
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- Brome, which are_quite obviously the metamorphoged Call Mill -

- slate. Hanece, in mapping,whéie-sudh slaly beds are obvicuslj”
igneous thay have not been separated from tﬁa chlorite schists
whare, however, they may well be con51dered to be tne Call " |

'm;ll slate they are aocord;ngly 80 mapped.

- Mieroscpﬁie Character. ..Chlofite. epidote, and - -
albite are the essential constituents of the Tibbet Eill
schist and compose the grouh&masé'of all the sectionsAexﬁmined.

' 'Calalte, quartz, magnetite-ilmenite, rutile, titanite, a

sericite, apatite, and zeolites are promlnent accessorles.

’Chlorite in small‘flakes"énd'shradq is thé mowtv
'impbrtaﬁt mineral and its parallel dlmenszonal arrangemont
‘vindicates'the direction of achistosity. I 13 usually
Visoatfarod througnout the rock but in places is conoentratad f'

in narrow bands Wthh are free of other minarals.

 .£pidoté isAprominent_as small rounded‘grains
»'a‘diétributed'throuvhout'tha”éeotions.  In places there are’:i
‘econcentrations of large: grains whleh glve tha ‘voek a |
eharaoteflstio llghn grean color.- The large nodular masses i“

~ of epidote alreauy mentloned are also characterlsuic.777."“

Albite, 0r a.lbite-oli’oclase, oocurs ab small

1rrevular graine which ‘are usually clouded thh inclusxons.

2




In a few cases remmants of albite twinning are Seen whose

" width indleates an original plagioeléée at 1east as caleic

- as andésine. 'Extinction'angles measured on the twins and

approxlmabe 1ndlees. however. show tham these grazns range

fron albite t0 olzgoelase in oomp981tion. S

L i
"‘:;T’ur' _—

Caloite is present in large irregular grulns

lying across the schlstosity and coaﬁalns abundant ;nclusions a

of epidote, chlorite, etce Quartz is found in scatterea

- agg revaﬁes of small gralns and in plaees as large LSOl&tG&

cryg% als. " iica (serlolue) oocurs ln falrly large flakeg

usually cutting across the sch185031»y. but is never common°

_Apatlue ig consastently present but llkeW1se is not abungant.

Zeolltes are common a8 amygdule fllllﬂ@So Only'”

the Pfibrous varzeties have baen seen in thln sectlon and

the specles have not ‘been determined.“ Quartz. ealcite.

'epldote, and ohlorxte also oocur in amygdules as relatlvely

large crystals. ,' o T'“ t”“V-”'“J'“" ;’; R D
.

1tan1um.m1nerals, although aceessory. are 1mportant

fin'fhe 1ooet Hill schiste Magnetite-ilmenite in blue-olack o

irregular grains is oommon.<j;he&aprobaoly regreseat 1n exr~

grovths, ag titanite replaces part ‘of the materlal in seve:ul

 sections exam;ned., A crissecxoss:hladed.textura of titanite -

and a black mineral ocours inm one sestions " A reasonasble -

explanation seems'to be'that'the:ilmenite of an original




netlce-llmenite intergrowth is replaced by tltanlﬁe and
that the bladed texture is preserved by the remaining |
: nagnetite. 'Tltanite is also found lsolated from magnetlﬁGQ
ilmenite in 1rragular granné. and usually shows some alteration
- 'bo. leucoxenc. Rutile oggurs in olusters of minute needles.
“in plaoes twinned, and visible q;y wzth a high—power obgectlve.
Those clusters ave elongated in plaoes parallel to the schist~
osity.' The rutile is 1nvar;ably‘masxed_by a'brownlsh-olack”-,
envelope Of alteration proqﬁctg' from the edges of which the

erystals project in an irregular mazner.

o Thickness. - On Pinnécle MOuﬁtain theiTibBeﬁ Hilli';_
sehist outerops from the 700 $0 the 2,200’ contour. The ‘
aummlt contains & shallow syncline of the overlying Oak Hill

 Series (inset = ) and if cOnformable relations are assuned

~ the 1 Ohl°t would be at Toast 1,500 feet thiox.' No field
evm&ance is avallable concerning tha degree of foldlag, and

'1f it is unoonformable beneath the Oak Hill Serxes the above
relation on Pinnacle Mountain is of no value.- An arbitrarv "i

-‘flgure of 2.000 feet is assumed to be probably of the right‘3; 

B ;

' orde: of magnmtude.ﬁ'!’:f.;:?1331”;i;;f:i
- Ages The"‘e:vra'ot age of ‘the"“mbb’éﬁc-‘ Hill schist is |
unknorn. it underlles the Oak Hill Series and is therefore'
either Lower Cambrian or Pre—Cambrian. Earvie (1914 Pe213)

oonsidered these Sthsts;to be part of}the Cambrian suocession,
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~ but adduced no evidence or arguments bearing on the problem..

”/

Its boundary with the Oak Hill Series shows very fow actual

S RN L e AT o

s

- contacts. The'best.of these ooctrs.on'thé roadside opposite
the West Sutton schoolhouse;». At the east side of the exposure.
a few lnches of Call Mlll blaie {the basal member of the Oak

S e e

Hill Serzes) lies in almosb norizontal pOSLthﬁ on the schisbe
K o A few yards to the Vost the glate dips steeply to the west, R

L —amey v_m;»‘.—.wﬂ—‘-——‘-w -

has a thickaess of sever&l feet, and is sucoeeded by Plnnacle

R R

ey W

Graywacke. The dogree of oonfomabllity of the sohis t-slate

contact has not bean determined as nexther formatlon contalns

R Bt

o erltlcal primary struotures.‘””

~ The degree of metamorphism seen in the Tibbat Hill

g Schlst though 1ow-grade, is oonsiderably grea‘ber than - that
""whioh atfeots the overlyinb el H11l Series, mm&—ewm,/ ,
| e " This would

- 'indwa.'ce, but not conoluxsively. that ‘ahe metamorphlsm of tho

, chlomte gchist preceded the fozmation o:E the Oak Hill Se.cies.

magnetife
- Howevoer, the abundance of detmtal,\ rains in the Pmnacle -

Tt
%

) Grayv'acis.e, and an obviously competen’c and nea.rby 80ULCE for
{ . them in the chlorite schlst. suggest strongly "shat the

; ' me‘canornhlsﬂ and later erosion preoeded the Oak H:.ll Semesa |
. IR tnls is so then the’ Tibbet Hlll Soh:.st must be Pre-Ca.mbrla.n.

It is so con91dered. in thia repor‘b. RN




ORI

31.1

Distribution elsewhere. Logan (1866. pe 247)

- . stated that *hese chloritic and QpldOﬁlc rocks constltute”‘:

\_,/
2 ridge essess running fronm the Plnnacle Mountaln in

St. Armand, to Brooker's Hill in Shipton". This ‘is a

distance of about - _ mlles..'He'did nb* discuss its age

or rela**onships. hlls (1896 p. 66 -673). GOncluaed thatv"

+this schist was older than the adjacent Cambrlan 8trata,

but mistalkenly supposed it to overlie the Suttan SGhlSuS.-

. He was of the oyxnion that the sohistosity of the Cambrian

sediments, the chlorite’ schiat and tha‘Sutton Schists was =
induced at the same ﬁime._ Dresser in the courgse of a serieS‘*

of publlcatlons on Copper and the Igneous Bocks of the

Eastern Towns hlps-(l907. Other reforences can be obtalned inwaw*

Bancroft, 1915. The 1907 paper gives all 1nfbrmatxon
neeessary) cane 40 the oonolusion that this rock Was a»~7
W’
etamorohosed OO L0y with yarent rocks varyinv from

quartz porphyry to andesite. He 8la0 oorrectly concluded

that these schlsts are the oldest rocks of the raglon, snd
"~ presumed them to ‘be Pre-Gambrian of Whlch he admitted there S

- is as yet no dlrect proof. His map (1907 vand earller

publications), is an improvement on Ells' 1nasmuch as it

'dlfferentlates the chlorzte soh;st from the adaacent :odks.,-.

‘namlng it Porphyry. etc.» For our area. there seema little S

. justification for assignlng any less ‘basic typethan and631te

' as a parentvrockb, Further north along tha Sutton antlaline
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. of considersble diversity.'“

and Stoke anticline sueh'juetificatlon doubtless.exists._f'

It should\be»eaid 1n justioe to Logan that his

- unpublished geological map of the Baetern Townships delineated

Wlth reasonable exactness the extent of this schist body.

‘Although Logan's boundary lines were printed on the base v

map used by Ells.‘tne lefter“apparently ignored them in thegi
Jorlty of cases, ‘with the result that his map. published

in 1896 is ludicrous in many places. ‘Dressexr' 8 map ie

: admittedly adapted from Logan's lines on Elle' map. as are

a few other maps published sinoe 1896."?

Southwards, chlorite schlst 13 contlnued into

+ Vermont where C. E. Gordon 18 at present carrylng on geologleal_

field work on its distribution and relationships to contlguous

B formations. “Harvie (1915 p. 99) stated that an essentially

_ slmilar suooession of these roeks occurred east of St. Albans.

Vermont. . Bt

B Lower Cambrisn SerieSb | Unoonformably suceeeding

. the Tibbet Hill Sehist comee a seriee of sedlmentary rocks -

The suocession is ee follows




10.  Vail slate '
9. Sweetsburg slate

~——

o 8. scottsmore quartzite and oonglomerate B
T 7.v0akmnslate”_”""
S 6. ‘D'tmham dolomite -
5. Gilman quartzite

4. West Sutton slate -
f.5. White Brook dolomite
‘2. Pinnacle graywaokefifi_ff;fffkf f71fi

1. Call Mill slate

Tibbet Hill s;shist"._ .

0f these the Gilman quartzite and a phase of the Dunham

Vo

" ‘dolomite have yielded f0951ls. both Lower Cambrlan types.
In snlte of unconformities 1n ‘the upper part of the sectlon
there is no reason to suppose that any of the beds are :
younger than Lower Oambrlan. Beds l, 2, 3, and 4 are best

- developed in the central part of .the Sutton sheet being

N

practically eliminated at the Border, and not belng exposed
north of the latltuda of Sweetsburg. The former lack is due- .
doubtless to a oombination of faulting and unoonformities.A-"
whereas the northern lack may well be due to the heavy drift

cover, for there are no outcrOps of any kind showing along
the strike of these beds. The Pinnacle graywacke, scantily

exposed at the Border, is abundantly ghown’ in Vermont. Its




_ greatest development is to be seen between 'North and West
{ o Sutton.-f! The Gilman quertZite is the -_mos’c importent nmember,
- being 'rlever' less than four miles wide across the strike and

o sometimes as much as sevene 'The Dunham dolomite and Sweetsburg |

k : slate are fairly eonsistently developed :Erom north to gsouth, .
‘but certain phases of the dolomite are to be seen only in the
southernmost three miles,v between Frelighsburg and Eccles .

» Hill. The' Scottsmore 'quartg,iteis irregular,‘l.y developed,

 put most'ly in the ~~nor1:hern part e:E thea area. - The two ?
remaining formations are of very local signifioe.nee. chiefly
‘from Oak Hill northwards. - ' o

All these names ‘are new. Harvie ( 1915. p. 99) N

- renorted that he he,d tre,ced the Dunham dolomite eou‘chwards |
til11 it merged. with a Lower Cambria.n limestone of Walcott's

: section at Georgia, Vermont. The imposmbility of this
T correlation is discussed on page . Keith in describing
ﬂ: _ . very similar geological oocurrenoee “in Northwestem Vermont
(1923, D 126) referred 1:0 three beds ag the Cheshire quartzite,
Rutland dolomite,’ e.nd_ Col_chester.ehaler In 1932, the first

two remained but the Cﬂlohester,‘ obviously & misnomer, was .

removed. These appear to corres;mnd in pos:.tion to our Gilman

. | que.rtZi’ce. Dunham dolomite. and Sweeteburg sle.‘ae. It is not

posszble at present owing to the dack of published maps of

n%‘thwestem Vermont,, to vaohieve_ firxal, correla.tion between the

H
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two gets of names.

Call Mill Slate. From Plnnacle Mountain north -

to Brome Center wherever a section can be seen showing the
Tibbet Hill schist and -overlying strata. almost invariably
the lowest bed is a dense cleaved shale.  Because it is .
shown to best ad#anﬁage in the gorge below Call Mill that
neme has been selected for ittg Ié;g soﬁthernmoét exposuré

is on Pinnacle Mountain, and‘thence;noriheastwards to and
beyond West Sutton it is an invariable lower member of the
sedimentary series.  Howover. éﬁng‘the contact between %the
Tibbet Hill,and"bverlying-strata'that rung from neér Boundary
Post 608 (southwest»of Pinnadle MOﬁntéin):northeasfwards
through Morth'Pinnaéle it:does not appear until within two
miles of West Sutton, its non-appearance being due in all -
prqbability $o non~-deposition, for in several places aloné--
that line the Pinnacle graywaoké 1ies directly upon the
' Tibbet Hill. ~ Fuzrther east in a very ‘remarkable series of
© "Maasrille Phase”

beds called the Bmeme=Surivs it is invariably presaat._

Lithology.» MacrOSQOpically this slate shows:

-cons;&erable variations, whleh are. howaver, of local :v f A
- gignificance onlyo' ”he differances are almost all concerned f[
with color and oleavage,.everywhere it is a fine-grained
r@zllaceous rodk except at West Sutton where &t the base

it contains pebbles of an indeterminable rock up t0 an inoh




in 'diametez;'. ‘ Baféljit is deﬁse,"vwit’h' its cieavage planes
W:Ldely spaced, scareely deserving the na.me slateo' Usuall,v |
it is fissile, slippery to the feel, becsuse of the
development of soricite probably. dark purple oOx nearly

_ blaek. Other eolors are very dark blue. gray,y dark green. .
- | - Occasionally it is mottled green and purple. a.nd when 80 the
”: o green is iavariably- secondary chlonte segregations, which |
may elect to lie in certain oléavage planes and so simulate
bedding. Stratification never 'shOWs é.s far as we have ‘seen, :
except in a cofarsé way in sozhe la.rée' outorops such as the
Gorge at Call Mill and at West sﬁtton;'where?bands of fine

rmagnetic rock occur near the top. But banding in a hand

specimen is umcnOWn.' ’Replacement by h'ematite,-wh'ich is one
of the dlstinguishing characteristics- of the West Sutton slate
is rare in this body, we have seen it in only two or three :

- places, and it is always 1n<30mplete.

- S Microseo;;ically it consists of a fine mat@ of
; flbI‘OUS minerals, to small %o be readily iden‘bified but

probably a mx‘bure of chlorite, sericite. and kaolin. together"_ -

with quazrtz and a lesser amount of magnetite. s

; 7 : | Thiclcneés. The greatest possible thlckness. asg

; | . far as mapping showed, is 165 foet at Call Mill.‘ This is

the w:.dtn of outcrop between the Pinnacle gra.ywaeke, which
holds up the dam at the mill and an a.ntioline of Tibbet Hill

R
K




schist to the southeast;‘ Because oecasional‘tigntly'folded}
synclines of graywacke ocour in the slate ‘the thickness (all
tne beds being essentially vertical) is oonsxderably less than
the width of the outcroP. - It is not likely that the Call Mill
slate is more than 100 feet thick at this place, and quite
possibl§ lesss Beceuse nowhereeelse is 1t as much as 100
foet we may take that as a maximum figure. 'Elsewhere it
varies in thicimess from one or two feet to twenty, thirty =

. or rarely as'much as fifty feot,

‘ Origindand.DeVGIOpment.:“If‘we are right in'our
~ contention that the Tibbet Eill sohlst is Pre-Cambrian, then
& long time of erosion ensued between its formation and
- metamorphism, and the beginnlng of Lower Camhrlan sedlmentation. d
~ Inall probabillty~peneplanation had been complete ‘or nearly e
so. The 1onoltud1na1 depression which 1nitiated the formatiQnA

of the Appalachlan geosyncline probably flrst formed along the

outerop belt of this bed._:”he 1nvad1ng sea, spreading over a
nearly flat deeply eroded land found very little sorting to

"~ do, the'entire fegolith was finely-decompdsed chlorite rock;d"

This 3011 if soil it Was, -merely suffered shifting to some

‘extent, SO that an unlayered blanket of mud was spread over ;-*“

the primal sea floor; its depth dependent upon the sllght

1rreou1ar1tles of the toDography amounting to dlfferenees 1n

elevatlon of the order of a,hundred feet. as suggested by the -




e . . . [, A . - . . -

‘, ‘variati0n in the thickness of the bed. Such a’piéture is

~at least con31stent W1th all we ‘know about the Call.lel :

O 'and the basement upon which it rests._w

Pinnacle Graywacke. ™ Superjacent %0 the Call Mlll

T o by

Tl

slate is a thick formation consxsting of & feISpathle sandstone

which in many localities carries up to flfty percent detrltal

? ft _ | grains of’ magnetlte and ilmenite. It is ve:y strongly

: ” develope& in the central part_of fhis area, and although
31mllarly developed in northem Vermont, its outcrops dim;nlsh
in size and number from Little Pinnacle and Eunnacle Mountains
southwards. South of the road parallel to and,north of the

porder it is very poorly devéloPed'and lacks its normal
maganetite content, and,t00, is unaccompanied by the Call Mill
slate. The latter cahdition points to an unconformity at the

base of the Pinnacle, which combined with the fault that is
responsible for the localization of the mineralization a |

"{i mile east .;Sf Abbott Corners, 1is dvoubtless the cause of the

near disappearance of the Pinnscle graywaeke nea:‘the'border.

 wards it occupies Little Pinnaole a.nd. a series of prom:.nent
j |  hillocks sud hills northeastwards towards ‘Brome Center, 1ts'
outerops becoming Scantier north of‘ﬁas.call.Mill and

disappearing completely:béneath the widespread mantle of sand o
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%hat covers the country southwest and west of Brome Lake.

Its maximum development is in the neighborhood of North Sutton -
snd West Sutton. Its name is derived from Pinnacle Mountaiﬁ.
which, though composed of Tibbet Hill schist, maintains its
physiographic form because of a capping of this more resistant

graywacke in the form of a synéiinalminfold;'jits‘oécurrencé

within the Mensville ph&se ‘of the Oak Hill Series will be

et PP PEROI

mentlonad 1ater.

L - : have been madﬁ
ThiekneSSg.i Careful measurementsxof its breadth of

outerop and dips at what is con81dered its typlcal locality,

- that is on the west limb of a syncline well shown north of

- Mr. W, Js Doyle's house which is on the east-west road 1n

the extreme southeastern cozner of Dunham townsh1p¢ A

i'dlagram of the uSOthn is glven on page . .4showing the

 relation to the underlying Call Mill and Tibbet Hlll formations

and- also - the overlylng beds. Its thickness here is 400 feet.
Dlsewhere in the v1clnity of North and West Sutton 1t mamntains
this thickuaess Wlth very little loss, but’ at West Brome it

is reduced, in a complete seotlon to less than 200 feet and

%0 the north the structuras are 80 complicated that little

relisble 1nformat10n can be obtained._f[ffi”"f‘ i

Stratlficationﬁ and Struotures»_*nﬂhisirock is C
averywhere well bedded.' Except where it is rich 'in iron‘

m;nerals it is usually some sha&e of gray, tinge& with green.
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; : Where magnetite-ilmenite makes up a eonsiderable percentage

of the rock it may be black, but usually with an iridescent
sheen to it. The beds vary from an inch oxr lesg to ten feet
" in thickness, extreme variability being ome of its

characteristics. Crbss-bedding, too, is always prominent

as.can be seen in plate « This cross-bedding usuélly shows
a véry'remarkablﬁbngleﬂ‘between the beds concerned, S0 much -
that it oftens seems impossible'to_explain’the'high angles
on the basis of deposition alonee To Le Tanton, in the field,
- suggested plestio deformation before ‘sonsolidation as a
neans of achieving the unconformities of 700 and 80°.
However, there is no other evidensce to sﬁbstantiate this,
and, though it may have been operative, thesé high angles
can weoll enough be explained on the basis of the verticsl
exaggeration upon the squeezing of the folds. thug giving
misleading False :
an entirely £aisa plcture of the "t=m=» beddlng. OEOSSfbedding
of the type commonly seen in the Potsdam sandstone 10t -
'infréquent1y>yields angles of 30° beﬁweén sﬁdceésiveASGries
of layers. ThisAtyDe”of»St:ucﬁure distorted aS'abovefﬁould g

readily yield the apparently abnorma1 structuresvobserved,ﬂf :
Oue type of small scaleﬁéfﬁééébedding démahds

sbecial'mention._ It con31sts of a serles of cut and . flll

g .

' type of structures superimposiyg upon 0one another progressxvely_

in the same direction with the beds appearing %o faa out in

the direétion of tha oldest:strhdfﬁfeé;:giving a fimbriate




appearange. In~oné'bed examined'more than 100 "loose end"
‘beds, made apparent by their nagnetite content, cdnverge as
shown in the sketech. It would appear that the material

was brovght from the east end in this instance was deposited

progréssively from west to east; Local erumpling has doubtless
emphasized this type of structure in the waj Just described,“
~ for it is not noticesble on the east 1limb of the syncline,
-although north of the next rosd to the north it oscurs im that.
.  position. o
Pefrograyhy. 'As might be expected‘from 8 rock
with so variable a composition as & graywécke, ho,descriptian
of a single type will suffice. It is always a sandstone,
though in one or two places so fine as %o appear shaly; this
is exceptianal howevers. Bowhafe is'if congloméraﬁie.‘ In
"eomposition it varies from an apparently pure gﬁa?tz-feldSpar B
‘ ‘(chiefly or%hOciase) eombination thfough'all gradéfiqns to a
 rock in which magnetite~ilmenite grains} predominate to the: -
__‘Vlrﬁual visual exclusion of all else. Déﬁfital:mieas oceur  ;;
| tnroughout though afe never eommqn. Magnetlte~1lmen1te .
~ (because magﬁnetite is by far the nore abundant of these two, |
ilmenite will not be mentioned hereafﬁer) ii the most . |

characteristic mineral. ~Ho out@rop is Without ite Although '

the grains are detrital and have lost their corne:s and edges,

taere axre enough flat octahe&ral ;aces left 1n the vast magority '
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of cases so that the grains reflect light well. A surface

. of the graywacke with these magnetite grains glistens on this
- accounte ~Ia—£80,—beLors we-had-mapyed omough—of—this~rock™" -

to-give-it—a—locational-name;—weused~thetorm"Glistening™
for i4« Magnetite grhins.may be evenly diétributed through
the rock, which is the most common occurrence, or they may

be concentrated in beds varying from papef thinness to a foot

 ' Or SO. It is the relative concentration of ‘the magnetlte

that is resnon31ble for the clarity of the stratlfioatlon
in this formation, and in detail. most of the eross-heddlng
is marked in this way, magnetite gralns being eoncentrated

usually just above the wmconformities. The layers rlchest

-in magnetite vary in position, but are most commonly seen
‘near or just above the middle of the section. ‘Strangely :

‘enough, these rich beds have yielded to compresgion quite

readily so that they are apt to be contorted into most

complicated folds of small diménsions (see fig. )+ Never,

_however have we seen them faulted. Thé quar£z~feldspar'

graywacke never shows thﬁ&? tendeney. The basal beds are
usually nearly free from magnetite.‘and appesr as a siliceous
sandstqae gradlng upwards o a feldspathic sandstone. At

the tOQ of the. seetion the rock is almost invarlab Ly more -

'snaly ﬁhan below W1th less of the magneﬁite-xlmenlte eontent

but evéa so it is still a sanastone. Lxceptlans to thzs rule
ocLuy,

an&»smm@ a mlle west of West Sutton, and a mile northeast
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of Hillside, where & bed of arkose separates the rest of the

I% " Pinnacle formatioa from the White Brook dolomite. Neither

§ hf&ﬁppeﬁPSr ower contact is nonconformsble except west and south

of Pinnsele Mountain, where the graywacke ?estsidirec‘bly upon

H% the chlorite sohist, and it is succeeded by e dolomite formation
FV © which points to a period of quieter depositiQn.

| | o o

"Microscopical Peaturese lagretite makes up one

half or less of the slides studied. Quartz is-present'up to

. 50 'hpe"ce'zri: and feldspar up to 30 percent. Besides these
 vm1nara1s, wnlch are present 1n evezy slide are variahla amounts

of 1lmen1te, laucoxenc. zircan. (both the latter indicat;ve

- of the presence of ilmanlta); ohlormte. kaolinite, sericite,

" and paragOniﬁe. Iamonite is rare, and hematite not seen &b

J»)l all.  Tourmaline t00 is TaTe. Secondaxy epidote, the erystals .

| lying aLong a stratlfleathn plane. occurs in one place only.

~Apatite was not seen.

The magnetite grains have rounded edges and comers,

-but most of-tbém show oue or more'flgt‘erystai'faces._ A
frinﬁed border of-ﬁlsucoxéne. With ail st&ges Of alteration -
plalnly shown, surrcunas many of the blaek opaque grulns,

- aue to secandary alterathn. This alone is good evidence

ohat many of the gralns were ilmenlte. Tha grains vary
f£rom .l ﬁo .5 mm. - in dlameter in the slldes studiad an& in

: any one slide they ere remarkably unlform in szze.
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Quartz is preeent.aswboth;pxiﬁary grains and

veeeehdary silioca deposited in original 9ore spaces. Feldspers

~ are orthoslase and plagioalase. The‘latter is mostly

untwinned sund is generally near the Na, K end of the serles,.
probably almost all of it albite. Both quartz and feldspars
‘are much fragmented and occasionally are difficult %o separate.
' The feldspars are for the most part ﬁnaltered but in some

elides the alteration has heen praetlcally complete.

Origin and Stratigraphic Signiflcence. 'ObviOusly
quite a different environment of origin surrounded the

formation of the Plnnacle graywaoke from that concerned with

. the formation of the Call Mill‘slate;‘”The-latter called

. for conditions of quiet spreading of waters over a slowly

| sinking deeply decomposed land area. A% the beginning of

- iPmne.ele time, however, the sedimente 1ndlcate that relatively’

1,.;_.3

rapid elevation of nezghboring highlands was teking place,

. and that the sediments accumulated were the result of

~ disintegration rather than decomposition; and that they were

brought to the strand by streams, rather than ‘being found

and - merely rearranged by waves as in the case of the call

: Mill. We see here then the flret ev1dence of any essentiel'“

'.dlfferential Warplng of the Appalachlan geosyncelinal reglon- -

‘The thiek 31nnaele formation is evidenoe ‘in the first place

v :

of a reglon of no great diversity of rock type elevated to

such a height’ thateitSjslopes_prevepted the formatiun Qf =




decomposition products o any extent and also that its rivers
were swift enough to bear away the produets of dlsinteoratlon.

The compos1t10n of the grains ia a olue to the kind of rock

| ilmenite are the most important‘consfittents; The quartz-
orthoclase-albite oombinatlon favors the assumption that
' .granlte, granite—gnelss, or similar rock was by far the most
-Aabundant type of oounory rook., Magnetite-ilmenite. however,:d
"occ_urs} in_graine t00 J‘.argle;to he.ve had its origin in granite.
Rather the chlorite schist, underlying the Call Mill slate
is & perfeotly competent pereﬁt rock for this mineral. Ko
- traoe .of the granitlo parent rook is now. exposed... Doubtiessi
further east most of the basement upon Whlch this sedlmentary
series of Lower Cambrian,time was deposited consisted of
| W1de3pread granltes with probably, llttle relief afforded :
by other rock types.’ R - o

' . - - White Brook Dolomi‘ce. " Suoceeding the Pinne.ole

_grdywaeke is a dolomite bed withln whose boundaries are'

’_the headwaters of White Brook from which it takes its name.

: General‘charaoteristios;i*‘Two‘unvarying

ohareoterlstlcs allow this formation to be reGOgnized

from s dlstaace. Fzrst its dlspositlon to weather to various
shades of buff and brown, and,«seoond;y, the presence within

it of considersble secondary quartz in both nodular and vein

form. - SR ‘“ S , o ) ...,“,,,,;__‘_.,_,»~ e

composing the uplands. Quartz, orthoclase. albite, magnetite- -
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" In color, fhe;fresh rock is extremely variable.
Although it may be pure white that color is extrerely rare;
‘The commonest color is white mottled‘with pinkish or purplish
patches. Other common colors are dull purple unvarlsd except-
by chlorite seams, all shades of gray, culminating in practically
a- black roek, also various shades of buff end pink in the

fresh rock are known, but are urncommon.

r”he roek isainvariaﬁlyderystelline._ The ‘solid .
colors, purple and gray particularly, are assoelated with
the flnest graln, whigh Iis everywhere qulte eagily visible.
Tne mottled or speckled roek is the coarsest orySuals of

2 mme 80ross belng not uncommonly found.,

Stratlflcatian 1s extremely raree wherever it
ocecurs it is 1nvar1ab1y shown by %%s abundanee of sand gralns.
In fs;{iZE:Jjeek 1s as pr0perly a dolomitic sandstone as a
dolomite. Where quartz grains are few sfratlfication is not

~ observed. No other primary strueture aan be made out.

Its thiekness varies from plaee"to'place. It is
.thlckest near its southern extremlty, where 75 feeﬁ is a
maximum measurement. Northwards and eastwards it dlmlnlshes.
It is 36 feet thzck at West Sutton. swells to between 50 )
and 60 fest between North Sutton and. call Mill, north and west
.of which locality it varies between 20 and 40 feet. In the
southeast corner of»Dunham it 1s 32 feet thiok,vwhlqh should
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be increased by loael exclusion of ¢ertain phases.to 40 feote

Beside dolomite and caloite. an oocasional,fldke of

mica (muscovite) occurs, and here and there Wlnd blown grains _“

of quartz. Rarely do these oceur in any abundance.

Seoondary minerals present in hand specimens are

chlorite, hematite,ssfk quartz, and sericite. The chlorite

is always present to a greater or-lesser degree;f In5eome
outcroPS it probably makes up more than 10 percent of the
roek. "It ocours as irregular magsses and stringers more
related to the schistosity than td.any:other aireafion.'

This chlorlte is crystalline. thus eliminating the possibllity.

.l.;lf such possibllity be ‘granted,’ oZ its being detrital.

’Hematlte oecurs 1n precisely the same way. Quartz as a
secondary mlneral is nearly always presents It.OCOHIS as -

- small 1rregular masses strung out along schistosity planes. :
and as very notlceable velns of white quartz‘ These latter
mej‘be:up to twoﬁinehee.fhiek;%but,are usually less than»an

- inche. Several c0mputatiensrinlthe field of dolomite beds
well supplied'wiﬁh‘quartz*#einsiindicated“thét“be%ﬁeén 10
and 26 percent of'the rock was quartz‘ Usually, however;, the

. percentage is much lower, prohab y more nearly five. The
quartz velns, as beeutlfully ehown on the east ‘side of the
uyncllne in the southeast corner 0£ Dunham, show grow‘h at

,1ght angles to the walls,‘inlpther words-the quartz was

a7
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procressmvely fill_ng the veing as tne veins wers widealng.

Sericite only occurs along schist031ty planes and never is

~ important.

The sources of these three common secondary minerals
is not hard to find. The chlorite is due doubtless to the
]alteratlon of basic 1mpur1ties in the dolomlte or to the |
i 1mpregnatlon of the dolomxte with chlorite. Many exposures - |
{ give the 1mnr6391on that the dolomite has been soaked with
% chlorite. The hematite is without a doubt related to the
2 hematite that characterizes and sometimes composes the West
Suﬁton slate, whence m;gratlon of a matter of feet only
would brlng ths hematite to rest in the dolomlte. ,”he quartz

*needs no explanatlon.‘

: Distribution; - As with the underlying beds this
formation fails to outcr0p at the northern boundary of the
| ares, thouoh it é%t;gme-s extendgé’ that far unde: the cover
of arlft. No outcrops of it have been seen south of Hillslde
though a aepresslon on thtle Plnnaale may lndlcate its
presence. At the southwest coxner of that hill, however,
the Pinnscle graywacke and the_Gilmanvquartzite‘are in contact,
and remaln sof, with some structural complications, southwanrds.
to the border, thus eliminating the White Brook dolomite
and the West Suttan slate. inasmﬁchvas the oomplete section
is seen agaln in Vermont, with no essential chauge, it is

probable that the stratigraphic anomaly is due to a fault
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which traverses Little Pinnacle and thence travelsustrikewise

$0 the border about a mile and a half south-southeast of

" Abbott Corners, about midway bgtweén:boundéry posts 608 and
605C. | o

The Wegt Sutton Slaﬁef: Su?erposed upon the White
Brook dolomite wherever it.occuré is a slate body of variable
thickness,Awell éhown in the vicinity of-West'Sﬁtton.  In
géﬁeral; where it is not strongly hematltlzed it is - .
indis%inguishable from the Call Mill slatec For the most
part i% is an impalpably fine mud-rock varying in color
from shades of medium and dark gray to dark blue-black.
Stratification never appears‘excéjﬁ as noted beicw.v Qng'of"
$he most constent charscteristics is the presence of hematite.
This may occur disseminated throughout the'féck as invisible
parulcles Whereby the rock glves e dark brown or dark purplish
red streak, or it may occur as dlscrate masses of hematite,
usually concentrated at the base. of the bed, near the contact

with the dolomites In some places it is 50 pure and abundant

- that it has bean worked as an iron ore. Needléss to Say, its

abundancs is not sufficlently graat to Justlfy 1ts exploitation

(see ‘chapter on Eeonomlo Geology). e

4% West Subton, half-a”mile.northwest of the four

cormers, it reaches its greatest thicknéss,estimated'at that

‘place to be 250 feet; elsewhere it is less thenm 100 feet,
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usually sbout 40 feet. -'Also at that plade it contains grit

beds which betray‘its’bedding..a gtructure nowhers else seen. =

Origin’ana Sﬁratigraphié‘Signifieanee;'*'so similar.
is the rock to the Call Mill slate that the conclusion that
the two beds kad sowewh#ﬁ similar origins ié not to be denied.
During White Brook time tranquillity prevailed. Littie,aif ‘
eny, detritus was washed into the sea by the streams, whose
gradient was;reduced by‘ﬁheir_own;efforfs or by diastrophic
warping. Westhering once moze deeply attacked the country
rock, S0 that upon gentle uplifting g mass of ready-made’ |
silt was available. This was éﬁread far énd Wide,'blotting‘
out the}dolomits and inangurating:a second éyclé of deposition.

On sccount of the great local thickness of this formation at .

West Sutton it is extremely likely that heré.was,the debogchure

of & stream and that the relatively great local thickmess is

due to deltaic acqumﬁiation. - The uppermost beds are gritty,

- moticeably so, as if prOphetichf_the suoceeding‘férmation.fv’

Gilman Quartzite. None of the preceding formations

have been mentioned'by earlier:authors.' This formation. the
thickest of the Lower Cambrian.Series,lWasvnotéd'by Harvie _:_
(1913, 1914), and later Keith (1923, pe 126). correlated &
quartzite in what appears to be hbmdtaxial,pdsition Withgthe
Cheshire quartzite of'Southern'Yermont;T;So veryﬁdiffefent from

Keith's description of the Cheshire is our quartzite that we

" nave not adopted his name, but given the name Gilman to it,
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from a locality four miles east of Cowansville, where outcrops -

are common.

’

Th1° 1s by all means the vreatest of all of the-

_Lower Gambrlan fo*matlan Its Wldth across the strixe

'”vraaehes 7 mllos and naver falls below 4% miles.' ”

Cnaracterlstlcs.- In eolor thls rodk 1s uoually

' llght gray or buff. However it usually Weathsrs to & lighter

: color, not 1nfrequently almost pure white, and at a dlstance

apnears pollshed., In contrast to the brown weatherlng Whlte'
Brook dolomlte and. the aaﬁk gray rou h loaking weathered 4
surface of the Einnaele graywacke thls roek is dlstlngulshable‘

'au'31ght some dlstanoe away. It ia almost always diseolored '
,ﬁalonp 1nter10r joints and cleavage planes with 1imon1te,

. Walcn however, almost never shows at the surface. The

Pinnacle graywacke, in splte of its high 1ron content rarely
hows any llmonltlc dlscoloration. In the basal pazt of the

formation the rock is a course grit, light colored as a

'wnole because of the abundance of quartz graln but With a

daxk greenlsh matrax eontaining meh saeondary chlorite in _>

masses up. to 4 inches across., This phase may be seen at the

fork of the roads west of the schoolhouse at North Suuton,

and at several 1solated Outcr0ps northeast of Prellghsburg

‘and south of Selby Iake, end again a mile and a half south~‘ﬁd

southeast of Melgs.  The basal beds of the: Gilnmn.quart21te




at the syncline in the sbutheast'¢¢rner of Dunham are for
the most part shaiy, althoﬁgh at the very base a few inches

of grit with grains and pebbles of blue quartz occur.

It is usually a quartz sendstone of very fine grain;_
go fine as to desef&e to be calledxalshaleo, (in‘fact, our
earliest field name for'ﬁhis rockuwaé ﬁshaly quartziteo.

Much of the "shaliness™ however is due toﬁcleaﬁage and hence
might better be called "slatiness"). Only éxceptionally can
e See a grain of_feldsyar in‘the.coarsér,phases, but flakes
of miuscovite abound in %he less cleaved shalier type. Sericite
| abounds along clea%age‘planés.“twith the exceptiqn»of |
occasional occurrences where magnetite is'fisible, only these
six minerals (gnartz,‘feldSPar, sericite, museovite,}chiorife,

limonite) can be seen on megascopic examination.

Near fhe.tdp,‘ashsben at R Oek Hill, beds of
"‘conglomerate OQGu:;“the‘pebbles.iﬂ all cases being quartz
‘and average sa inch inliongasﬁ diémétér{‘ In several other —
localities "conglomeiate" was ﬁotéd, but in nearly every case
it turned out to be of the structural type. East of Dunham
a few exposures Of biack'sii;qﬁs slate docur, but'aré unknown

glsewhere.

Stratification, exocept in the basal grits and the

conglomerates of the uppermost beds is not observable. The
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rock is essentially even-grained throughout and has boen

cleaved so extensively that little trace of original
charactoristics is left. Hence estimstes bf its thidkness

rest upon very insecure foundation.

Structure and Thickness. VWherever the structure

can be accurately determined the beds stand at a very high

engle. At the t0p of the Zormation at Osk Hill thoy are
practicslly vertical, and this condition~holas wherever data
can beiobtained along the westemn bbuﬁdary of the formetion.

. Along its eastern bdundaiy, dips are almost impossible to
obtain, but the neighboring ?eSt Suttoﬁ slate an&‘loﬁer beds
are 1nvar1ably steep, seldom less than 70° and generally more
nearly 90°," At oume place, south of Sweeusburg and west of
”_ Scottsmore, the structure shows the rocLs t0 be rather gently

"foldedo This area 1s a basin. Which though exneedlngly
‘compllcated in the eastern part, is the only plaee where.~
-the Gllman qnart21te can be seen to be nearly horlzontale
Strikes cqnform to ;%-general N ZOOE. average except in the

boﬁln relerred to above.

ﬁiﬁﬁiﬂ the Belt of low land that lios betiween
Frelighshuzg and 3ﬁnboro, ocoupib“-*y Laks Selby and several
streams and swamps,'sre a number of expopures of the basal

‘beds ,0f the Gilman uartumteo This io a coafse grit Wluh

grains of qusrtz up to a quarter Of an ineh in dlameter,'
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agreeing in all respects with thé basal beds as exposed

further}east save in the greater content of chloritic materials

Evidently the West Sutton slate and the White Brook dolomite

are not far beneath‘the present'surfaee. It may well be =

- possible, 1nde@d that the longitr dlnal Valley has been eroded
out of these soft rocks, and that if exposures were complete
enough we should see them at the surface. ' Iu any event the
low belt lies along sn anticlinel axis, and therefore the =
coﬁpieta section of the Gilman'oecﬁré botween it and the

western boundéry(of the @’7”7“”' -

. The thickuess of the formation'iS'difficult even
%0 estimsbe. A maximum value csn be found by measuring the
distanceibétwean the eastern‘boundary Qf'the overlying dolomite
gouthwest of Peli ?ond and;the basal beds as they are exposed 8
- east and northeast of Prellghsburg. ThlS is, as accurataly as
‘can be measured a mlle anu flve—elghths, or approxlmately |
%,500 fuet. It the beds are all vertlcal this would be the
thickness of the Gllman quartzlte.f‘However, bhls is far
from true. Although steep along the confaot-with the.doiOhite,
the basal beds are exposedlalong'a'étrike-wise belt Five=-
éighﬁhs of & mile wide (3,300 feet)s' This indicates either
‘flat dips, cohtfary t0 sueh faéfsnés'we have atvbur‘command..
or a seriés’of\folds;-eithéi explsnation wbuld'hatefiallyﬂ

cut down our maximum estimate 0% §,500 feel, by en uwnlmovn
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amount but probably 50 percent or mOTe. Another method,

less ﬁrustworthy, is to oomnare the breadths of outcrqP of |

the Gilman quartzite end a format¢on of known ﬁhlokness, say
the Piunacle @raywackee The Gllmaﬂ quartz1ﬁe OLtGrOpS in
a belt Ifrom 4% to 7 miles wide, whereas the Pinnaele gravwacke
varies im general frcm one-eighth %o one-half mile in width.
On this basis the Gilmen quarbzite should be from 36 to 14
times the thicknéss of the*grayﬁacké« - Obviously fhe loﬁer'
limit for the gravwaeke is unreliable, for there are places
rhere its outcrOp is less than a chain wide. Tha upper limit
is fairly constanﬁ and reliable. On this b351s the Gilman
formstion would be 5,600 feet thick, which is not altogether
- out of harmdny with more reliable estimates. Of courss,
the aséumpﬁion that the degree of fpldingAié essentially the
sanme iﬁ the two-foimations is'nof'susceptibla of'proof.
- The quartzite'probably does not diﬁ:aS'Uniformly stecply
as the graywacke, whlch would tend to reduce, in applying
1correvtlcns to our ealculatlons, the W1&th of outcroP of
the quartzzte, hence reducing the factor 14 and therefo:e
bringing the thickness of the quartzite down to considerably
less than 5,600f» By using these two methods we ¢an arrive
at a figuré of, say, 3,000 fest, Whlch is in accord with both -

methods, and probably is not far from uhe trutn.

Strgtigraphic_Implieations and Origin. A thick

formation such as this is of considerable interest in




interpreting_1ocal~enviranmental conditions. The coarse

clastic’grayWaeke pointed to relatively rapid acéumulation}
of the detritus of freshly disintegrated rock. The Gilnan
clastic rock is finevgrained,siliceous and'even textured
throughout most of the formation. svidently conditions wore
constent over 511 but the beginning and and of the time of
formation. ”he gl 33 at the bass, which are not gverywhere
in evidenée, may o6 due to local phyuiographic eonditions
of no great importance. The long cond sinued deposition of
fine sand end silt argueé.fOr a;land;areauin.whieh deeomposiﬁion
and disintegration are boﬁh'acfive, end in which epeirogenic
uplift -as sustained‘but géntle.' Thus weathering'would
destroy practically,ali’minefais"but Qpartz'in an average
counbrysids, and riversg by 70 means swift, ‘would be able %o
delbver their load of fine oand 311t and kaolxn md to the
gea. In all probablllty marane currents wera resyonsible for
the sifting of ﬁhiS'deposit carrying the mud away Lrom the |
z0ne of agltatlon, leavlng the fxner gralns of sand which
could maintain thelr position on’ the sea flcor agalnst moderate
wave disturbances.. Somewhere west of thls sandstone there
ﬁas doubtless aé9031ted a greateruamount,of mud. elther as

& thicker bed or a more extensive one. . There is'todaj no
trace of this. The constant shiftlng around on the sea-floor
would have destroyed any original stratlflcatlon. Towards

the end of Gilmen time a temporary rise of the lands appears
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probable allowing some of the undisintegrated quartz, from

 veins probably, %0 be washed t0 sea as pebbles. This action,

too, may have temporarily removed most of the decomposition

residue from bthe land surfece so that when it subsided little

regolith remalncd 0 be moved and & time of nom-clastic

deposition succeeded &urlng wnich the Dunham‘dolomlte

acceumulated

Fossils. At & 1locality sbout half e mile southwest
of the cemetery at Scotismore this quartzite»contaiﬁs o few
poor fossils. The most impor ant type is & brackiopod which

though poorly preserved without doubt belongs to the genus

- Kutorgina. This genus is restricted 1o the Lower Cambrian. -

The other fossils are smsll and delieate branchinw fofns,

| probably algae and appareutly of no stra*igraphlc sign i¢canceo

Thus, because there is no unoonformlty of any importanee =
P

between the Gilman qna'tz1ta and the Call Mill slate, the

whole séries mus% be placed 1n the Lower Cambrian.'

Dunhem Dolomite. Conformably overlying the Gilman

guartzite is a dolomite in many res pects similar to the White
Brookidolomite. In fact they are s0 similar that only detailed
field Work;ﬁould show thelr separateness. On the waathered
surface the similarity iS'Strikiné.‘ Eoth weather to a brown
color which in both is relleved by a network of quartz veins.

There are two phases ol this dolowite- ane running more or
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less continuously slong the Westérn boundary of the Gilmen |
quartzite, and in basins‘and‘infblded zones to the east of
this, and a second showa only in a downfolded érea within
the Gilman east southeast and gouth of St. Arnsnd Ceatre.
The former aund usual type is almost evérywheré & gray rdck"

on the fresh surface, sometimes ‘almost black, rarely a llght

3

‘graye. The weathered zone of brown llmonlte is seldom more

than & surface skia about 1 mm.ﬂthlcxc.'”he second and
restricted type is both gray aad oream t0 buff colored,

weathering white or paie buffe

-The former fype ézten&s from the Vermont bcundaxry
near Eccles Hill* at‘post“618 norﬁheasﬁwards along the
regicaal strlke through Ste. Armand Centre, Hunt erIMill°
Garriek Cornexs t¢ Durhanm, Where it makas a mile wzde cuweep
to the southeast_ani retumms to the regional strlke-thfough
Oak Eill sad Sweetsburg affer which iﬁsputerops'are somewhat
seattered uatll the mass of B:ome Monntain lylng age ross its

strike, cuts it off eompletely._ InAaddlthn,_baSlnS and

* A wonument here commemorates the ‘repulse of a Fenlan invasxon

by the local militia in :18 | Q;"




-and downfolded areas within thevGilman guartzite ogeur
throughout its length. The most mortherly of these shomn
én.the map lies south of Sweetsburg and west of Scottsmore,
where there is a basin more than a mile and & half long and

a mile wide. A more northern exposure of this Dunham'dolbmite
within the Gilman quartéite locatéd during recomnaissence
surveys at the #ery'beginning of this field woxk about a milg
northeast of Sweetsburg has been searched fbr subsequently,

but in vaipe ’It cannot be of very great size. The structure
 of the beds on the east side is extremely complicated.and is
shown in oaly tﬁzfgéneralizéd'ménnér'oﬁ the mape. It-is:
intereéting to see Logan's boundary lines for the Dunham
dolomite, as shown on Ells' map. There Logan realized the
impossibility of:reﬁteSenting adeqnétely the étructufe,'and
indicated by a few well chosen lines the complexities concerned.
$o the norﬁh'of the road at’theleemetery,-half a milé north-~- |
wost of Seottsmqre‘a‘small outcroP_oeéurs in which this
dolomite and the next two succeeding formations are involved
with great compliéétians, foldé, thrusts and breccistion
contributing-to'the §omplexities. A second downfolded area,
not s0 obviously:a basin as the}formér, lies gsouth of Dunham
and east of Garrick cbrﬁers; This is cdntinued southwestwards
along the strike for four mileé‘dyinéfoqt a mile and & half

north of Frelighsburg. Throughout these three main areas the




dolomite is reasonably continuous, qulte constant 1n.

-char cﬁerlstics, but varies GOnsiderably in thickness, from
‘nothing up %o 65 feet. vItvcontains no fossils, but in nearly‘
every outcrop sand‘vrains aré‘common.' Shearlng has developed

planes of weakness° and the veins fllled with quartz meke
bresking a go6d specimen out well nigh impossibls. It is
everywhere erystalline, finely so as a rule, but oceésionally :
. the crystals may be #mm.'or more aefoss; Stfatification is
obscure; it might be said to be lécking'exoépt in a few.
outerops where a shaly develoﬁment makesﬁit apparenf. jfhis
| is best seen in the'exjosures in thevvicinity of Garrieku
Corners and Melvs, where for three miles or so between 20
"and 30 feet of dolomitie shale or shaly dolomlte occupy the -
| lower middle part of the dolomite body. The shallow'foldlng»
east of the road a mlle and a half south of Meigs 1s brought
out beautifully by this shale. " Similar, though not S0 well
develoPe& shaly facies can be seen a mile south of Sweetsburg,
| where, as in the loeality cited above, it is the only clue to a
'1nhereﬁt stratiflcatlon in the Dunham dOLOmite. It 1s also

well showa for a few chains north'of'the‘border.:

‘Rarely is there abundance of ‘quartz grains emough
$0 justify calling the rock a sandstone, but this is the case
ot Hunter Mills, where three separate ssndstone beds ocour

within the dolomité., It isfnoﬁ withbut:thé‘bounds7of possibility
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that these sandstone beds may belong to the Scottsmore
guartzite, for thrusting is demoustrable in this outcrqp;

but there is no definite proof,

Thickness. Cf this GAldareous bed Harvie (1915,

De 99) reporued . 150 feet at Dunham and 50 feet at. Sweetsburge

He also reported that the same band is 780 feet thick at

Georgia Centrea V6o Near nccles Hill our measurcments snowA'
it to be between 40 and 50 foot thick, swelling rather
suddenly iﬁ‘the ﬁeighborhood-of'Hunter;Millé to about 100
feot, reachin a'150*feet‘about‘ﬁwo'miles southwést of

‘ Dunham then thlnnlng to’ 30 or 40 feet east and West of Dunham,

rlslno agaln to 120 feet at Oak Hill beyond whlch struetural '
compllcations and akeqplness of the outcr0ps make furthe: |

estlmates 1mpossible. Thus the diminutiOn northWard 1ndlcated

by Harvie may be- true as a generallzatlon, but it is subaeeﬁ

$o eon51derable variation.

The second type of dolomite occurs in a downfolded
sone within the Gilmen quarbzite south ead east of Ste Armend
Centre. This contains far»more-variafions than the normal_-
dolomite, and in generalAcaﬁ.be;sai¢:toishow the following

section"
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6%+ . Gray 1imesfone,’some”layers:breceiated

257 - Quartzite, well stratlfied
107 - Red Wea‘cherlnO dolomite, the normal Dunham type
by Gray dolomite with trilobite fLragments

207 Beige (yellow and white) dolomite. some beds,

especially the lower part, brown woathering.

This’order is seen t0 best édvantage threé quarters'of & mile
south of the word Centre of Ste Armand Centre and 1mmed1ately
north of the end of the north-south road. There the dips are
shallow, in some places nearly horizontal. One half mile
west of the road comer indicated above, and south of the

road the same successmon can be seen, lacking, however, the,

[uppermosﬁ llmestone. The str@ﬂture at‘this locality is that

of an oVertuzned;synoliné; of which oniy‘the western'limb:
with shallow easterly dips, is expoéed. Further southwest
on the Wlndxng road g01ng south to the border much gray

limestone oecurs, Whleh is probably the uppermost member as

' ghown in the suecession'above. We hava'no information aS'to

excopt that in tne vzoinlty of St. Albans a Whltlsh marble,

comparable to the nearly eolorless varlety of the "beige™

"&olomlte occurs associated with the Dunham dolomlte. This

is doubtless the roek clted by Harvie as contalnlng sponge-

like fossils, om which, however he did not report further.i
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It would appear from these exposures that the Dunham formation
was of far more varied composition than the “normalw_type of -
the rest of the éreag%@nwkakﬁﬁnﬂﬁmh‘ Probably the types here
. described as beige and gray were never -d.eposi’bed :Eurt.her
rorth, for the vagaries of erosion would suxely have left

some trace of them exposed todaye.

There is a possibility, of couise, that fhe quartzite

of this sééfsion'is thé Seottsmére’ quartzite and that the -

. sueceed’ing limestone is yoﬁnger and unrepresenﬁed :Eurther‘
north. There is, I beliévé, no‘waj of demonstrating the
tzuth or the faliééy of this‘suggestion. The quartzité does"
noﬁ_resémblé the Scottsﬁ&fe closely; ﬁhough that is not to a
be expeeted in so faiiable a rock. For the present con31der1ng
the entire section as a phase of the Dunham dolomite is the :

Wlsest CoOurss.

| | Age.  On the basis of fragmentary ‘i:mlobltes :

o belonging %0 the family Mesonacldae, this fOrmatlon can be
definitely placed in the Lower Cambrlan. The nnderlylng
formation, the Gilmsn guartzite, also contains Lower Cambrian
fossilso' Harvie‘é.(lélﬁ; §°.99f.corrélation,of Walcotts Bed

B No. 1 (1886, @;'lS)“Withiﬁhe dolomités of the hills east of

the Central Vermont railway'at Georgia'centre cannot be
substantisted, for Bed.ﬁo. 1 belongs to one stratigraphie

succession (Central sequenee of Kelth, Rosenberg slice of
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thé present author) whereas thewﬁpidmifesubelong'to é totally
different succession (Eastern sequence of Keith, Oak Hill
slice of this work). It would appear that the equivalent rock
in the vicinity of St. Albans has been called the Futland.
dolomite by Kgith (1925; De 128,'1932;*3; %96) but his |
deScripuloﬂ is 'by no means applicable to the Dunham dolom;ﬁe,

hence we are unsble t0 use hls Nnamnee

Ok Eill Slate. Tho section at Osk Hill is the

most nearly complete one avallableo it’is illustrated in the
aecompaaylno sketch (flge Yo V131b1y in contact with the
uppermost Gilman quart21te bed is the Dunham dolomlteo' The
next formation is a tough}dark gray slate flecked with limonite.
This is the Oek Hill slate. “ollowing thai is the Scottsmore.
quart21tlc sa.nds’cone9 1mmed1atuly followed by a black shale
with fine cfumpled Whlue silleeous bands, the Swaetsburg |
slaﬁeo At the base of the hill Opposite the Vail cemeuery

is a third type of slate tc which the name Vall ‘has been .

glven. }Bach of tnese-W1ll be diseusse&‘;n<deta11,suce6351veLyo

The Oak Hlll slate is a very tougn rodk, dalk
brownish gray or blaek with the stratlflcatzon shown by |
limonitie flecks° sometlmes eontiauous as bands, but more
‘usually 613uont1auoua 61ving the rock a. spackled appearaneeo
It rarely breaks aloag the stratifiuatlon planes, and seldom

with any regularity in other directions. Minor unconformities
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of coa31derable angular &1saordance, can be sesn. 1t weathers

but 11ttle, show1ng limonitic staius.

The Oak Hill slate might more properly be called a
siltstone than a mudstone.. Abundant small scales of nica |

occur in i%, and grains of quartz can be seen in some specimens.

- Secondary minerals,.besideS<limonite.~are<uncommqn, sericite

oz fracture planes being the-only common-one.” A% ‘one or two

places bedding planes are mazked‘with pyrite, which is doubtless

’the‘parent of the'iimenité‘flééES'an& bands characteristic of

the rock

In distribution $his.member'has notvbeen recognized
south of Oak Hill, except at one locality & mile and a half

south of Dunham. Ifs‘occurrence there does not justify its -

: 1nclu31on on the map9 this record being considerea uufflelent.

I1ts greatest development occurs naxﬁh~of Sweetsburg, wh==p
Sttt It is absent from a good deal of the area
from Oak Hill northwards, for ‘the succeedlng member, ‘the

-Scoﬁtsmore quartz1te,-is found lying directly upon the

dolomites '

Seottsmoré Quarﬁzite and Conglomerate, With the -

exception of the few stretehes where the Sweeﬁsbur” slate
ogeurs, the Dunham dolomite is followed by a quartzlte-vhlch
locally, 1ncludes a bed of congIOmerate. The conglomerate

is known oaly in the noxrt hezn part of the area save for ome
& .




} ) : outcrop half a mile south df Meigs; the quartzite is best
‘developed in the northern two~thirds, in the.souﬁharn part

it is discoantbinuous.

The most apparent_chéractéristics of the quartzite .
are its tendency to weather browa andiits banded appearance. -
| Before deciding upon & geographical name we called this the
g o “banded.quartzite" t0 distinguish it from the relativéiy‘

unbanded Cllman formatlon. When ;resh 1t is medium gray in

color, vary1n° in graln from fine to medlum, and w1th an
interstitial ;1111np that is here sxliceou39 tnere dolomitlog'

In fact so strqng is uhe 1mpregnat10n of thzs rodk Wlth

doloﬂlte that many exposures, where the 1ntermed1ate slate

body.is laeklno, ean only Wlth dlfflculty be assigned elﬁher
to the Duaham dolomlte or thlS quart21tao Where the segon="

Jary fllllng 1s 3111ceous the rock is dense, witn, however,A
| the orlglnal gralns always plainly ViSlbleo Moreovern sueh; :
rock malntams :x.ts g*’ay color e;;ﬁh_ogz:v;é;:i:hered uurfeceo
Also such quartzite 1° much veined wzth quartz. Wnere a .
con31aevdbla amount of dolomlte oecurs. the rock is’ usually
fé » | moru of a blue-gray colorlgn a fresh surface, but weathers
4? P | -deenlyﬁ for two 1nches or-more 1nwardsg to brOWn of varlous B
~ ghadess - ”hls V'eather:mg also Wea.lcens “che roclc S0 that it
is very fmable° graxnb of qand rucblng off at the mouch°~

Qaartz velas rarely oceur in this type of ouarﬁziteo

Stratiflcatlon is usually qulte obv1ousg cross-
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bedding of no great angular difference is cowmon.f On.rangé
v, lot 12 Dunhem, this crossbedding is well shown, and was

the locality vher@, mapping from east to west the order of
succession of beds was first determxned. Elsewnere croswbeddlng

ooltribuued like ev1dence.

It varies from an inooﬁsiderable thickness to 25

feet. Usually it is from elght to twelve feet thick.

SeebbemergLusrisite—ned feselohenadse Half a mile

‘due east of Sweetsburg village are several outeroPé of the

Dunham dolomite, the Oak Hill slate, this quartzite and
conglomera%e, and the oucoeeding slate.i One of the best
outerops is shoﬁn'on:plato | ,‘aﬁd in fig. C e Just beyond}
the limits of the photograph the Sweetsburg slate is to be
seen resting dlreotly upon the Dunham dolomiteo In the .
photograph the quart21te rests on-the dolomlte and contaxns a

bed of conglomerate whlch carrles angular fragments, up to 2

- 6 inches in diameter,’of the Sweetsburg slaﬁe.- Elsewhere
‘the conglomerate resﬁs dlrectly upon the dolomites The e

Aquart21te and the eonglomerate are followed on the West by

the overlying ' slate. In another nearby outcrOp the relations

between the Gllman, Dunham, Sweetsburg,an& Scottsmore quart21%e

- can be clearly seane In thls latter ease a thrust has brought

the Gilman quartzite to rest agalnst the Sweotsburg, as

indicated in e
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Two and a Balf niles sbufh of Sweetsburg in ﬁhe
same stratigraphiéal'position is a bed;éf.limestone and dolomite
conglonerate. There seems to be noddoubt‘that the BOulderS of
this outcrop are derived from the Dnnham formatlon. Also a o
little less than a mile south. of Meigs 13 aa outcroP of this

gonglomerate restlnv upon. Well bedded SQOutsmore quart21te.>

'In between the boulders 1s a matrlx of sand.

Stratlgraphie 31gniflcance. It Wlll be seen from

. the table of Pormatlcns that the develoPment of the beds in

thls serles follows, up to thls p01nt a pretty definlue order,
as follows A | ‘
:' 2 'Seottsmore quartzxte L
" 02k Hill® slate
}Dunham délomite
fGilman quartzite.l
 West Sutton slate :
' White Brook dolomite i{“ -

VI S S T < B

Pinnacle vfaywaeke
1 Call Mill slate | '
This ord.er9 slate, sandstume, dolomlue9 is repeatea once and

€I
partially repeated agaln. In all cycles the basal slate is

~ thin (up %o 60 feet), and in the first two the sandsﬁone is

the dominant fo:mation- the two dolomites are thin (up to 75

feet). We have interpreted thls as the result of flrst gentle

'submergeneé (with differential elevation) of a deeomposed land
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area yielding the shale9 1ncreased elevation . favorlng

dlSlntegraclon and g0 forming sanasione, and finally cessation

of uplift giving quiet marine conditionms allow;ng calearsous

rocks to form. If thls cycle of events is to .relied upon ;t
appeérs that the upllft follow;ng the second cycle was of
short duration, though 1rregular enough to expose the Dunham
dolomlte and Oak Hill slate to er031on, and that a long
continued period.of faxrly qulet_sedimentatlon of mud folloﬁed

(Sweetsburg formation).

SWeetsburg Slate. Most characteristic of the Oak

Hill formation is the Sweetsburg slate, which is‘nearly
everywhere the‘westernmost'@eﬁber of the Lower Cambrian, and

rests upbn the Oak Hill Thrusto'jit is a thick formstion,

- being exposed over a maximum width of one milé; half‘a mile-
" being mors usﬁéio Cfumpling:has destroyed any chance of" |
”measur¢ng a seetlon in 1t and - We can ouly hazara a guess

'ithat 1ﬁ must be at least two or three hundreds of feet thlck

Charscteristics. This is a dense dark bluish gray

" 10 black slate which everywhereﬂcontains thin‘séams; up to

5 rmm. thick of Whité sandstone. S0 strongly is the cqntrast

between the appearance of this slate and both the SWeetsbu:g

Rosenbera

slate and the Ordov1cian slates of the Piemowm—itl] an&

Slices

Philipsburg bd=eds (see }?_ ) that in the field we used




the descriptive term "banded slate" for 1t. Only by chance

- does this rock break along the bedéing; showa oniy’by the

sandy seams. It is much cleaved, but not regulariy 80,

bream.nD 1like the Sweeusburg slate ;nto 1rregular sharp

éf/% ke Smaldl
.Wedge—shaped maosesg It contalns a goo deal of]crystals

or veluns o@hoyﬂxio which upon weatherlng coat the Jouat and
cleavage faces of this rock Wlth thick deposzts of daﬁk browa
limonite. Lhe sandy Seams are colored somewhat by Weatherxng,

but not as much as ome would expect. On Oak Hill, but not

- elsewhere, smell lemses of quartzite oceur infolded With'the

slate. These may belong to the Sweetsburg ulate, .or pos31bly
they may be dovnfolded syncllnes, mnch contorted of the

Scottsmore quartzitee_.

' The rock is’ctumplod'in'aﬁverj‘oomplioated Wéyuboth )
on small and large scales. In a'hand specimen the white sandy
layers are rarely straight, usually-thej ére ihtricafeij‘folded .
It is not possible thereforég‘to determinoowhethérotho'san&yA

layers are continuous'Or not. .

Stratmgraphme smgnmfloance.'A As indioated.above,

- uader Scottsmore quartzlte, thls member was dep051ﬁea at a-

time of relatlve stablllty of the land vhlch was undergomng

deeomposztzon to an extent that consxderable mud wag tranSported.w

$0.-the Seg. The Sandw layers are not, it seems, to be




interpreted as due to variations of the intensity of the

streams but to the mterfmgenng of “che oi’f-shore muds and

nearer-shore sandstones. That thls could be possible W;p.thou’r.:'_
destroying the clear—cut de:fmltlon of the sa.ndy la.yex's is a’ |

tribute to the quleoness of the watare

Vail Sla’ce,Membero Two milss duse gsouth of

Cowansville, on ,the,mmhaia - Sweetsburg road, in a quarry
' | opened for road material Opposité the Vail Cemefery,is a
] type of slafe different :Ei-Om any of. ’che-p‘reeeding. It is
7  not found noxth of hére (see next paragraph), vb’ut é half
nmile further southv it occurs again %o the east of the road,
' , ) and two and a 'quar‘ber: miles sou’chwést, where an eas‘b;-west

- road erosses a sti-eam it can' be ,s.e“'er_.l again; ~ Beyond that

point it has not been recognized.

Fu:‘ther to -the noxth, wes‘t of Bull Pond, and in’
@ " ~ the vmma.‘ty of the iatrusive of Brome Mountain, 'bhere is
f’ ~an indurated rogk Wh:.eh has a.ll the eharaeterls'tlcs ome »
| e would exnect to find ‘Wwere the Vail slate slightly metamo:phosede
This consists of ma,:rked alteratn.ons of llght and dark bands,

5 o with a strong ring to :Lt when stmck.

Q

it consa.sts of an alteramm; of :u,ae and less fine
layers of mudsuonea - On the fresh sur:Eaee these are with |

difficulty differeatiated. The fmer bands are daxker, the
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slightly coarser are‘pot quite so dark, the whols rock being
medium t0 dark grays On the weathered surface, however, the
distincti shows up remarkably walle. Thé finer bands remain
dark gray, the o+hers weather G0 & rusﬁy gray making a mafke&
contrast. The layers vary in thickuess, the figer ones on

the aversge are 2 or 3 mm. thick, the coarser ones 4 to 6 mm.

The nost remarkable characteristic of this slate is

- its cleavage, which is so coarse as better to deserve the name

jcinﬁinge These fractures run in two main directions,thus
reducing thé formation 20 blocks of lozenge~shaped cross~-section.
One of these direetions'has led to the formatioh of Open-joints,_
now filled ﬁith quartz, these traverse the rock in paper-thin |
seams up t¢ a millimeter thick to the number of & dozen per
inch. " Along with quaftz @g& these fra‘c‘bur'es' is considerab'le
pyrite, which ea31ly rusts, but neither quartz nox: pyrite ogeur
in the other series of fractureso This alone Would be suffieleat

evidence to allcw the eonclu31on that the quartz fllled Lractures

“arer the earllth ﬁhe other set sueeeedxng then in tlmea

Considerable minor movement has taken place along the quartu'
filled fractures, tlny sﬁep faults of one to two millimeters_
aneGﬁln? practlcally every part of tne rock. '

- It is not 1mposs1ble that this may prove to be

Swez\‘;sbu-r_q .
merely a variant of the Sai=Easl slate0 Its eharacterlstics

are so marked that it is here given ‘the rank of a member within

o or ARy
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the Osk Hill formation. If not it'is best considered as the

" highest member of that formation. The occurrenceoof the Osk

" Hill slato on both sides of it is doubtless due to the crumpling

3 ' 3 = ooo—foot Fut—beoaunse—L
3y Yy
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- About 25 feet

of the Vail slate can be seen in the quarry and possibly

another 25 feet is exposed slong the roadside.

The Eastern Districh.

The Sutton -Serids. -

Ocnurreneee ete. i The Sutton ﬁﬂfﬁﬁﬁ-oceupleﬂ the

Sutton Mountains, Sutton Valley, and the éastern half of Brﬁge
Lake b331n = in all about 200 square mlles of the area under
xnvestlgaﬁlono The roeks include mica schlsty.phylllte,
quartzite, and carbonate horlzons. mhey are wmfossiliferous

determined
es far as known and age relatlons ean only be sksmised from a

- study of the 1ithology and structure.v No stratigraphic sequencs
- has been &etermlned as the serles 1s greatly crumplpd and |

‘deformeds The grade of metamorphlsm is relatlvely sllght Wlth

lowétemperature~mxnerals predomlnatlng. The schists in the

sutton Mountains area are mostly albitized, ‘'with me tacrysts PP
%0 ong-eighth of an xgcthOmmon, but thosse of Sutton Valley '

and Brome Basin as a rule lack thiszfeaturee_ Strueturally, |




it :
| the Sutton Series forms en a.n‘tielinorimn whose crest ‘passes

through the Subton Movntains northes.s*t *i;ovrard. the Wotre Dame

_! - Hills and south into the Green Hourtains of Vermonte |

. ) : .-fv.wﬂ"'
, ' ‘The boundaries of the Subb uon Mras are the Brome
"‘hmat on the west, whereby the roekb of che Oak Hill slice
are brought mto contact with the u‘[ans " ville Phase and also

. ?La";// :
o 'the Suuton Sexies proper in the southem part of the map.

" This boundary, llke most of the boundaries in this area is a

~ line between I. 20.E. snd N.30.E. On the east the boundary is
less deu.znue, but noae the less cleare It is a stratigrephic
%omdary between the metamorphosed schists of the Subton

G ‘W\/ - .
4 end the mmnetc.mozphosed (unecrystallized) slates of

1 the EWenese - Strangely anough, thig latter

) - e

»;by;’,/ﬁ _~boundary is not ‘hard to draw. < It lacks much of what a good

S boundury should posses; it does not neeeqsanly separate two

\.coek fovmaulons, for the Ma.ascmv:.lle Series may well be, a.nd

e w,MM BN

N in &ll probablln.ty isy :‘Lnfolded Wﬁ'h the Subbon Sewies, but

in so becoming it hag ta.ken on crystallmity and schistosri:y
“A,( %, . .
'a.nd hence becomes pa.rt of the Sutcon S*'éa&as

The Mansville Phase of the Oak Hill Serles. : Exposecl'

’ | ’aloag the western 11m3.'ts of -the Sutton se:cies is a su:.tev of'
formations of somewha‘c less meta.morphosed types than is
usual in the Sutton vSeurmso Its best ex_posures are in the
vicinity of Mansville, but it may be found far to the norbh

“and south. It consists essentially of low grade-schists,
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'pbyllites and dolomites whoée oraer of succession and relative

thickness agree exactly with chose characterlsuius of the Oak
Hill Series. So striking are the resemnlaaces of the rocks |
concemed in =1l resPGGﬁsAsave metamorphism and aetual

thickness, that thers can be no escape from the conclusion

that this is merely a phase of the Ogik Hill.Series, attenuated

because of limited deposition, exposed in a slighily meta~. -

morphosed form. This peculiar phase we have called the

Mansville Phase,'évoiding the word series because it does
not appear to be'dis%inct. except invmetamorphism, from the
Ozk Hill Se&ies, and almo bécause‘df the possible confusion .
with the term "ﬁansonV¢lle Series” employed in comnection
with rocks of"tne Memphremagog.Qaaarangleo' The correopondenee

between thebﬂormal ?ﬁase'and ﬁhe Mansviile PhaSe iz shown in

the accompanying table. The "lower sericite schist™ is highly

nagnetiferous, the "middle:slété"fis,rieh in hematite, the
"ppper sericite schisi” is almost pure serieite-Quartz schiste.
The two dolomites aie-iﬁdisﬁinguishable,'eXcept.that the lower
has associated with it a dolomifié schisto7“ihe appérently

great thiokness of this “1ower dolomite may be dus to the

inclusion Wlthln 1t of sillceous beds proPerly belonglng to L

the n]ower serlcltle schlst“ : The "lower-slate“ resembles
the Call Mill slate in texxure and eolor. "Moreover both
these latter formatlono rest upon chlcrlte schisﬁs, waich in

the two cases are almost identical.
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So con”using were the outerbps of the Mansville
Phase when fivst enoouatered that 1t was decmded to map two-
or three of the outcrops accurately by neans of:a plane~table;
Plate  shows one of the maps-so’made and cross-sections of
the other two areas. The Weétarly‘ﬂip'is uwpusual and is |

doubtless the result of drag along the Brome‘uﬁderthrﬁstof

:Fivure - shows the plan and ceculon of one of these
Mansville outchQS ultuated 1 mlle vest of Suﬁton Janctlon9
west of the first north-901ng roa& west oFf that placeo A
south plﬁch 1q indicated at the north end of thls ezposufe

and top @ad bottom of %he sectlon are defxnltely knowno 'The_

’ legend shows the sequeaee qnd the taole on page - indicates

~ the thicknesses.

‘Pigure shows a s;mllar sequence L mile south wesh -
of the preceding local;ty which is complicated by a ‘fault.
The characners of the roek«an idvntiual with thooe of %he

flrst localltyo *ﬁf7>-'ﬁ

ﬁigurei shows ‘a seetion of the third locality, 1
nile outhwost of Brome Village, west of the road. Its

lithology and sequence differ from those of the two previous

. exposures-and-lt is phought to be the uppermost,part of the

Mansville. In order to pr@sent;fhe.evidence logically it

is neeessafy to study again the first ftwo localities.

L%
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Plate . meatloned prevxouslv ~shows a section

which can oe successfully compared with the highest horxzaaﬁ
of the Oak Hill Series.

The exposure lies 3 mlles nOEtneauu

£ the Mensville outcrops already described but is directly

aloang the line of strike.

The flelu relatlonq do not indicate

top én& bo:tom of beds and tne

seetion is drawn in its present
Iorm only as a result of 1ﬁs llthoiogiczsimilariﬁy.to'the upper :
part’of the Osk Hill Series. The evidence is (1), %he dolomlue
merble is highly siliceous gnd thus resembles the D'tmham
formation Qn.Oak Hill, (2) the phylllue and slate contain th¢n
Lquartz1tlc beds near their contact Wlth the marble which are
similar o the Scottsmore quartzite. Qn the strength of thesé
lithologic resemblanees the locality is included in the
Mangville formaulon and in the table (po  ) 1ts members'are
placed ogpos1te the upper horizons of the Oak Hlll Serleso'
‘Thus in Ffigs.

and - the bottom of the metamOrpnosed

- Gilmen quartzite is seen, Whereas in figure  only the top.
' Mo iafoimation as to the proper thickness‘ofvthis *upper55*

sericite schist"™ 1is available. -

Main body of the'Suttoﬁ schists;

Lithology. The maia part of the Sutton Series
is lelSlble .nﬁo four lithologie types - (1) mica (sericite)
sehist, (2} v y)llte, (5) ouavtzite, and qua:tzmte ?Ghlst

and (4) dolomite aznd dolomitic merblee




e

The mica sehist.gfotp'is by far the largest in the o
series. In Sutton Valley én& Bfome-basin'these rocks contain
'little or no'albite and are closely cleaved, aimost siaty in
plc,eesp micageoug to talcose luster. Many of +he’gradafioﬁalA
phases may be named‘chl : ”c sé%st or phylllue W1th equal
reason &ependxng up;h the Whlm of the observer. They ars flne
to medlumrtextured and in places areé thh in magﬁeﬁluea In |
the Sutton Mowntains the mica schlsﬁdls rlch in alblte metac rysts
and over large -areas the rock is gné%épld in character. Ou the_
east flank:of the mountains albitc is less prominent. luch oz
the seﬁist is Lalooaaeeous and has a steel~grgy lugtre which
is charscteristice Typical fresh expoaures nay be seen along

’tne main h;thay in Gleu Suttoa VaLloyv 63960131 J'betweon

Dunkin and Elwhwaoeru (Elaues to )° Along Bthon Pass

e~ e

in the vicinity of S§};g;§an& the rocks arefvery coarse=
textured @nd have aLneissoid charaetera. mhiﬁ is also true of
Bolhon Mountein, 2 bare ridge noruhsabt of Bolton Glen. In

e M_,.,.__,

these localities weathered surfaces show goarse quartz rldoes

-

up 6 % 1nch in Wl"*h standlng out 1n rellaf. ? -

MicrbscoPib'examination confi:msjﬁhe field evidence
that the mica schist consists mostly ofAQuartz, sericite mica,
and cnlorlteo The mica an&.chlorita are intergrown; the
flekes are orlentm%ed‘in the direction of schistosity and
enclose lené~like;aggregates of quartz grains. Thév“albite"

metacrys ts previounsly mentloned are usuall y not pure NaAlsizOg

e

w‘“’"




but approach oligoclase in combosiﬁionglmhéy have raggéa-‘
kborﬁers'(Plaﬁe ) and twinning is‘notably absent. A good
basal cleavage aids materially in determining their position
in the plaegioclase group. They disrupt the schistosity in

two ways (1) by mech_nlcally spreading apart ﬁhe mica-chlorite
lamellse, (Plate ) and (2) by replaclng the schist mi'ne'f'?-ls9
mica, chlorite, and quartz. ‘Evidence ¢f the first may be

seon in the fisld where the metacrysts have made pockets for
themselves axnd give the cleﬁvage surface a aummocky appearaaeea
Evidence of the seconw, or replac ement, is showa by t
microsbo;ga where corroded remnants of the original sch;s
ﬁinerals enclogsed in the medac ryuﬁs presazrve the schistosgity
as a relist sirueture. (Plots }o Had the replaeeneno been
conplete in all nascé‘this direct ovidence would be lacking.
Quartz may-.occur in veinlets wp %o one-sixteenth of an inch

in thickness. These in tumm may be mylonitized into augen-
like masses in which the grains are brokem and strained.
Orthoclasec - ocenrs in the 6oarse gngissoi&‘TOcks'as gr@ins'df
squal size with albite and quartz; it is rare in the main body
of mica schist and nevei bccurs as metacryst56 'Magneﬁite and
ilmenite occcur commdnly'as accessory grains, the fommer
usually as ocﬁahadrons and the 1atter with its characterisbic

leucoxene alteratlono Pyrlte and pyrfhnt;te are much less

common than ‘LS metite a”d 1ndlcabe the Oildlulhg rathoer than

roduc-nb\chafa;iem“of ‘the circulating salut¢onso. Pitanite in

wed@s—shaned aﬂd 1frswu1ur outlxnes and rutlle in minute nee&les
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are regularly found. Epi&ote; apatite, aﬁd carbonates are
also characteristic accessories. Small brown tourmalines

eppear in some sections. Green biotite and hormblende are
fareo Pink garmets may be seeh in some hand specimens but

they are usually microscopic and never abundant.

The phyllite group is second iniimportance to the
nica schist'g;f‘an& as usual ié‘a'graaational type. The term
is a convenient one 0 use for rocks intermediste in texture
between schist and slatee. On a iow ridge‘we st of the highway

‘between Brome and Subton Junetlon thore is-an approach to tfue
slaty cleavage but more typical ‘exposures are minutely

¢rumpled and Polded and show cleavage directions rather them
cleavage surfaces. The texture.is‘very fine and the rocks are

| colored gray to black by graphite or:carbon dust (Plate ).
Quartz layers up to one-s 1xﬁeenth of an 1nch in thlckness may
be presenu and give the pnylllte a mlnutely bandea appearanee.
'S-shaped monoclinal crnmples are cnaracterlotlc of the group;
they vary from microscopic sizes up to several inches across
and in places two intersecting sets may be found. Thé bhyllite
is interbedded with The mica schist in anes_varying from a
few inches to several hundreds of'feét. ‘Due to'its gradational
character shafp contacts aie uncoﬁmon.‘ S

-Quartz; serieité miea;:chldrite, and carbonaeéous
natber are the essenbial eonstitudnts of the phyllite. Inter-

growths of mica and chlorite are woven betweén_elusters of
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minute quartz grains and outline:alsq_theﬂmonclinal flezures

‘ previously rofe red to, Alblte-ollvoclase metacrysts show

the same cheraetGV1391cs as in the mica schlst but are in

general smaller and less abuna@nt. mhey are clouded with earbon
duet which darkens the lustre bn‘cleavage faces seen in s

hand specimens .TIlleyg'CoEo {Quart. Jo Go S. London, vOl. ?9;
D180, 1923) dascriﬁes "knots of a black well cleaved mineral,
formino porphyrobiaéfs in a qﬁarfz-chlorite-muscovite groundmass "l

Albite twinni ngvis eommon and %he blackness is due to

_carbonaceous ineclusions., ~(Start ares, England) ' This maﬁerial

. 1oud1nv the meuaerysts shows in places monoellnal folding

which is cqntlnuous_W1th the orlginal crumpling outside its

boundaries. The carbon represents material which the albite

could not use during the replacement and is certain evidence

of the later age of the-metacrysté;_ Among the accessoxry
mlnerals apatite is eommon as euhedral to subhedral crystalsf 
and also calcite in twinned, 1rxegu1ar~formse - Epidote with
blue clinozoisite rims is a regular aGCessofy;'7Hornblende |

blades are much Lless common. Ilmenite, ribile, and titanite

anmong the titanium:group, and small tourmaiines,have also

been noted in thin section. Pyrite is charscteristic and is

found in sha rp eubés of all sizes up'tb = iﬁch«' In places

it is fractur@i or coatalns rsmnants of mlea,,ehlorl"te9 etce
Pseudomorphs of hydrous iron ox1des may also oeeur'wnere

Weauherlng agents have penetratedo Pyrrhotite is less ‘© ommon

1
H
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and lacks the crystal outlines and large dimensions-of pyriﬁe.

The quartzzte group 1s 1mpor%ant for the evidence

15 furnishes of the sedimentary origin of’the Sutton Series

but 1s of slight areal extent. It-occurs in beds several feet
thick down to layers measured by a fow inches. The'roéks are
medium t0 Pine-grained and granular to SChl tose. -fhe color
varies from . grayish-white to almpst black in carbonaceous
typess- (Plate )e. Thé-quértzifes mdy ﬁe streaked with daxrk
and ll"‘h‘b layers Whlch rapresent mltlal ch.herences in
sedimenta‘t;on° Small pyrl te cubas occur in the earbonaceous

types aﬂd 1f ox1dlzed form rusty spotse _

.In. thin section quartz iS'predominaﬂﬁ'as would be
expected and ocoeurs iﬁ'inﬁé§106k§§§;“h£§%§5ihé§-éggréééteé
~Whieh may have a slight elongation parallel to the schistositye'
~ Sericite mice and chlorite are inﬁergroﬁn as ih.other'parts'
| of the Suﬁ’con Series: but are less abundant and égldoni dominate
the structure. Albite-metacrysts occur'spar;nglyo Carbonates
are characteristic accessorieé;l.Maghetife; ilmenite;fand
titanite afa common s rutile ﬁeedles'afe'relativélj raro.
Epidote and zircon are likewise uncommon. Apatite is a regular

accessory and garnets are found in places.

- The dolomite and~calciterbeas ére a calcareous group
varying from massive marble to schistose ftypes. The texture

~is usually fine and sugar-grained but may also be coarse.




(Plate ). The color of the £resh rock varies from creamy-
. white through gray to brown. They occur interbedded with the
‘mica schist and phyllite in small discontinuous exposures a

- ' i W’Q
fewfeet thick. Only about a dozen outcmps ha.ve ueeﬂ Ztosadedo

T.ae surface weathers brom due t0 the slight iron. content of

the carbonate and tne rock is much fractured ‘and filleét with

-quartz and chlorite ve:ms of all sizes. In places chalky -

L wnlte feldspar a:ad qua,rtz grains stand out prommen‘tly on

the vea"'hcred surfacen' Dolomlte_occurs in untwinned crystals
- with common grams of quartz. Calcite is‘chal;acterized' by

are
abu.ndan‘i; twinning. In places albite a.nd orthoelase/ocattered '

o3 ‘bhrough the seetloﬂs/ 7%%@‘ are probably of sedimentary
orlglno Greem fuchsite streaks an& paler tale have been noted
in hand specimexisv vut in thin vsec‘cion nay ha{re passed for |
mica in many cases due to their lack of coio-r; Thqré ié
sufficient mica in parallel dimensional '-é;z'ra:hgemen’q in places
%o give these Erooks a.n irrwular schistcsi‘by ’ou‘t ordinarily |
they are mass:.ve and ablmda.ntly fractured. Accessory minerals

: include pyrl'te, chlorite, a;ga‘blte, a.nd carbonaceous matter.

Evidénce '63? 'Original’ ‘Chara‘c'be':é;”: There are two

lines of (.:ttack to this problem - (l) “the fleld e*\'rzi.dcneea9 and
~ (2) %the mmeralOglcal e‘ndeneeo These are mseparable for .. --

T e T TR Sa oA B M ST e

purposes of dlscussn.on a.nd eonverge 'to the same conclusmn

that the Sutton Sem.es is sedln_len’aa.ry in o:rlg-ln. ‘




Marble and carbonate schist ocour in a number Of
localitieé° In all cases they are gonformable,with thé superb
and subjacent mica schist and @hyilité;.show 20 cross=cutting
features, and indicate nothing 6f an iﬁtrusive-charactere
Quartzite is of common occurrence and shows the same
characteristics as the carbonate heds. Iﬁ 1s more than

ningty percent pureaquartzo‘

The mica schist averages about f£ifty percent of
Quértz which is an improbable prbpdftion'for any rock exceph
a sediment. ‘The fact thab thése schists now contain sbundant

albite has no bearing on the problem inm hand as this mineral

.belongs to a later generation, made—at——tinedusisg-which-sods

",l loemnn

‘The phyllité and much of the mica schist contain

abundant carbon dust or graphlte. The 1oca1 oecurrance of

" carbon in itself 319n1f169 nothlng as it is eommonly noted

in metabasalt and greenstones but in %ha pxesent cage it is

- widely distributed and in the phyllite forms an appreciable

pereenfage of the mineralvqantent; vThere.is no evidence that
it has been introdtce& and'the<donclusicﬁ therefore seems
Justified that it 1s an orlglnal eonscltuaat of & sedlmentafy_‘

formatlono

The total evidénee of origin df thé'Sutton Series

- goaverges to one'cqnclusion<-7that'it is of sedimentary
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character. Metamorphism, both physical and chemical, has

masked certain deteils aud it is only by separating these

‘later features that the original. character of the rocks can

be deciphered.

Thicknesse. The only continuous section in the

Sutton Series in which it is certain that there is no

repetition of beds by folding is in the gorge oné mile north-

west of the end of the road north from Dunkin (Plate )@ 
This is a vertical séction of about 400 feet in the crest -
of the antiélinoéiuma. It caﬁnot.be'regarded seribusly as a
ninimun thickness and is included in the discussion to

illustrate the lack of quantitative'daﬁa céncernihg'the:problem.

The axis of the anfielinorium passes much closer
t0 the east boundary of the series théﬁ,it does to the west.
Along the International Boundary where the greatest breadth

of exposure oecuré west-dipping sehist composes‘Q miles of the

- total of 14, and only 5 miles dip easte_ Purther northeast
. the sams® outcrop ratlo holds but cons1deratlon of mhlckness
~ is less gusﬁlfled here due %0 the 1ntense flowuge which has.

.occurred on the northwest 31dea' The factors tc be eonsxderea

in a dlscu351on of . thlckness are as follows -'(l) the amount

- of thickening by repet;tlaa of major £olds on the limbs of -

the ertiglinorium, (2) the magnitude of the displecement along

the Brome thrust end the positioﬁ of the axis of the adjacent
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synclinorium to the west of the main emticlinorium. Assuming

sn sverage west dip of 45° and an east dip of 60°, and

neglecting the above factors for the moment, the 14-mile
section referred to would vepresent 32,000 feol measured from
the thrust fault on fheAwesﬁ and.éz,boo feet measured from the
contact with the Ménsoﬁvillé Series‘on-thé easto. The field

study shows that the éehist WGst of'the'axis has bsen thickened

by draeg folding mofeithan that on the eacst and they may for

%hat reason contain more repeated strﬁetureso It is unlikely,
however, that a restoration of the pré~folded sediments‘would |
thin out the western limb to the dimensiaﬁs\then cceupied by-
the east side. 1In othei words the ésymmetrical‘pbsition of
the axis can not be explained eatirely by the relatively
greatéf thickéning of its.west‘limﬁ, There-remains then to

be considered the thrust along the west boundary. TIts throw
is unknown but because the basement of Tibbet Hill chlorife

schist is exposed east of the Brome Thrust there must be a

syaclinorium between the Suttqn Mountains and the Brome

Thrust. Some of the discrepancy in the distribdution of the
series'easﬁ«and_west of the anticlinorial axis may be dus to
$his synclinorium iﬁ $uttoh Valieyo"It is also possible

that the west side of the basin received a greater thickness

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

 With so many unknowas and variables only an arbitrary figure

can be offered for the thickness of the séries and & minimum
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of l0,000 foet is given in the geological column (Insert ).

Age. Logaan was the first to hazard a guess as t0
the age of these schists. He did not suspect the p?e 1eNC e o;.
thrusts between the Philipsburg area snd the Sutﬁon Mountains
and there fore his conclusion that "Sutton Mountains would
thus appear to be composed of stfaté which overlie the

magnesian portion of the Quebee'group“'though still partly

true cannot be said to rest upon correct reasoning (1863,

ps 251). He was thus coavmnced that they were the metamo:pnosed

equivglent of Gambrlwn and Ordov1clan beds, a conclusion that
was combatted by f50£$u=Selwyn (1885),and Ells, both of

whom subsequentlyvraported on the regidﬁéleresser'{l906;?

De 509) was the first to complain of the change frOm Logan's
expressed views, but practlcally no other Oplﬂlon up to the

time of this report has cowe oute '

If the suppositicn-that'1he'Mansonville Series
(see“ne‘ ) is Upper camnrlan. th structurally the Sutuon
Series muot be pre-Upper Cambrl in parto‘ The conclusion |
reaghed in the dlscusgloa whléh follows’favors é-Lower Cambrian
age'alﬁhough'nodire@t'proofkls;pbssible from’the_presen% 

study.
- . ‘- .f ) (‘V’_. g
The Mansville Phase of the Oak Hill Series is the
key o the problem in that it'seems %0 be, though part of

N (_'\:\_; 3 \:..(‘., . . . . .
the Sutton Series, a slightly metamorphosed product of the
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Iowser Cambrlan Oak Hlll Serle Its relation t0 the normal

phase of the Ok Hill S°r1es has alreadv been glven in detail
(p. ) end it will now be comparea with the Sutton schists

in order to consider the possibilities of further correlation.
Paiedntologic data are %acking anﬁirely so that the‘evidence

must ‘rest on lithology, stratigraphy, and structure.

A lithologic comparison with the Mensville Phase
is significant. In the Sutton Valley the mica schist is
identical with the uppei». and lower sericite schist of the
Mans&ille Phase bub as one pfbeee&s further éast the outward
81m11ar1ty decreases due to albltlzatlon and coarsq@ng of the

e

texture. The phyllite of the Sutton Serles shows the same

-relationship ~ in the Sutton Valley it is entlrely similar

to that of the Mansv1lle Phase but as one works east the orlglnal
charocter is masked by albltizatlono Thin quartzmte bed°

are of common oecurrenee in the Sutton Serles and - similar thln
beds ocecur with the phylllte and slate of the Maﬁsv1llee ‘
Dolomite beds oceeur in a numbef of localxtles in the Suﬁton‘
Series and most of them are-brown-weatherlng types not

distinguishable from'those &escribed in the Ménsville formation.

~ A conmplete stratlgraphlc comparlson can not be made
as uo cantlnuous exXposures are known Wlthln the Suttqn schlst
which contaln more than three of the various units of the

Mensville formation. Thls is partly due to the more intense
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mebamorphism, perhaps also to actual changes in the sequence
and thicknesses. A locglity 2 miles ncrtheasu of Richfoxrd,
Vermﬂnt and 4 mile south of thse boundary furnl hes the only
straulgraphic_evidence in the Sutton‘sézigs. ‘Mica schist,
dolomite marble, and a thin ﬁanaed phyllite'oeeur in several
adjoining outerOps alonéside the road and the drag folds’
_ndwcate a sequence as named above with phyllite the top
membere This is similar to the succession described_from the

Mansville outcrop in Plate o

Structural relations are developed more fully in

the next chapter (p. ) but i% may be stated hoere fhat the

=
2

L Mansville 1160 at the base of the exposed portion of the

ok

Sy A
Prase®
on Seﬁxﬂbg becausa of its unconformable 9031t10n upon the

n‘.

basement chlorzte schlsto The llthology of the main paxrt of

 the Subton SerleS—ls easlrely comparable with that of %the

fansville and Ok Hlll as ‘already 1ndlcated, and 1t is not
unreasonable to supnose that the who & .group is.Lower Cambrian,
though for the most part stracigraphlcally hlgher than the Oak
Hill Series. ”he;e 1s no trace of an uncoaformlty and the ‘
dlffersnces in metamorphlsm bea” no relation to the age of
the rockse Furtherg it would be a«femarkable eoincz&ence if
the sedimentation in late Pfe-camorlan should g0 closely |
feseﬁble the peeullar sequence of ula'teB mafble, and schlct

found in the Lower Cembrian of the Ozk Hill Serlesa

Some additional informetion may be gleaned from the

" estimate of the minimum thickaess of 10,000 Zeet for the Sutton
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schist. 0f this thiaknegs.onlyAZOO faet¢ more or less?'at
the very bvase consists of knowa Lower Cambrian straﬁaé' The-
vast bulk of the schisi, therefore, is cerbainly post Oak
Hill.,  That it m1gh¢ still be Lower Cam risn is entirely
possible, uhough it is far more likely that the middle and
upper portioms belong %o ‘ater epochs. Because the Middle

Cambrian is but sparingly pveaeqt in Forthera Vermont, end

tnlkaown in Quebec, a lorlcal conclusion mcula te tndﬁ the

Sutton Series is Lower Cambrian in its lower parﬁ the rest

being probably Upper Cambrian and even Ordov1clan¢

In the Thetford‘area,AH.:Ca Cooke Ffirst supposed
that the Bemnett schists ﬁhicb are the northward éontinnation
of the Suuvton schists, wers Pre-Camorlan but later concluded
indenendaﬁt]g cf this presenu work, that they Wappear to be
the lower, meuamorphosed part of tha Caldwell series, whlch is
probably of Cambrian age?{1932, p. 24) - The Benaetﬁ uChlSﬁS

? %he Thebford arsa aeg described by Cooke, and as shom by

[@)

him to the vrxtef, ‘agree in all essentlals Wl sh the Sutton

schists. It is also intéresting to note that Gooke mentions

that a "magnebive layer {? Pinnaele GrayWacke] is overlain by

a very pure crystalline limestone [? White Brook Dolom~s§]
about 10 feet thiek“;(lgszb Do Bd)e .Cooke concludes (1932,
pe 5d) that the "neurographlc elmllarlty of the. orlmlqal |
compoaeats of the benneut schigt go the upper park of the

Oaldwell sefles, %he enﬁlre lack of any defined break between
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them, and the structurai relatidﬁs already described,
together sseﬁ to indicate beyond a doubt thaﬁ the schigts
ars merely the lower, metamorﬁhose& part of the Caldwell
series™. It would appear therefora that the chief difference

betwéen the two schist bodies is that the Sutton schists

«

.are definitely Lower Cambrian in their lower part, whoereas

the Beunett schists ars almost certainly Upper Cambrian in

- their upper part.

From his knowledge df the intricate structure in
the neighborhood‘of-Bichmond,'Que;; Dresser in 1906 concluded
"ag it thus seems certain thaf the Sut%on series contains
no Pre—Cambrlan clastics in the v101n1ﬁy of Saint Francis
River, it is consequeatly possible, if not probable, that
all the clastic rocks of thls serles, throughout ‘the
district, are altered members of the Quebec group, as in

this seetlon" (lJOG De 509)9_ S

in conclus¢01 it may be said that there is evidence
0 prov 8 Lower cambrlan ag0 of paru of the Su*ton SerleS°

there is none-for its inclusion in the Pre»cumbrlano

' Uﬁdoubtele Pre-Cambrian rocké occur elsewhers along the

Green lountains axis9 but thls does not eqn3u1tute an a
priori x *easoa for assuming, as has been doae in the past

that the Whole wn‘t.a.el:.norn.um 1s Pre~0ambr1an.




Interval between Ordovician and Pleistocena.

Assuming that Ordovician rocks,occur'inuthe Sutton Mountains
Massif., there is & g:eat gap vetween the age of them and of
 the nex‘b'.succeeding sedimentary rock - post-glacisl deposits.
Elsewhers, 0 the northeast snd east, Siluéianfand'Devonian
_sédimenﬁs were deposited, probably_covering mueh if not all
 of this area, but such strata have left no:ﬁrace of their

previous existence behind.

Pleistocene and Recent Deposits.

Coourrence. This area is abundantly supplied

v

with sa;ndy' till, stratified gravel, and river silt and mude.
Ko special sfﬁdy nas been made of this unconsolidated material
and: only its obvious fibld characters.é.re recorded hsre.

It is distributed fairly uniformly over the valley bottomé
and thins out von"th‘e gsides of the hills. Its maximum

' thickness is unknown but is probably less than 100 feot.

Till., ° The unstratified material ‘is $ypically a
t311 but in ma.ny. places .contaiz.ls'no ¢lay.  Boulders are
~abundant and aré.set in & ?ine sand or_gravell matrix. They

: include gneiss, granite, etc., rocks }foi*eig:n to Southern
| Quebec and in 211 probability derived from the Pre-~Cambrien
to the nbrtfgﬁ_ i1l is found as‘,faz;'up as 2,000 feet above

sea-level in the Sutton I:Id_uzitainsa I'ﬁ is the old.est
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uneongolidated muuﬁf¢al in uhe fcglon aad everjwaefo rests

directly on the 0ld Paleczois rouLEQ: o

Stratified Gravel. This material is exposed in

hundreds of pits in Southern Quebec as it is éxcellent road
metal and is used exteasively (Plate Je It is a fine to
coarse, well-washed gravel with a few‘saady layers. It is
invariably ¢cross~bedded and has rathexr stee§ fore-set beds.

The highest elevations at which it is Ffound in Brome County

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

present sea~level. No marine or freshwater shells have been

found enywhere, bRt as much of it'lies'above the 600-£00%

- eontour which a@proﬁimaﬁaly marks the strend-line of the post=

glacial'Champlain Sea, no mariﬁe ﬁypes at least are to be

expecteds These g~avels overlie ‘the t1ll but if the ‘Llatter is

"absent they lie directly on ﬁhe metamorphosed Palsozoic surface.

Leda Clays This is known from but one locality,

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

Mills and Frelighsburg, at an elevation‘df 300 feet. Fossil
pelecypods are common im this'axposﬁfeo"Goldthwait (1912,

pe 357) has exam¢aed the entire mountalﬁ frqnt of this area |
along the Ok Hil Thrust and did not repor any Leds Clay°
He did mention occurrence of shell localiﬁles, but. Wheﬁher ,

they were in clay or (more llkely) in sand he did not saye

River 8ilt and iud, This material oceurs in the

valley occupled by the Missisgquol River snd its West Branch,
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Pikes and Yemaska Rivers, and is the most recent of the

wneoasclidated sedimentse

the zivexr bottoms and

The mostbexbensive deposits

cf the Missisgquol River at

in serpéni

N -

I% is not comtinuous throughout

ig interrupted Dy rock exposures.

are &b the junetion of two branches

Highwabter where the streams wind

ine fashion through their own mud flats.




95,

 TGNEOUS ROGKS. wm o oo = 2

Bolton Metaperidohite and Derived Rockse

Ir the westemm part of the Memphremagog map area,

‘/but cutside the limits of the area of this reporb, there is a

/ great development of effusive and 1ncrus;ve bagic rocks,

§ : .
j knom colliectively as the Bolton Igneous Group. These will
]

be described in +he apnIOerafe report as nebabas alt meta—

gabbro, and metaperldotltec . Of these, the latter only is

.fouud within the area of the Sutton Mountaln ¢nd_1s therefore

the only one %0 be considered heres

The.éoltan metaperidotite includes also a number of
derivatives, chiefly serpemtiné; taig,,énd magneéitee 1t
forms only a minoz ﬁart'of'tha igneous‘roéks of this part of
Soﬁﬁhérn Quebeé, but tdlﬁhe northe&st, éspecially‘in-the .
Teetford district 1t is vary extensively developed. Within
the present ¢ ares it,outcrops in a zone close 0o tne eastern
margid £ the Sutton Mountain schist (and also in a pgrallel
ZOne to the east of the Mississquol Valley, East Branch),
and in scéttered localities in the Sutton Mountainsg

Daftloul@rly two and a haelf miles norﬁheast of Sutton Junc‘blon9

 ¥ioar and Five miles north of east oF South Bolton and sou*h

N
5
\

of the Bolton Pass Raad thres exposures near the ext reme
northeastera part of this reporh area, one mile northwest .

of South Boluon dnd several small areas cloue to the eastern
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nerzin of the Sutton‘schiotso The largest outecrop of this
rocx is between one quavrter and one half of a squars mile
occupying the ! nill eroneously named Hawk Mountain on the
Memphremagog map. This lies outside the limits
present report areca. Those occurrences within the province
/ g v X,

of this report are

cf this

, for the most pari, talc and impure

soapstone, with more rarely, serpeniins..

"They are usually
small,

of the order of 100 fest across. = Doubtlsess many

more ogcurrences could be found within the ““ttoa A cuntains,
but the soil and dense‘a

i rest gr owﬁh effeet1v41y conc sal them.

i e b e A i i S s

The dlseussion'of the metaperidotits is reserved
for the report on the adjoining area t0 the east, where the

Bolton Igneous Series iSASo>Well?deve10ped; In this report

reference will be mede particularly to the bearing bf these

talc deposits upon the development of metamofphism within
the sut ﬁon LGUﬂtalﬂ Schlstse

~ v )

Brome Alkaline Intrusives.

Brome ﬂountaln is the most e@s erly aad the largest

an Hl.l-ls °

(8]
,3' Hy
o
ey
(0]
Q
=
<
(6]
4
D
Q
Po

Its southetn edﬂe is sxposed along

rgia of the sutton She@to In the coufse of
this woxrk it wes no% studled in any detall and ig mentloned

here only for GOmpleu@neaso The roak@ are mostly coarse

$extured 1ight gray—brown intrusives with dark mlnefuls

subordinate. Syenite iS‘the.most_common'species on the
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gouth side of the boév, bu* olivine gebbro and anoxthosite

are fourd alsewhereo, outside the limits of the gut*oa Dhebto

It is d aotless 2 stock and cals only the rcoks ¢f the Csk

Hill S1lice.

[}

Numerous smell pegmatitic veins betweea Dunham and

RN

Prelighsbuyg are probably to be related to this intrusion.

Veins up to four inches across gonsisting almost solely of

quartz and orthoclase are numerous in dne or two localit

.
LI1ESe

About & mile north of triangulabion station 33-D-1, and on

the west side of the rosd is a SLall excavaticn that exposes

vhau apnears 0 be an igneous rock en

In all prob blllty this was an

irely surrounded by
metamorphosed sealments.

qbor‘twe ovﬁller of the. Montereﬂlan 1atru31veso.~~-~~

ILanprophyre Dikes.

Trap dikes are relatively wncommon in Southera
Quebec but are distinctive in charactor. They'are ustally
1 to 2 fest w1de, gfay~blac£ in color, aad of a flneg dease,

texture.(Plate . o A majori by of ﬁhem are porphyr;ﬁic

end a fow amygdalo;dalo;

The dense groundu ass uadnr thu mlcroscoge is composed
of minute brcwn hornblende nee&les;_albltlzed plagioclase, and -

an interstitial paste of chlorite and carbonate alteration

products. The general teiwm lamprpryr e thus fits 2il these
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rocks, snd a Tew correspoad %0 the more specific term camptonite.

Ehenocrysﬁs 6f sugite (Plgte ) and brown hornblende
occur up 1o three-sixteeths of an inch across, and in places
there are remﬁanté of olivine. Chlorite and calcite replace
these minsrals to a considerable degree. Brown biotite is a
¢ onmon aCGOSSOrv and titanite, magaetﬁte-llnenlte, and apatite

are also ¢f regular oceurrenee.

Anygdules up toO one eighth of an inech ars comadn.
They ers usually llned Wlﬁh green Chlofiuu and filied with

cal»1»e-;~¢ﬁwﬁ_* .A‘, R ”7"7

Ageer- The thres igneous-fypes just described
intrude ﬁhe‘Cambrian and Ordov1elan rocss wlﬁh which *hey
are assoeia%e&;;fThe wo latter are fresh and m3331ve aand -
give np_ia dication of hav1rg besn subgec+ed $0 the dias trophism

wﬁieh_a:f cted Southera Quebeeo Lhe Aeadlan orogeny in Late

Devonian time was the last of these disturbances, and the

intrusives came in still iateﬁ From a knowledge of similar
rocks elsewhers in this geolovlc pfOVlﬂGe it is probable

that the granod orlte aﬂd alkallne royks werse 1ntruded in

Iate Devonian tlmn af*er active o:oveJy hdl ceased. Theix

.,

elation to each other &nd 40 the laqpruphyre dikes, homever,

has ye%vﬁo te demonstrated. Thelw

% RBoltcr mebagehbro 8¢
mmedlauo-y

It escaped the Taconie orogeny,

Acadian orogeny.
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SPRICTURAL GEOLOGY.

There are two chief Suruccu ral manifestabtions in

this area, first the anticlinorium oF the Oak Hill Slice, and

second the massif of the Sutton schists consisting.chiefly
of the Sutton Momwntain anticlinorium and part, at least,
\_/,_,.

of th cent syaclinoriam o the wesb

The Oak_Hill Anticlinorium.

Rotweon the Ook Kill Thrust and the Brome Thruss
' 3, | : : _
lies the Csk 111 uer*c of Lower Cambrian beds and thelr

.

Pre~Canbrian basexmsnt, the Tibbet Hill schists The Oak Hill

P DA PO ‘ ' ‘.‘ ' - . .
Serics is closely folded, the fold Loxr the most part are

somewhat ovsrbuined towards the weste. [The youngest beds are
seon only along the Westarn nargin, and, with a few excepiions
due to repet~u1un'bJ POlulﬂ Qlder and older beds occur as

cne goes progressively eaﬁt vards until, Just east of ﬁhe

strike of Elan“cle “ounualn the chlorxte schist basemnent rock

. Yo .- , :
511 the way aloang a @srlxewase_dzreetmona Therefore

[_9
(o]
o
i
@]
6
o
[l
©

" the Oekx Hill Serles really outercps in the westeran half only

of an anbiclinorium. ”ne eastern half has'been oliminated

by erosion andé the: lﬂﬁCfVGﬂﬁlOﬂ Qf the Brome Thrusﬁo Ihis

‘.Ja
O
I.
E
b

anticlinorium is really & very gan tle arch of folded st abae
The compleve bLlC&HuSS of Lae Oak Hlll SGrles is Oﬂly about
4,000 feeb, and Jhe dl;lefeacs in: elevat;on beuween the Oszk
HEill sclate {400 feel) and the leblt Hill echist on Tirmmacle

Mouwnbein (2,100 fest) is 1,700 feet. The total difference in
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GlGdelQﬂ between the base of the Osk Hlll Series along the

of /fc Oode Nl Stk )
ecast ana wegt bouwada 133‘15 taerefcy b,?OO feeto Inasmuch

as the width from Pinnacle Mountain westwards across the
strike L0 the Osk Hill Thiust is 37,000 feet, we have means
of measuring the amount of alo*aﬁ on coancermad in uhe formation

3 &~ 4

., of the anticiinorium, i.&o 5,700 Teet vertical elevation in

37,C00 hor‘zon”cal‘distaneeD which is a little leoss than ons

ian geven. The an+1o11ﬂor1rﬂ cmaeevnea t%erefore was 91y

\%\

Llab one, out effective enough ovar @evera] miles in bring 1Ag

%0 the gurface the entirs Oak ‘Hill Serles.

m
e

.':s

L e enticiinal nature of the Osk Hil} Slice is
\\ confirméd by the clesvage. This has a relatively low easiward
dip on Oak E 1, but the dip becomes progressively steeper

and stee'er until on ?innacle Mouatsin it is almost vertical
1Y _ )

but with an eastern inclination. East of Pinmnascle 1% becoues
complesbely vertical, and before the Brome Thrust is reached it

- turss over t0 a very steep westerly inclination.

This fan cleavege, as it is called, is approximately
parallel t0 the axisl planes of the folds in the Oak Hill

" Series. - In terms of the larger structurs comprising all of

L e T g

Oak Hill upland the fan clesvage may be considered ss parallel

R to the sxial planes of unknown folds in the Tibvet Hill schist

! and of that p arh of the Oak I Hill Series whish once completely
- overlay it. . The structux thus consi ste of & Low arch with

the axial planes of its secondary folds diverging upward.
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i jf&kﬁéwx> the west along the thrust zone, which suggests an east-dlpplng

o 1oL

”hls deflacs a no:mal anticlinorium and the Oak h111 unitb
ig considered to be a remnant o0f a once larver structure of

this type whose axis within the Tibbet Hill schlst is marked

by vexrtical cleavagee:.

The Osk Hill Thrust.

L - The Oak Hill Thrust forms the western boundary of
the:aﬁficllnor}um and is determlned-defxnltely by the fossll

cont:jént of- the adjacent formations. The "S'ba.n'bridgeAslate on
the Wésticontains‘a'sparse graptolite fauna of Trenton age |
and the Ogk Hill Series which overlies it is known %0 Dbe

/})ﬁ?ai;y Lower Cambrian (po'",).' The latter series is. overturned to

o~

e et i 7 T
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thrust surface. This conclusion is quite in harmony with the

Rosenberg end Philipsburg Thrusts further west, both of which

dip east.

It is quite possible of course that drag:along the
LA ,Oak Hill Thrust is'partly responsible for the overtumming
( at this place;-neverthéless this former'conblusion'is borne

out throughout the Oak Hill Serles in evefy locallty giving

\any structural clue.

I4 only one place can the actual thrust be seen.-
In the strean bc& below the brldge a mlle and a half west

of Hun@er hllls the two kinds of slate are in contact, and
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one exposure clearly shows the Sweetsburg resting by faulting
upon the Stanbridge. Throughout the zone, mapped as a line,
g 1YY :

of the Ogk Hill Tﬁrust numerous oubtcrops can be found in which

the two types actuélly'are intermingled, one type having been

incorporated within the other as the pverriding procsedede.

Minor complications of the main folding abound,
es@géiaily along the strike of the two dolomite beds. Wluhln
the Sweetsburg slate, the Gilmén‘quaftzite and the Pinnacle
graywacke, .complications occur, but because of the essential
homogeneity of the formaﬁibné'théy rarely ére séane The
westeramost line of'ouﬁerop of the Dunham dolomite in some
places offers intricacies of a high érder, often quite
unresolvable an‘any-mannable.scélee' Among such are the

outcrops between two and uhree miles northegst of Dunham

' village, (Ranges 1V and V, LOusl«.ﬂc9 15, 16). Here Dunham

dolonite and Scottsmore quartzite are intricately folded and

probably thrust faulbted so that no good purpose can be served

byAtrying to'map them in a half-way menner. They are‘aceordingly

left as Dunham dolomite; 'Again half o mile west of the fouwr
comers north of Dunham Village is a small outcrop ==tk north

and south of the road for a quarter of & mile West of’Garrick

Cornerse North of the road at Eunter Mills thrusts complicate

an already over-complicated structuree A mlle s0uth of
Dunham, on the roa&}to Frelighsburg,_there are_seVeral outcrops

whose relations 10 each other can not be stated with certainty.

%mwwx%wmw ”“7””"2"“*"7’%“/
$%aj&_ ’75 Ja»nz o ’5u4£ if 4/ﬂ§7e ?( auua;g?ég -45712y7101£2{
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In nearly all these cases the fdi&ing;'in Which_the Dunham

- dolomite takes part, is overturned to the west.

The White Brook dolomite shows equally intricate
folding. In this case a very slight metamorphism in the

conti“uous recks introduceS'aﬁ&;adds& distractiono Moreover,

the folding is not oaly overturne& to ths West in most

’ cc,ses9 but usually 1soellnalo - The mapplng of the fornatlons

et .the four cormers between Gilman aad Call Mill can only |

be considered approximate, and this 1s,trueAaloo of the
outecrops for a mile aloﬁg'thé road to the northeasto. A

plane table map of these localities would resolve most of the
difficulties,_but tﬁe outlay of time for such purpose would
secarcely jusfify ths added refinement achieved. - Further
souuhwest on Renge I lot 5 Dunham, on the farm of Messrgs
YcCullaegh, the dolomlte oceurs at the nose of a south plunging

antlcllne, V15h howsver manf unlmportanﬁ eomplxcatlons

- which could not be shown on the map. One mile further east

it also occurs in half~a-dozsn parallel bands separated by
. . S Sed
either the graywacke or the hematitic slate, serzsyuewiity its

struetursﬁr; y ”,-readlly resolves 1tself

into a series of tlghtly compressed folds. At the north end
of tae plunging SJnCllnG Dunham, Range I, lot 1, che
complications sgain are. 00a31derable but appear to be the
result of minor puckerings in the main fold. 'The only other

place where the mapped structural position of the White




from faunal evidence. The dislocation is determined from

 Brook dolomite is open to serious ¢uestioning is for about

half a mile south of Sweet’s Mine (Brome Range IX and X,

 lots 7 and 8). There, in a heavily wooded region, the few

outcrops conceivably micht admit of different interpretation.
- L -

Hormal faulﬁs‘andAminor thrqsts ars quita common°.
One of the most iﬁporﬁant of the foxrmer iévthaf'which occours
west of Pinnacle Mountain being traceable from the bordef ' S
northvards s few miles: A btharust near Brome, by which the
upper part of the Mansville Phase and the chlofite schist
are brought tcgether i3~easily'demonstfablea Formal faults
of the tear fault type ars common, sometimes mappable, sometimes
notg " Several are mapped which interferevwith the straighﬁ

course of the Brome Thrust. The one which displaces that

. thrust where it crosses the Yamasks Ri#er is-parficulariy

noteworthy for it also displaces a subsidisry thrust lying 6o

the northwest. .

- The Brome Thrust.

The Brome Thrust, marking the present eastem
3%y g 1Y

boundary of the Osk Hill anticlinorium, is not determined

the stratigraphic snd metsmorphic relations of the Osk Hill

and Sutton Series, and conf%ﬁedvby the chavacter of mineralization {;

S

and the local physiographic aspects

o
WXV

The Mansville Phase of the Ogk Hill Sexries, described
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//on page -, ogeurs only Zo. the east offﬁhe Brome Thrust.
/' West of that break there is no indiea%ion of a diminution
in thickness of the exposed beds of the Osk Hill Series.

Therefore, along the Brome Thrust; beds strabigraphically

PSP

equivalent end once stratigraphically continuous are actually
7 deeimai@d in thioknesso By no known procsss of sedimentation
)

{
7

g

}
;Gaﬂ such diminution be eYbl zined, ard we must therefore
{ have resourse tc a feullt. Moreover thers is a pronounced -

change in the metamorphism involved. This is very slight

‘

{ west of fhe fault but everything save the chlorite schis@{/'

E east of 1t 1s trensformed 1nto mica schists and marbles o

' Once again such sudden chaﬂge can scarcely be explalned 1n
termg of anyﬁhing;else'buﬁ a fault. Hence oum two unrelated

\v | grounds the Brome faulb is made cbligatory. There remaing

- M‘”‘\a.

‘the problem of the nature of the fault ‘which, inasmuch as
the actual f;acture cannOt_be seen, must be inferred. The
/ stratigraphy and metamo'rpﬁism of the normal end Mansville
f  phases of the Oak Hill Series makes a thrust necessary, for
'x a normal fault could ﬁdt invoiﬁe‘horiédntal displacement |
enough o explain those two condibions. - The eléavage makes
an uwnderthrust neceséary9 aé en overthrust of such dimensions
- would nét only have iﬁdueed-easﬁwdipping cleavage in boﬁh '

. upper aad lower mas:;es9 but would als o'have inducedﬂlocal

|
i
|
|

ovevturnwnﬂ of the folds° Nelther is the case. -

\ : ° {{".l/t_,
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Because of the 1ﬂblveat¢on that the mebamorphosed
Mansville Phase beds wexe faultea beneauh-the normal phase
of the Osk Hill beds9 it st be uadersnoo& that the thrust
Jully

must post date the mebamorphism. This 1s dlgcussea nore @@ﬂa&y

in the chapter on Historical Geoloogo '

In a few‘localitiés along the trace of the thrust
there is evidence of bfecciationo The”iine; es mapped,
probably roprﬁseﬂts the eastem llmlt of a thzust zone rather

than the sharp bound ry of a fault planeo

¢ Lhe ev1dence of mlaerallzathn is ecorroborative
tﬁ%ﬁnot coer01ve ev1denee of thls fault. The eastern limits

of the Llobeﬁ Hlll schist forms a belt Whlch is the loeus
Syl phide

of c0331aefaol§Km1nera115at10n throughout its entire length.

Dozens of old workings, 1nclud1nﬂ the Shepard and SWeet "mines™
of Brome County, attest this facte "he mlnerallzatlon is of

a medium to high temnerature ﬁype and includes biFﬂWtG,-
ehalcc:py:clte9 pyrite, and pyrrhoﬁlteé As tﬁg;ggﬁiét is a
metamorphosed lava iﬁrisjgrObable that it is %héz&irecﬁ‘source
of these sulnhideéo' It is pfobable that the minefallzaolon

ig localized by & fracture zone of ccas1derable eltenu parallel

0 the regional strike of the formatlons9 and though 1t lS»ﬂOL '

'suppobca that fhe sulphldeG and the Brome Thrusb arec in any

efco.cteu.poruneousg it is quite posclble that the Brome

Thrugt fracture system alded the sulphide~bearing soluﬁloas L
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sad were in part responsible for their preseat localization.

The displacements along the Brome and Oak H%1ll Thrust

surfaces are quite unknova but it is probable that they are

measureable in thousands rather than hundreds of feeb. The
stratigraphic break at the Osk Hill Thrust renges frdm Lowsr
Cambrian %o Mi&dle Oréo”ieiﬂma UOP Cambrian and Lower
Ordovician se culons in Sou+heﬁn Quebec fcpresanu several .
} "QE.  thousand feot of sedlments eand if aver deposited on the Osk
Hill Series have been entlfely erﬂdedo The ﬁraﬁigraphie
'bfeak alonv the Brome Thrust iéuﬁbﬁ déﬁgﬁltely knowvn but as
both the normal aund the MaﬂSVLlle Phases of the Oak Hill
Series, with rempectlve bhlckneosec of 4, OOO and 300+ feet
approximately, have been brought to 118 alde by 31&ao The
intervening g:a&aticn'from one thiekneqs to the other has
been eliminated. * Ten ‘de vree orlﬂlnal dips are unusual, and
would.resﬁlw’:: in a'ho::izqnta].. dlsplacemgnt of approximately
25,000 feet or nearly five miles. On account of the ten

E degree dip considered, this is certainly a minimum figure.

Suﬁton Mountains Anticlinorium. =

e eI |
. ‘ The:seebnd tectoﬁic<element in this area is the .
e : ) S
// complex of schists in the Sutton’MGuntainsq This unit extends
é - southward throuvh the Grsen hountalns of;?grmoat int oz L
: C@;’/w ///‘:'/7 .’3’ /y - (’? =3 /%N @ mehw /,/{.:/U ‘ ,;:1:)' j/’ s KML ;;é_v
; Ze ﬁi@,e,v /‘&51,« ﬂM/ff} yfé{bbﬁ” _;:i f:if} jzwgzﬁn“‘,ﬁgbm”’fﬂ n

-
— o = Edor s /dm,.... e §
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Massachusetts, and northwards through' the Notrs Dame Hills
%%fapproximateiy 400 miles,and in Canads avefages ten to

fifteen miles in widbthe

So importaﬁt is the gtructure of the sutton
Mountains, particulerly with regard to the belief that
Logan considered that structure synclinal, that a brief

statoment of the previous views seems in order.

howhe;e throughout any of Logan' s ertlngs has

the vriter come across any statement that would lead one

to suspect that Logan was igunoxant of the anticlinal gtructure
" of the Sutton Mountains. On pagae: 241 0f the Geology of

Canada, 18863, he wrote "This would cﬂ.fle".r an antlcllnal

inbermediate between the other two, %he axis of which, in

its course southward, would apparently iun'through the

highest part of Sutton Mouﬁﬁain“; And againnon'page 251

he wrote "Sutton Mountain, standing between these Lwo

anticlinals, cossen might'be expacté&'to present a syncliinal

structure. In tkree uraasve:ae sectlons, however, the btrata:

have been observnd to malnﬁa;n dlpsg generally at hxgh

angles, in opposite directions Lfom the aXlS of the mountain,

with mueh constan” gy, for upwards of cweﬂty~fxve mlles“

He goes cn ﬁo gustlfy th;s éntléllhal stfueture 1n termg of

hisg er¢onecus coaeeptlon of the order of aepcsmtloa of the

beQS’of the Quebec GEQa . Somewhat later Rlchafdson (1866,
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DDo 35,.57, ete) describéd this structure as a "double
syuclinal™, a term thoréughly in acgord ﬁith Logan's concoept
of the structure, o sestion drawn in ag cord with which wag

- published later Dby Selwyno The latter, following the load
of T, S, Hun®, persisied iﬁ an"aﬁtempt to demolish the results

of lomnn?s rssearehéifin the Fastern Towneships, and in 1885,

/55>the Quebec Group/ publiéhed what appeared t0 hin at least
t0 be a particularly daming blow.  None of the complexities
in the section as drawn by Logan ig mesningless, whereas bhe
section as drawn by Selwyn, imbecilic in its simplicity,
expleing npthing nore than ﬁhé anticlinai form of the Sutton
Mountains, and is grossly misleading elsewhere. Yet this was
the (1@temative 1o a view to the.&estruction of which Selﬁyn
- . appears $0 have ieéicated himselfa The present work has shown

nore cléarly than ever the thoroughness of Logan's worka

Trat he wes mistaken in the order of superposition of his
Quebec Group is not surprising vhen we consider-that overthrusts
were scarcely réeogniZed in his da§o  {Logan described the one
at Quebec as an "overturn anticlinal £old, With a crack and
great dislocation running aleng its summit™ (1863, Do 283).-
ILogan's error in his conéépt of theAétratigraghic suceession

of the quebec Group Wwas seized upon by Selwyﬁ as a valid

excuse for supprews1n® Logan’ﬁ ﬁ'eaclocucal map ‘of Southern

Quebec. Had Selwyn allowed this map to be publlshe& gorrections

could have been made continuously down to the present. As it
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was, 1n.a few yoars time, a map of that region was published
by the Survey as compiled by Ills (1896) which in the,vicinify
of Sutton Mountains could scarcely'be~more misleading as to |
structure or sbratigraphy. And this was the kind of woxk |
that induced Walcott (1890, Do ), who in this as in many
another controversy was the apositle of steem-roller tactics,
to write the following smug and arrogant sﬁatemeﬂto "It is
the region in which ir'William E; Logan worked s0 long and
srduously when bulldlng up the ”Quebec GrouP"° qlso at &
later date, When en&eavorlng to obtaln GV1denee to sustaln
his v:.eWg that the crystalllne rocks were bthe altefed
equivalents of the strata referred to the Sillery division
of the "Quebec Groupﬁa'llt‘is'ﬁhe baﬁtlé ground, where Logan
end his adhefents’haﬁe}been graduallyvdriven from position

to position wntil, now, there is little left to defend of

what seemed in 1863 a well supported positionﬂg'

It is probnbly nbt'ﬁoé ﬁnﬂhlﬁo say that Selwyn's
inability %0 recogunize the g Cat mer;t ﬁ at was Logan's, and
his eagezness to strain at a~gnatm5uccseded only in 1eta1dxn@
the mmde ﬁé‘dlng‘of'fhe so~called "Quebeé'Group"o | ]

| Within.the Sutton'and ﬁeﬁphrémaﬂog.qda&rangles 
these Sutton schists are dlsplayed in two physmogr phic |
regiong, the Sutton mouncalns and the Missisgquoi (West
Branch) Valleyo Within the mountains the structure is

anticlinal, but because the basement of chlorite schish




’~ | . - | ©oa,

upon which %he schists were deposited ag gediments is exposed

just east of the Brome Thrust, that basesment nmust have a

synclinal form under the vallsy.

Exposures are s0 poor within the Missispguol Valley
that practically no observations on drag folds can be made in

support of the synclinal nature of the structure postulated

for that rezion. -Outcrops are common all over the Sutton

¥ountains and especially along the two transmontane roadé?
There abundant evidence of.the anticlinal nature of the
structure can. easily be éeen‘both fron the dips of the schists
and the drag folds developed in them{i Strangely enough the
physiograﬁhic‘axis of the-mountaiﬁs‘and the'struétural axis

do not coincide. At the southern'end of the range'there is

nearly three miles differences

The strucbural axis pursues.a slightly undulating

course about F.30°E. through the Sutton Mowntains and is Wellb

‘defined south of Bolton Pass. A% the south it lies 2 t0 3

miles east of the crest of the range - at the north the two

coincide. On the open hillside 1 mile northwest of Dunkin |

a aumber of outcrops show low dips of 10° to 15° east of morth;

enother mile west theiouﬁcroPs dip west so that the crest
passes through the intervening'dfiftfeovefed azea. The best
demonstration of the'change of dip is geen in the gorge one -
mile northwest of the end of the road, 4% miles north of

Dunkin. As One proceeds westward up the gorge the dip ié




-15w:to the %%%%,Vthen bécgmes almogit ho¢~gonua* with ninox
variations east and west, and finally dlpS permanently westho.
The change in dip may also be obscrved ém Bolton Pass 1@@*!
than 1 mile esst of Sally Pond. North of Bolton Pass 0 the
ts of the present area the str@cuure is groatly confused
{po ); still further north9 however, the ordin nery conditions
ars reSume& and on the ﬁantwealehérbrooks highway there is
clegsy evidence of the locgtion of thevcrest lins. On a low
rozd=cut just west pf East Ray station on the. Co Po Ro the
change in dip is sh own along an exXposu¥re a few hundred feet
in length which lines up with the position of the axis as

deternined in the sutton Mouwntains. |

-Aiong'fhe-inﬁeznatidnal Boundary theréxis lies &
miles from the sastermn limit oﬁ*the'serieé and 9 miles from
the wosteomn limit'(see“map);limhé significance of this feature
with regaxd to the thickness of the section has already been

discussed (pe o

The Sutton anticlinorium pitches northeést at an
average angle of aboat 10° with the hor:.zontal° There are
'-great varlatlons0 however9 and xa some exposures the erbsts

of the £olds in the.schlsﬁs-ara literally standlng on ende

Drag f£olds axﬁaﬁchara teristic feabture of the Sutton
Series, ranging in size from microseopic t0 giants more than

-1 rile across. They are best developed on the west limb of




tha antioliRO?ﬂum but on both sides thel ir development is

quite orbthodox, the upper (that ig, oubex, with regard to the

axis) beds having moved upwards. Otherwise the Subton structure
would be a simple anticline. There is no rogularity in relative

2

movemen$s along the strike and no strabi igz pha deteils ars
obtainable. In the s@zuéture section the Sution Series is
representod disgremmatically with dyveg folds all confrolle&
by tho anticlinorium bul it must not be supposed thai she

stracture is ag sipple as this would iadicate.

On the west flank, south and east of Brome leke,
the structure'istcomplexo The nbfmal strike of‘HozooEo turns
ast to 80° in any places forming in @laﬁ giant drag folds
‘referred to in the previous paragraph. North of Bolton Gien
this sberrent strike contifues 20 rOSS the projection of the

antlcllnorlal axis and is seen particularly well on Boltoa
Mountain, an sast=west ridge. lfany localities, as in thevv
vieinity_ofiSally ?Oné,'show‘an&\éxtremeiy confused and .
irregular structure in which it is impossible to take sirike

or dipe

The souz? eﬂ& of the mountalns and %he eas fLadk

in general are more uniform in strueturec -The~schiSuosity N

strikes in the normal dlreotlon abOut . SOOE.: The average
dip of the east side is about 60° and that of %he west side

about 45%.




Schistosity is develoPGQ?Only‘along stratification
pianes in the Sutson Mownbains.. Ia this respsct it

with the axial plane cloavagse of the Ouk Hill anticlinorium.
The evidence of sedimenﬁaz'y chérac‘ter of thé Sutton Series

has alrsady been given and in sugporﬁvofithe stratification
cleavage it iz only necessary tc siate ﬁhat vhe schistosity
follows the dip of the a&ﬁlGTLﬂOflum on both g% and west
sides and is flat-lying along the axiso'}Thus all dips and

strikes refsr t0 both stratificstion and cleavage.

The limbs of the drag folds, bbth large éﬁd small,
are closely eompreésed as a rule and ﬁheif axial planes on
opposite sides of the anticlinorial axis are nob oaralislo
_Instead they converwo upwe rd and correspoad e Vaa Hise's
definitlpﬂ of an abunormsl enticlinorivm. In this re pect as
well ag in the type of cleavage daveloped the Sutson

Al

v“xcl_norxum contrasts with the Osk Hill.

The p031%10n of the Man°v1lle Phase of the Oak Hill
Series within the Sutuon anulcllnorlum is at the base of
« |\ the sedlmentary series along its western flaﬂkg Its great
reduction in thickness makes it unlikely that if wbuld be

found meny miles further east. In fact it is restricted %0,

the neighbo:hood of the Brome &ﬁEuat and the Sutton valleye
It esca- 353 the extreme cmmlplmp’ common in wmueh of the Sutton
Series and is thus of wvalue fLor eorwelatloa Wlth the nOrmul

T

phase of the Ozk Hill Seriesa
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Hormal Fesulting.

The Oék Hill aﬂtiélinorium shows numerous smalll
displacements which are hest described as tear, hinge, or
cross faulbs. The largest one is shown on the map 1mmed¢ate1y
east of West Brdme.villageo‘ Others are scattered irregularly-
through the sniiclinorium and apparently have no regionsl

significancs.

& a

The Subtoa snticlinoriwa shows a nattenn along its
topographic axis which is pircbavly due t0 noxmal faulting.
Plate  shows s paxncrama 0f the Sutton MountainS'which_
illustrates this feabture. Iﬁ'the southern pait a Series of
notches shows ¢n the ékyliﬁe.with'ﬁhe sﬁeeper'sides facing
northe The'eontouring in the mountains is 00 inasccurabe ﬁo.
show thig feature on ﬁhe maphand‘due to the dense Lforest

growthn no geologic 671daace was obtained regarding possible

disglccations. The line drawing in Plate shows diagremnatically

a set of block faults which may represent the eonditions i
the Sutton Hocuntains. ,Their cast~west extend is unknov and
the displacenent is likewise coagecturalu The time of this

faulting is almost certainly post-Acadian bub beyond thab

there is no definite evidepce. It is probable, however, that

the dislocations shown in the present topography ere of recent

crigin, geraaps Tertiszry. The faulbts may have originslly
formed &t an earlier time, butb if.Cretaceous peuneplanation

was as effect ve in Southern Quebec as it is supposed o be
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elzsewhers it is doubtful if the present topography would

shew any trece of pre-Cretaceous faulting.
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METAMORPHIC GEOLOGY.

Introduction

The metamorphism of the rocks in Southern Quebec hasg

V.two natural divisions - (A) that which is clearly connected

with 1gneous aet1v1ﬁy, and (B) that which has no connection
with igneous activity. The flrst_includes the meﬁamofphism
effected by the ‘metabasalt, the metaperidotite, their parent
magmas and thelr derivatives; the gsecond includes the regional

metamorphism of the sedlmentagy series and of the lebez

S Emnre TmALML east i et e TR

_ Hlll SChlSto

»

. Three metamorphic processes, themmal, dynamic, and

hydrous, are responsible for the changes brought about in

these rocks. Thermal metamorphism of group A is fairiy
wniform, but hydrous and dynamic processes, although important,

vary considerably. Dynamic metemorphism is less important

than hydrous and thermal processes in group Be Therm 1 and

hydrous conditions vary considerably as will be seens

Metamorphism connected with Igneous Activity.

The metamorbhlcm connected Wlth 1gneous activity
is both enaoworpblc and exomoryhle in its effecso mndomorphism

deals with those changes which cccur within the limits of

the igneous body: exomorphism is concerned with changes occurring
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_in the adjacent country =

rock whose source can be traced
] _

/

j directly to the igneous bodys
/

Both %ypes are well developed
{ in Southern Quebec.

The grade ofjmeﬁamorphism varies in the
- | endomorphic processes but is uniformly low for the exomorphism.

{ Because of the abundance of talc deposits withi
R the area of the Sutton Mountains a more exbended account of
\ .

the concerned metamorphism Will be given'here, rather than

deferring it to the follov1ng report. The talec is the Lesulﬁ

of the metamorphlsm of bodles of peridotite (Bolton Igneous
Serles)9

which, with their related rock types (metagabbro

i
|
{
|
“ﬁ?g metabasalt) are far better displayed in that part of the
’j; Memphremagog area beyond the limits of this report.
g .
!

Bolton Meﬁaberidotite and Derived Rocks°

There are
four sub&ivisions to be coﬁsidérediin<this group -~ (1) the

{
% metaperidotite itself in which there stzll remain abundant
i rements and pseudomorphé“bf pyroxeneg olz.v:meg eueo,
‘ -
d (2) serpegtlne, which forms a rock dominantly of that mineral
)

with, in places, reﬁicﬁlating veinlets of chrysotile asbestos

or tale, (5) an 1mpufe talc rock

b

or soapstans with aeoessory
serpentine and carbonate, and (4) a falrlJ pure magn651ue

' ‘ rocko. These ‘types are gradatlonal but dls‘tme‘c enou°=h for

% classmf:.ca‘clon°

PR g

o 2

Within the Sutton Mountalns‘ggly {(2) and
\(3) are found. | | o

The metamorphism of these rocks is consgidered under
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“two heads (1) endomorphic chenges, coafined to the body of

metaperidotite, serpentine, setc. and (2) exomorphic changes,

i

faealing with the effect on the Wall'and country rock.

Endomorphism. This type of metamorphism is a

e,

T
i

characteristic feature of thelseipenﬁine rbcks of Southemm
Quebec and all the fiél&'evi&anee shows that‘the secondary

magnesium mlnerals, se“pentlne,

{
i
f
| calc9 magne51ue, and dolomlte
H

i are con¢1ned wi hln the limits of the orlglnal perldOulte

i

\

i

1atru31onso Repl cement may be co:mple‘be9 as in a few talc
boéleo, but the lens-llke shape and relaﬁlvely sharp m;neralogle

change a the contact with the eountry roek s6ill J.avorc the

eﬂdomorphle hypothesiso_

' The mineral sequence debermined from field and

microscopic data is as follows

{
- U —
§

; Poridotite | Serpentlne rock } _Pale~carbonate rocki.
K . i [N R — |
, S bNaﬂneclte
: __~Hagnetite . 7Dolom¢te
Pyvoxeae ’““‘*Serpenﬁ1ne<: —wmw*Talc

? (Hypersthene°)§ " ) \\\\
| o ChryDOllte o *Magaetlte
, S

!
i
t
| ‘ asbestos ) #HJdromagn931te
i . , " , , S
\ -
§
}
l
!
&

The fiold ev1dence of &w age. relatlons of nefldotlte, sarpenﬁlne,

iand talc is plain. Serpentxne velnlets cut the metaperidotite

and talc veinlets intersect both.
i .

i
H
i

-vThe relations of the
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|
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carbonstes are less clear but they are mOéﬁ.p

: the serpentine rocks.

in the sequence as indicatoed.

talec and serpentine suggest a late age.

@ S | | 120,

robably late
Hydﬁemawn site veinlets cut

Pockets of doTOmxue and magnesite in

Microscopic evidence

- of serpantln ration of peridotite minerals is abundant

(Pe and Pla ) and the later change to talc may'be seen

in certain'sectiun% The succession of olivine, serpentine,

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

The mineral changes gaused by endomorxrphism are

relatively simple and include hiWh~H§O types throughout.

- The chemical changes are more complex and the pfOGeuS@o

1ﬂvolved affoz& an interesting 13’163.(3. of Suuﬂyo

Serpentlnlzatlon of perldotlﬂe ean only occur in

‘the presence of coansiderable Hp0. - (Serpentlne has 44 per

cent $i0s, 45‘per-ceﬁt'Mg0 end 13 per cen’ Hgo)o In the

days When Weatherlng proeesses for serpentlne wers fashlonaole-

the neeessary quantity of maceﬁ%cs not a problemo Later

v ews of hydro+hermal orlgln also allowed an almost unlinmited

i

o st

supplyo The most modern view, however9 adVOC&UeS tnat

‘sernentlne may actually be a prlmary mincral which means

that the magma contained a high pefcenﬁuge of HeO. Gisol?f

( ) has lnterpreted,serpentine from New Guinea as of primary
' He agssumes

origin, preceding the crystallization of olivine.

'that the magme was high in Ho0 and that as the temperature
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of crystallization of the system was reached the pressure was

h enough to prevent dissociation o0f the HZO as a

{5611l high
Serpentine might thus crystallize first, aad,

|3
i
{
! separate phases
; with relief of pressure, olivine would then form. The reverss
; .
{
I
{
!
|
|
§

process might also hold. If the pressure is low enough ab

the temperature of crystallization of the system.ﬁzo separates

If the EZO is held in . the

and olivine crystallizes f£irst.
megma reservoir there is an increasing "back pressure®™ in

which olivine eventually becomes wastable and is serpentinized.

This is essentially an sutometamorphic process.

Wells, P. G. (1929, p. 35) found experimentally

thet olivine will not change %0 serpentine at & temperature
He considers

@ﬂb . of 520° C. and a pre sgure of 267 atmospheres.
Z/- Q// sgrpentine to be a late magmatzc proeess°
| o |
' ‘E The equilibrium relations of this system
; (HgO»ﬂgO»FeO-siog) are unknown and there is no laboratory

? sugport for Gisolf's ides. The process:also involves more

{ primary Hgoithan ﬁost physical chenists care to allow in an
ultrafeﬁic magis.e On %he other hand there are many unsxplained
eld data in connection with serpentine rocks. Pjroxenite

i

end dunlte dikes commonly sut through serpentlnlzed rocks to-
Primary

e URO

st
R

he despair c¢f all laboratory lnvestlgatorso
of many such field difficulties

N serpentine would dispose
such time as laboratory evidence is available it

ard watil suc
is an zdvantage $0 consider the possibilities of the hypothesis.
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of Ho0 on the crysitallizing peridotitsar On the usual hydro~
tnevmal theory in whlch HoO is derived from outside sources
serpentinization occurs with falling temperature; énd pressure
is not a dominant factor. It is a fact, nowever, that rising
pressure and falling emoe*ature produce the same meuarorph

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

if so, provides two possible methods of origin.

Chrysotile asbestos ogccurs ii

—

reﬁiculating veinlets
throughoﬁt parts of'the serpentine. It is never found ih -
fractures in the adjacent country rock anﬁ'is supposed to foxm
in place from the serpsntine by a slight change in eqﬁilibrium
cond..:‘i.'t:ilons,a The contact of the fibers W1th the Sefpontlﬂe
wall, however, is invariably sharp and the width of the veing
is remarkably consfanto .One'wouid-exmect replacement to show
boundqueo of gradational character and varlatlons in uhe
width of the veins in- many plaees,' Keith and Bain { ),

in g recent study of chrysotlle asbestos in Vermont, conélude

thau it is introduced along fractures in the serpentine and

» is not o replacement in situ. From experience in Southern

Quebec the writer would concur with this view.
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The endomorphic seqaence - per1d0u1te to serpentine
uO talc~cavbonate = indicates that S“fbefilQVZaﬁ:On ocours
;au a relatively high temperature. The evidence of automctaw ;
t conclusive but the erter prefero this

j hypothesis t0 any other.

The tale-carbonate stage of endomorpﬁism is distincetly
later and is not neéessaiily gutonstamoxrphic. The chaﬂge'to‘
tale is so closely related %o alteration in the wall xock"
uhat it is best considered unaer exomorphisme The change to0
magnesite is kﬁovn only in a general way. There is.Oﬂly'ona
large body in Southern Quebec but iﬁs £ield relations are
imperfectly lmown. The chemical;ehangés involvé.additien of
0, and subtraction of $10, and Hy0. There is considerable -
quartz throughout:the magnesite rock and this probably

represents the excess Silg.

Exomorphism. -  Ex6morphié effects of the metaperidotite

end derived rocks are confined chisfly_ﬁO'the tale-carbonate
stage in the paragenesiso _The'cémmon field 6ccurreﬂeé'of '

the %ale bodies in Southern Quebec is as marginal zones

between serpentine and country rock. There‘are also~lo§élities.
in which oaly tale, with<aécessory‘dolomiﬁev oceurs. These
represent in all probability OW101nal perxdo ite éikes'whieh‘

were serpentinized and then GOmpletely balcized.
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Exomorphic effects connected with purely serpentine

bodies are not important in Southern Quebec. Actual contacts

7
]
{
!
|

with the country rock are unol commonly exposed but a gensral

g
I Pield study sbows that this stage of metamcvphlsm had no

{ maxr ed ef feo ~on the assoclﬁﬁe& rocks

/

- . The talec-carbonate stage produced distinctive and

widespread alteration in the-country rock contemporaneously
The endomorphic

!
H
q
I
{
g _ N . . . .
;  with its own formation from serpentine.

slteration of tale to serpentine involves considerable transfer

Mgl f£alls from éZ ﬁef cent to

and 1nbefchanwe of materiale
H;0 from 13 per cent 0 5 per cent, and $i0p

32 per.cent,
The change from talc

rises from 44 per cent to 63 per cenb.

0 dolomite involves addition-bf,coz and loss of Si0y as the

. BPes—————L LR G

: main alteraticus. This phase of paragenesisguhowever, ig of

S ANy s

minor importance.

The tale bodies occur most ly in the mica schist of

R

the Sutton Series. The wall rock ab all sueh contacts is
highly chloritized and albitized. The échistosity'ofwthe rock
is less perfec+ than usual and it is studded with rounded albite

| metacrysts up to % 1nch in dlametoro The qualitative change
from normal mica schist to the

| in chemical composition
- chloritized variety is addition of Mg0, Hs0, Nag0, and

i decrease in Si0 . Telcizati on of serpentine involves additi

‘Disregardin quo for the

?of Si0, and loss of MgO and Hy0.
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moment, the constituents added to the wall rock are seen to
be the same as those lost to the tale body, and vice versa.
Qualitative fweld evidence indicates, thereforeg that under

right PTC the development of talc in the serpentinized

he
peridoti dikes involved an: active interchange of constituents :
+
- : i
This inte rclange results in two distinet x

with the wall T0cks
zones of replacement approximately bourded by the dike contacte.

|
|
|
| n
|
|
!
|
|

The tale is apparently confined to the limits of the pre~

existing serpentine rock and chlorite and albilte are developed

0nly in the wall rock. There must have been bodily trausfer

of solutions over considerable distance to effect this complete

M

Hap0, which now forms albite metacrysts, is the
‘_The metacrysts ;

i
:

. ‘ / n ) . .
/ i separation.
! ! S
/
i
H

: only necessary addition during the metamorphism.
" are confined to the schist end replace the earlier minerals.

. S AP o
Regional Aspects of u”omorphlsno3‘ The discussion - ‘

tes only %o eh1or1tlza+lon and aloxtmzatioa of
This R -

 thus far relal

i the schist in the immediate vicinity of tale bodies. )

type of metemorphism, however,” is mot~limited to talc localities

ead to 2 less intense dewres throughout the

,buﬁ is widespx
‘}Su ton chn ainse. mhera is cne proanent hill between Bolton

i s
i ond Bolton Pass on which only greenish chloritized and
j :

{ cks are exposed. Another such ares occurs atb
. east of Abercomm, Whare the c¢hlorite and.

o
]
o’ C)
=
or
{0
=y
9}
&
L
Q

one or fwo writers have clasalfled

o —

re so abundant that
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/ mica, chl'rite, aald quartzy with albit
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other localitbties of smaller size a
many places in which the bands of chloritized schist

only s few inches in’ widthe

Replacemenﬁ“follows'the'sehisfoéityvin'these smaller
occurrenées and the besﬁ evidence of $he character of he
chenges is found in such small hand#g The schistosity is -
much less perfect thantin adjacent mica schis%s and the
texture is in places massive and:coarSéa Thére is eompiete

© textural gr dation into normal mica schist. The typical

minersl association of sbundant chlorite and mica flakes,
quaftzp and albite metacrysts, also shows ccmplete gradation
into normal mica schist. Thege chloritized zones are
characterized in places by magnetite octehedrons as much as
thrse-eighths of én inch across. Epidote, ¢linozoisite,

and calcite, are also ¢commone. Ilmenlte, ﬁltanlte, rutile,

apatite, tourmaline, gnd green biotite are acceusoriese

Alvitization is even more widespread as & regional

feature than chloritization. »ﬂetacrysts are scaute;ud

fh:ougnout much of the mica schist in which no definite trace

of chloritization can be identified. They are characterigtic
of the xocks of tha S tton Mountaing, disappearing gradually

in Sutton Valley, and ab aptly aosent in the Mdﬂ“OﬂVlllG Serles
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t0 the east of this report area. An aﬁalysis of a composite
sample of this méterial'yielas 1.62 per cent of Nalp, which,
recast as NadlSizglg gives 14 per cent of albite in the rock.
These mica schists are probably metamorphosed sandstones
(p. ) and though it 1igh‘t appear improbableAﬁhat they should
héve contained as much Nas0 as indicatedg nevertheless analyses
the non-alblue bearing schists show & conten%'of a0 7
as hlgh as ne albite bearing rock. Tiae scda ‘heréfore has‘
not been 1nuroduced. but there is abundanu ev1dence that the
crysta llLaatlon of aibib ¢ ocecurred afuer the schists were
formed, aslfollows: {1} the metacrysts of albite are large
and cross-cubtting, (2) they contain inelusions of epidofe9
quartz, carbon, mica, etco in whi ch the schist sity is preéerved
as a relict struchureg,(z} microtectonic study (Pa } shows

cn the rock_ '

by

that there were no appreciable siresses ac in

3
at the time of formation of the albLth and (4) there is

2.

distinet bulging of the schist around many mebacrysts.

From the above study of Pield end petrographié
relations of albitizatiorn and chloritization it isviliogical
to aiééociaﬁe ité rewidnal ccourrence ffom_its.loealg'moré
intense, p%aseq 1n 1mded18ue contact vi talc bodies. The
miners l assoclatloms are l&cntneal and, roplacoman% of *he mica
sehist can bhe dcmoastM°uea 1n alunost every leaalwtya

P

most intense near Ghe-ta*c n& rogcks eom osed

\

izess

3]

fte
6]

. G

}J.

AlDbit

of more than 5O pey cent albite may;bé;formedo Iﬁ‘occurs in
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lesser amount thvoughout uhg chlori bized bands and masses
in the Suttcoa Mounisins aqd in the wnchloritized micsa schist
averases less than 15 per cente. Althongh it might be assumed

that u%Ls zonin

is dne to imnrﬁvnqticw of the overlying

(K]

schists with Nas0 Zrom uoneeﬁled nasses. of +9 cized serpentine

~and metaperidotite bensath the Sutton Mountains it has already

beea indicated that the schists themselves are a perfectly

competent source of the Nao0 necessary to produce the albite.

1% is not weent to deny the possibility of greater albitization

in the vicinity of such subjacent intrusions on account of the
heat and vapors concerned. _And it is not out of harmony with
the foregoing thesis that éince Nas0 is a common emanation
from ultrafenic. ma&mas and has great penetratlng powers somél
of the rich alblte sehlsts in the v1cxn1ty of talc dcholtS |
owe part of their albite to such igneous source. (for the |
formation 6f_tﬁe mica schists, eﬁcg9 see.p. ,-);‘ The history
of the exomorphic efféctstaGGOmpanyingiﬁhe’change from;f -
gerpentine t0 talé maytfherefors be as follows - after the
Sutton anticlinorium was formed ultra emic rocks were. 1ntrudod
beneath the arehed.sedimentso' In many isblated places and
particularly in two zones 6n the east side of the anticlinorium
small dikes broke through t0 higher elevations. The intrusion

probably occcurred at considerable depth and the overlying

- rocks wers bhorouou¢y heated as the process progressade

Serpentinization was the first endcmorphic chanse and had
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little exomorphie ef?ectg The‘smcondary'endomorphic change
'fto +alc and carbonate occurred sfter the aﬂtlcllnorium was
/ formed and stresses aad eea°ed to be actlvec xne-nevly

formed schiste were stlll hot, parulcalarlj thosa nearest

the bottom of the anticlinorium, and solutions beeame ve;y

|

|

?

I

g -

5 aculve in trensferring material back and forth, resuliing

[

1

| in part, in the formation of the albite m@taerystse At

f this stage tale formed in conbact with the wall rock and

! ‘

' enloritization of the se' st was contemporaneous. MgO was
transported considerable distances to form the green bands
now found in the schist and similarly 810, travelled equel
distances bask to the contact iz order to complete the

have been intreduced to form the ahundant alhite metacrysts

!

|

!

|

1 replacement. A% a later stage of the chloritization Nagl wmay

\
i
!
;

seen in the immediste vicinlty of some_talc deposits by
replacing minerals.already formed and,présent'in thetschists
, and chloritized roest' Since that period.erosion has removed
1 thousands of feet of material Which-then‘éovered this scene
_éof_igneous-énd hydrothernmal actiﬁity'and we can now piece

together its metamorphic history.

Since the above conclusiong werse arrived at a
papsr by S 119 wall oa albitiza tlon of sehigts in Maeryland

‘has besn "ablisheiw 1Singewéli“s conclusions, 5o succinctly

2 .. - 0 2.n - A
pub ia the following guotal

C\x

ion, ars §9o nearly identiczl to
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.mine that I quote a paragraph, "The albite porphyroblasts

(1932, ppe 468-9).

- evidencs, however, of volume change due to exomorphic aculon°

"Albite metacrys'tsp in addltlon to replaclng the earlier schist

130,

of the Wissahickon schist Eéralformed by replaeement’of the
mieaceous minerals snd o a léés exte@é of the quartz and .
after the completion of dynamic met: morphlsmo The textures
imparted to the rock by dyn@mﬂc metamorphlsm are reta,ned
in the albite crystals through the preservaﬁlon oé the
accéssory mineraiS¢ The constituents of the alolte are
believéd-to have been present in uhe sedlmenﬁd from which

the schist were derived, and were merely taken into solution

and redeposited by the’agencies that caused the albitization.

Volume Relations. There is no field evidence oFf

volume ehanve Tesultinv from endomorphism of peridotiﬁe'and

if chanves have occurred they ‘are pr obably small. There is

ninerals, tend" to force apar% the parallel—arranged mica and
chlorite so that the albifized schists héve a distinctly.'
lumny appearance lacklnCr in alblte—ffee typesa Thisieffect
is entlrely alfferent from any crumpllng or mlnute folding

of the scnlst Wthh»EaJ have oceurred before albitization,

Chloritization, the other major effect of-exombrphism,
gives no evidence ofvvolume'change'either in the field or

under the microscops.
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Metamorphism not Conneeted with Igneous Activitys

~The minerals in the rocks of this group are of

ualfOfmly low grade but vary in ambunt; They originate from

botn sedlmenuary and igneous rocks and ,ndloaue a convergence
o

hydrous metamorphism varied consxderably but the thermal

to type as described by Leith and Mead { Dynamic and

conditions Were rather unlfOfMo

&

‘Tibbet Hill Schist. b The lebct lel schist is

known to be a meuamorphosed lava (pa ) from the abundanoe

of amygdules and more rarely9 flj; scrucuures which it contalnua
Its original chemical and mineral charaeter, however, can

only be surmlsedoJ The essentlal mlnerals acw oceurring in
it are alblte, epldote9 and chIOflﬁeo with calelte9 quartz,
magnetlﬁe—llmenlte, ruuilep cltqnlte, sericite mlca, apat:.‘be9
and zeolites as promlnent accessorleso ”hererafe no analyses
of this materlal and therefore no chemlcal comparl ons may
be made as in the case of the Bolton metaba alt. The minéralogy
of the two rocks is similar except for‘the absence; of actinolite
in the Tibbet Hill schist and it is possible that the formation
represents en original baéélt in'whieh.thermal and dynémic |

metamorphism has proeeeded fu*ther uhan in the case of the

EBolton meﬁaﬁasal*."”illeyi{l923 Pe lazyéfoun&>that chlorite~ .
| 4 :

.epidotas alblte ﬂcﬁlst had nmuch the same éhemical'QOmposition;

as basalt (Staru area, England). _ I
' : 7
f Vi . ; e
/(m PO LA x/-'v;r/ 2 JV’\ /(_'7«, < V@‘?/ Al i Pl

///[;,?0 c‘" P \:» 5;62’
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quarbzite form thin beds in certain localities.

PRSP

tt
]

B AV
o

, B There is little evidence of the mineral sequence.

/

7 el s . .
f Epidote, albite, and chlorite appear t0 be contemporansous;

X

calcite end mics which in mostvplaces-éut acéoss the;%ohisﬁosity
appear %o-beva later generation. The eharaeteristic'titanium
mineralg, especially rutile and,fitanite, require more detailed
study for determination of their parag%nesis;}pa ) The

same general changes in the primary mineraié.aéply“to the
formation as outlined for the Bblton metabasalt - albitization

of caleic plagioclase with development of epidote, chloritization
and'carboné%gbn 0f earlier-formed f?mic,miﬁeralsa These

changes are accompanied by marked dynamic metamorphism which -

resulted in the present schistosity of the formations

Volume'relations are unknowa bub from anaiogy with
the Bolton metabasalt it is probable that = slight increase

has occurred. ' - o -

P

Sutton Series. The evidence of the sedimentary

charascter of the Sutton Series is definite (p. = ), and it
only remains %0 examine the present mineral association in

order t0 ascertain the original nature of the sediments.

The Sutton Series is described:under four heads (ps .)
as mica schist, phyllite, marble, and quartzite. OFf these,

the first two meke up most of the series and marble and

-
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i . The principal ninerals common. t0 the ﬁica schist
’and phyllite are quartz mlca, chlorlte9 alblte, and epidotoe.
/ The phyllltes are distinguished mainly by tho;r coat@ent of

carbonaceous material and finer texturs. Thg gradatlon to

/ . . .

"' normel mica schist, however, 1s complete.
; -
i

‘ $ o
It has been shown in the preceding pages'that late

) nydrothermal action has changed the characher of the Sutbon

rocks to a marked degree. The greaﬁlchloritie bands in the
schist, high in albite, chlorite, and epidote are evidence of
this veplacenent and the much more widespread development

of albite metaerysts throughout the schist is a characteristié

feature. In ouﬁlmnlag the metamorphic history of the Sutton

Series from the sedimentary point of view these later features
are disregarded and only the essential schist ninerals, gquartz, .

‘mica, and chlorite, are considered..

Mice Schist snd Phyllite. . The alkalies in a composite

sample of albltlze& mica schlst glve l°62 per cenu Nag0 and

IR

3,36 per cent Ky0. Reca ting the Nazo as NaAl3izOg for albite
\and the potush as HKAISlO4 for mica gives 14 per cont alblta
aﬂd 28 per coent mlcao Column 1 of the aecompanylng table

. shows tnevesclmated percentages of the remaining minerals.
Vo . . S :
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| Minersl | 1. Albitized | = 2. Albite~ |
| ‘ § schist | _ free |
/ ' . Alvite 14 - e T
! ! ! # '
/ Quartz | 45 ‘ 52 f
| Mica | 28 . B2
: . | .
Chlorite ; 8 10
{ - , ‘ , :
Others ~i - 5 6 :

A re=calculation for mica. schlst without albite is given _n

column 2. - The proporﬁions of quartz, mica, chloritey are

shown in whole numbers only.

Petrographic, field, and microtectonic studiles

(pp. :)-all indieaté that these minérals are reerys%allized
produe%s-resulting from the complex metamorphism of the

Sutton Series. The texture is relatively coarse and of
_”dominéntly schistosé'charactéro The schistosity is determined
largely by thz segregation, in%ergrowﬁho and parallél
dimensional ér:éngemant of‘chlorité‘é;d mica_flakes}v'

There is- no fleld ev1dence 01 addl 1on or subﬁractlon

- of materlal in the IOfﬂatlon of the mica schlst (later

e e P A St e o,
b e A s o £ 8 5, o e e

Cthf‘tlZ&thﬂ and albltlZatlon dlsregarde&) and it is general
expé rience ohat no essenulul ehange is necessaryo HzO Was
preﬂenﬁ as in most processes of mobtamorphism but may have

' been more a medium OF clwculatlon than of actual cowblnatlon

1n the secondary mxnefdlso‘ On this basis the mica schist is
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probably derived from an argillaceous sand whose principal
‘ninerals were quartz and kaolinite. Mica and chlorite were
{

[ probebly accessory mineralg. Cementabtion 10 sandstone and

metamorphism t0 mica schist followed in order. During
netamorphism the quartz recrystallized in larger grains and

tended to segféga%e the remsining materiala Kaolinite
recrystallized %o micé’and chlorite may have devéloped_by
recrystallization of original chldriﬁe or'by:aeveloPment'from
other accessory femic minerals. |

D P S
e ettt ot e e s 8 9

o ettt

'Similérly, ﬁhe'phylliteuﬁrcbaﬁiy'origiﬁates from g

carbonaceous; sandy mud Whigh giadéd inﬁo eoarsé argillaeeous
send. This texturél variatién‘;s still preservé& in their
metamOrphic‘equivaIeﬁtsvon é magnified scalea:iThe quantity
of carbon has probably remained constant as the thefmal .

: S S
e AT T

. metamorphism indicat@& by the existing minerals has not been

sufflclently iatensa ﬁo expel any of ite IF gradations to

l

unmetamorphosed phyllite were known the carbon content would

then be a veluable 1ndex of lowses and gains durxng netamorphism.

P e pear g v v e S

: o Quafﬁﬂiﬁﬂ and Mar%le Horizons. The thin horizons

{of quartzite and marble xnterbedded with the phylllte end mica

~

Gchlss 1nd10aue abrupﬁ chunges in sedlmentatlone The quarztlte

contains mica anﬁ is, really a low«mlca Qchlst orlginatwng

from thin horizons of quartz sand whlch were beﬁter goxrted

than the average argillacoeous material.-

The marble bands

&5
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contain accessory quartz, mica, and feldspar. The carbonate
may be dolomite or calcite and the beds reprssent local

calcareous deposits within the clastic sediments.

Veriation in Texture Even a capfal field ox

laboratory study of the rocks grou] od in the Satuon Series
g 3y

st fextural dlffeiag es f£rom place tO pl

indicates gre
ley where the sehlst

The main change obsevvnd is in Sutton Vall
is ag a rule much flmerwgralned than in the mountains.

Albitization decreases 10 zero in the valley but this chan
accompanies, and is not the cause 019 the change in texture,
The mlca, chlo.rfl*se9 and quartz, are each of “m@LlST dimensions

although of corresPOQdiag pr0port10ns and degree of

erystalllzatlono .

The cause of the variation is evidently dependent

on the Tepﬁ*h of clme durin ﬁ which the necessary dynamlc,
thermal, and hydrous processes of metamorphism werse maintained.
The thermal element is the controlling feature in the Sutton
Series and the ezarser'gréin dévelopsd in the Subtton Mountains
area is due to the deep burial of its rocks and maintenance

of the required temperaﬁpfe conditions for a longer period of
time than obtained in the Sutton Valley area. fThis conception

is in barmony Wiﬁh the exomorphic history outlined in connection
}o The localization

o
t

T

.f with Cthfltld&ulOﬂ and albi atlon (po -

\ of permdovlte beneath the rising anticlinorium in the Sutiton

Mountalna would serve t0 maintein wniform thermal conditions
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{for longer periods of time than in adjscent areas. In
{ .

1

| addition, more solutions may have been circulated and the

abnormal character of the anticlinorium is itself evidence
of the intensgity of dynemic metamorphisma The coincidence
of the 2ibitization with the area of coa e~grained mica schist

has genetic sig ‘fvcanoe vheuher or noﬁ this explanation is

thé‘correct ones

Volume Relations. There is no evidence of change

of volume during development of the Sutton rocks. 'There
must-oi'eourse'have been decresse iﬁ porosity in the early
unconsolidated stages but this 1iésfoutsidé-the'domain of
metamorphismo The olé.cénceptidﬁVOf molecuiar volumes.is
now believed from stuéles of crystal structure to be inValiu
@nd Lt *3 no longer good doctrine to sﬁate that 2 mica sehlsﬁ
is of smeller volume.than the argillaceous sandstone from
which it is derived simply because its minerals are of the
minus” type. There must be dlrect field eV1dence of volume

changes similar %0 those obtaxned for 3lblulzat10ﬂo

Ok Hill Seriess '“he strucﬁural posit ion and

ﬂlmlayrlty of the Oak Hill and tho lowernparts of the Suttdn:'

Series make poss1ble the conclu31on that tbey are contemporaneous

in age (pe )o It now remeins to discuss ﬁne metamorphlc

~asgspect of the qu Hlll Snrlec and to indicakte its relation %o

similar featuzeg in the Sutton Ser;esa
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Contrast t ith the Sutton Series, TheVGilman

-

schistose quartzite GOmprises mogt of the Osk Hill Series.
It is & fine=grained rock whose essentiai minerals quartz,
mica, and chlorite, cceur in appros 1mauely the samé‘prOPOEﬁions
ag in the schiéts of the Sutton Series. Themdegree of re=
crystallization an&‘schistoéiﬁy, however, is in sﬁrQag_cont-asto
The mica and ehTorlﬁe of the Suitton schisis is oogre*ated into
definite bands V1th the flakes in pa”allel dimensional
‘arrangement. In ths Osk Hill Series this segregatinun and
dimensional Qr%wmgemuas is less perfect, %he ”lakes are usually
minute, and in meny thin sec io s there are clouded spots
wnich are certaiﬁly>not reerystallizea and probably rapresent
gillacebus materisl Which,has nct yet been seriéiﬁized or
chloritized. Most of the quartz grains are strained and have
been rotated into parsllel position with the regional schistosity.
Many of them also have faintly rounded outlines. These factors

all indicate incomplete recrystallization. The gquaritz in
pLeu o b 108

b

y
i

the Subtton Series schists is highly angular in shape and thers
% s 1ittle evidence of strain in the grains.

| 4

i

! The two marble formetions in the Osk Hill Series

i : : : S
are massive, usually fine-texbtured rocks. The degree of

rocrystallization and segregation of non-carbonate substances
x\_ ‘ . . o )

is\not as. far advanced as in the marbles of the Subtton Series

for in many thin sections there is clouded material which is

not yet recrystallized. No schistose carbonate rocks are

N
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known in the O2k Hill Series. The but on mafhle are schistose

0Q

in meny places and in general have & coarser graine

The slates of the Osk Hill Series and the phyllites

ettt St

of the Sutton Series contrash in much the same way as already

des fibed fOr the schists and marbles. Relatively coarse
texrture9 complete reuryocall¢zatﬁon, and folded cleavaﬂe are

the main features of the phyllitei None of these charscteristics
ie nearly es well developed,. if at all, in the slates of.the

Oslr Hill Serieso

Metamorphic Back,round ox tho D}% Hill Series. The

foz ion of slares9 quart21tcug ‘and merbles, such as occur

in the Oak HLll GTlSS;_lS oz &1qarlly exp;alned as due to

regional metamorphismg Thls is adthtndly a uﬁeful pigeon=-.

' hole for thimgs_diffieult of explanation but ab the same time

: greates a defeatist attitude toward metamorphic problems.

The metamorphisn of -thé' Sutton Series is thought
*6 be connected w;un concealed neradotlte and 1ﬁ° derivatives
ana teytural differenceg in meﬁamOfpnlsm of the Sutton Hountains
gnd Sutton Valley areas are 1xkew1se belaevea duu to distance
from thiS'igneous SOUrGee - In the Oak Hi¢l Serle@ no similazr
assumption can bse mﬁde from any ;1ald_evidenee available.
The minersl aséociatibn,;howevei, is qﬁita similar to ﬁhe
Subtton Series and indicates similar thermal and ﬁydrous

processes of metamorphisme Dynamically, the metamorphism is
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! less intense. During the main’ period of matamor'“’sm the

two series were further spart than now {the. Brome thrust -

ko

ogstulate that the incomplete metamorphism of the Oak Hill

{

i

; lies between them at present) though it is toc hazardcus to
{

ey

Series is merely due t0 its greater distance from the source
of thermal energy beneath the Suﬁton‘anﬁiclihorium@' It is
better to leave the ulﬁimaﬁe sburce unexplained,‘buffis
'importaﬁt to recognize the identity‘of the metamorphiec
progcesses operating here with those in the Sutton Series
which are belleved to ha%e dlxaec'lgneous affiliatioas
With this as @ basis a comparison of the metamorphism of the
Ywo series is as follows - (l?fThermal»coﬁditions approxinately:
" the same. {(2) Dynamic condiﬁipne greater in the Sutton |
‘Seriess (5) Hydrous circulstion probably more active in the
Sutton Series. (4) Time of naintenance Of these mebamorphic
processes greaﬁer in the Suﬁﬁon Series. Thié last. feature
is the most important snd helps to explain the 1ﬂ00mplctc
recrysﬁallizaﬁioag fine texture, and imperfecﬁ_sehistosity

the O=2k ElWl rocks as conurasted WL h the Subtton rockse

General Disgussion of 1 eiamurmhi S e

The change in m&aeral gomposition end texture
brought aboubl by mebamorphism is dependent on gix variables -
the tempesrature T, the pressure P, {including both rock and

£1luid pressures) the circulating sclutiong‘S, the origimal
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- siZ variables listed on he n;ecedLng -page, P, T, and Cs

mineral composition C, the original texture Ty, and the
time Tpe If quantitative data concerning each of these
variables could be obtained for a systém in equilibrium

there would be no unsolved problems in rock mebamorphisme.
I+ is a progressive step, howsver, {0 recognize their
importance and %0 realize the limitations of suy scheme such

s facies clasgificaticn. Tilley“s

3

as Eskola has proposed in h

ebamorchic facies "3esi g‘&bcs a group of racgs characterized

by & definifte set of minera?s, which under the coaditions

obtaining duxing tuepformaclon were in perfect equilibrium
with each dthero The quaatitative snd gualitabive minersl
conpositica in the rocks of'a given faciés varies gradually

in gorrespondence with varlation in the c&emical‘composition
of the rock. (Till”], l,u_, Do 16?)° ‘Group B in this

&

chgpter would fall in his 7Gx eea~ch‘ I facies". The metamorphism
connected with the me taporlu t te has no nlaee in his

oL

ieauicna'

3

i.

clas

b

1]

.r:,skola“cr systen is based on only three of the
~
tIn an indirect we y it cQa'ad;rs S and T, but it 1gnorss '.t‘_‘c
ia1~@oeu“@p Seasrholy has recently pointed out this deficiency
ald i% apnears to be a verv real oneof T hus the qualltatlve
aﬂd quanﬁltaulve mlneral com9031t10n of. mlea schist and

phylllte in ﬁne Suston Serles are practically 1denhlcal but
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they can hardly be said $0 belong t0 the same "facies “o- The
degree of Drwaul tion in the orlvlnaT rock has an important
bearing on the ease with which solubicns can circul: ate and

on the manner of transmission of stresses. Therefore texbure

should alwsys be one of the factors considsrede.

The aecomownyln* tsble lists the important
characteristics of Ty 2y 'S, Gp Txs end Tmo The dependencs
of T and P is not of greaﬁ importance in an oOpen system such
gs thet which includes tha dynamie‘metazorphism of the Sutton
or Oal Hill ¢ ieso Pluid pressure, however, is of importance
in relaﬁively clo sed systems such as those described foxr the

olton metaperidotite. 8 is a "varieble among variables®, i.e.

ibs “ebsence will aot change any of the ouhar fqeuowb but 1f

Jit is present_pﬁs effactiveness is aenenﬂpnt on each of the

e}
o
i <]
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Tx,_and Tm‘are ﬁeoessary 1ndependent

Rélation toc . Varisbles @ Relation %o | Assoclated |

the metamoz= each other metamorphic |

_ phism ST o process ' 3

2 : .| Thermal |

: . o © Dependeant | T S
: setive - | P L : Dynamic (xroek |
o S . o - pressuve'“"f“)g
& S Dependeont - Eydrauv t
) 8 g o

_.._Independent i

c . o i

| Passive = Tx | Independent . i




as "active”

Ty P, and S may be further described

variables, i.e. the amcunt of S may be varied or T and P

s

may be changed while metomorphism is in progress. G, Txs
The active variables, T,

and T can not be accelerated.
P, and S, are included in the three processes of thermsal,

dynamic, and hydrous metamorphism which have constantly been

referred to throughout this chapter.
This conception of a metamorphic facles is broader
t may be defined

It

Eskola.

in its scope than that proposed by
given tempersture T snd

as follows:~ "The gpplication of a
pressure P, acting in conjunction with dominantly aqueous

solutions S, on a’rock of given minersl composition C and
a metamorphic

texture Ty for a given time Ty will produce

facies of fixed wineral composition and texturs". Expressed

v hs Ve

mathematically: M= £(T, P, S, C, Tx, Tm).
As equilibrium is rarely attained’in rocks and as

A

no quantitative values can be attached to any of the above
strict conception 0f a metamorphic Ffacies is

factors the
the realm of philosophy and is only of theoretical

. elevated to
geology. The idea 1is of value, however, in a

t

Linterest to
way and relative evaluation of the various

i

 igqualitative
factors is usually possible. This has been done
-

13

metamozrphic
in the preceding discussion of the metamorphism of the rocks

in Brome County. Evidence of disequilibrium is abundant,

1l
.8, inclusions of epidote, mica, quartz, etc. in albite




' metacrysts, but the relative importance of T, P, S, C, Tx,

o
333

{ and T, can be compared from one formation to the next. Thus
i
H

a purely ideal conception can be made an exeeedingly useful
i .
] <4 : .
{ tool in the study of mebtamorphismo
/ .
{ ' :

nt

; In conclusion let it be emphasized that metamorphism
T '

Ao is to be considered not as compounded of unrelated regional,
_ ;13 contact, or hydrothermal types, but as a manifestation of
? R L

- common factors acting in differeat ways to produce different

effectss Thus,. the successive stages of alternation of an
igneous rock after its primary crystallization merely represent .-

differeat values for the same set of metamorphie factors which

could produce a mica schist from an argillaceous sandstone.

The difference is one of degree only end acceptance of this

[
{
3
3
1
[

]
3
%
3
H
3
H
3
E
3
i
Z;!

%

1 broader point of view4will go far to

raise metamorphism from.
a descriptive to an interpretative scilence.
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GEOLOGICAL HISTORY.

This cha nter outlines the hmsto:y of sedimentationy
structure, metamorphism and geomorphology, as far as each can
be deciphered. Most of the material is collected from.previous
chapters and is placed here in éhronologiqforder as & sumnary

of the main events.

The subject has three natural divisions for purposes

of descri iptio - (1) pre-Paleozoic hiétbryg (2) Paleozoic
ﬁiéﬁoryg snd (3) postfPaledZOic'historyo There is little
evidence of the f%fst period- the.second includes most of
the active ! 10t0fy of the regilon, and the third is a more

passive bh@sm 1n wblch the pres eﬂt land surfaae was develOPGdo

<

- Pre-Paleozoic History.

The oldest rock eyposed nere is uhe Tibbet Hill
/Z/n\_.vv(._—,z.p? /.// -3 -2 &7, (’)

'e%lorlﬁe schist, the reasons fogava@ae Pre~0ambr1an age are
"viven on pe . ' This formation results from the metamorphism
- 0of a thick serie§ of basic e%huglons, but as to the basement

‘upon which the lavas were poured out no_remnant rema;nso

- We have a elue,_howeverg in the composition of the thick

Pinnacle grayvacke9 which is comoosed chiefly of quartz,

~orthoclase, and: magnetlte W1th many oﬁhef mlnerals in smaller

amountse. The magnetlte may be safely agsured to have come
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-~ .A.

from the chlcrite schist, but the quarbtz and orthoclase

can only have ceome from a granitic or gnelssic ter“aﬂeo
Such a basement rock we‘may essume formed the Floowr upon
which basalts, etc., Were extruded in Pre-Cambrian time.
Hetamorphism of the basalis to magnetifex ~ous chlorite schists
was also aceomylishé& in the Pre~0ambrian so thet at the
Beginning of +the Cambrian the area prosented at‘leasﬁ two
rain rock ﬁypes,vgranite‘or gneiss, and superjacent chiorite
schist. These were exposed n a laﬁd,surface which in late

Pre~Cambrian %ime had been reduced t¢ a penseplaine.

Paleozoic History.

"

Lowsy Cembrisn Time. Ths Jonown Paleozoie history

coumencsd in Lower Cambrian tima W;ch Lne dowawsrping ©Ff the
Pre-Cambrian peneplain which initia dvahe Zormabion of the
Appalachian geosyucline. We should.9 porhaps, be moye precise,

and sall it the Pfaconic geosyneline, reserving the Semm.

(J

Appalachisn geosya clmne for that one whose se&imenta Wars

- folded in the Apgalaenlan revolution. The Initial domm=~

warping was probably of a very gentle naturs, allowing the
sea to penebtrate the eosyncllne and inundate the old Pre-

Cambrian surizcs SlOleo The GVLﬁeﬂCe for ths is ﬁhe

universal presenée of a basal (Csll Mill) slate9 Whlch is

an exceedingly fine-grained detrital rock and.represenus
the reworked regolith developed over the old chlorite schist

surfaces The slight irregularities in this o0ld surface were




Meanwhile the New Brunswick geanticline (ses

Schuchert 193 , po

were being brought dowa by

spreading geosyncline.

products alone were at

-So

) was rising and its weathered producths

streams and deposited within the
rapid was the rise that disintegrated
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first brought down.
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up of a granitic rock and hence were rich in quartsz and
unweathéred orthoclase, and also in detrital magentite Lrom
the chlo;ite-schistse The resuit was the aécumualtion of
the Pinnacle graywackeglﬁhich-eventually:beééﬁe'iﬁ this“area
400 feet thick. It is quite possible, if not probable, that
this formation, which is kmown to extend southﬁards into
Vermont, and has been seen still further north in Quebec
{Dreséefg personal eommuniqafidn} is a delta deposit, somewhat
"modified by shoreAcu:reﬁtsa  Aloﬁglwith ﬁhé sands, rivers
would naturally haveAbrOughﬁ much mud or silte This materialﬁ
equivalent to the graywacke in age ﬁas doubtless carried
further out %0 the west apd deposited directly'or nearly so
'upon the 014 Pre~Cambrian surface, now buried beneath the -
several thrust blockge Fbllbwing the deposition Oﬁlthe
graywacke éither erosion ?f the neighboring highiand_ceased

or the geosyncline became rather suddenly considerably wider
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so that the locus of clastic sedimentation shifted considerab

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

Ly

wabters resulted in which fine-grained unfossiliferous (probably)

limy precipitates were formed, diagenetically or later, more
or lessg comnleua“y doloml ized into %he White Brook dolomits
formaﬁiono‘ Thus was completed the first ¢cycle of deposition,
ending with quiet accﬁmulation of non~clastic materials. |

o

‘Meanwhile decomposition was preparing a regolith of finely

weathered products on the uplands, which a succeeding slight
uplift was 0 shift seawards where it was spread out as the
West Sutton slate, followed, as deeper erosion sepérated the
more resistant (chiefly quartz) remnants of the highlands and

rivers bore them to the sea, by a sendstone later o be

‘metamorphosed into the Gilman quartzita¢” By this time none

of the 0ld chlorite schist exposures remained hence no
regnetite was available except from exposed portions of the
Pinnacle graywacke. Pracbically, only granitic rocks werse

available, and mnder the influence ¢f either longer or more

-efficient weathering nearly everything but the gquartz wag
(o] 14 N

woeathered to mud and silt. This latter material was doubtless

carried still furthor westwards, and is not at present

exposed.” The formation of the Gilmaxn quartzite must have

cccupled & vexry long leeg for luS thickaess 1s probably

three thousand Leet. Once again, as in the case of the

Pinnacle graywacke, a cessation of ercsion induced the formation
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of a calecareous:;:rock, called the Dunham dolomite, practically

identical with the white Brook dolomite.

Thus the Pirst six formafwoas of the Oslk Hill Series

can be divided into two cycles of sedimentetion as follows:

6. Dunham dolomite 3. TWhite Brook dolomits
5. Gilman quartzits £. - Pilnnacle graywacke
4. West Sutton slate . 'l Call Mill slate

indicative of rhythmic movements of upland and geosyacline

durlng the early phases of formation9

Cf the above formations the uppermost two are

ocgsiliferous, very speringly sC. The Gilmen quartzite has

by

yielded & few spec i mens of Kutorgina, & Lower Cambrian
brachiopod (aiscﬁvewed 4.30 Dolio un‘the last day of field

work in 1950) and the rmnkan dolcmite hag a lasrge number of

fragmentary trilobite remains, some of which belong t0 the
O e (o]

charac@@ristioally Lower Cambrisn femily Mesonacidae. These
will be described in a fortheoming museum publication cr the

Paleontology of Southern Quebec.

Succeeding the second cycle of sedimentation a

e
i

shird wes initiated beginning with the Osk Hill slate,
followed‘by the Scottsmozre quartzifea' By there the cycle

was interrupted for bsfore the quartzite was developed %0

.any extent further crustal disturbances occurred which

locally 1nauesd the .aclon of conglomefateu {Scottsmore




conglomerate), coarse in some places, in others indistinguishable

in the field from the Scotismore guartzite.

v The remaining sediments. of the Oék Hill Series are
' | nudstones, 'called the Sweetsburg slate and the Vail slates
The former has the appearance of cvcllcal sedimentation than
might possibly be seasonal, though its foldlng makes any

attempt $0 plot successive layers impracticable.

Thus in the original ioeality of the Oak Hill slice

sedlmea%s of Lower Gq%b ian?age accﬁqﬂdﬁ' ad to a thickness of
at leaot VQOOO feet and éwoeabl ‘,OOOé.#”he wesbtern shore of
this sea is unknown, but was probably within thoe pre sent

‘geograpnicsl limits of the SltﬁoﬁﬂghuSﬁo Tastwards the Lower

Cambrien sea of Osk Hill time was probably limited guite

sharply, and may not have extended far heyond the Subtton-

1 Memphremagog boundary. The reason £ox this statoment is vhat
' the Mansville Phase of the Oalc Hll Serieg is but 200 feot
thick, a diminution which *ndzc tes that. the shore line -

could not hove bheen fnr dis%antg a matter of a vexry fow miles,

one to five, say

[

g,nrefefably the shortor estimates

_ Eollowing or eoincident with the formation of the
upper beds OFf the Osk Hill Series ceme & g:c"eat'w_idening of
| the geo syneline. The locus of elastic depos 1%10@ shifted
é eastwards and sllowed cal CareGu“ rocks to ageumn@@@e furthex

west. South of Quebec Keith (1932, p. 361) lists a great
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- series of dolomites and limestones overlying'What afpéars to
be eguivalents of the Osk Hill Sexies, ﬁhus indicating guiet
or at leagt clear water in this part of the trough. At éhis

time, it is believed, ‘the sediments now composing the Sutton
schists were deposited. These ware laid down in the newly
formed eastern and.deepening part of the‘geosynclineg allowiﬁg
sandstones, shales and locally thin limestones to form. These
were later 0 be metumorpnosed into siliceous and carbonaccous

schists and marbles How far eastwards the margin of ‘the-

trough spread in Lower Gambrian time is nrcblematical. Kerr
has mapped some formations c,:Loag; the Punker faﬁlﬁ to the east
5f Lake Memphremagog as Lower Cembrisne If this ig sco then
it gives us 2 measure'of the>extem% of the Lowef'cambrian'seao

-

What thickness of ILower Cambrian beds was deposited in the

Sutton Mouvntain mass is.imnossible to say. Four hundred feet
is the greatest SLﬂgle series measured, although four thousand

would seem to be more nedrlv correct. At what appears o be

slightly later ian ILower Cambrlan.tlme the Milton and Mallett
dolomites of the Roseunberg block (in the Lacolle sheet) were
made. The silte of the deposition of these beds must have

been quite close to the western “hofe of the trough, but

because that shore‘was lOW aad tnerexore shedding little N FE
sediment eastwards, ca.i_cazjeogs _;suec}:‘g_rx@z_mg could form much

closer ﬁo that westerm strand than t0 the eastern strand,

3
3

s

which borderse

b

the rising KNew Brunswick geanticline.
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Paradoxides Tauaa (She St Albans shale) sre known in Vermont
& few niles soutk of the bordarﬂ‘so it ig reasonafble to
agsume that they once cecurred hexre too. But what the

¢ of sedimentation in

d.)

events was from the clo;
the Lower Cambrign, bthrough the Midéle Cambrian, and on to
E

the beginuning of sedimentation in nhg Upper Cambrian we have

- oxL

nc way of telling. HNor is tlero a;*h”asb e 1&01cau§ the

Cupper stratigrephic 1limit of the Sutton schi sig Goncelvably

they ey 21l be Lower C“belano Posgibly they include, 1

not Middle Cauwbrisn, then Upper Cambrian and pofelsts 101 ly Oxdoviciane
There are no higher strata than those.of the
Sw eetsburg and Vail slates on the west or the Sutton schists

on the east.

both the Oak Hill slice and the Sutton scenlists is ascribed

to the Taconic orogeny. At the close of the Crdovician the

e&tlrc Lower Ca nbfwan series {and higher beds, if'presentﬁl
wes folded iato tightly compressed Foldso ~Coincident with
the formation of the Phiiipsburg, Grdﬂbyg and Rosenberg
thrusts further west came the rupture called the Oak Hill
thrust, by which thc folded Lower Cambrian beds came to lie

upon the Stanbridge (M ddle Qrdovician) slates., The folding




develbped»not oﬁly hormai.éﬁfiéiiﬁeékéﬁﬁfsyﬁéliﬁeé9 but wider
arches and troughs upon which ﬁhe mnore apparent folds appear
| to bevsuperposed - in othef Words,.flat anticlinoria and
synclinoria. The Oak Hill slice is the western half of an -
anulellnorlum, the Sutton Nouﬂtaln" are devolOped from a
second, and the Sutton Valley is uﬂanrlaln by & synclinoriume
Shortly after the folding erosion began %o reduce the Taconic

Mountains, /In the Memphremagog sheet there is plain evidence

that complete pemeplanebion did not obtein, but while consider-—
f able relief was still in existence,'inﬁrusions and extrusions
of a basic rock begam, building up a lava plateau. Within

this aresa we have direct evidence of this only in the scattered

AW

metaperidotite masses throughout the Sutton Mountainsg, with

—— S

their attendant taleizationo Other intrusions, probably of

may Aare b
large extent, but not exposed at the preseat surface, ﬁ%%h < Beert

—

~.

resnon31ble for the soaking of the folded rocks of the Sutton

e ——— ———

Mountains Wlth marmatlc vapors canvertlaw the sed;mentqry S

k\\_I.CkS into SGhlGE/}) Peneconuemporaneously but later than
\.___‘/"
the development of the schistosity came the 1atroducu10n_
of albite ﬁhroughoﬁt_the‘Sutton schist region,anééﬁﬁ@““~

development—0f I metamorghr ﬁ?‘bdueﬁs%ofwthewserp entin e,,,:cockwuw




Lcadisn Orogeny. "Few other events need attention.

S

During the Devonisn the Acadian orogeny, of which there is

direct evidence in the Memphremagog area, affected this region

o

little except in the formation of the Brome uaderthrust as a
s

concession %o the -grustal foreshorliening albtendant upon that

OT0gEnY o

Monteregian Intrusions. The oaly OLher event of

importance was the llthSlOn of the igneous rock of Brcme
fouatain. We have no data to tie dowa its age exach_Jo LOCally,

Brome Mountain truﬁeaﬁs@ the nread line% o ~ the Taconic folding

and heace must be post Oraov1clano An igneous breccia of.

consanguinious nature on Sto Helen's Island, Montreal, contains
xenoliths of Lower Devonian fogsiliferous beds. Hence Brome
) Devonian, '

Mounﬁain should be posi-Lower Gwievretan. How much later we

canno% say, . except thac suf fxczent bre»Plelstocene time must have
elapsed ﬁo allow for the erosion of the original igneous mass,

and 1tsvsealmentary cover, t0 anprOleately its preseﬁt forme.

N

Post»?aleozoicﬂHistO?yo

In this period dccurred maihly the development. of the

resent topeeraphy by nermsl stream erosion, and the Pleistocene
P . p = - y . j . . . ..

glacial phase.\ The early stages are unkunoyn, but in Triassic
time some of the kasic dikes which do not apyear 0 be related
%0 the Monteregien HEills may have been intrude By Cretaceous

time a peneplaln was prob&h&y developed similar @ thst postulated

for most — T~ : ' T




to

of eastem North Americe. In Teftiaiy time ﬁouﬁm m Queboe -
was probably an@ecte& by ﬁhg\§?me epelixrogenic movemsents
ascribed from Ctﬁ\_ eglons to\this period- and the b10°k
faulting in ﬁhe Sutq\f\fovnua;ng\w@y hgve oceurved at this

time. By thse close the Terulavy a faery mature toyogranhy

was developed not Eﬂllﬁe that ex1st1-g\jodayo

Ta the rlegfitocene the whoId area was buried beneath
the continental ice sheet. It advanced scross Southerm Quebec
in argenerai direction siighﬂj'west of north end cub scToss
the longitu ﬂlnél valleys rather than folloﬁed them. Whaen the
ice finally disappeared she lanéd stood savefal hundred feeb
lower than 1%t does now and.a marine arm exbended inland ! ﬁnoﬁn
es the Champlain Sea. The succeeding uplift proceeded rapidly
and steadily, exposing wave=builsd beaches conﬁainiﬂm én Arctic

fauna. The upper QtfaﬂdlLﬂé in Brome Couanty hac been destroyed

‘but elsevwhers ﬁcacneq a ma X1mum of about 600 feot above seam

level.

Surface agencies since ﬁhe‘Pleistocene have tended
$0 restore—the-nature-topography o0t the TeTtiary-by :emov,ég~
glacigl debris from the uplands and marine gravel and sand

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

ﬁlaoial type and a long period must elapse before heJ completely

accomodate themselves to their prc—glac*al envxronmenta
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ECOIOMIC GEOLOGY

Exclusive of road materisls, those pro&ucts of the

roeks which have secured abttention in thexpast ars copper,

iron, and talc. On the basis of the present work the first

two may be ruled out as economic pogsibilities, although

wyeenbly Dresser (1928) has optimistically urged the posgibility

of 00pper' in becoming an economic factor in this “e”lOﬂa

Talc and soapstone can sca%cely conpete w1bh the product of
Ny .

e Madoe rock, but iz by no meaﬂs out of the runnlnﬂo

Praebwca7ly no satisfactory building stone oecurﬁ Wemany

but many of bhe formations might be.made_to yleld a good

quality of cracked stone for roads, if thé‘needfeverraroseo

Todsy an abuandance of gravel sufficeso’iLoéally calcareous

rocks are abundé.n‘t9 but usually not sufficiently TOGOE PULeS

@ME&W@~%@ﬁﬂ%@Vme:v Sh=ime for feiﬁilizer or ceuent, frewm

cormmorciekmans,  Tonukackortedeelteulh e

The various products are discussed in detail below.

Much interest in the 0ld coOpper workings sti1l

lingers oa in the minds of the people of Brome County,’

particularly those whose membries eafry them back t0 the days

£ the American ClVll War when coPPCr sold in Eew York for

55 cents a pound. ¥ith the delxne in the prlce of copper,
\




most of the properties which were tampbrarily productive -

shut down, although as Bancroft (1918) remarks, it was only

tﬁé abnormally high price of copper that allowed them o

ovnerate at all. However, copper mines, prospects, and
1ndiéations afe widespreéd ovef the southern part df the

Tastem Tewnshipso 'Cansiderable agitation for the establishment
of a smeiter at some central point, such as Sherbrooke, had
5een made for some time until, in 1913 J. A. Banéroft.was
commissioned by the Quebec Bureau of Mines "$0 make a debailed
geologieal examination of mény,of the occurrences Of coOpper
minerals in the Easﬁern‘fowhships that.figure,pzominently

in the literature, end %0 aécértain;,if possible, how many of
them counld be depended upon té eoﬁﬁribuﬁe regularly t0 a copper
'smeltaroso"(l9169A§o 14);' Bancroft's repors is an indispensible
guide 0 a proper ﬁnderstanding of thé copper deposiﬁs and |
progpects of the region. Iun his‘conelusicns, stated at length
on pp. 73 - 84,2he discounts meny factors that have currently
been assigned ag explanatiouns of thézelosihg down of thess
prbperiies, such as the drop in the price of copper, .the .
imposition of 5 and 4 cents a pound duty on,00p§er entering
the United States, the present cost of laboxry ané the early
lack of transportebtion facilities.  Excepﬁ for four mines,

the Acton mine at Actonvéle; Rustis and Capelton mines at
Gapelﬁongvan& the Weedon mine at Wesdon, heuconéludes'thaﬁ

"It does nob seem at 21l probable that the ores baken from
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cay of the other properties described in this report have

repaid the moneyfthat has been spent on them". In no case

o
o
0y
ta
&
5
5
o
H

0ft consider that ths s%omlﬁoq at any of the "mines®
or prospects in the area of this report warrant a contlpaaulen
of local operation. He &O“S howevmr 'noline favorably to a

systematic program of prospecting. A descripition of some

of the most importent prospects, pits and "mines®™ follows.

Sweets® MMine (Range X, 1o% 8, Sutton). Bancrofﬁ“s

egseript 14L of the workings and madlovical situation can not

a

be *mpxoved TpOhie Tle LOllOWlﬂ” 30u0ﬂﬂi is condensed from

w_’-»-—‘

Ea&&aef%;-togo hef‘Wiuh a few original Obs erv@tiors rogarding

 the geological structure. The nine is situated elose to

(if wot actually on) the Brome Thrxust. To the east lies the
Mansville Phase of the Ok Hill Serics. To the west the'
Tibbet Hill chlorits sc 1gt and the normal Dhase of the lower
beds of the Oak Hill Series. Rustiness characlerizes some of
the rocks in the neighbofhoodvof the mine, due to pyrite wiﬁh'
which 1is Qecasionally'QSch;atéd chalcoPyriﬁeg-bornite and
chalcocite. Theée ﬁineralizéd zones are only a few féet’in
length, and pinch -out, foik or swell when followed along the
strike. The maximum width observed (by Bancroft) was five
feet. The sulphides are always éparsely disﬁ:ibuted5 and
supe'szicially9 at least, give no promhse of an sbundance of
ore below. The main opening is 35 feet long, 8 feet wide and

150 feet deep approximately. It was sunk along the widest of
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the mineralized nones. Drifts were driven some 30 feet in

-

gither direction froﬁ the bottom. Hallf a dozeﬁAshallow
openings heve also been made on the property. Work was
abandoned on this property in 1864 when it was found that the
copper values declined below the Suifaceg where practically
nothing but barren pyrite remained. Bancroft was not surprised

t0 learn that "whalt ore was shipped away did not pay the

freight™.

Washer's Mine {Range IV, lot 2, Brome). Rusty bands
in the Tibbet HillAchloriﬁé schist betray the presence of
pyrite, with Whiéh there ars diséeminated grains of chalcopyrite
and bornite. Three openings were made, two of which are said
tc have'a‘@epth of 100 feet and 5Q feet respectively. Although
a coﬁcen%rating mill was in operation in connection with this
proPerﬁy“no information of its successful operatioun is |

fortheconinge '

Shepherd Mine (Range V, lot 5, By, Brome). Here, as
in the preceding cases, chlorite schists and other rocks,
chiefly of the Mansville Phase of the Osk Hill Series, exhibit
rusty sireaks which led to the exploration for sulphides in
the rocks bolow, Pyrite is disseminéﬁe& throughout the
wmineralized be;ﬁ t0 a small degree, and with it one may fina
ocegsional graiﬁs of chalcopyrite cr bormitbe. Three shafts

were sunk in 1884 to depths of 67 feet, 75 feet, and 30 to 40

foet. Cross cutbs were driven from the first two, and a
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concentreving mill was erected close at hand. Operations
wers suspended within a yeawr or 80, Ho Oré9 it is said,
was shipped Trom this property. Nothing of 1mporuaane is

_ now to0 be seen in the cut or on the dunmps.
Range X, 1ot 8, %, Subton. "o trace of copper
was Observed®.
Range X, 1ot 190, N.zg Sutton. "No trace of copper
O was Cbserved”,
Range X, 1ot 11, Ww:, Subton. ”Noie of the rock
exposures examined on this. lot Woula suggest the advisability

¢f further work being done”,

Range T, M? S‘.&.’/.h Subon. “This decrnomer gvm»g Cesnbmne ralod .

Range XI lov lO 8“

was Observed®,

Rarge XI, lot 11, Bi, Sut
exposures examined upon

of further work being done.

Range XI, 105 12, Wﬁ, Suttoao

the prcycth is of ao valuer

Reange VI, lot 6, Bromeo

value as a mining prospect.

Renge VIII, lot 12, W,

th rockl.

filled up wi

Sutton.

tone

this lot would suggest the advisability

®Qhe property i8 of no

Brome.

"

"o trace of copper

"Wone o0f the rock

"As a mining prospect,

is now




Range VITI, 1ot 13, Brome. "It is very plain that

the prospect 1s of no wvalus™.

Pimmacle Mountain mine (1 mile east of Abbott Comiers,
Ste Armand Bast), was meationed by Bancroft (p. 61) but nob

descerived.

end listed above an extensive series of excavations on %he
southwest side of Pinnacle Mountein. There, close to the
boundery of the Tibbet Hill chlorite schist (on the east)
with the Oak Hill Series (om the west) is a zone of fractures
along which the rocks have been very consiaerably sheared.
Several pits have been dug along the cbntact between the

Gilman quarbtzite and the Pinnacle graywacke. Nowhere is the

dolomite exposed, which is not surprising, for it 1s missing

traces (unmappable) of the West Sution slate occur. The
entire zone is badly shattered and sheared, making a simple
exposition of the structure impossibles \~____.¢—————f——*~j/é./é/a,

izone

There are two sources of iron in this arvea, the
Pinnacle graywaeke and the West Sutton slate. Occasionally

the White Brook dolomite, where it occurs in the Mangville

Phase of the Oak Hill Series, conbains magnetite, in one place
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-Several»openinés and tunnels are visible, and a shalt sunk
from the top of the hill is now nearly filled with water, -
The "mine” was in operation in 1882, As with the oﬁh@r.
oCCUrrences pyrit@ and copper sulphides are sparsely scattéred
through the sheared zone and doubtiéss tﬁe copper values

faded out below the zone of secondary enrichment.

Prospecis for future,development. A note of hOp@'
has recently begh struck by Drﬁséeti(?QQS),'who urges a
(t// renewal,, not of the old copper ?orkings, but of intelligent
Q‘/ . prospecting by meaRs of stripping, snailow rock ocutving, and
~ dlamond arilling. Such p;o-ap@ctingvim'uat, however, in the light

)

of past experience, and of the knoyn copper reserves of the

astiitive undertaking.

world, be considered as a highly sp

A,
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in sufficicatly large amounts 1o cause notice. One such is
the occursence noted by Logan (1863, p. 677). Such abundance,

et
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raver conbinuous fOﬂ more than o few huézred feet
‘ da

along the strike,  The Plunacle graywacke consists of) sandstone
g3 A
CmW/,V P
-which izm.pars-gre.made~up in pla ccs\up HO 50 per cent ofrgrains

A V- #"/
of megnetite. Where as much magnetite QSﬁﬁ?TS is bveseﬂuvégg«

even-S0-—per-¢ent, the rock assunes a dark gray O black color,
but invariably yﬂelds afyhl;e Sﬁéeak when scraﬁc@ed with a

' (g 0 . .
hammer, am indic EMMLé;&ﬁthm1ﬂwmwmﬂthR$~w¢wmw
the'rockAof}no'use as an iron oréy Moreover_thsre ig inveriably
a sméll percentage of T 102 in Qhé"éaék;—éhiéh probably exists‘~
in leucoxene, for there is little ilmer e present. On account

of its color, weight and obvious magneﬁic; proyerﬁias, it is

not t0 be wondersd ab that it has atirechted the atbtention of

prospectorss

A few excavabions have been made in this formaﬁion;
but no suo%aouenu deveWOpmenb work has been carried 0o
Therekls no indication %hat any part of the Pla4aele formablon
lwould yield iromn oxe sﬁfficiently,rieh %0 justify exploitation°
Togan (1863, ppe 679 = 681) lists many localities where the .

Pinnacle graywacke bears a considerable amount of iron.

The Wes*'Suﬁtqn'slaﬁe is almost everywhere suflficiently
well Lbnllc& with henat te to yield a pinkish or reddish
streako Iﬁ some places 1t 1s practically replaced by hematitve.

Excgvations ii this formation have been made at overal places
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withinsthtsmarea, notably on the Lafj beloaglno to Mr. Crawford
a nile and a half northeast of Hillside and one or two test
pits & mile and a half ocastesouthvogt of West Brome. The

West Subtton slate is rarely more than thirty or_forty feet
thielk, and hematlte is almost always present at its base.

In some places it is pure sPecular hematite as at Cfan d”sg
but usunally the hematlte is disseminsted through the lateo

In no place is there sufficient hematlite to justify Lfurther
exploration. During or before the American Civil 1 War a Few
cart loads of ore were hauled %o North Troy, Vermont, where

iﬁ wés mixed with iéeal'6rewéﬁamsﬁélféé:fbﬁé 65%iously the

/

venture was not successful. y

- Specular hematite in a large mass several feet across

occurs in & vein close 0 the Pinnacle Mountain Copper Mine

‘workings, & mile east of Abbott Corners (Logan 1863, po 679)c

Further south in Vermont, in similar geological enviroument,

pure hematite is knowan to occur in maesses several feet across.

Talcoe

There seems 0 be ground for bélieving that talc
occurs in the Suttoa schigts in suf flcledu amount end of

N
sufficiently high quality to justify exp101u1ngnsoms tinme

in the fubture. A% present competition with supsrior and more
abundant material from Madoc pfavenﬁs development of logcal

product
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Totc~and-seapstone deposits egcur in scattered placesj
Wéﬁhiﬁf%hEMSﬁ%fﬁﬁwﬁﬁﬁiﬁﬁgw /ﬂbubtless SeOores MOre OCCUTrIrences
are waiting to be‘diseovere&9 ﬁat the thick cover of vegetation
prevents théir recognition. A faw.of these localities have
been vorxed9 but uo &evel nent 1s being earrieﬁ’on ﬁOWo

These occurrences have been deseriée&_by Wilson (1926) ﬁith
fuller detail than can be gijég here, and because no work has
been done on the various prOpertiéS'it is needless 0 add to
Wilson®s excelleunt report. His ﬂ@o@”&bﬁl@ﬂ of the general
ogceurrence is Wor%h quoting. “NumETOHS depcsits of talc an@g

soupscone oceur in aSSOGlaulGﬂ with the SvrpOﬂulﬂlZ@@ intrusions,

throughout a belt up to 25 mlles wide and 125 miles long exbending

from the Inteémational Boundary to the region southeast of

Quebecs The talc and soapstone ogcur for the most pari along

the margin of “the imtrusive, bubt in a few localities along

zones of deformation within the serpentine mass. They are
generally grey or green and are mors or 1ess gchigiose. They
vazry cop51derably ‘in composition, in some caseS‘con31sting of

almost pure talc, and in others of a nixture of tale; magnesite,

~dolonite, and disseminated chromite, or chromite and millerite™.

( ). Wilson deseribed all of the deposits .: he knew about,

and excerpts from his descriptions follow:

sutton (Resge V, lot 10) Bed of brook, % mile E

of northegouth road. Two and a half miles due south of Suitton.

s
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1 foot of massive serpentine cecese

165.

¥It congists of two zomes of pale greenish gray tale schist

G

2 feet wide, 156 feet apard, but converging toewards the southe

hist zoanes éherelis a gradu aT change from the

tale schist o massive telc and megnesite and from tale and
. ,

magnesite to talcose serpentins. The btale and magnesite

.mixture that forms the greater part of the deposit consisis

of pale greuﬂﬁSH white tale, scaltered aggregates of grey
mnézgne 'tev and disseninated grains of millerite an& chromitey,
‘The latter mlnerals "would prevent its use in h;gh grade

talcum powde"wolpo 97) e

Potton (Rafge V lot 19). "It is situated near the
middle of the 1ot and about 1,000 feet west of the Missisquoi

river'roadboaooo The tale has a grey colour and is, therefore

of second-grads quality™.(ppe 98-99) Diamond drilling im

1920 evidently di& noﬁ yield infofm tion compelling or even

allowing further WOXKe  —  mem s oo 500

- Potton (Range V, lot 28)3' *ituated on & northeast-
a01rg hill-gslope about one aad a h@q? miles west oL Sou th
Bolton Villagea The principal opening in the.&ep031t,1s a
pit 9 foet long, 5 to 8 feet wide, end 2 0 3 feet deep, in
which there is exposed in‘suceessiqn from east %0 west 2 feot
of grey, *‘aaléoseg hard schist, 2 feet ofvsofﬁ, pale grey,
platy talc schist, 4 feet of broken talcose Serpéntinep and

-

The material caco. might

o

be used for those purposes in which colour is unimportant,
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oo much broken for use as soapstone

but it is probably t
bleceks™ . (po 100)0
Bolton (Range I, 1ot 23, property of Johm Pibus).

"Thvs deposit is ‘situated sbout 5 miles soubtheast of hﬂOVltOﬂ

(and three quarters of 2 mile southwest of John Pibus?' house
©| on the Bolton Pass road). The tale deposit lie$ on the easth
méfglﬂ of'a belt of serpentine interealated in the éomple

of schlst and impure crystalline limestone that forms the

. / west limb of ‘t’le Sut'i;on Mouatain: anticline. oossos The openings

in the deposit (made in 1911 = 1913) include o shaft said to
in the hill-side 140 Fest long, end

The adit has now caved

!

f/!

:/ ;’ be 28 feet deep, an.
f | ; several Grenches and prosnec% pits.
o in, and the haft and most of the prospect pits are now filled
“he’tale'seen in the dﬁm§ from ﬁhe adit

2dit

with debrise soeceo
would be satisfactory for most pufposeswhere & wnlte ¢olour

R

(ppo 100 - 101).

//

\ is not essential®,
ay

Bolton { Range II, 10t 26, property of George Plbus)
southeast of the foad from South

O
-

"Situated about 1,000 feel
Bolton %0 Knowlbon (Bolton Pass) and at the southeast comer

cevoew

of the lots I .

G

ey
TR b .
e,

f‘““‘%.%‘%(.&

"Only two p‘*s wore observed in tha pfOperty cese00 ol

{(A

t pit a zone of plaby cfeamrwhlus talc

"In the fi
g _oeoooeo, .L.ﬂ Ghe SeCOﬂQ Plt

chist 10 feet wide is exposed.

/ T w1 ¥t
—
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"pale green serpentine cut by seams and veinlets of tale up

to hal; ann inch wide is exposeds ccocccoo

Sincs the zone of talc 10 feet wide in this property

is exposad in a single pit the amount of talc known t0 be

i

present is small, but it is one of the few deposits of high-
grade talc in the Easbern Townships and the width of the zone

\indicates that an extensive deposit may be ﬁféséntﬁo (po 101).
. - L AN
: , BothJ, n@ngyj%i lot 4). -@éiﬁuated about one mile
[northﬁorthwesc of South Boltom. Thisidepositfthoﬁghvwoﬁked

at one time is now completeiy"overgrde;Lowan?s’deseription

is guoted by Wilson. "Resting upon a band of the latiter \\
(dolomite) is a 1wyer of about tnvoe feet of 1mnu e steatite,
overlaid.by 4 foet of dolom.lteo This’is ollowed by a layer
.of.a few foeb 6f.éhioiiﬁes to which suceeed about' 5 feel of
steaéiﬁe; the upper two feet of Whieh;are very pure and compact
and furnish lerge hlocks'free from flaws". (1863, po 797).
Although in 1871, 300 tons of soapstone were shipped hence,

Wilson calls this deposit low-grade. "IF the deposits do nob

extend farther along the strike they are not sufficiently

large to warrant the erection of a grinding mill except in
conjunction with other deposits, of which there are several

in the neighhsuring district™. (p. 104).

Ons other occurrence mentioned by Wilsoa is one
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in Bolton, Renge VI, lot 26. It does uot appear to be of

[ any 1mnort Nnee.

A few additional occurrences have beesn discovered
during the course of the present survey, but they add little
to what Wilson has written reﬂarding the oriﬂin, general -

relationships and avallabll‘&y of tqe deposits.

\ Brome {Range VIII (W&), lot 1). - Both mortheast and
northvest of the road corners on this lot are tale ciepoé“‘se
mho one to the northeust is the 1arger and by all means the
most interesting;A The prevailiﬂg country rock is a siliceous
sericitic schist, intensely crumpled in places. About three-

eighths of 2 mile along the rosd north from the corners and

5 or 6 chains east of the road is a mass of partly serpentinized
peridotite in which there are masses of chlorite and, in

loose pieces, some falec. Some fifteen chains northeast in a

‘clearlng is a knob of talc some Gwenty feet across. 1% has

]obv1ously only recently beeﬂ,dlscovswe& and no explovatory

!

|

|

i
|
i

b

Wozk nas been doneo Iu appears to be of gceod qualityo‘ The
1nteresﬁ1ﬂo tn¢ng about this occurrence is that the schists

*r the v1cln1ty of thls tale boss are heavily albitized, a

condlulon not observed in any of ﬁhe ocourrences already

alluded 0.

Brome (Range IX, 1ot 7). On the east side of

the north~south road there is a gmall amount of talec agsogeiabed

r_

with siliceous sehlstso .No‘ser* tine oy igneous rock is
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o

o

similar associations

Very pcor exposures Of

axposed heres
$%) and Renge X, lot 8,

!
1 .
may be found in Renge X, 1ot 7, (S

(%) .

'<i> SRR Bolton (Range V, lot 26). Talc occurs hers with

siliceous schists, but no trace of ig

. In conclusion, it may be stated that tale deposits
are fairly common within the Satton Mountains. The grades
£8. Although

of known deposits vary from high class $0 low cla

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

of finding large deposits under the geological conditions

/N .

Vf' i concerned. Nevertheless it is probable that with an improved
/o |

f i market opportunity may be available for the exploitation of

' é these talc depositéd | ' -

- !

Serpentine.

Throughout the Sutton Mountains exposures of .
' serpentinized peridotites cccur. HNowhere, as far as our.

.5

exsminagt

jon has revealed, is the serpentine of commercial
value, nor is asbestos associated with it. '

Chrcmite.

a differentiation product of peridctite

Chromite is 2

pmr AR
e B e
e L ot T S

£
w

and is common in the serpentine belt of Quebecs 1t has been

nined. for half a century in the wicinity of Thetford. One

i
1
i
1
\
b




time, but has not yieldsd rich enough ore to jJustify further

170,

llage is an old excavebion

153

mils nors hV@SL of South Boltoa )

in a chromite bearing serpéﬂtine@ This was gquarried for some

exploitation., Harvie states that cnly one shipment of 27

tons has been made. ({1912, po 291),

Limestine.

Although two continuous bands of calcaredus rocks
traverge this area, namely the Dunham doclomite and the white

Brook dolomite, neither is puro eaovgh or thick encugh to

" be used for burﬂing;- The White Brook'aolomite is in some

places colored a beauuvful pinkish mau"fe9 and might, if it
were not so cud by auartz veing, be us ed as a decorative
stone. ime@toae and dolomite bands elsewhers in the Sutton

Mountains are $o0 discontinuous o -be velied upon.

Slatee

In one or WO places the West Suﬁtoa sl te formation

vides a good type of slate at the surface. Th g is indicative

w

D
of beﬁter quality of sﬁone belowo‘ The abunduace of hema 1te
usually present in this rock mlmht cause it to Wodther unpleasant -
ly, although such is not the case in the outcroPo Rarely is

there the slightest natural discoloration. This slate displays

good cleavage south of the road one mile from West Sutton towards
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Farnfam Cornerss, In the gorge below the dam at Call M
te is sdmirably suited for roofing purposes,

the Call Mill sla

should be thoroughly prospected.
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