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pegmatite veins in Stanstead granodiorite 
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Plate I 

Plate Il 

, T .7:Tassri-;~p~±- Bunker Brook - i+'itc:! Bay valley 
the north. 

Parallel valleys, the second is that of the 
Tomifobia River and the pronounced valley die:;. 
is that of Bunker. Brook. 

• 

Plate III 	Looking southeast across Fitch Bay. 77i`.ls o 
'Stanstead granodiorite in right background. 

Plate IV 	Whetstone Island. The low flat area in the fore•-. 
ground is underlain by Devonian limestone. 
hills in the background are of Stanstead 
diorite. 

Plate V Looking northwest toward Lake Massaw p i . 
ground shows .type of topography west of Bunker

. 

fault . In the background the ridge east of the  
.fault can be traced.far to right. 

.Plate  VI 	Drag `'olds south of Ayer' s Cliff in the Tomifobia • 
interbedded slates and•limestone. 

Plate VII Biotite segregation in Stanstead granodior?. 

    

Plate VIII Biotite streaks.. in Stanstead granodiorite. 

Plate X Stanstead Granite Company's quarry at Gran i te-U < i le, 
showing the excellent sheeting and ideal working 
conditions. 

Plate XI 	Serpentine hill. 
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Index map showing the location of the I:emphre-
ma.gog area. 

Figure 

Figure. 2. 	Showing location of diorite areas and points 
from which specimens were collected. 

Figure 3. 	Cross-section of fold, trend of fold IT.800i5. 

Figure 4. 	Showing areas of Siluro-Devoniean. 

Figure 5. 	Shôwing areal extent of Stanstead granodi or:i.te 
and associated dikes • 

Figure 6. 

Figure 7.  

Figure 8.  

Figure 9.  

Figure 10.  

Figure 11.  

Graphical representation of the quantitative 
mineralogical analyses and classification of 
specimens of the main mass of the Stanstead 
granodiorite and an average of these. 

Graphical representation of the quantitative 
mineralogical analyses and classification cf 
specimens of the intrusives associated with 
the main mass. o f the Stanstead granodiori te , 

Showing location of dikes. 

Diagram to show some features of the Pleistcca_L. 
,and Recent geology. 

To show some important structural features. 

Showing location of quarries. 
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com,=ss traverses And comnass trian;ula.tion: 
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G N A PTeR i• 

.1"lkod uc t 
'f 

on 

The tareaçlyinF soUi heaSt• of the' upper ût.!1a. ' z.s.0 

• ocCupied.. the attention . of geolosiCts.: since- the inception oft`'_Tco ~O i C tl 

Survey : and has p.resented Problems.. so complex as to have aff -~'ry ef:. :rounds 

for bitter ControvE'rsy fo"' over sixty years. Tiloû,rt much.'Or.{~ h~;,~ beer   

done throu_ bout the area it has been for the 
- 	,, C' +̀~ 

most oarT, promiscuous or in 
~y 	 -. ~ 

the nature of large area reconnaissance.l~onSegUeritly sat' sfa,.;t:3L=, 

knowledge - of the general geol64- or solution of ma:Y.y of the major 	Ob-- 

.lems has never :Peen- .gained. For .sO.iTe .ti.(Re a detailed revision of the.  

'geology O'° southern Quebec ha:: been contemplated and it was tF'i'}- _ 	.`ié;4d 

to beTinriil.l,, th`i S- that the present jFTork iYrJ. trie 	C.M1Ï?flleiA2,ï,o .(: 

undertaken. This area was selected because it was thought to a:.. .,.- .__ 

•  ; ^5,st - opportuni tiAS for • Obtc̀l.iniri ; a cOïilnrehenSivv kIlo Ÿrle dEs of the ` tr«•'..- 
..... 	ti , 

i~raphy And because of the presef.C2 of granite masses. of considerable 

economic importance. 

Location and size of :dap Area. 

.The Me_mp rrema.,.=,o- area .as herein. r3efined co.aori ses 

the ; 5 by 30 .minute :1et tpC2re:îa,`;og sheet which ll.es east o- 

?hrei` Og. It is situated in .southeastern Qu2bvC on t h e international 
Ç 	l•. 	

y 	 . 	. 	. 	. 	 ' -. 	' 	 ' 	. 	 . 
. 	 , 	t t . ~v't•: .. 	 . 	 . 	 . 	 . 	. 	. 	. 	 i 	 ~Y .~ 

boU-i1d?ry iY the county of Sta'ristead, and includes the township• of Stan- f 
% 

/Stë?dq parts of Magog, ?atley 	ti r 	
- Tt is an area 

. i 

12 miles - wide- and. .t7 miles 1011~ , apnroximately ?vJ square -Males. P'_n_ysi 

. ? .~:r %'+.ÇJriiCally . i't represents the transition from - the relatively flat coun- 

try of .;outhern•~.~-.~,uebec to the ::7'.:,rë rugged ,`toun'tainOUs areas of northern 

Vermont•'=iild New Hampshire . • 

Field ld W.ni r l.. 

The .Jeological field work unon ',hi ch the renort is based was 

done during. the. summer'. of 1923. The base : map' used is that of the Depart-

ment of ,`il.itia 'and ' Defence published on a. scale of one mi le + 

with 25-foot contours, Lbcations were made mainly 'uÿ pace and 

e _ '(as 



the western slope. ItS'outlet-stream flowin1 south • takes advantage of a 

break in the ridge 

broad 

south with an eaStweSt-trend destroy 	 this section of 

and enters Fitch /JJay.. :Northwest of _Lake -Idassawi3-pi. 

depression with-a.horthwestsoutheast'trendand-another-to-t
'Ç 	rIe 

ine-' • • ,... 	 . 

the area.: 

n thesoutheasternseCtion of t e.maP4area there is in 

7 
, 

dyre-c-tioht. Lake -,ias5awippi 	ton g „narrow • lake occupying a crook in the 1 

valley, has an elevation of 523 -feet. The 'depth of the lake was not as- 

certained but, appearances would lead one to believe that it ea -,; exceeds 

30 feet - 	 and 1-1117 

• • 
• siderably. more. 0outh of iake  massawippi there is a id. 

• 

upward to .an elevation of 775 feet, then a long gradual descent to an 
-• 

elevation of. 683 feet at Fitch Bay. .This part of the valley is o,r-,baby 

filled to a conSiderable depth with superficial material. , Near/_,a',rp,  

Massawippi wells drilled to a depth of 60 feet are entirely in so--called.  

gravel. Fitch gay near Magoon Point is reported to be from 40 to 60 feet 

deep. The narrowness of the valley here clearly indicates that its rock 

floor is considerably higher than at Zake JAssawippi. In general the 

rock floor, H.7preL,kent-:.ba6tom, and the land and water surface show an 

V 	 P/ 

increaseleelevation from north to south within the map area. The vaLey 

is unsymmetrical, with a high ridge of abrupt slope on its western side 

and on the eastern a ridge several hundred feet lower with a gradual 

slope. 

The northwestern of the two sections into which, the fl,rr--,  

is divided . by the-great valley . just described is almost a penirula. 

is bounded on the west byf;Lake Lilemohremagog and on the east by 

1. 	
• 

, and 	z_e masi,awippl. In general it constitutes an asyimmetrical " 
1 

ride with a gradual slope to the west and an abrupt one to the east. 

The axis lies within a mile or two of thef boundary Valley. Along, the 
. 	 1 	.-- 

shore of Lake Mem-ohremarLo is a well-defined low ridge of klIrp-Dey2-:-Iian 

IlimeStone% Between this and the too of the main ridge there are _.,.,n-.,., 
'0',})/(A sW01( 41 'e0; 

minor undulationswhich'haver not-very definiteTorm. The hill north of 

.,:iagoon 	int assumes such prominence as to dwarf the main ride, which in 

.1 . 
this section falls away rather rapidly. Farther north Loverina.2:e 

' 	- sprawls out in a lAcge, irregular, though probably shallow, depression on 
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The writer wishes, to express his appreciation for the infor-

mation given him by the quarry operators and many other local residents. 

He is indebted to the faculty of the Department of ^eology of the Univer-

sity of Chicago for laboratory facilities, advice and as::istaIr.•r-, 
• 

ciallykto Dr.Albert Johannsen whose continued interest and he:L_r: 

source of much encouragement. Assistance in the field was r e'r:+d, : e:.i >~?' 

J.W.trrei; for six weeks aÏiCt. by C W.Wal.lis fOr.the greater.,the  part _ ~ 

season. 	writer is also indebted to 	s wife Helen Kerr whose con- 
. 

~'~~,: tinued assis ance in .the preparation . of the;~manuscript\~:ade its C.,51.0,•  
.H1 

'  

ure of much otï?e

a;
i:, ?i3Ori,  

. 

Previous Work. . 

To. outline completely the;` Ÿ ork done in southern Quebec would 
--- ~h 

require more. space and time than the benefits accruing from such a r°e:s le.;'' 

would warrant. • The. proximity of this section of the country to the o-' - 

g inal headquarters of the Canadian. *Survey at Montreal. led the earl,, 

ers to turn their attention to it. Some of-the problems found the .: _.,.c_. 

became subjects of .controversy, and the "Taconic Question" developed i.h'=o 

a :,torm center in the geological literature of the period. 	~e .CO «;t.N: 
• 

- around Lake Champlain and other sections along the:ooun^ ary becaTie 

Aï'taiît hunting g?"ounds for palrkontolO-;lsts and geologists from across t~c 

•border. Many articles apneared dealing with the fauna, stra.tigraoliy, 

is_neous .roC :Cs-, and to a lesser degree .the structure. 

. In the latter part of •the nineteenth cen.turz, 	 revised d 

and completed the mapping of the entire southern part of the province - 

task  viich had rten begun'   by Sir., William Lo;)-an  and carried on by r l ~ 

colleagues. Since ,•„ that time much•wor'; has, been •dOne on small sccitte•r'e ~ 

areas, faunas, intrusives, mineral deposits, and so on, ._,ut  

of it tool the form of sys'tematiC areal mapping. 

• .Of. all. this. work and the literature resulting from it the 

most outstanding feature is the achievement of .'_,ojan. Though he did. s?o 

^o-11.7 ete the mapping of the southern :OaT't of , Que'toec it is quite apparent 

. that-he was .a.ble 't,o•7oerCeive to a: remarkable' degree. the character of the • 

I;i many respeCts t;.1e' %na rled;é 'rle railled- has. never been ior=)vt:d 

tion possible \znder the pres 
\. 

i1.Pot1 ; L soi(te lns t,arlcr _ 5 'has been: a .retro8re ssion +'ti, :.>'c '._ i .- 



. 

s., 

J •  

•  A.0 	F, ~,-is•.sg 	t:2o .~ J~. .ric3re 	~~Ie^T`~ 	
.;~ ~~r 	cU 	

,
-anlater 	ones, 	have 	been. dis- . 

carded.....  

T:i•su.sh 	much 	ï_,L .__d1:.t 	Tc3y'..,, 	has 	b:.'en. done 	on 	many 	._ol <.t .:Cz 

. 	areas 	it 	is 	clear 	that 	as 	re_-; 	.rIsL t'.Zl: 	P;liile'r.al 	character 	7-~ 	rJn'.. 	" 	,.J, 

	

1•`• 	_+.__ ?].o 	̀J:, 	r r 	e~.t 	,~dVll.nce 	ha.s 	rJeYï 	made 	nor 	does 	it 	seem 	lie.. 	f,_": 	. 	._.. ' ',; 	. ~- 	 e ' y' 

ÛC 	until 	the 	system 	tic 	;:(1 	i7;✓'L?1ij Of the 	area 	i s'well 	under Way. 	:'ni_s 

a 	task which •yaou:ld seem to require  cbncentrated 'effort over 'a 	f.z o:?. of 

years, 	for there is no doubt that the -problems to be solved 	e extreme- 

. ly 

 

difficult. 

,;iuc,Ll Of• the gener al literature on this section 	ncludes __ 	. 

fereIlG::S to the' seol0-y Of t1. 	re17hre1as) 	area and there are man 	short 

articles on different specific Phases. 	The more important of 	,._ _e. e.i 1?_ 

be mentioned •when the subjects with which they deal are discussed. 

• 
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"Description of a Series of Thin Sections of Typical soc _ ;' 

Montreal-1896. 

Billings, E.-"On some of the rocks and fossils occurring near  

burg, Canada East; "Can.Nat.;\Tol.VI, 1361. P.310. 

"On•  the occurrence of graptolites at the base of the Lower Si lur'ien;" 

Can.Nat.,Vol.VI,1861. P.344. 
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GFtAP7ER  

General *racter of the District. 

To 	; _,,ra phy . 

• -ReiOnal" Relc^.tionsnipS of the ?d'`e?Rph!"'eï;1a;-~o ; Area. 

The Mernphremagog area lies between two great phys i ogra p i c 

provinces. To the north is the .relatively flat and low country, with 

its few isolated —prominent peaks and ridges, which includes the greater 

part of southeastern-Quebec. To the south lies the rugged mountainous . 	rugged  

fo ..re ,-) f.northerti Vermont .and. New Hampshire... The i.ïe_10 re:'t_?.:'.og areabe-, 

longs 	mainly-to thé northern- Province but a general increase in elevatib s 

toward the south,. which continues beyond the area, represent s the 

.lin of the change to the topography of the southern province. 

North and northeast of the area. the. Country is low arid  and there 

is little relief except for one ridge. This lies west of and Paralle ls 

« 	•~a- 	~ r 	St.Francis 	~J ~ 	a 	 anda continuation i,+}} 	t• the ii: .,.,a~?~zJ r~i and .~t FranCl Rivers 2 S (~re 1 ~ 	is 	~O"it _.Jc.i:ion 

northward of the ProIllineilt ridge west of Lake -ia ssa1-?i o i 	The greater 5 
•_art of this arra as of the whole physioraphic provii.cc, to which it 

at- 
belongs is underlain by PalpZoic sed.i_~:1e'rits. Features such as the ridge 

mentioned above and isolated oea_: owe their promi  e ce to the ü  re=  e=ce 

m.,[,. 	. 	~~'t :., •. ,. .. . _ . h:i ~  è ;"•i  ]~ 	-  

of very early PaloZoic or r,:o-e=vliRnbT-i.û,n sediments, or tO igneous rocks. 
r 	 f• 

West of :lake _,iemPhremagov, which constitutes the w Sr.c.- ':~. 

boundary Of the map area, is a very rugged. section with a relief  

feet. It might be considered an extension of t!1C-
!!
kOutiierl'_ pï'ov;.'_ce into 

but geologically it is somewhat similar to the north  er<~~ orav._nce . 

Its rl.'.JredY'iess and relief are dùe to increased areas of the types of 

rock which are resnonsib.le for the-prominent elevations in the northern 

province. To the .south and southeast of the map area the ruggedness ç.LSid 

relief are similar to that found west of the lake. Not much is ki_o;':r_ 

_bout the geology  of t his country but is seems  certa : that it is differ-

ent 

 

in general aspect ..from that Of the northern province. Just north of 

the boundary in southern Quebec . there are many masses of granoCi.iot"ite 

which are largely  responsible for the increase of elevations and r,ug ` r ~d_ 

ness . They extend. into the United States and there too probably have an 

important- influence on the, top.i _;.ra _,'.  



It 

~..r 

7ithin the Memphremagog area there are, with a few except- 

ions, only gradual slopes. The eastern slope of tae prominent ridge 

t'arou h the center. .of the :lap;area is unusually abrupt and west of glue- 

berry point onake Massawippi shows a relief of nearly 900 feet. Other- 
i 

rise no single slope' shows more than a few hundred feetA akd .the maximum 1  

for the whole area is less than 1000. 

Lake Lem hremago forms a distinct physiographic boundary on 	1 p 	~ g i { 
the west side of the map area - the other boundaries are merely map lines-i i  

It is long and narrow with a curved north-south trend. Its width exceeds 

two miles in only a few places and is generally nearer one. 	eyond the 

map;area to the north it extends one mile and to the south six, bei__g in 

all about 24 miles long. It has two long arms, one on the west side - 

Sargent Pay - and the other on the east - Fitch pay. The death of tne 

lake was ascertained only indef initeîy~. From lr.agoon /pint south it is 

fairly shallow, probably veer exceeding 75 feet. North of this it 

deepens rapidly to a point opposite Owl Head/ountain where it is reported 

to be 600 feet. This is thought to be greatly exaggerated as s...3h a de)th 

would necessitate slopes on both sides as precipitous as those .)_' O71 
/ 	 sham 

Heaa ,lounta in, extending down to aAV-fie- at the bottom. Depths of sev-

,eral hundred feet are reported for points nearby so that to assume a 

depth of somet'_Zinÿ near 400 feet seems reasonaole . Farther north_ the 

lake becomes shallower and for the greater part of its length is ..all to 

average between 100 and 150 feet. Thus the total relief of the 

surface including the 400 feet below the surface of Lke ..:emph_^~._ 

is 	a out . 1?_50 feet. 

The map,,area isi divided into two distinct parts by the 

valley which is occupied by Fitch flay, Biunker,/rook aid:Lake _.:assawi pi 
i• 

within the area and .beyond by the _Ilassawippi and St.Francis ,Rivers. 

parallels the ridge previously described, extending northeastward for 

40 miles or gore beyop the map-area. At Lennoxville about-twenty   -_'ales 
/i'e t1G'Y:t +. r:r .~. '4441 i2)6,6  ,.et w. e; 

northeast of;~/~Ayers~-c-i•zff the bottom of the valley has an eizvation o_ ,  

475 feet. From this point there is a gradual slope upward in both 

*1 . For information about the depth of Lake iuemphremago g the writer is 
indebted to :.r.Lryou of Fitch Bay who gained his ;,,lowledge from a 
variety of sources. 



,_ 
ken rid;~e ~Rr'ni_)ch roughly parallels the valley, cuttinz dia.,onally across 

;' 	 VAL 	 ~ ~~~ 4 r ti r~ _~ ~::~ 

the map area about three miles from~ïtâ southeastern corner. Toward, 
. 	. 	 . 	. 	„ 	, 	r 	,6,. 

	

~ ~YvtL1• '(i G?.Ca ..',4%, ,,.,g C}y:G , 	. 

elevations.    The we s ~war~ ar~d e~ st~a-~rd 
.. 	. 	

~ ~ 1'[HG~~it6 /i ~%r `i 	 ~ri~'i,~.~. r~r 1 r~`.-..l 
of long valleys'v~rhic~i are irou=;hly parallel 

. f 
to the ridge itself. Chief among these /is that 'o/f the Tomifobia f~ i ver 

.Ç.:: 1oil t/+'r1. - 1!'Ÿ ,~3 G~iGJ ✓~:̀1.~n'~i.~ ` 	$C1eir.l..i , F~ f 'f=_ 

	

, 	ÿ 
which is almost as prominent as the~ oizndâ.rp~v~.11ey. The~secti~on - is thus 

.GOrvier 

A there is a slight - decrease in 
c. .,. ‘: 'r ,t,t ^li1 (

` 
^ }(f f ;1.  r. 	YIN ~  

slopes rebro.,enby—s. series 

which seldom exceeds three miles ' in 

the north into the Magog iver.
/~orthwest of Katevale 

The:outlet of the lake is to 

broadens and 

becomes Little Mai og ., ke 
t 

- From this .Mago:ç; 

into which drain ;t'ne, two streams west  of 

flows northeaet to the St.Francis. 

The greater 

Irnthis~ Tonifobia.~iver constitutes 

Two important branches 'of. this^ enter' the 
. 	 ;.: 

form the main stream 

the area- 	inthe LakerMassawipoi water 

corner, ` unite 

he chief drainage chan- 

.ap area in the southeast-

'for about six 

urn': and .flows northeast 

4. 

al ,a gradual slope upward 	. they, boundarL valley. The maxim u2 eke 

vations'. between fourteen and fifteen hundred feet, are found in a bro- 

divided ,into two parts which are subdivided by' the parallel valleys into 

a series of long narrow ridges. These in turn are cut• transversely by 

many valleys which are tributary to the main longitudinal ones. The 

ridges while stile present are not:' readily apparent and there se ,:ms to 

be mainly a topography =of irregular low hills with no very definite ar-

rangement. In the southwest there are many prominent well-rounded '_molls 

of white sranodiorite which sive to this area a somewhat different topo-

graphic character. 

Drainage. 

• 

The rivers ' and lakes of the area . belong to one drainage sys- 

ten which byÇ.he St. Francis is tributary to,the: St.Lawrence.- The Nain 

trend of..water movement is northeast both within the area and as far as 

Sherbrooke 10 miles beyond 

the St . Lawrence . 

From there it is northwest to 

the western slope of Bunker ill. 

The streams which enter Loris- lake 

features. 

p ro"'^iheti t 
The lakes already described constitute grefitA26 

:,overinU Ake receives ' ~its water from only a small basin on 

drains south. to l Lake Memphreagog. 

are small and: drain a bordering zone 

-r2 ~ ia~;e 
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-i~NiflsalYT» : ~;~ ~Pi.~, . The he- c tream is variable. .In the 

miles . a:ft.ér. enterin., . t'ie. map' area the 

:has a fall  of 200 feet:,Stearns 

main strea.m. (nor thcri_ 

' jÏ branch 
~...' 

mile above the 

rook (:southern branch) in the 

-omifobïa ,fiver for the five miles below 

the junction, are sluggish 'with a:°gradiérit Of . only 12 feet to the wile. 

In the three miles tne, water faLis 300 feet. .A. 

-third ofr tthis oc.~urs "in a," .Series , of rapids and = falls at Roc`_.. Isi~~rld, 
.:; 	. 

few hundred' feet.:.. .Below; this" thougn the current is ,swift the 
I/ 

valley is wide. For three in a miles belo*; 13eebe 'the`:river meanders 

'Within' the next mile it 

falls 50 :feet)" deve.loPing,séveral rapids',. In the last ten miles to the 

lake:ithas agradient ̀bf five feet : to. the mile, ` - and a character similar :...   

iver which joins 

i)the monif:obia near its mouth is tYie only other Large stream in the area. 

;Thetribûtaries of these which f~low in a;nôrt~ie?st ..._  

lare the lon~,est. They ha•ve ~ fairly low ~r<a:3lent and ~ide :.vall-e s~s. ether ~ 

Southwest direction or 

{—"trïbuta.rles are- : shOrt with.steep grad.ieilts. and narrow valleys. Two fai 

ly important large, streams ,which present a crude dendritic ,pattern enter 

The Tom•ifobia rook:=.are dammed at a number 
,•,. 

of- points, to develop water' po'tr;tér for small grist and saw' mills. 

Farmin;3 is the. most important .indùs,try, "supporting by far 

the greatest number o'f ~ the inhabitants. Quarrying is ° irn;portant in the 

.;;ranodiorite area wes:t:.ôf Beebe.. There is .a little lumbering throucLhout 

the area. In Beebe 

several small stone mills 

and- several small frack;orieS:.: 

large and 

machine  shoo 

center of 

the quarrying industry-.:' 

some extent 

the trade 

they occupy large val! eys 

Lake i`i%assa4?ip2i is t,0 the and dr,airi' a fairly 

the soutnc.ete..rn corner: 

,Industries. 

north into the river 'of the same 



h~ 

-Nearly a l:1 "the 

or-.slopes •of hills. The' Valleys and. low ;larid4 are for the lost 
• 

part wooded or.. .swampy. Pre.sui<ia.bly, it is-because of :the poor w:%'ai:iap-_e in 

:these areas that they have been neglected.. Much of the high .land also 

oecause ol its rocky character'or •irrupt slope is not suitable for cult• - 

is tKic t. a.i'o S itLlB:t:.'û. on the 

ii/at _on. The surface soil' over ,a " grea.t ;part of;: the area is a fine .,.__ayeJ 

sand. which seems to be very rroduCtive._ ...In :most places this is only a. 

few feet thick. Tllere'it is absent-glacial drift constitutes the soil. 

A large part of the district is wooded with sugar - man e s, 

ich constitute one -ôf'Ahc greatest assets of the fa,r.mer. It is said. • 

the "annual revenue. from the'-"s:u,ar.-•bush' :0f many farmers exceed.,s 

that from all other = sources combined.. 

The farming might. be "called Mied•• :though it. is really dairy,,  

• 
The farmer's time seems"to be divided largely between caring for 

his cows :and growing feed for them.. There; are small creameries in üev 

•e.ral towns. These make ,butter a;'id pasteurize. the milk and cream. T heir 

products are shipped Mainly. to the:; United States. Also much-..cream and 

.:Wilk is 'collected by, large motor •trucks or along the "railway and transport-,  

d.irect, across the  border. This .;`t  -~"n*ed on at a disadvantage 

ala.~a . --rme 
•~ 

a s there i 
~~,~ ~ 	 ~ 

r~~~l~ to cor,ipet~~ with his 
• >, . . 

du-fi;y - on' d.a.iry products which he must 
J 
/ 

j, ghbor* in Vermont . // 
,.  

the Can  

Lumbering is not very` 'extensive 	There are a few smaïl 7,1i ils 

throughout the area which ;cut lumber-Mainly-for local use. Small quanti -

ties of pulp wood are cut every year for shipment by rail.: The Christmas 

tree industry has developed to - amazingly :Large 	 Thousands of 

the ' fall months, _bundled together, transported ted 

proportions 

small trees are cut during 

to the railway stations and.then sent  the cities of..the eastern United 

;Because most of the streams traverse :inha'oited areas their 

-eater is. not.; potable The..larger towns obtain: their water supply from 

consid.erable',dist,aric.e. Springs are numerous _ in many ',parts of the area. 

• 



however probably owe their origin 

except in,the areas rarodiorite ' or of high; gravel and morainal 

osits. 

.i 	f 
	

.' ~ ~. c _ oun~i in both n.i.,,1i •~~ 1~w ;rounc4 	They have no definitedefinite_ S;r 

ra.riement and are not :confined to any. .part:icular type of rock.-• • Some, 

notably those west of the. v:iilae o'f Stanstead, appear to be the result 

of an accumulation of water above, a' Pleistocene clay bed. The ajority, 

Alon the 

T,:assawippi fault northeast:. of the 

Browns ill and the area just ea.stof Fitch Bay, ssem '. to be the driest. 

This is probably due to the nature of the underlying rock - a ç1~ca.reous 

sa.ndstonewhich affords a poor .reservoir. 

to faults:or fractures. 

map -area springs are very numero', s . 

Throughout thesréa as a rule wells afford a good.supply of 

water. Owing to' the -nature- of the,'structure- the selection of a site for 

a well must necessarily b.e ran'om.=However a well of reasonable depth 

ought to.. yield a goad supply .of_ .water
• 
almost any place in the district 



•APTER 11i 	~~~ 
General Geology.: 

The Memphremagog area though it has 'a relief of 1000 feet and 

some rugged topographical features presents in general only gradual 

slopes. It has been subjected to intense glaciation which has left the 

surface of the rock well rounded and smooth, and in practically the 

whole area heavily covered with drift. `Submergences of many parts have 

contributed much sand and gravel to the superficial material. These 

accumulations have caused damming and large parts of the area are now 

covered with lakes. In the valleys streams meander in gravel and sand, 

rarely cutting through to bedrock. The greater part of the area is 

heavily wooded with both evergreen and desiduous trees. As a consequence 

of these features the amount of exposed rock is relatively small and 

many of the outcrops are obscure., Clearing and cultivation of land and 

the building of roads with the resultant increased removal of superfi-

cial materials have added considerably to the number of outcrops. 

The majority of outcrops are small; many constitute only a 

few square feet of rock exposed in cultivated fields, in ditches or in 

other places where the soil has been washed away. Such outcrops gen-

erally present merely a flat or rounded polished surface. Exceedingly 

few afford an opportunity to view a vertical section of the rock. 

Really good outcrops a:re found ,only, along.: the shores of rakes Memo hre- 

magog and assawippi and in cuttings made :by ahfew.streams whicn have 

been .diverted into new• channels by the,effects of, glaciation. On the 

higher ridges west.of the great Bunker valley 	Magoon Point and in 

the granite area exposures of rock are abundant and extensive but as 

elswrhere . are flat or 'rounded. 

The -i~lemphremagog area lies in a section of North America 
.1:),A4,411-1   	~. !1 

which tY~°oti~~t- . Paleozoic time : was  involved in much diastrophism. ~T 	~ ' 	~ 
. J. . 

	. - ..... 	. 	~..  

.Hence it is not surprising that 'the . geology ,: _bd:th ,stratigraphie and 

,is extremely ̀complicated.; ,.This ;:feature counled with the 

of outcrops ; has made :the olving of problems. extremely dif- 

ficult. A..more or 'less unif`orme.:n.ortheast-southwest . stri. e and westerly 

ether with intense metamorphism 

of all .sediinents ;;add:e ,e age of only 

oss'i`l 'evidënce .: 



2. 

• The area is divided, the Fitch Bay Bunker Prook -Lake Massa
• 
	 - 

wippi valley into two distinct parts which. so far as geological correla- 

all of which are ,, thought to :he of-late Devonian age. 

.Throughout`thet:area southeast of the Fitch Bay-Bunker Brook val- 

ley there is a marked uniformity of thu=s greatly adding to the 

pernlexit:ies already.. mentioned. 	.dominance of limestone in 'one part of 

the area suggested .that .`a'subdivision might be made on this basis but 

tion is concerned might be separated by many miles rather than one narrow 

valley. It was therefore necessary to treat the two areas as separate 

units. Only after a complete study of each has it been possible to make '° 

a reasonable conjecture about their relationship to one another. 

The geology is so complicated that it was found impossible to 

correlate. sections made across the strike. Such sections, though only a 

short distance apart, at first seemed to show no apparent reasonable re-

lationship. As a consequence of this it was found necessary to restrict 

study to one formation at a time. Each was completely mapped, the data 

concerning it assembled and an exhaustive study made. This principle has 

been maintained in compiling the report so that each section is restricted 

so far as  possible to a :discussion 'of information gained from one formation,. 

As a consequence there is some repetition.- especially in the description of 

the structure. This serves very ef;fectively,to emphasize the reasonableness 

the deductions in that it is a'means_of showing that the same conclu-

ions have been reached by: separate' study of different lots of data. 

.1any of the igneous masse s have been intruded since the last 

great deformation and were therefore fairly readily mapped. These include 
j 

Stanstead!granodiorite, serpentine sodium:diorite and'several groups o 

owing to the abundance of,; simi:Lar' .l':imestorie elsewhere 	was not found 

• entirely feasible. All :.'the rocks. of:.:.this,areà'`were therefore. grouped 

in the Tomifobia series. °:Beyond the-P-eneral.nature of the folding and 

the character of the material not a, great deal of' .'information :.about the 

strûcture Or  the
~~~ 
•stratigraphy .was gained' 	from:th'is series. 

Wtt0Gd:1- 
 

` 'Northeast' of the.. valley several distinct formations are read- 

along . the shore of Lake 

formations 

character throughout 



grounds for`corre.lâ.tin npart with the McConnell 

and. ascri:bin.6-; Ordovician 

-g 
J. 

was found to contain foss of.  middle Silurian and `middle Devonian 

age. As two formations were not: apparent in the field 'the separation 

had to be made on fossil evidence alone. The other formations in this 

area are older and have been subjected to much more metamorphism and 

deformation and therefore the outlining of. them . was very dif f icul.t. 

For a long time it seeri1 imposs.ble to make an adequate sub 

division: of this complex though it vas quite apparent that one should. 

be  :wade There was much black slate which could be fairly readily dif-

ferentiated on lithological characteristics but.. in many places it was 

so intricately involved with other rock that there seemed to be several 

slate members. Ells#divided theslate into._ Siluro-Cambrian and Cam- 

brian. Although at the outset this seemed logical no satisfactory 

solution of. the difficulties col-be made on such a basis. The slate 
largely 

showed Marked differences in character,=probably dueAto metamorphism, 

but very, distinct resemblances were:.als;o apparent throughout. It was 

not until all the areas Hof black sl te•were outlined that the geology 

of the area bégan'to become apparent. The inclusion of all the slate 

in one series 	the Memphr.emagog - then : seemed :to be a logical conclu- 

sion. it is from theestudy of this. series and its relationship to the 

older rocks that most ofHthe pre-Silurian'hidory and structure of the 
HH 

area was obtained. One poor collection of:`graptolites had previously 
a.: 

established the age of this formation;  as middle ..Ordovician. 

Having gained some definite idea of the structure it was 

possible to ekstahlish a series of metamorphosed csarseesedime_-:ts 

( McConnell ) stratigraphically below-the'`i'1emphremagog series. Its 

lower contact was outlined by the presence" of a.:.coarse basal conglom- 

erate and a general :lithologic change 	It appears to be a basal member 

for the Memphremagog series and vas therefore thought to be:of Ordovi- 

	cian' age_...__.The _informati.on gained from this series bore out to a re-

markable - degree the conclusions made from,the':study of the slate series. 

.On lithologic basis :and structural̀:':relationships there seem to 'ce some 

. .Report"'on ;the; Geology. of. a Portion of the Eastern. Townships, 
Part. J, 'Annual Report ;1836 ..;:Geol. Si rrv.,. Can. 

Report: on: a Portion of the - -  Pr.ov Ace. :of• 0,,uebcc, Part J, 
Annual``.Réport .1:896, Vô1..VII. Geol. .Surv. , Can. 



and their age is assumed series viding them. They are called the Bunker 

to be Cambrian. 

4. 
aI[ 

After these forma.tio i' rere ,. a')ped. both ri h 6h.î_ . me f,a,lor_,i.o cd 

sediments and igneous rocks remained... Pliasses of the latter thous 'i wide-

ly scattered were thought to belong to the same intrusive period be-

cause of .'a pronounced similarity in composit:Lon. These have been des-

ignated as diorite but they probably include bô;th intrusives.and extru- 

sives. They are equivalent in ae'to the lower,: McConnell series. Owing 

to their..similarity:.to‘ some of- taie sed1Ments it '.has ,been impossible 

.separate ,them Aen ~~tirely. The metamorphosed .sediments therefore include 

_uch altered igneous rock. Vthile ,:there are. rather . distinct differences 

in the .character Bof thé sëdimentst sere-was .nothing; to warrant subdi- 

to. 

The information about strueture and history as gained. from 
r 	- 

each formation is included iri the Individual .sections. Separate chapters: 

on the structure and history as . a whole constitute iri a general way a 

T:11 	̀,7,. 	,. 'L ^ 	,._ 

summary of these. 
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Description.. 

tain areas now indicated; as 

much . undifferentiated igneous 

series may be subdivided into_ 

which are known to contain 

descriptive purposes the Bunker 
t'h e 

e';cbnsists of.very coarse 

The Bunker series is' the. old.est in . the Mernphreaagdg area. 

. includes'rocks which have previously been designa,tedâs pre-Cambrian 

and to a lesser extent Siluro-.Cambrian and Cambrian. .It represents what 

left:. after all the other formations; were mapped. 

Lo-aati-on'-s:nd- Distribution-. 

The Bunker series is confined in distribution, to a narrow strip. 
eev i f71et» .I.Y:.-0,0.Co,.. f 	. f 

between: Magoon oint~ and Back' oint on/.make idassawippi. It is not con-

tinuous 
 

tinuous throughout this area but is represented mainly by disconnected 

patches. With the exception of the large area east of Lovering ake 

these are all small. In shape they are very irregular but generally 

elongate: in the direction of their distribution. 

As all the boundaries represent contacts with overlyin; 

atons a detailed description of them will be left to the chapters deal-. 

ing with the younger series. .Suffice it to say here that they are very 
(~, ffTc1»l 

indefinite'ôwing to the ecarcity of, outcrops and their great irregulari-

ty, which is the result ''of;several; unconformities and of very complicated 

structure. 

:Physiography. 

The Bunker s êries is very largely responsible for the -~pr•omi- 

nent ridge which extends from Magoon /oint to the northeast, paralleling 

the great Fitch Bay -Bunker Brook -Lake Massawippi depression. Both 

these features can be observed taextend for miles beyond thee:aph:e_,agog 

area in approximately the same direction as maintained within it. The 

series thus occupies nearly all the most prominent hills in the western 

part of the map area, in.very fewlow places and even then 

it generally stands.up_prominently:above the yoûnger.rocks. 

The Bunkers series is mainly sedimentary`:though there are cer- 



quartzites which are found throughout the . greater part of the area and 

the, other of quartzitic slates and ârgillites which occupy a band west 

of the quartzite extending from the southern end. of/Lake ~ assawippi to 
slates 	 % ounger 

within a-few--miles- of- Magoon aint_.` The lattor, seem& to be the',-)par    of• - 

the two members. 

The coarse qu?r.tzite member is made up. almost entirely of rocks 

very high in quartz. Most of these°are coarse-grained, some so much so 

as to warrant the name conglomerate.. They are either gray or green. 

Some of the coarser - phases - show a mottling due to the presence of grains 

of quartz, feldspar and other minerals. Quartz. grains in a more or less 

schistose groundmass give'to most of them an augen-like texture. In 

places. there are beds which consist,, almost entirely of cemented quartz 

pebbles.: These are sometimes well sorted and rounded but generally are` 

unsorted. 	any of the quartzites might well_ becalled grits - rocks 

:With large rounded grains of quartz in a fine-grained groundmass. Under 

the microscope most of these are observed to be made up of rounded grains: 

of quartz in a schistose ànd brecciated- mass of quartz, chlorite, mica 

and iron oxide. Other minerals found are calcite, magnetite, zircon, 

apatite - hornblende, epidote, zoisite, feldspar,- siderite and pyrite. 

.The quartzites are generally massive but.:occasionally show poor bedding. 

They are..ve.ry.resistant to weathering and have a rough surface due to the 

prominence of the quartz grains. Interbedded in this quartzite series 

there are. also found green chlorit0 and dark blue-gray slates of various 

types and other softer and. finer-grained rocks. 

The e-area--o-f quartzise slates and argillites,. which lie to the 

west of the quartzites,': dif.lerrfrom - them mainly._.in having finer textures. 
series  

containe a _great ' variety of materials. .Most of the beds are hard, cola-

pact and highly quartzose but some are soft And talcose. All appear to 

be largely crystalline 	The col 
0/ 

be 	variablé though mainly gray. " They 

often have a pea,rly, , greasy ' or ada.mantine luster-due to mica, talc or 

quartz. They are made up.of the same mi.nerals`às thé 

They are well bedded And often schistose. Though quite.resistant to 

weathering they are much less so than-the:quartzite-series. 

=.-In the northeastern'` ps.rt ; pf::tne.`area :west of Lake Massawippi 

coarser rocks. 

the rocks 

either ;rùp-to _-the  

exactly similar to 

resemblances to both. They. 



oxide which is due to the decomposition of siderite and other iron min- 

3. 

green quartzose rocks:' massive light gray 

quartzose argillites and 

t many places in the - T3uriker series. there are very peculiar 

rocks, articularly - ad:jacent to\the main igneous mass. south of the Ayers 

Cliff-Magog road. . ,Here' all the rocka appear tohave been altered soue 
• 

That by the action:ofthe•intrusion...,.There are so many different types 

of rock that it•would be impossible to describe all. Some are massive, 

green and brown, and rather soft, and appear to be igneous or to grade 

to:_igfiebus: There are many. which' are very light gray or white and appear 

o have been baked and leached,. These are crystalline and show an abun- 

dance of calcite, mica and iron minerals which appear to have replaced 

the dark constituents of the original rock. Much of this in the field 

appears .to be like acid tuffs but under:: the microscope nothing of this 

nature was discovered. 

Just west of the igneous mess mentioned above there is found 

a peculiar breccia in which the fragments are white. as of a baked and 

le<achedc:quartzite or quartz schist cemented by siderite. Some distance 

east of th ass is found a `dark dense gray rock . with lenticular li.z ter 

gray inclusions. The differnTce in col .,appears to be due to the pre-

sence in one case of opacite or magnetite and lack of it in. the other. 

The light gray inclusions are probably pebbles of quartz ground to elas-

tic masses and drawn out into lenses. 

At many placesth-i_g-- 	— there is ' an abundance of iron_ 

erais. These are generally found close to igneous masses and it seems 

probable that they are largely the result of contact metamorphism. 

Rocks of are,all extremely metamorphosed. Mega- 	tie- • 
scopically it ia impossible to tell whether many are. igneous or sediment-. 

ary.. In the field a .largernumber appeared to,be igneous - intrusive, 

• extrusive. and tuffaceous ':than was: confirmed by microscopic work. Be- 

of.these•phases to the altered 

.differentiate accurately between the 

cause of 'this:.and•a _,similarity : of 

onseouently much igneous rock :is included:in the 

In 'practically ïall .the rocks, an entire ly nev~ 

Bunker areas. 

suite.of minerals 

-sometimes 



Age and Correlation 

• 
4• 

recrystallized; remains largely âs 'it was originally deposited.. This 

is particülar--ly--true where the quartz it found in a schistose ground ass. . 

The presence of rounded grains of quartz was the one fairly sound cri-- 

terion of. the sedimentary Origin or a rock. 

Owing to the fact that the Bunker series is a metamorphic 

complex with.innumerable types of rock it has been impossible to describe 

.adequately all phases. Axi attempt :has been made only to give some gen-

eral idea of the character of the rocks, of the variations, the metamor- 

phism and the complex problems involved in any detailed study.. 

Nothing is known of the age of the Bunker series except that 

it Ties below` and is . separated from the McConnell -series by a great 

unconformity. The McConnel'l series is assumed to be Ordovician. Because 

of this and the fact that to the west-and southwest there are sediments 

definitely determined as of'Cambrian age.'it'seems reasonable to assign 

the Bunker series to this age. It has previously been assigned in part 

to the pre-Cambrian. .If this is correct it would seem that the Cambrian 
41 

is absent' here. That these rocks are all of the same age has riot been 

definitely determined but no evidence to the contrary was discovered. 

No attempt was made to` correlate ̀them with rocks beyond the area. 

Structure. 

Because of the massiveness of the greater part of the Bunker 

series, its limited extent and the.',inadequacy`.-Of ;outcrops little infor-

mation about the general structure has been obtained from it. From the 

age of these rocks it follows tha their . surface distribution is an indi-

cation mainly of the location of anticlines. In this,way there is brought 

out by the distribution.  along, the west side' of. the _great Fitch Bay 

Bunker Brook depression the presence : of a great anticlinorium (the Bunker) 

By the distribution north of Magoon 

extending .for :only. a short dis-

are generally ,;indicative of the 

heir -:shape grves t soïne suggestion of the 

is suggest- 

hat'.r.epresented 



formations indicate that, the beds are overturned. Cleavage and schis-

tosity are present, even in some f. the more resistant quartzites. 

r 

bÿ the Main northeast.-southwest-trends. 

The. strike of these strata is mainly nearly parallel to the 

general axial trendof. the Main Blinker anticlinorium. The dip is steep, 
,,,'`. 

to the west. As is clearly: shown in the upper formations bu vaguely . 

here, this uniformity; `of . strike. and' dip is indicative of isoclinally 

folded strata rather than of one continuous section. 'Though there is' 

~o place:,in the Bunker series where thi0 type of structure is well ex-

:posed there is, sufficient.evidence to show that it'is present. The in..-

formation - gained by- studying the relationship off the series to younger 

:forma:tioüs confirms this. Though the Bunker rocks .are the most resist 

ant in the area they seem to have undergone the same 

folding as the less resistant;."; 

The ma;. ority of. drag folds found 

intense isoclinal 

here like those in younger 

generally-show a dip and strike approximatelythe same as that of the 

bedding. -Owing to their uniformity the. cleavage and drag folds are of 

little value in Working:out detailed -structure,.  for 'they are clearly not 

indicative of.a continuous overturned section. This: feature will be 

more fully discussed later. 

The two members of the Bunker series previously described 

suggest by their distribution that these rocks had been deformed prior 

to the deposition of the McConnell series, as the latter rests in part. 

on both members. The presence of a:great unconformity between these two 

series as indicated by other features supports. this suggestion. If the 
. H  

quartzitemember is the older as seems to:be likely strata in'the Bunker 

hill area dipped northwest during the deposition of. the McConnell series. 

The information gained from the Bitnker.series alone is very 

vague. However there`is'sufficient:to showthat.it has been affected 

to 'the same, extent as other formations .by pô.st-ivlcConnell-.deformations 

and.was probably also involved in pre-MeConnell>folding.: Many suggest-

structure are :forthcoming from: a•,study - of the Bunker ser- ions about the 

none takes very: definite shape vr1thsut'supplementary { 	
t 

mother formation ,̀Therefôre most of these 

ies but 

tion fro 

informa- 

suggestions will 

be dealt 



indicated by the presence -of':a.great unconformity between 

indication of its base and the structure is 

Thickness. 

No very definite the thickness of the Bunker series 

Ta,s: obtained. . There is no 

too vague' to permit,. 

the thicknessof_the,strata exposed.between 3000 and 5000 feet. , 

History. 

The oldest rocks. in the area are probably the coarse quart- 

zites and fine conglomerates of. the. Bunker series. These represent 

near-shore conditions. No indication of the source of this Material 

was observed. During the early stages of deposition of the Bun:,:er ser-

ies fairly rapid erosion must have been taking place near at hand to 

supply the great thicknesses of coarse material. This was followed by 

a period luring which finer materials were laid;: down the result either 

of deepening seas or decreased erosion nearby. Sedimentation then 

ceased and was followedby a period`. of deformation, uplift and great 

f an acc'urate' estimate. A rough guess would place 



The McConnell series is' a nevi subdivision of the strata in 

McConnell Series. 

thé Memphremagog: area.' I:t ailcl.t..ïdes. parfis.. of .Wn.a P,   was previously design 

thàn a .:fewfé.é 

ated pre-Cambrian, Cambrian and. Siluro-Cambrian The name "McConnell" 

was chosen because the formation 'is well, developed near the locality'of` 

that.name 	The series is made up almost entirely-'of metamorphosed con-.  

glomerates and .sandstones and coarse srgillitea It lies above the 

Bunker series and below the -Memphremagog.. 

and Distribution: 

In general the .McConnelÏ:.:.series lies in an irregular somewhat 

discontinuous narrow bandwhich stretches from the road east of Belmere 

Point to the bend in ake Ma.ssawinpi. In the northern part of the area 

there are many inclusions in the younger .emphremagog series. These 

have a linear arrangement with a trend approximately at right angles 

the general strike of the. formation. Northeast of :Magoon Point there is 

another series of masses which assume a nearly north-south trend. Be-

sides these there are many small outliers` and inclusions, a few of tie 

larger and more important of which 'are shown on the map. 

The upper contact is mainly a lithological division.. It is 

extremely irregular, and as a consequence of this and of poor facilities 

for observation it is very indefinitely located (for a full description 

see aemphrema ;off Series) . The lower contact is marked by a pronounced 

unconformity as well as a litholôgic' change 	In. many places its position 

is indicated by a very coarse basal conglomerate However owing to 

complex structure, great: 

both above. and below the 

trend is"never apparén 

ary everywhere 

Physiography. .  

metamorphism and the pôor  exposures of the strata 

its .location. is' seldom definite and its 

Accordingly the boun d- 

ôund largely on the. 

western 

the 'larger hills  

n Bunker ridge . They occur on . the  slopes of 

small hills to 

the we .s ":line s ̀ drawn around 



~ 	. ~R `;=. ~4 ) ° . 

:,;..A,,Ae base - of the hilis would re-?resent, in a rough way the boundary be- 

tween the McConnell and Memphr.emagog series. The former is made 

more resistant rocks than . the latter, but of Tess resistant than the, 

Bunker series. Consequently.where the two younger formations alone are 

•.present the rocks of ,the McConnell series assume a prominence which is 

.considerably dwarfed in the'presencè of'the Bunker series. 

The McConnell series is made up almost entirely of coarse 

clastics 	in fact it is separated from the Memhhremagog series large 

on this basis. The rocks vary from coarse basal conglomerates wihh 

borilders up to three feet in•diameter_tof:quartzitic argillites and.even 

fine-grained slates. 

The basal conglomerate is well exposed just south of McConnell. 

It can be,' traced for several miles:. `to the ,southwest; is observed again 

just east. of the southern end of Lovering/ake, and traced more or less 

intermittently to Magoon oint. It outcrops at`many pïaces,.most of 

which are indicated .on.the map. Itis'.vtriable, depending largely on the 

up 

Description. 

character of the underlying rock. The matrix is generally .eta,orphosed 

arenaceoüs ; material of the. type found in k the overlying beds. In some 

places it is slaty, more particularly 'so where it is overlain directly 

by. the Memphremagog slate. . In 'such:.pla.ces, the  COTl • g, 	_ 	_ 	. ... 	t_ .. 

ly the basal member of 

The bonlders in the-conUlomera.te are la.rgely.of the underlying 

rock; apparently : having` been transported no very great distance. South 

McConnell there is a predominance of quartzite similar to that f oU....r1 ~ 
%07, 

various kinds of 
1 	

: 

.place bo)illérs of. limestone 

ite-like: _ i.gneous  

roci~s of the. Bunker sèries.' 

there are boxlders of 

observed And ;in;aziother a few of gra:i- 

ùore some resemblance to 

limestone :;wa.s : somewhat silnilar to that 
;,.. 

ïe`: `igneous rock was found. 

é'' 'igneous masses to the 

erosco.pically: shor+ed cla~,i 
~ 

e; b.o~1ders . are of quartz, 

lower series. 

slates a.nd;:quartzitic and:cherty-argillites. ;n one 



.), 

.. 
Just north of the town there are eonglora.erate-liké rocks which contain ; 

:.an abundance of.._boa'Alders of igneoû's rock similar to that found nearby.. 

These 'are closely associated. with rock which. appears to have . typical , 

bolster structure. On microscopic 

'bolsters was. found to be 

necessarily preclude-.the 

e> ar2ination the material between the 

While this does not 

rocks it seems to s J 

quartz 

gest, .t•.ogether with other characteristics, that lhhere ,re present both 

:pillow Lavas and conglomerates derived from . them. 

Iri the . southern section greeristone or igneous rock .is abundant 

in the . conglomerate as . are qûa.rtzttes and other. coarse metamorphics of 

the series below. . Also 

lighter gray quartzitic 

there are b4$.ders'of. fine blue-gray slate and 

andtherty:argillites. 'At one place there was 

observed, a fine-grained granitic rock and 

entirely _to quartz and iron oxide. 

a . bowlder which had weathered 

The conglomerate is highly metamorphosed. Boixlders are great-

'ly squeezed, rendered Schistose-and even. drawn out into drag folds. The 

rock is often so highly altered 'that its'original ' character is not appar-

ent and boulders cannot be assigned` to a definite.'source. The mineral-

ogical change in these rocks is similar to'that in the finer-grained 

materials overlying and underlying them. 

Above the conglomerate in. most' hocal.it.ies there is a rather 

thick series of impure quartzite's ;metamorphosed'sandstones and grits. 

These vary greatly in all characteristics.. They are generally of a 1161 

brown to :gray color mottled with white, :brown, black 

mottling is.rather a.distinctive:féature of this 

ing and shape of the grains are extremely variable. 

with these, and also with thkyoe of: materials 

tm) .rf,fr`,v4é1 
quartzites, almost entirely quartz: ?(these 

where the quartz is 'n isolated grains among other, minerals. 

grains seem to have been protected 
	

minerals surrounding 

and purple. The 

series. The size, sort-

The texture varies 

'present. There are dense 

are rare), and schistose grits 

them and 'often 

originally with a'. 

been develo 

angular shape. 

percentage, 	argiilace'ous material there have 

light' gray. The 

From beds 

ped grit slates peculiarly.~,blot.çhe 

hardness 

sorting 

e ,.dore abundant the 

coMpbsitioii and' 

.varies; largely Mith` the quar.t z content.ï 

the ;:r:ôcic. However a .un;iforin,it" 

seems to be important .in the development• rocks. 



unsorted admixture of quartz and argillaceous material in many cases 

.developed 'a more or less riable reck. 

These metamorphosed grits and sandstones occur throughout the 

series, in general decreasing in importance upward. Interbedded with. 

them is a'great variety of quartzites, argillites arid slates. These 

.show all variations and gradations, from:the coarse materials previous y 

described to the densé black.s,.lates:of the'Memphrernagog series. Their 

color is.gray, green,. brown or yellow, generally light. They are both 

compact and granular, generally hard. and resistant. Some of them, due 

to the development of.. mic'â, or.: the fracturing arid recrystallization of 

quartz, show many bright sparkling surfaces: Others present a chertys 

amorphous appearance, 

The rocks of the. McConnell series are as variable in composi- 

tion as in other' characteristics..Quartz is the. only mineral which can 

be recognized megascopically. In many of, the coarser. beds the quartz 

grains, angular and rounded, stand out prominently in a schistose ground-

mass. In,the'main the beds are not calcaredustut a few are, some abun-

dantly so. Just west of the southern end. of ake iMassawippi and near 

.the headwaters of McConnell reek (southeast of the,fake Zassawippi 

Bunker Brook valley there are found arenaceous limestones somewhat sin- 

liar to those"in the Tomifobia Microscopically the rocks of the 

series are seen to be 4iade.0 o.f a schistose brecciated mass, largely 

quartz, with mica, -chlorite, hornblende, magnetite and. other iron oxides. 

minerals present in small quâ.ntites'are'calcite leucoxene, zir- 

epidote, zoisite, feldspar and siderite. The 

quartz is 

it retains 

other .minerals constitute a badly :sheared ;and..schistose matrix. 

all intensely metamorphosed. With, in general, 

recrystallized, though frequently 

rounded ar angular grains. The 

The rocks-are 

arë abundant .''. ,a~iriut 

'yellow. is veryl common. Of ten  large brown 
- 	-  

ite, common .in the,'~:emnhremacrqg series:; 

the exception of quartz;, 

eloped. >Iron `.oxides 

minerals has been dev- 

otting , in, red; brown and 

of'.decomposed sider-

ôûnd . .h eré.: In the northern 

s.which appear to be 

a.,:consequence. 

`çontent.. weather 



some of the Bunker from 

their; preserve.tion..and the rock too higY lai.is.largely unsuitable for 

ly metamOrpho~.~ed . The McConnell ,lies below the Memphremagog series 

e . Memphremagog 

as of middle and upper. Trenton age. These 

may be separated ,by 'an. unconform
_ 
ity but this p. 

robab, 
ly does not re- 

S 

the-iicConnellbelongs to 

It.. is younger than 

'great unconformity. The the Bunker.' series: and-is sepa:rated 

sides'':; 

is: thôught;; that 

5. 

n the coarser basal roc.x`s bedding is seldom noted but in the 

higher beds it is quite pronounced dué to the numerous color and textural 

.changes. Cleavage is rarely noted -büt..the lower beds are generally quite 

schistose.e 

<The rocks of this 

sistant t-o, weathering. Some o“he cos,rser materials however exfoliate 

into 'nodule-like masses. The :finer-grained ma-'  

s a. rule are less resistant than the coarse. 

Much o.f this seriés, including. slates,.,arillites , quartzites 

tenais a 

rocks. Both have been so highly metamorphosed that 

cult to 'differentia.té betwèen them.. 

it is often dif fi- 

So far as .it is known no fo'ssils have 'ever been found in the 

it likely that any will- be.. The type 'of mater- 

4ke .assawiDpi. 

anticlinal axis. 

trough of a syncline 

:nclusions v+ 

P=ort'neaGt• of ,`Magoon oint 'a sins; 

between cr,o important anticline. 

many isolated outliers aii+ 

are. ti rz̀~ atùridant. ~ri th 
r• - 	 ;, 

f ew ` sm611 isolated: masse~ 

section there are 
„0„ 

• 
the latter t 

ere are onlya I  1 J •-~, 

cCorinell.ser.ies. 

series has been correlated only with the Tomifobia (cf.id.). No other 

correlations .were attempted.- 

Structure,., 

series is onoc .i- 

the''test side of the 

present a. major' division. 

series throughout are generally fairly re- 



confirm these conclusions.: 

At' many :other.localities the':. same type of structure was ob- 

o • 

The strike of the strataas observed is generally between 

N 200E and N 50°E, and the dip is Steep westerly. Though this is main- 

As in 

the Bunker series and in younger formations the structure. is very com 

plicated and the strata are i.soclinally folded. Hence the strike and 

"tained throughout the area it d.oes not•indicate simple structure. 

dip while indicating some structural  features tend to 'conceal many others 

In certain localities there aré.featur.es'which show the type 

of .structure. At the top of the western slope of the hill between the 

village of Fitch Bay and•Georgevilié the McConnell Bunker series con-

tact. is fairly easily" followed in ;many places. -Just south of the group 

of three .houses on the road long narrow bands of`Conglomerate can be 

seen. Clearly they . do not; extend ,t`o the south but are cut off abruptly 

in that direction. They` are not 'thick here but plunge to the north,ana 

appear like huge bowlders.:protruding out of the drift. Between these 

there are many sharp minor anticlines in the Bunker formation which 

plunge north at about 30 degrees. ";;:T.`dest of this the irregular nature of 
• 

the contactas mapped due to similar folds plunging in•either direction 

can be .observed.' These features clearly show that the 'strata are in-

of isoclinal. folds which 'arevariable in size aid 

plunge. ',.The structure•observed iriia.fairly gO.od'cross section of the 
f...- 

Strata exposed on the creek to the;' ;sout'n and: . that deduced from a stl, 
. 	 . 	 ~ 	. 	' 	. 	 . 	 ' 	. 	- 	. 	... 	.. 	I,• 	 '4 	.. 	. 	-' 	.. 	. 	. 	.. 	. 	 . 

of drag folds and repetition of strata on the 4eorgeville-Fitch Bay road 

'served. 

series. 

volved in'a series 

V 

'The stratâ are everywhere isoclinally -folded as in the Bunker 

The folds .are f .,all sizes ,::from ,those' of a few feetto the ma- 

jor structures. They 

Owing to this extreme  

in a;éinost erratic manner. 

complexity very little of the.détailed structure 

'worked out.'  The ,.inference's drawn  folds are not very 

they are applicable 

could- be 

valuable 

s.ttitude`of the beds is 

:ve aia;tle.:indicatio`n`o e attitude 'in 

majority of drag 

Ayers Cliff- 

ôntinizoüsly , as far .as 

known in_one '_place _ 

•-.other pla 

folds indicate 

~: 4~~,r , o 
• ~. 

:ie.; r,r:os.s• 



a remarkable degree the structure ;worked out from the. features observed 

in the Memphremagog 'series and described under that heading. 

In the southern part; of ;the area .the, inconsistent distribution 

:of both , the. formation and its basal conglomerate with reference to the 

.1emphremago g series gives some intimation of an•eroalonal period. between 

the two series. Also there seems to be some slight indication in the 

erosion 'was _preceded by folding. 

The turning of the 

'features,.ât 'the north end :of the 

strike, contortions drag.folds`and other 

main Bunker` Hill. igneous :crass seem to 
/ 

irivo].ved;.:in doming~. ~.due to ' the. Intrusion.• 

Thickness..  

series; is extremely :varic.ble. 

seems to be near 'McConnell where it arobe,bly 

~0.st'':p14cés'it is represented 

by only a;. f ew hüridred 

Relationship to Older Formations.: 

The McConnell clearly .ovërlïes the. :.Bunker series 

The . base of . the.,former is represented everyvrhere by. a .very coarse con- 
lA,; 

ôrmation.: The.; bo~widers 

unconformably 

].ace, as.: the conglomerate is found 

the Bunkerseries.;F;: This.latter feature • 

Yan ular ,and very grea 

Series ;; was 'laid down was 

.: 	 7. 

Cleavage appears to be fairly uniform throughout the area and 

is mainly nearly parallel to the bedding. It is probably regional and 

is of little value other than to indicate general axial trends. 

The distribution of the formation and the conglomerate at its; 

base form the most reliable clues to the structure. There is the gener-

al distribution in a northeast-southwest strip which indicates the mono-04r 

clinal structure with westerly dip;.ipreviously mentioned. The linear 

arrangemehtof the isolated masses in the northern part of the sheet in-

dicates the crests of a number of ;'ancient .anticlines - structures which 

are described more ..fully under; the':` Memehremao  Series. Also the irreg-

ular distribution of the formatioryand its basal` conglomerate confirm to 



series is by no means 

these features may 

continuous under the'Meuphremago; slate. While 

result of erosion between the two in part be the 

'~• 
extremely irregular as indicated ;b the spotty distribution and the 

great and abrupt variations in the thickness of the series. On the 

Fitch Bay-Georgeville road at one ̀place basal conglomerate can 	o 

served within a few feet of the Lemphremagog series while at another not 

• 8. 

far away there is .clearly quite : a : thickness of ;strata intervenir... The 

series they are undoubtedly also the result of an original irregular 

distribution waich left great areas: uncovered.: 

History.: 

Deposition of the. McConnell series was preceded by a period 

of deformation and much; erosion. ;;This, left an extremely irregular land 

surface. Submergence began northwest of the southern end of Lake i.a.ssa- 

wippi. Deposition of coarse conglomerates and sandstones took place in 

this part of the area and slowly' progressed to, the. southwest while the 

area to'`the south between Bunker )fill and VThetstone island remained as 

land an.; possibly was, the source of. much of. the.- material which went to 

make up the McConnell series. 

During'this progressive: overlap of the land and - befôre it 
village 

had encompassed those areas south'of. Fitch Bay,there ; was a period of 

igneous activity. t`.'the;north there were intrusions, the major 

of which-. caused-a. doming of the strata.; P kes are known to cut the 
.:: 

. lower "beds of the: McConnell series ; as 'far, south !as Lovcring La ;e. •De- 

rond .tais it is possible that the .igneous s:c,tivity assumed the form of 

extrusives. At least the .:igneous. Masses were: so :near thé surface as to 

permit erosion to remove the overlying material and 'expose them, so that 

bo`~ ders;'of this .material were included in tne basal ` conglo±:-aerate of the 

southern. area.. 

Overlapping 	 until.:.aediments were continuous along 

the north side of thA. ridge ; 4ppa.rently extensive bays penetrated far- 

ther south at ;everalpciints 

ar.; Following thls..  

, water was quite i r- 

havz been.a, .slight deformation 

have been: very exten'sive and 



other older rocks, thédiorite 

L;roul) 

so ex- 

L. 

Under this name are gtouoed a large number of areas of high- 

ly metamorphosed igneous rock. The majority of these are similar in 
They are 

composition and appear to be largely altered diorite. A conf ified to the 

area immediately west of the Fitch Bay-Bunker Brook valley in which 

they are scattered promiscuously from McConnell to Magoon Point. To the 

south the strip within which they .are found widens to include almost the 

whole width of the peninsula between Fitch Bay and the lake. 

Because: of the similarity: of the highly metamorphosed igneous. 

and sedimentary rock in: the --field , , the ;, gradation between these, the in-. 

tricate structure and.complex boundaries it has been impossible to map 

Fitch : Baÿ;, 

.However where as- 

at all,accurately the areas .of diorite.-:  which were more or 

less definitely recogrrized as igneous and the extent of. which was some- . 

ixrhat' a.ccurately , known have :been outlined. Ind  any parts where informa-

tion is inadequate the igneous rock has not been mapped, notably in the 

areas of :the Bunker series east and soütneast 'of Belmere Point and  

.northeast bof the village of Fitch .Bay, and in :the McConnell series lying 

the east. of McConnel:l; Also . in some areas designated igneous there 

is much, undifferentiated . sedimentary rocs, -especially near Fitch Bai 

village-and immediately West, 

As these rocks are associated :'with:`the older more resistant 

rocks they do not in the?lse,lves. stand out pr0ininentiy., y'+here observed 

in contact 'with rocks ôf''th.é° Bun.l.~er,._ or ~fcConne:7:.1 'series their presence - 	. 	 4 	• 	; ~, 
is not indicated by pr.onounced; to;oographicfea.tures. . 	. 

. 	 . 	 .. 	
. 	i 	. 	 . 	. 	. 	. 	 . 	 . 

sociated ;_with the. overlying Memphremagog : slate, :; a.'s in the case of the 

Thus the :nasses in the: soutreast. wh.ich:_'are surrounded: by . slate consti- 

tute a series , Whetstone Island, and 

complete desaription 	roclLs inclàded 'in 't:nis ~ 

would inVol+te very man.y separa.te descriptioïis, for the rock is 7 
-•.- 	

-.. 	.-. 	" 	. 	.•. 

tre :ie ly varis.bIe, t;hat;.:t~~ro 3pecimens ' are: se l.dom slike. It is. 

sot~e b,eing extrus3.ves whilé ot~ier'sa are intru9i . 	~ 	.   

.probable 

same cnaracteri 

esides the differ- 

De script 

the exposure' nor prominent hill. 



phases,: look like-,typical medium to coarse-grained diorites Or even 

•more basic rocks. The rocky in the north are-  commonly medium to coarse-

grained ,while. in the south they are fine-grained, only one specimen 

( 163 F;ixure. ) showing 'a texture comparable ir~coarseness to those in 

: the ..nrartYi. Schistosity; is general•ly quite'pronounceâ. and gneissic 

structure:.is sometimes observed. ..few places the:.xock appears 

quite fresh. Tani . peculiar aextures': were noted .:.. In the main Bunker 

mass there, is much Material which shows an augen'texture with tenses 

about one inch long and half an 'irich wide. , Soüth'̀ of this the rock 

shows peculiar rounded segregations ;wYiité feldspar .in a green schist- 

ose groundmass. - The segregations aré, :a • three inches in 

diameter and appear to be , partly: the result of metamorphism. 

Under the microscope all': 'specimens. were observed to be much 

tic and mets.mô'rphOsed There is a more marked 

:hân;;is apparent megascopica.11y. 

their original tex-

fine:`to coarse 

texture.` 

slightly 

V 	-. ~ 	. 	>- ~ ~- 	~,:~- : ~~~'"~ 	: ~ 	~ 	. 	.. - 	~ 	̀ ' nearly 
ence in origin there are wide diff.'erences. in4every phase. The great 

majority of the specimens examined f.11 within approximately the same bte 
• 

mineralogical classification and under the microscope appear to be about 

equally metamorphosed. These are., the most important similarities and 

lar;;ely form the basis for the present grouping. 

Most of the rocks of this group have the appearance of meta-

:aorphosed.igneous rocks. However this is. also a common feature of the 

adjacent sediments.. Green is thé .predominant color though there are 

variations from the light gray or brown of the mass north of McConnell 

to the black found west of Fitch Bay. The rota on Bunker Hill shows 

many peculiar mottlings of green and white. Striping parallel to the 

schistosity is not uncommon. In the north there are found very soft 

shale-like phases. Some of the green schists are talcose while non- 
, 

scAistose phases are quite hard. ;The texture is extremely variable. 

::any outcrops • particularly, in the .:north' show a dense shale-like rock. 

Porphyritic texture with'Targewhite phenocrysts.in a green groundnass 

is found in many.'.piaces. Some of :the rocks, particularly the black 

/ 
	JF. 
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suggestive of a tuff. The composition of these rocks is largely se-

condary. Chlorite, calcite and other less abundant minerals as iron 

oxides make determination of the original constituents very difficult. 

:These, while definitely detemined°in some slides, were only deduced in 

`many. Of the twentyseven specimens examined one (164) is a biotite 

quartz porphyry .(porphy itic)I; one (218) was a bostonite; two (262,268) 
• 

are soda tonalites, and"the rest are diorites or diorite porphyries. 

The plagioclase feldspar is albite-oligoclase in one specimen (213), 

oligoclase-albite in three(262;'268,286), oligoclase in one (252), and 

andesine in all the rest except a few in which no definite determina-

tions could be made. Orthoclase feldspar was recognized in four spec-

imens and thought to occur in a few others. Quartz in small quantit-

ies occurs in about half the specimens.: In the ;quartz porphyry (164). 
.. 	

„..  

there is 37% quartz. Hornblende probably occurs in all specimens, 

varying in quantity from less than':;  4OO. In many it is now entire- 

-lÿ altered. 
NoneW41. 

Accessory minerals are apatite, magnetite up to 10%, zircon, 

ilmenite,:titaniferqus magneti.te,.mûscovite(rare), pyrrhotite and ru- 

tile ( each in one). Alteration of `the original constituents is al.most 

co:nplete:'the feldspars have .gone°ôver to calcite, kaolin, white mica, 
, 	 .  

epidote and zoisite, and the hornblende to chlorite.  Siderite, ïeu.o .-

ene, pyrite and iron oxides: are: qui'te common. •: Other secondary :Ain_erals 

are actir,.olite ( important' in some quartz and biotite. 

The texture and.:compositicn of most of ; the specimens seems to 

indicate'that the rocks are. plutonic. Some (j4'5 and others) were as 

much sedimentary  appearance.:as igneous':, .=A few though very,simiiar to 

' others definitely determined as. ignéoùs- ;:were cléarly sedimentary akvi pne 

(258) was ;: part sedimentary and ;part igneous. :Tvco (2.12k.151) showed some 
• 

slight résembla.nce to tuffs.. There ;was nothing:: Which;,.indicated defin-• ~ 

itely that any of the rock was of .extrusive 

• . 

n the hill north ~ oi Fitch Bay 

points - there are `, surfaces iwhich appear , -..... 

;"somew'ria  

south of this at 

show .typical bolster 

rom a few inches to 

with ' each one fit-

only, by a thin film 

f'ferent color. A 



~ 
	

~;., •e‘op 
	 ~r. 

specimen taken from this then examined under the microscope showed 

def ined`:;Botli 

A coarse conglomerate C_~I1t~.°iris:~ is some- 

rounded grains of quartz in a schistose groundmass, like clastic sed- 

iment. The bolsters would seem to indicate an extrusive origin. How-

ever the presence of similar rock which is definitely conglomerate and 

the sedimentary film throw some slight doubt on this interpretation. 

The main mass on Bunker. Hill is cut by veins of quartz ard. 

green chlorite. The latter occurs sometimes irregularly through the 

quartz or igneous rock itself, in masses which appear to be largely 

flaky chlorite. In places the igneous rock is cut by veins of hard 

light green material. 

Associated Dikes. 

n the northern ..part of `:the area there are a large number of 

dikes which cut the lower..part of the McConnell and the Bunker series. 

These resemble very much' phases of;' the diorite , .particularly taie most 
w 

northern mass. They are usually accomDanied by very rusty rock which is 

probablyan altered contact; phase isuclCas is often found near the main 

masses. The dike: material is dense,: light gray to brown, but r erera.ïly 

so rusty that its original character is complete;ly obscured. One spec-

imen (232) from a dike was examined-microscopically. It seems to be a 

metamorphosed porphyry with phenôcrysts'of feldspar now entirely altered 

to white. mica, in a cryptocrystalline groundmass,. No primary minerals 

were determined except quartz. Secondary minerals are mica, calcite, 

chlorite`,, brown iron oxide, zoisite: and.:leucoxene.. These di _s so 

closely . resemble: and are so closely' associated with the diorite masses 

that there is 
	

the 'result of the same intrus- 
. 

ion. No similar dikes, were observed south of: Lovering Lake. 

the diorite with the sedimentary rock is sel- 

Contact Relationships. 

dom very 

.and often intermixed.:" 

in contact 

from one . t o .the, o,therl  

a r.e'ery;.badly sheared ,Pmetamorphosed 

found' largely 

rule ;-there-.,seems.; to ,be a gradation 

rests on and is .'derived largely 

from the çontact is _quite rusty. 



- J• 

times found at the base of the slate. This relationship is also found; 
4s~ 

at the base of the McConnell series in the southern part of the area 

only. 

On Bunker Hill the contact in a few places is sharp. The 

nexus rock is found in direct contact with a white slate.' The former 

shows a :gradation from coarse to fine texture toward the contact. The 

slate is white and appears to. have, as.sumed-.this color through altera-

tion. However in most places the ':contact. is not clear and it is diffi 

cult to tell where igneous rock ends and sedimentary begins. 

Contact Metamorphism.. 

Throughout the northern- 'part of the area sedi:nentaries Found 

in contact with: the diorite appearto be " much, metamorphosed. The most 

outstanding alteration seems to be 	whitening of the rocks. Near the 

contact they aremainly light gray or white, pre's:entinga baked or leached 

appearance. On microscopic examination these are found to be mainly 

quartz. Some show a development of calcite and pyrite. The rock appears 

to be more highly rust-spotted or ochre-spotted near the intrusives. 

Adjacent slates contain masses of green chlorite and quartz as found in 

the igneous rock. Metamorphism seems to have been effective for some 

However owing to the great .:amount:;.of,dynamic metamorphism 

whichJa.i1 .these rocks have undergone it. is difficult to: evaluate fully 

the effect'of contact metamorphism: 

Native Ch aracter ' of. 

Bunker,' Hill the nature-of - the' 'material,  its texture, the 

general . relationships at the" contact, the apparent contact metamorphism 

and the presence'.of dikes seem  to indicate clearly an intrusive origin. 

South of Fitch Bay village the bolster.strücture,the fine-grained tex-. 

ture, the absence" of ; dikes, the. distribution of;°the..rock and its inclu-

sion as bowlders' in :the. basal McConnell' suggest- an extrusive origin. 

çroscopic, :exarzinà.tion':did ~`not definitely ecnfirm;' 

to . indicate 

bie : the t: :_ti~ïiih2 
• 

and.Bunker 

but tended rather 

,It. seems proba- 

lower McConnell 

No extrusive and intrusive. 



time of-,intrusion which helps `explain the great variation in the 

character and composition of the 

involved in -  much' folding .  an show '.` somewhat'' the same. structural fea- 

the lover or middle McConnell, Everywhere the Memphrema og series ar ears 

to over4Ethediorite unconformably. Clearly the diorite masses nave 

- 
place where the rock is exposed now was 'far below the surface at the 

While there is no definite proof that all these diorite mass-

es belong to the salie .intrusive ;.périod this nevertheless seems to be a 

reasonable conclusion.. However the variations in plagioclase feldspar k 

441221ablzi 
 

indicate.that thére was 

In the . north ' the intrusions seem to-cut and dome the McConnell 
• 

series. In the south-bowlders'of diorite are included in the basal con-

glomerate of the same series As the McConnell series represents a 

• pro;ressive overlap.: from the north to the south this relationship roula 

.indicate that while material was being deposited in the north and before 

deposition began in the south the".:diorite" was, intruded. It.cut the 

Connell series. rocks already deposited but farther t the south cut only 

more than one, intrusion. 

rocks of.the Bunker séries.and there Also appears to have flowed out over 

the surface ., These features would :' indicate an age equivalent to that of 



Tomifobia Series. 

This ries. 

Massawippi valley. 

either side 

At no place 

occur closer to:one 

The southeastern half of. the map area., except for the grano 

diorite ,and dikes, is underlain entirely by rocks of the Tomifobiai~ se- . 

section of'the.map area is cut'off'from that to.the north 

west by the great drift and water-filled Fitch Bay -Bunker Brook -Lake 

along this depression do outcrops on 

another than 1500 feet. So f r as cor-:. 

relation of geological features across this:l-ine•is concerned the two 

.areas might be separated by many miles instead of One narrow valley. 

Except for the general type, of;. structure there is little in common be 

tteen the two areas. ,For 'this reason the southeastern section is here 

treated' as a separatè`'unit. 

Boundaries and-Extent of the 

One boundary,. the Fitch ;Bay'.-Bunker Brook -Lake Eassawippi 

depression, has already been mentioned. :To the south the formation ex-

tends beyond the map area- into Vermont, No' information about its extent. 

in that direction was available. :l‘o the east and northeast it extends 

for at .least some .considerable distance :.beyond'„thé map area with a cor:- 

tinuation . of the 
	

ound w~~ithin. 'Ells Shows this 

forraatio"rn as , very  extensive thr. oughoutN soûtheastern .Quebec. 

Physiography. 

In general the topo3raphy of thé..' area is that of well-rounded 
• 

hills. 'There is a gradual rise of ;the whole ,from the Fitch Bay -Bunker 

Brook depression to the .southeast, where a maximum elevation of 1000 feet 

above Lake -Massawippi is.. reached~_:. 

prominent: :phys iographiç 

of this section..;  

is crossed by a series of 

northwestern boundary 

of. Fitch Bay -Bunker 

pronounced valleys of tri u tar..- 

that -̀which extends fro Harvey ;Bay 'almost. to Ayers Cliff 

To_aiî obia, is a 'lô,car name ~ 'used ,to 
cluded . under the .>general headin~; 

Mao 'of ,a Portion _of "the rovirice° _ ,;. 

Que'o_pc', (Montreal . SYieet)  

`desilnate what was previously in- 
Siluro--Cau7briàn ..." 

Province of~ 



some of the more ina- 

,and that . from west of Judge :,;tills to the v iv ,er fiver , and ..two :other 

valleys .in the southeast corner marked 'by tributaries of the To nifobia. 

Also several ridges indicated by the positron of 

into: ; two sections. The boundary between .area may -bè divided vaguely 

similar those farther 

or,. is: due to represents A . .geological contact 

not possible to discover._ ~ Ho,weve-r 

definitely e~isily identified as such. 

o the; quartz is granular :: medium to fine 

W 

f this system of par-
. 

as a rule in patches of 

and- Lake Memphremagog and 

portant highways And ether roads 

at a few other places scattered: through.: the areathere are short sections 

of the strata exposed. 

Owing .to the similarity . d, the character of ,the material, the 

absence of définite horizons, and.;fôssils, and .the complicated str icture 

of the area it was impossible.. to, make s,ny definite .;nap subdivisions of 

thz series. ~Ho:lever on lithological characteristics of the Strata the "   

these would be.a very irregular 

west) from Bullis' Poii t to Burrows .Falls: (at' the main' highway crossing 

of the Niger River). Northwest of such  a boundary the rocks are al.- 

:Host entirely limestone while to` the„ southeast there are calcareous str~. 

ta of the; saine type interbedded, with non calcareous. Sinetuer tais bound- 

A lateral variation it 

uch a :boundary could never be ïenjr 

the .riortheastei:n:;::s:ection is essentially a 

ly used . to make lime. Most- of  of; it- i;s arenaceoa,s' and , the rest. 	argil :ïaceous. 
, 

In color it is light browtiisii '~ray° to dark,;-gr~y:. 	 it is banded 

black and white but generally 	côhoris fairly 	 In texture 

_ 	 . 

shows innümerable small sparkling .surfaces. due to : the nresence of quartz  y 
;~:^a.ir.s. Crystalline calci-te also â.dds 'nto the brilliance while mica so:ae- 

.. 	. 	. 	 ... 	 H,. 	. 	.... 	..i-. 	..... 	 , 

very",pure." hough dome limestone. It is at rio ,pla;çe. 	 of it was previous- 

,Sometimes 

uniform. 

the arenaceous :limestone 

while a very little can 

only a few square feet:,.1: 

Description of Rock, 

Much: of` this. material 

c.. 
7,5 "W` ti 

as . will-be  ihow n 



times gives the rock a silvery surface.  
,.11! 

Mega.scopic examination shows the compositi'on to be 

`cite and:qu,a.rtz. Pyrite in::sMall ..'cubes:is 

mens examined microscopically 

501 quartz and very small qus.ntities. of 
. 	_  

white mica, biotite, red and brown iron oxides; and pyrite. 

~lainly ca'i-; . 

sometimes found. The sped -,.i 

conta.ined .from:.5p: to 75 ô calcite, 25 to 

carbonaceous material, ma;;neti:te,, 

all; specimens`'showred a 
.:..,, 

scope: 	 linear: arrange- 

ent`irely recrystallized. 

i ̀ recrystallized `quartz .with some calcite, and. 

carbonaceousmaterial and- other minerals. Some 

Under .themicro 

ment of the constituent.s. 

Whiteba.nds are rsza.de. up o 

darker bands , of calcite; 

The minerals Are 

-specimens. from .which. the calcite has :been disso7:ed.by weathering are 

entirely
. 

quartz. ,This.mineral u, asin,minute.angular pieces, 

90 ô of which passed through 100-mesh and, the remainder .through 80 mesh., 

This. indicates the cats.clastic nature ;_ of the qu• art2 `contert. : Clearly • 

the rock.,'has suffered great dyna7iic metamorphism' which developed new 

minerals a,nd::.a sorriewhat: `gneissic texture .'and ground the quartz very fine. 

On weathering the - calcite is. dissolved . out - leaving a rotten 

arenaaeous mags.. 5 This vàries in color.. frog black to yellow according 

to therelative: proportionsof carbonaceous'  material and iron oxides. 

In one place the: deco,nposi tion power is:; such : that it has been 

-yellow•paint, the iron 

quartz actiiZ>r as a `.filler.: 

'Wherever the rocks are we. l i:exnosed .they arc 

used s or 
.s 

oxide, providing` the.' coloring. and . finely ground 

en to be bedded': 

e cons tue 

The bed S vary considerably in.:thickness 

feet. `V ry fine banding 

r.ora a ,faw .inches to se'vera:l 

nt~ s's ~éscribed abdve i, ore = 

ri valent but wh.ether this .is due':  

could fiot :.be deterc~ined. ' 
,. 

inal =deposi tion _ or metamorphism 

, Tn the sôuthes;sternsection ;the rocl~s. ` 

acter than those to the north~est. 	mestone,iof 

latter is very abundant. ;From t'riis„ theree variations 

limestone, to slates ; schiste and quartzites 	s a,'rule c 

non-calcareous . rocks are :found interbedded:` The; atter.- -are seldom found 

alone but: the former::ofte.n ,are 

vary. much mare in char- 

the type found in the 

to a quite pure 

lcareous and 

me however have 	.u,ster like 

compact sand -fine-grained, jand boa 

dull earthy,appearant 

or gray. They are 

generally have a 

that of graphite; 

he sls,.te s ~._~,re :'gener:al 
	

ack, razre l y b'rown 

ard 'a 	soft. '.,They 

. 	- ,..._ 	~2 	....: '~.~..,._.s.....~}a ,.s..l 	y.Sw~.~.ni,Li~~ ,_._.;Y.es 
	

‘.°~~.~r<  
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others like. bright silvery mica. Some have a well-developed cleavage; 

others have none and.are .truly argillites_.
;
Pyrite is usually present, 

sometimes, as drawn-out siivérs but`commonlyi as cubes with a maximum 

th6kness' ~of one inch.: An abundance .of biotite flakes - is found in some 

f the hard ~~.rg 	s 	Nanyf. 	oc illïté 	~ the r ks are minutely ochre-spotted ~-"`~~ 
" 	n 	 ~ ~ . 

similar to those __- series. in the McConnell 

Microscopically they ,are 

with chlorite 

zoisite, magnetite and 

largely mica,.(white and biotite) 

(hornblende), carbonacéous'material, quartz, calcite, 

a new suite of minerals, pyrite. comprise 

developed, by metamorphism. Some. spécimens, show' a rough 'linear arrange- 

:':ment.of;the.constituents.= • 

None of the:quartzites.in 

contain a percentage.; of argillaceous 

the:Tomifobia'.series are pure. All 

or. 'calcareous material or both. 

All are fine to medium-grained. few specimens were grains n :only:. very 

one-eighth inch in diameter observed. : The 

uniform : though in a" few 

texture is as a dale very 

spé.cimeris : lart; quartz were found in 

Iri the:ae,~the::largér grains sometimes re- 

usually recrystallized. Tn 

most respects 

or slates, 

the impure quartzites .resemble the: .arenaceous limestones 

The schists.though not ver 

in constituents and characteristics.,T 

in composition between the three main 'typés.'• 

abundant show a great variation 

hey-represent rocks intermediate. 

They-include quartz, mica, 

bedded" `:than-'that to the northwest. 

at- least 'the beds, ,• `being of,,-. different   materia.ls, stand out more prom'- 
, 

hi]her this is the less schistose. the rock 

cleavage is developed. m ne, 9 

The rocks  

càlcite content: the I. 

xcept:that'in the slates 

undergone' intense me- 

may: be due 

readllÿ.than`those. to 

ar.enaceous con- 

ççone'.-`:m ives many .~.. 



on ; the v;e st : s ide 

e mets.merphism', o 

Bunkervalley (see Structure- 
 / " 

the 	s trata of these series 	e4„,. 

~ ~ 7e an~. uorrels.t.ion. 

`- At several places .along  of Lake Memnh"a emagog the 

limestone .`.contains nodules  These were thought to be fossiliferous but 

none could be definitely detërmined as, su,ch. 

as of Siliro-Cambrian 

Ella designated these beds. 
2 

the Silurian at 

North HatTey,E and their : fossil content ( collect io,is,, mad.e near that vil-, 

lase  vrere studied rriicroscopically: and" then co:nParea =with âe ter_:ina.o? G 

collections -Mad.e. elsewhere ) , However this cannot' be considered as fix-

ing the age very definitëly., 

few :features which give sorte 

clue to the ase andstrat'igraphic .position of this formation. ûertainly.... 

it bears no resemb.lance,to the Bunker series and ee:ns to be fairly de= 

itely younger than that, formation. Also its metamorphism, lithology 

and structure seem, to indicate clearly that it is older than the Silu-

rian. Deductions on this basis seem to be in agreement with the conclu-

sions made by Ells, that the : formatiozi lies between the Cambrian and Si-

lurian and is therefore of Ordovician age. Further it is to the forma-

tions which represent this,, interval;= that it bears some resemblance 3 i 

ologically, structurally e.4d in':ex:tent.':of:inetamorphism. 

•Ir: the McConnell series 

limestone beds which resemble very  

stated, there are a fe. 

those found in the northwest- 

ern section of the Tomifobia. area.. .:.Northwest of the southern end of 

Laie Massawippi in the same series there are bedded slates and limestones A 

are similar to those fu d in the, southeastern section. The pyrite- , _ _ 

bearing slates .(i,temphremsgôg series) of MacPherson Bay Brook are of the 

same tyre as those found ; in Rock Island' canvon. :These- are the most out- 

outstanding lithological similarities that the Tomifobia series bears, 

first, to the McConnell., :and sec"ond'!to.;t.he: Memohremao7 series. The 

structure ofahese  three 'detailed 

ogica:l bo 	y 

suffered 

series seems 

about the "same amount' 	of deformation., : `The. one 

undar in the. ;Tomifobia series', that between. 

• 

to indicate that all have 

the.'bedded slates 

suggested geol~ 

and limestone ,a01. -e 

of; 

 

ancient structures 

Me,tlphrema.;o~ series ) 

imestone, shows ~s.boüt the same .trend as -a series 

* 

. 	ïE11s;, P.. `~l : " Report . on-:.,., hé i^,~eo`logy` o-f a ;Port'icn 
:ships Annual • Renort, 1 ~86: P. '2 t 1 J. 	*' ~ 	~ s 	 ~.: 	~ ~ 	~ ~ ~ 	0     

. At t s nôrthern endof : La cè rP.1~a senwippi.`r 

.1111.4n .:  

if the.: Eastern" Town- 



Tomifobia series. ''These  features would' indicate 

not very feasible. the Memphremagog series is 

affected-by the:intrusion those areas- in ..which-: 

The : f ormer will- be 

refer :only 

omi'fobia series is very sim- 

water deposition- the two having 

;greater  distance than- a 

fobis series represents ':a„. greater ;expanse 

part to the McConnell ser.:ies'rând 

Structuree 

originally by a much 

is-thought that the Tomi- 

and corresponds in 

the map â:r 

The description-of thé structure An the; southeastern 

ee .can best 	accomplished '~in two sections,- one to deal with 

part of 

dude, those in which they have. the 

e -='nenerah:;state:aents 

.including the development of oc'^reti. and 'rust spots - a feature not noted 

- in the Silurian and Devonian rocks - seems to be of about the same degree. 

of intensity. All these features tend to indicate that the Tozr,ifobia 

series -Correlate's-with the Memphremagog and McConnell and therefore 

confirm _,the conclusion previously'Made' that its age is Ordoviciari. 

A more definite correlation can be deduced. However in order 

to understand why it is possible to su Best the following relationships 

for formations which, though very:close geographically, are so different 

in thickness and lithology, it is'  necessary to . assume that a. thrust. 

.fault of :considerable displacement separates them. The two upper mem-

bers of the Memnhremagog series (Oliver Slate and sandstone) are of a 

character which suggests little resemblance to the Tomifobia_series. 

The lower member .(Lovering slate).," iri the.absence.of calcareous and.scar- 

city of 'arenaceous materiâ 1s,. does not 
	

to correlate well with a ser- 

arenace.oùs limestone. Further, at the ie.s which everywhere shows much
. 	

, 	
several 	. 	.. 

base' of the slate in mwiy places: the `çongloniera.te contains limestone 

'which, though not exactly similaris'somewhat:suggestive of that, in the 

that a correlation with 

The .coarse- textured materials 'of the McConnell series together 

with the presence of carbonates throughout strongly suggest the possi-

bility of its correlation, with ' the.: _Tomifobiaseries. The former repre-

sents near-shore conditions while: :,the 'latteris :the result of deeper- 



part of thé area the dip is Lowest, 

stated, 'tha"t par•t, affected by intrusiôü' of the granodiorite, average 

between 1\1,3-0° E and N 40° 1-1%'--   southern two or three miles the strike i trie 

sins.to nearly due north ' at .the scuthern limit. To the northeast 

around the southern end. of : ake .:vtassawippi the strike swings more east-

erly•.to :Td _.600 -70° E   and .near. the ` l`ira•it of the map sw.ings back again to 

N 3C° - 40° ~• _The dip throughout.the" gres.ter:.,part .of the area is betk'~'een 

4.0° and 60° west. T n' the.' sôuthea st:ern 

probably„avè rag ing.̀  le s s 
in-=places. 

..es .until at ,Bunker 'Brook 'it.is; about: 70°; 

; across the strike it increas- 

Along the international bound- 

than 4 
	

:Northwest  

tion across the strike from- the so°uthern e,' 
	

Lake Ma s savs i.ppi to the 

eastern :edge of the- map-Area this "attitude was indicated wherever there 

was any evidence. ':Drag folds are 'relat'ively, numerous here espec iail l in . 

the expesu-res along ..the 'southern shore of .':;the lake and the N ig'e 

with the; uniform dip would seem .td ; indicate 
	continuous overturned 

stratigraphic section, but here as in; ;the,,. w.~st this is a, delusion. 

c`oiztort.ions s of the . st-rata. Many outcrops n ;t'n-is--̀ -arëa -show 

h"ow the structure - a 

observed- are - small, but this 

7. 

ila:r to , that found in the older_ roe 
	

vrèst of the Bunker Brook -Fitch 

Bay valley. Strikes.throughout the-whole-area, excepting, as previously 

-
ary it s  generally neary vertical and in thé 

• .. 	 - 	_ 	 , 	 _ 

	

: steen 	There are 'extre~~ely :fe~v ` ea `sterlÿ cdips, ~ . 	,. 	._   . 	. 	_.:.: , 	. .. 	 ,. 

that fall' below 30 ° 

There were'very few outcrops vtihich gâ"ve more information about. 

northeast it 'is almost as. 

and few westerly dips 

the structure than the dip and. strike of the strata. • Drag folds and 

clea: aa.ge vre--~e seldom observed. The rare 

var.ia.bly: indicated an avertur:,ing ôf the;s-trate. the east.:- e. a sec- 

occurrences noted almost in- 

and in many •outcrops near Boynton.. Such' ev.idence -taken in conjunction 

These generally yield no :more  information than the fact that. the beds 

have béen intensely. folded. A fi 

great series of isoclinal,` folds.,  

owever s, 

e 'folds 

may be a ;limitation due to lack °of facil,ities for,-proper observation 

•rather than an  indication .of 'the. absence o larger. folds. Their trend 

is in general parallel to the strike and the were most frequently ob-

served to have a;.  norther ly ~ 'plunge. T hough , somewhat vaue the evidence 
t 

ere is sufficient to: show that the detaile ructure-: resembles that 

'found,to:; thewest  
~ exemplifië e : A ern ohremagog series. 

ïW 



The scarcity of evidence-indicating a normal attitude of the 

strata in some places is perplexing. However it seems probable that' 

this is _due to an actual scarcity ro thcr than a lack of observation.. 

is reasonable to assume that the :`. o.vertürned parts, having suffered 

he more intense deformation, 'Shouid show.;.thegreater number Of drag 

fOlds. 

Greatly contorted: strata. sëem to be_ .confined to relatively 

narrow zones which parallel the general strike-trends. One of these 

zones extends from..Crystal,Lak north to - a point'àbout'one mile south-

west of Fairfax, parallelirg thé main highway .for`. a considerable dis- 

-tance.  Others can be traced from two or three miles soath of the vil-

lage of Tomifobia to  Boynton, 'from-,West of : Cedarville to a point about 

miles north of Aarlington,. in the area; of dikes  west of, the Stan- 
11-4 

stead highway and.aess aefinitely in other:seCtions. It is probable that 

zones indicate - the location of Axes ofmajor structural features. 

~all 	, 	
.. 

West of the Bunker. 	, due to the More rapid erosion of 

the youn,gër sedimentary rocks, va,lleys.oecur in synçiines, and hills 

generally indicate the location of'antielines.. Though the younger form- 

ations are_row largely absent east 

ssüme. that prior 

t seems reasonable to 

their removal :they established the location of the 

topographical features. 

indicates the location of 

a syncline, though its present shape :is' probably the result of erosion 

in the Tomifobia series rather ; :than`: an 'indication of the shape of the 

overlying° Siluro-Devonian. Also the valley from Harvey Bay to wi inin 

few miles of Ayers Cliff, that east of the. Crystal Lake zone of con-

torted strata, and three others southeast of .this probably dark the po-

sition of synclines. Intervening ridges wohld : this represent anticli nes 

Of these features the Tomifobia is ,the most important syncline and the 

ridge east of Crystal Lake the most important snticiiïze... There is elii- 

dence which suggests that these anticlines and '.'syncline.s . pinch out and 

show the same irregularities_.of plunge as`+thbse west :of the Bunker fault. 
There 	 • 

, 
terns of ancient structure 	In tné area of ihé;Tomifobia -series, though 

some .évidence :of, one , of these - sys.- 

-.tems at `least= i.9. tûred. geolo619a1 bôunda.ry between 

work out two sys- 



formational masses just west This would suggest 

northeast.: Beyond this to the west; the northea.sterly.:dip continues, be- 

coming more northerly,.This domeIike:struct Structure occupies quite a large 

area 

.to parallel the main structural trendg.' ti'~ithiri .-  , . 	...; 	 , . .. 	 . 	. 	. 	° 

crops the strikes and Ains vary gre`atly excépt 
. 	.. ti . 

conform fairly v^eil to' the;µgeneral .`structural trendJ. 

appears to 

somewhat but also tend 

the area of granite out- 

where they 

great'and irregular- 

north there is a general curving of :;:the strike 

~.. 

bedded slate and limestone and. the"1'i ` mestone has a general trend of 

This corresponds roughly. t,o ,the treiid.s - iii One :of the systems' 

found to the west (Figureio)_.. After , plotting .the locations of outcrops 

:ra 50° 

and grouping those :in which. -Of material were observed it' 

was found. that the resultin;, areas were similar in pattern to those of 

that the s.truc'tûre of.: ,these rocks} had been developed by the saine periods 

the west. of deformation --as-.that- in -tnEolder :formations to 

,The plunge of minor folds, wherever observed was' to the north  

at angles :varying from 20°t .30: Also ;in' the, northwestern part of the 

area there is a pronounced slickenside'lining on bedding planes which 

dips north 24° to 45; ti hile :these . featûres .may suggest a plunge of the 

stras 'developed by the ' last deformation they more probably indicate the 

dip of the formation prior. toit. By computation from the direction of 

the 	upposed geological boundaries and the . plurige' of avtjrCent folds it is 

:figured that the formation has , a' dip to the northwest of something over 

30: Thus the limestone lies in a syncline while the bedded limestone and 

slate occupy an anticline 

s not simple and such relationships-should probably be spoken of in 

the Tomifobia.series 

in the areas .adjacent -to the main mass 'of. i.the Stanstead granodiorite is 

different from that found 'elsewhere`. Apparently , the force of intrusion 

has. had . _ considerable effedt on. the .attitude Of the strata. 

From Beebe around.. the nôrtheast side '.qf -thee mass and to the 

with _ dips such as to in- 

dicate . a dome in the granodio .rite: area..=.: Near .Beebe there is a steep dip 

east which flattens to the north so ;,that at.14arlin tori it is about 30° 

terms of 'synclino-ria ' and : ariticlinoria.. 

;::As previously _ stated the .Structure. 

only relatively, for the structure 



presence:. of an intrusive: buffer tures which appear 

Tomifobia to a point : about a mile :'east The strata on the 

d-17s-t-9:^ -ion of-the beds directly overlying it' but whether this took place 

fore or>after'the period of, general deformation is difficult to deter-

mine. The. regularity ,of the doming; to the northeast of the main mass 

and a general tendency. ..f 

diorite suggest that`the lri'trusiqn -took-place first. The irregularity 

f the deformation of the sedimentary rocks within certain sections of 

the igneous area tends 

ceive of:the detelopment.of_these features b.y doming after intense iso- 

clinal folding 	indeed: a.'sümmation of all, -evidence seems 

a,1=- this conclusion. The granodiorite shows little indication of hav-

ing been sub jected::-to -the intense deformation which developed the iso- 

clinal` folding. :A bend ;in 

passes through thé granodiorité area,may acçount for many of the fea- 

trends to curve around the ratio- 

confirm anis:. 'However it is possible to con- 

-favor 
toA 

strongly 

thé axis of which 

the lake several during folding., 

small inclusions of sedimentary' rock have a strike and dip paralleling 

those observed beyond the mass. : This suggests that they were  iso o:Li'.ally 

folded prior to the intrusion. Gra;nodiorité dikes throughout the area 

do not, appear to be folded with the strata. They are seldom such de- 

formed and frequently tend to parallel the structural trends. Thus in-

trusion with a general doming and :,in Places intense local deformation 

seems to have followed _the development. of. the ;isoclinal folding. To the 

.east of the intrusive area there::'are . indications of. the presence of a 

syncline . The axis extends from Beebe to a iod.iiat about a Nile Test of 
v; ila.ve 	• 

the 	4 of Tomifobia. To the riorth springs, valleys, and a disagree- 

ment of dip and .str:ike suggest a fault ..,extending '-from Harvey Bay toward 

south side appear 
	

be •uplifted .relative 't those, on the north.' Both 

the map a.re~. the evi~3ence' for :this is :fa.irly 
.. 	_. 

fault passes - just east, of; Kiri~scrô: 

toward Lake `Massâ,winpi . To„ihe so` 

'ions with --the .:'sâüie..'tren +  

conclusive. The line of 

stream that flows 

ollows.a series of depress 

wo miles south of the 

by intrusion. 

South , o 

dip of the strata 

these features. are f doming and: uplift of the strata 

ange in the strike and 

southeast beyond 



• 
; 	
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village the fault is marked .by: a series of depressions and many springs. 

On eit}er side the strata are badly- .contorted and there is little .agree- 

ment 1 strike and dip. Much qu .rtz. is-::;aresent. Farther northeast 

:the area.is heavily drift-covered and as a consequence nothing could 

be' learned of •̀the fault,. wouldpass through the line .projected 

one-hâ.lf Mile south:of- Ma:ssawippi station. This is where 
r' 	- 

f strike and dip'would:place The general trend is 

approximately N 48017. , Nothing more„ -definite nature could be as- 

Vhere.there is 

is probably a normal 'fault: of post-Devonian ag e. Else 

evidence of': post=intrusion deformation, but the 

not•ascertained: There are .probably other small 

as indicated. by lines of; prings and other , .. features but it is 

, From' the' oregôing-'description of the structure, it can clearly 

thickness of the Tor i fo- 

bia' szries Can -be made .: The : formation cccûrs ;`throughout w lar7e 

~4hicr. has a. relief ,ôf. 1000 feet. ̀, I T 

area 

he. ' beds have a very steep dip and 
• 

the plunge of minor folds is' coizsl.derablé.' 

outcrops of other. -sedimentary 	„ 

t̀ne area there are no 

fôalations eithér overlyin or under l y- 

thickness of the formation  mnust 

synclinïal '̀:.structu-re of the lime- 

p give a maximum thickness 

;On î thé same -basis with somewhat less • 

definite limits  10,000 feé t̀ 

imatzd:' :, This makes a total' 

imestone may be est- 

Oever  as the structure '10, 

is by. n i'.means ' 

this f:isure is;: 

rea.so.is;ble :'ana• :='` 

of computation 

oulc seem more 

é^.tures observed.. 

?elat iôn2hip to:ï Othër Forma:tiori 

m.fobia series 

_e series 

aCe. Was its relation- 

;,Si;iti;ria.n strata. 
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overlie it unconformably at North.  ?:atley„, Otherwise no information 

is available. 

Deposition of ,the series as.now>:exposed.seems to have been 

the earlier stages there  were changing conditions" 

during which arenaceous ca.lcareo.us  materials:- were alternated with non= 

calcareous argillaceous• Later there was continuous deposition: of 

the former type only. 

Prior to the middle Devonian these beds were probably subject 

ed to several periods :of deformation, , during "one of which folds with 

an axial trend of about . N 50°E.  were developed. They were also 

volved in the late Devonian folding which developed largely the present:, 

structure. A little 'later. they were intruded and deformed by the 

Stanstead granodiorite •"` ' This was followed by slight deformation, the 

age and nature of which" is unknown Since the Devonian, erosion has 

removed all the younger; formation9.rd a large part of the Tomifoaia 

itself'.: 



Mem?ahrémagogÏ Series. 
~ 

Rocks referred to,under..t:his title have previously been in-

cluded in the Farnham s.lat,es*I -: This name was . firs t applied to the-

slate formation found near the town of-Farnham.and later was used to 

include.much of the black slate throtiigho'ut southeastern Quebec. As the 

correlation of the  sla.tes' iri,va:'rious lparts of the country has never been, : 

definitely established.. it was deemed `best to apply some Local name to 

those found .in the Memphremao ;- _area., They have often been referred to' 

fixed 

of Lake ~rrl ephrernago ~ i2 4s * z. 
 it seemed adùisable to 

as the "black and dray."graptolitic slates 

their connection with that name ;is We'll fi 

retain`.it,and designate them as the ûtemphrer.zagog series. The term, in- 

cludes,--besides thé so.-called Farnham  

d escrihe~~ zs.-Çambrian ` si.ate;. since 

sion ~as.s riot found. 

sLates,=.rnuch that was nreviously. 

sufficient ;ç:évidence for such a divi- 

iqca~tion:-aiîdDistribution.~. 

'The rôcks of~ , the :~emphr.emago~ s 

of tie ,,area' between the Fi tch Bay=Bunke~r 	 

of. the Si:Luro-Dewnn'ian ,lirriestone.-~~.bout a, 

In general there' are two. distinct areas'.  
: 	 .. 

bounded:'bythe Siluro-De.yonian éontact,.a 

and.  Lake i;-~assawippi,;` and ' the nortrr.ern , 1im 

other a; narrowarrow ~s  trip' "on the. east s~de ~of 

vs.11ey. •.The, continuity within .these s: i :broken by numerous 

. mile 

' 

of older ;roc',s'"and many outliers are--scattered .'through the 

the area.-: The distribution as even môreirregular than it 

remainder of 

, seemed ad- 

it of 

cries occupy the greater part 
BraidBraid 

valley and the boundary 

 ea,st of Lake ~e.~,>>,re ma:o ~ g-. 

One is:.- triangular in shape,shape,

line 

 

between Bel mere Point 

 the Map area, and the. " 

the Fitch Bay-Bunker Brook 

visa,bie or even possible to"_show. 	any:small masses of slate and older 

.rocks have been purposely. o_uitted•.'a 
	

many: more unavoidably so. 

The contact with '̀tfe. Siluro evolian series is very well de- 

fined ( sée. SiLuro-Devonian) . 'That : wi 
	

e ::lower, '= formations is extremely 

dirficûlt, :t c 

Li thologlca'.  

trace,, thcugh ener .l 

characterlst.iç ,~.. 	 ~.., 

-marked bÿ a• distinct difference in 

e, remphre:Yn~.gç .... 	. 	_. :'series ras separated .. 

gla.te :nr eml~er an 

Y,1 •,;' Ells' ' a'nd:Harvie.:' 
~ 2  

.. 	. 	.. 	 i.... 	. 	. 	...f...i_.: 

consequentlÿ,q the 1i r l t ôf .the slate 

e..po r 

represehts 

~~~'is 	♦. _. e. 



in many.. 

pos:sible 

—1el ridges  while a 

slopes northeast 

late opcupies- the; intervening: valleys. Along the 

f. Long i,Island and elsewhere the same rek~ltionship has 

ong:,the west side of take 

entations which are largely 
_ 	. 	.. . 	. 	 . 

. 	.
o~

`,,bétz~reéri: more resistant 

::ïassain:i?ip 'i and." F.itch.'Ba 

the boundary. :However owing to the scarcity of outcrops in the slate 

area and the extremely complicated structure of these strata the tracing 

of the-boundary for any considerable distance was i,a oossib e . While its 

location was perhaps accurate at some points its trend beyond was gene-r-

ally not clear. Besides '•t:his' vagûene ss there is always the hazard of 

n1.acin,; a contact on lithological;;.basis only for it is impossible to b 

.:su-re that: 'a. variation ..is s't,rati~7ra:p:~'ical:~and not lateral. Ir. order to lp ~ 

this .vagueness 'the ' bouridary is everywhere indicated a s assumed ~~" 

Owing-to the extremelyomglicated'structure'taie boundary is 

. very irregular. At a few . places At was found possible to discover its 

true nature.- Elsewhere `it has been assumed after` a- careful study of 

.structural, litholôgic and physiographic featur.es. Where evidence was 

entirely lacking a boundary consistent': with. thetype found elsewhere was 

drawn. .-.Thus while the extent of each area may: be,. incorrect its location 

(at least for the outcrops studied) :correct and .its shape as outlined 

approaches that .which actuall y. exists..: - Any .direct linking of known lo-

'cations 'would give results entirely incongruous. with what is known to 

exist and would therefore produce a man of:,extremely little value. The 

:'boundaries  are 

Each serration 

~ places ' reser~ble 

even more irregular than it ha been dee.l wise to show. 

is in`i.tself serrate ând the> contact between beds 

s_ the ed~e of; 	a large 'mill, saw. Thus it has been 

only .;in ,a very general way. show, boundaries 

Physiography. 

The Me:aphremagog series ir,' general..' occupies the great lowland 

area to :the west:of. Bunker  slate . almost invariably is found 

in _ the valleys 	Streams and - la re s . are confined mainly to areas of rock 

of 	this series. The_ older. rocks are so'much more. resistant_: that in 
• 

many _places their surface represents approximately the base of the slate 

North of ilagoon Point at many places there has been developed a peculiar 

washboard topography. Narrow bands :of. hâ.rd:;"quartzite stand up in parai- 



e Oliver slate Is farther east in a narrow band. nos. thews. 

a O„itcr'ops are .se:ie:11li,r 

'(r..~ ..,ei sections are very Tare e~'. . 

, place was it possible t'o 

3. 

rounded, smooth and often polished. 

s ; rea;;r va:I leyû . •A , oi1ly one • 

section of the folds which .are 

numerous. 

rult)~L .i 1Ti~SJ.oil~ 

The ;eraphrersagog series. is subdivided into three me< lbers : 

upper, 'Oliver .sandstone;- a r.niddle; Oliver slate; , and a. lower, Lovering': 

's.late._The subdivision is Made 'oil the basis of a difference in litho- 

logical characteristics:and a slight uncon.formity between the two slates. 

The uPper boundary is marked b,y a., .char: ge from slate to sandstone and t_ie 

lot er One by a thick conglomerate serie:s. ' These boundaries owi7is to the 

scarcity,. of outcrops Zré at ' best ',ver.y , indefinite, The latter where no 

outcrops occur. was ma3e.,to 	m confor in !.~irectio;.'more or less with the 

forrler: 

The Oliver ,.sand's,tone lies to the east of the Siluro-Devonian 

in a similar thouLL; more extensive narrow :band. The LoVerii.R slate 

east 
	

this again'. is by far the most ,extensive of these ti ree series. 

Description.--- 

The Meraphremagog series overlies rocks.oP many kinds. As a 

result the basal members .are extr.emelyvariable, for their character is 

greatly influenced by that of the underlying rock. mere . thew directly 

overlie. the Bunker series or ignéous roc: bh~re -rarely 	.._ .. 	t _., ' 	is 	a C~~ ~~: basal 

çor_loméra te .-. In Most; ;place= gray slate, frequently containing 

.pebbles. of quartz, ark illite and ,slate 	found. in contactiwith the 

older rocks. If these h:)l.=ever ' are g=reen, as is the case in many _,arts 

to the south; the overlying slate is 	usually :Also green, though =.:).:_ r ;.-,i__:es ~ 

dong1omerate of, the EcCon- 

ar ct.eristica, .:differing only in the 

scopiçally by i 

brown or- light Thus a perfect gradation between the - two series is 

often found, even igneou's, rock grading . imjerceptibly into sedimentary. 

They are similar. in: composition, .containing :;the 'same -feldspars, mica and 

other minerals.` The sedimentary rock can be differentiated only micro- 
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type of matrix. Elsewhere the basal slate resembles other underlying, 

members of this series. That- is besides the typical dark gray slate 

, which frequently'oontains quartz pebbles there are otherkinds of-slates; 

argillites and metamorphosed sandstones which resemble those in the 

McConnell series. In some places overlying this and the Bunker formations 

,there are coarse conglomerates and slates which contain„hard light gray 

non-calcareous nbdules.: 

The Lovering slates, which make up by far the greater part of 

the ivlemphremagog series, as implied by the name are almost entirely 

slate.. They are in the main black to dark bluish gray. Occasionally 

there aire lighter gray, brown. or yellow beds..,.. In many places, especially. 

in the upper part of the series,. there is a fine striping of white or 

light gray.. The lustré'' is generally dull though in some of the slates 

high in flake mica or graphite it is quite bright.. Near Magog the slate 

resembles and has been mistaken for cannel coal. 

The texture in by far the largest part of the series is dense. 

There is a variation from a coarse, hard and brittle ar_,giliite to a rel- 

tively smooth, soft and flexible schist. Occasionally there are bands 

of hard granular material. These are usually lighter in color. The 

lighter gray and white : stripes are generally' of this type. In a few 
-00 

places there are very soft greasy graphitic schists. Rarely these slate`s,.-: 

-contain quartz-grains and slate pebbles. 

The composition of the :slate series is fairly uniform. The 

light--colored hard materials,' howeyer,,. which are found more abundantly 

at the base and more rarely higher up,,.; show considerable variation. 

They include cherty and'quartzitic'argillites, quartz schiste, quartzites 

and calcareous quartzites. and slates, , All similar to those found in the 

series below.; - Otherwise the beds'. Are `of `metamorphosed argillaceous rock.-

- The quartz content is usually ,low, but there are gradations to the highly 

quartzose rocks' previously mentioned., :The flake°_mica and graphite.con-

tent is.variable from insignificant.toabundant. The basal green slates 

are. ugh ,41  ;Under:.the m'icr.ôscôpe:they are been to be largely 

magnetite and calcite.• 

Bedding le quite pronounced in those slates which are striped. 

Otherwise it 'is d'ifficult :°to distinguish.” ry Variations in` color often 



thé,,Lovèrin - much greater abun- 

5. 

- bring out a very fine thread-like: bedding. Cleavage is usually present, 

though it is often so nearly parallel to. the bedding that it is not 

prominent. Schistosity is. developed.ir, some beds which are softer or 

• 
- 

• 

of less uniform texture. 

Everywhere the rock is;  metamorphosed. ,'.It is now generally a 

well developed slate. .Quartz is the only mineral, which is not altered 

and in many cases it has been recrystallized. Pyrite is abundant. It 

is usually in the form of cubes which are sometimes as much as one inch 

through.. In some places it is considerably deformed. 

Much of the slate, especially that near the base, carries an 

abundance of altered crystals of siderite or some highly ferruginous 

carbonate. The crystals are distinct rhombs and range in size from 

very small to almost a.quarter inch through. The mineral is almost en-

tirely altered to brown limonite but .Some of the original cleavage planes 

still remain distinct. Some crystals show no deformation though fre-

quently they are quite rounded. Many of the coarse beds have iron oxide 

spots similar to those found in the rocks of the McConnell series. 

The slate is fairly resistant to weathering- more so than the 

overlying calcareous rocks but less than the more quartziferous beds 

underlying it. In many places the outcrops consist of well polished, 

glaciated surfaces which show little change since their development. 

. 	, 
No`Ke w ~ 

0ti+ring'to the abundance:;of pyrite thé slate usually, becomes rusty on ex-

posure. 'Otherwise it-changes little in color. In places thé bedding 

is brought out by a ridging due to :weathering. 

The Oliver slate consists of;.slates, argillites, metamorphosed 

'sandstone's and conglomerates. At:the;;bas.e there are fifty feet of coarse✓ 

conglomerates, some :of which rest.. on uneven surfaces," The pebbles and ++° 

bowiders.are almost entirely of coarse ,'hard materials such as are occa-

sionally found in the Lover.ing slate, The matrix is made up mainly of 

the same materials:w.itha 

:are generally well rounded :and the ':matrix; we11- ;washed, for little of 

considéra.ble quâ,ntit:y of.- quartz. The pebbles 

the finer  slaty .:material .réMa;ins.:  e coriglomerate the series is 

rëen sandstone's. They 



retained its original`.charaeter.. 

Age and Correlation. 

he «ell known locality on 

correlation of this Howerrer Prof L,rapwôrth's 

This collection was probably abtaine 

the west side ' of ''the. lake 

with that on the  east 

correlation on field evidence 

same age'. to 

‘on foss evidence ,and a fairly definite 

o:' warrant :ascribing the 

qrt"ion of 'the Eastern Townships, 
P •`-i 

ùew York, :;tersoir 

6.  
• 4.r _„+; o„ S 

resemble somewhat the metamorphosed sandstone found in the lower stems. 

.The rocks of these two upper members of the Memphremagog series 

appear to be less metamorphosed than those of the lower member.. Though 

.similarly folded they do not appear to be so highly altered. The"_pebbles 

in the conglomerate are. not greatly. deformed. as: are those at the base of 

the Lovering slate and the sandstone- .to ::a large extent seems to have 

. The .age Of the Memphremagog series was rot definitely re-est-

ablished Throughout the area the;, slates are generally so highly aeta- 

morphosed as to:be.-unfit for the preservation of. fossils. None were 

collected though : one locality :where collections had been made was ex- 

amined carefully. 

Ells reports having obtained 

litic shales, one from near Magog on the west side of the lake and the 

two collections of highly grapto- 

mere Point). Prof.Lapwor.th placés; the. first collection at "about the 

horizon . :of the Trenton or Utica.', rocks.' of the western area 	Of the col-. 

lection made near Be.lmere Point.'he' says;.!'' The :state of preservation of 

identify any of them 

of the same general fûcies 

as those of îiagog', but better - specï:nens- shaul,i be obtained before ;,he 

matter can be sa.tisfa,ctorily deterrnined~. 

Ruedemann* describes a large côllection made by Gurley near 

Magog in .t'le "Magog shale, which ':he places -bet =een the Yormar skill and 

Utica, that 
	

in a:.position equivalent to ' the ,riddle and upper Trenton. 

other from"a Cutting on the main road About 100 ..yards north of the 

entrance to the grounds and residence 'gf,the late Sir Hugh AllanXt(Beh- 

these fossils is so po_or':.that it 

with absolute certainty. They are 
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slate the Oliver slate and sandstone 

even later Ordovician age  

of the .Liovering ` 1  ~ ~~ ~ t~ ' 
above this may represent UticaiorRA¢4 

~.~.' 

As the fossil horizon is about the middle 

The Memphremaspg slate ,may ,correlate in part with the Tomifobia 

..ser.ies ,(cf-.id.'.) Beyond :the  area, it.: orobaoly correlates with the slate 

:,which lies to the north and 't'o;:the west'' of-the':;Siluro-Devonian limestone. 

Structure. 

As in the ` lower formations the structure of the Memphremago5 

series is extremely complicated. = .In general .the slate outcrops on the 

_east and west limbs of the main (Bunker) anticlinorium. As this is a 

.symmetrical with the axial plane dipping rest the areas of slate are. 

_far more extensive in that direction than to . the east. The 13urker 

fault also may , abbrev.iate somewhat the'`eastern- area. 

Throughout,,. except for .;the narrow bands wgich are ` continuous 

on either.. side of:.the''Bûnker_ a.nticlinorium,- the slate series is preserved',, 

in minor . synclines.:'These a;ssume : all- ma,riner~ of irregularities in .shape 
~ . 

and size, though they show fairly; definite axi3l trends . and a similarity 

of typea:. 

The strike of-the slateis:fairly.uniform throughout the `area 

mainly between N 20°E and N 0':E,;` though in some places there are notable 

divergences. The dip also is fairly uniform, generally exceeding 600to 
Sit  

the west Near the base of the slate. series where it cames i~_to- conta 
~J 

with the older more resistant rocks the strike and dip are more variable 

and the :beds are frequently -very .much .,contorted. 

The-uniform-dip and_str_ike is clearly not indicative of one 

continuous stratigraphie_ section.::: The. strata like those: in the lower- .. 

' formations are isoclinally folded Throughout. the area the trend ana 

dip of the axial plane. and `the nature.:of.the.folds are approximately 

the same. The structure. is clearly:shown at •a 
f
^w p'^^,c• MacPherson 

and at severaL ~t~ce5 on 

Bay brook, the. lake shorenear Lagoon Point,~P~IcConneli Cree.'_. At 

many other outcrops' which are relatively extensive the type of structure 

is clear'. but generally _the'. exact details 

at the apex.' The beds 

the dips show only sligh 



elopment of cleavage;`illustra,ted 

small fold 'on:TlIcCannell areek s.bout 

across section of a 

the lake. The ciaavev6a 

LI.• 

convergence near the axes. of fords. The same lack of variation is' 

served in the strikeskf the strata 

sistant rocks. however the trend'̀of the stripe, and dip is more variable. 

The type of structure developed .in the slate . is somewhat different from . 

that in both the overlying and underlying series, for under the great 

pressure the slate beds rere`more readily deformed.Hence folds were 

developed which due to the thinning and thickening of beds were hardri_ 

ly recognizable as such. 

The folds vary greatly in size fromthose.of a few inches to 

the major structures. It is seldom possible however to gain any def- 

inite .conception of their. 	.The dip of their plunge is extremely 

on n.Lun;;ing folds. Near :more re-, 

variable and. irregular. n places very abrupt and shows sudden 

changes. '''),......„ N....,, gr. 

Drag fo lds in some places are very numerous, but they are of 

~ 

little value in working out the. detailed structure. mile a drag fold 

:may indicate the relationship-.of'the strata at one point it is never 

:possible to tell for'what distance this relationship is correct. Like-

.wise the plunge of such folds changes so frequently and abruptly that 

information obtained from its 

minable extent 
N ho w 

The majority of the drag folds observed indicate that the 

strata lie on the. eastern:. limb of an anticline recumbent to 

the east. This is probably due to a greater development of drag folds 

on the under limb of overturned anticlines - a part which has suffered 

more intense deformation — rather than to the actual presence of a 

-greater amount of strata with this attitude. 

Cleavage. is of little .value.in locating folds. Generally it 

• parallels the main 'structural - trends,arid dips steeply west. It seems 

to be_ the result of'the intense squeezing and is a regional develo ment 

rather than that of a number' of individual_ folds. It did not show any 

consistent variations in 'dip across either minor or major folds nor 

strife around the ends of plunging folds. These were the deductions fto1 

a very great number of registered strikes And dips and actual observation 
he .-d.s 	. 	- 1htiy in hardness, 

of secione. However some.folds.,showed a: very peculiar individual dey- 

observation is applicable to an undeter- 

adjacent 



equal'importance to thee. ever in the:south there 

west. s ;a prominent physiographic fea- 

area'°and -beyond-for 'miles to the 

ridge marking :its 

ture and pan be traced 

on the south. side appears to be  '.the .development of the fold:. 

while that to the north is later• And.is a product of the squeezing. 

Regional cleavage has not entirely . obliterated that of the folds. Unite 

form systems of joints were not noted. In many places, however, t1iere 

are joints, minor faults and fractures, both'.regular' and irregular.: 

These were of no value An working out the..structure., 

Though all these features, which are usually sufficient to 

work out structure, are'`-inadequate to solve the major problems they are 

of value when considered in conjunction with other data and in some places 

have their_. usual_.. significance. At iliagoon .Point:' the strike .of the slate.:  

beds shows a distinct convergence toward the south indicating the nose 

of a south-plunging anticline._:,Last-of Belmere Point and farther south 

-the strike of the beds and the lower contact'of the slate indicatesthe 

angularity of the unconformity which exists below the Siluro-Devo:ia.n 

limestone. In the northeastern part of the map area the general cure- 

ing of: the strike Around -the hill west- of Lakeassawippi suggests that f  . 

some resistant mass or new structural feature.has prevented the contin-

uation -Of the trends found to the: south. • Within this area the strikes 

and dips are found to indircate an entirely different structure from 

that found in the rest of...the area. Elsewhere changes in the trend of 

strikes are suggestive of structural features but are generally f value 

only in supplementing other data. 

The structure is brought out best by the distribution and shape, 

of the slate areas. In conjunction with this the information gainer 

from the features just described, from underlying and overlying forma- 

tionss and..from physiography are important asserts. The Ili is of 

great vllue because the underlying rocks are so much more resistant than 

the slate that in many places their present surface represents a horizon 

not far below the original base of the slate 

The most outstanding structural feature  is the great Bunker 

anticlinorium. This is asymmetrical, as is clearly brought out by the 

unequal extent of the siate,.outcrops on either limb. Its axis extends 

from the hill northwest of~:Lake Massawippi-to Whetstone Island. Bow 



northeast Y.ith the same' general trend.'. It dies out at. no great distar. 

...beyond Whetstone  Island 'Where .be plunging steeply to the 

south. > ; This anticlinorium. represents.~one Of: the the maih: fea;;ures 'of ;the:; 

latest .and most .important deformation in the ,area. It is a simultaneous',..-, 

development with the isoclinal folding previously described. The dip' 'o 

the axis of the anticl;iriorium probably corr,espônds }vyâ $ZJ to the dip o 

'the axes of minor fOlds,'.of.:the:bedding and cleavage, all of which are 

more or less`parallel :' that is, ;with•;a- dip to the west between 60° and 

o: • 

In the southern part of_ the area . there are two important anti- 
or-id. 	0"/""":0°) - clinWrather than one,'. ; That just Mest,of Fitch Bay' which is the con- 

tinuation of the Bunker. e.ntiçiinoriurn appears :to narrow considerably 

toward -:the south. ;- Immediately west .of. it is the Magoon syncline des- 

ribed ;under SiluroDevonian. West 'Of this again is the Magoon anticline„. 

.then the Lake emphrernagog' syncline 	These four major structural features'_. 

clearly  converge plunge.ste.eply-.and appear to pinch out rapidly to the 

south. All this is more fully described under Siluro--Devonian. 

To the 'north' the'. Magoon;- Point anticline appears to broaden out; 

plunge slightly and: break up into several smaller ones. The iagoon syn-

cline seems'to disappear in' much the same way though with a rise instead .:. 

of a plunge. Beyond to ,the north` less important folds which replace 

these can:. be outlined. `.Imposed upon all area numerous smaller anticlines ,. 

`and synclines of-various sizes. These have the same general trend and 

dip of the axial plane but they show all manner of variations in plunge. 

Folds suddenly pinch;:out 

system'apparent. 

' The deve:lonmezit  

are replaced by others with no definite 

of the intricate structure in the southern part' 

of the slate area is'`dueinpart :to various factors which are brought out 
ii 

more clearly when the, features, .of thé whole. area are. considered. These 

will be discussed later to such factors this devel- 

opinent is largely the :result of :a ,bend :in .the 1 main structural trends. 

At the limit of'the map area in .the_south the trends are nearly due north. 

Near Magoon Point they begin to, swing .eastward and continue to do so 
• 

until at a point not, far:: ndrr 

between N 30°E and N50° 

south of.,Magoon ;Point .' 

they.have reached a direction 

thus passes somewhere 

ntense squeezing with = . ' 



,the structure of younger 

:unequal stresses in various -parts , This caused the development of un-

usual features: the lateral pincnng _out of structures, the overlapping 

of fold sand other irregularities:, all necessary to make the adjustments 

in' such"fia bend. This development folds by its irregularity makes it 

.difficult to observe in the south structural' features which are very 

clear in the north. Though-.much in the south . seems to be in accord vat 
> 

observations made in the north it does not seem advisable to conjecta~ ~~~ 

more about the structure from this intricate series of folds. 

Toward the north the folds seem to open out and axes radiate 

in a manner more-or less fan-like. The main Lake Iiemphremagog syncli-

nal axis diverges from the main Bunker anticlinal axis at quite .apro-

nounced angle. In a like manner many minor axes diverge and as they do 

so the folds become more open and others appear between them. These 

features are clearly indicated by the divergence of the trends of vari-

ous masses and of groups of strikes. However the minor folds are still 

largely isoclinal though toward the northern limit of the map area there 

is a marked tendency for these also to open out. 

The general dip of formations on the limbs of major folds - 

that isf whether the folds are open or close 	is difficult to ascertain. 

It can be estimated only after careful study of the relationship of the 

various masses, of the physiography, especially of exposed resistant for-

mations, of the nature of boundaries, the plunge and nature of minor 

folds and to a lesser extent of other features. The methods employed 

will be. dealt with. more 

formations. Computed as for a. formation which had been involved, only 

the last deformation the 3ipa probàbly woùld'not exceed 60° in the south 

the last deforme:tion.: 

and 30 in the north. 

-places probably exceed these  f igdre s 

'strata - previous 

and possibly  

of the Memphremagog series in 

inclined position of the 

e east side of the main 

edips are very steep or 

In . the northwe stern :. parai of ,, the arsâ :thë. dip is to the east 

insteadpf the ' west °>as .elsewhere.:'~ No adequa 
i 	 . 	.., 	, 	,..• 	 ..... 	 i 	 : 	f 	1 

has-: been conceived.  

In.the: northeastern -section the  

nterpretation of this 

pear.two major structural 

of Turnertown 

77o  



axial:•.trend of. these, is in accord with the The pronounced broad ridge'. 

described. The' form: of the anticline fan-like divergence previously 

upon these.:as.elsewhe.re folds are imposed 

several 'square miles including stru:cture:.: An area:: „c some unusual 

is 'not' -isoclinally, .folded: and is the only f the` r idge 'the southern part- 

show-the northeast-Southwest strike. Here the section.. which. does not 

Structural.trends..bend around.the.;area just as schistosityŸ 
,;.... 

T~e area 

often does around hard 'inclusions 'such as pebbles or. pyrite. -it appéa.rs 

to •represent the surfacé mass which was sufficiently resistant to 

area.'' In the exposed bock there is of . the ;rest, of the folded the rock 

result of post middle desçribed 'is so far all a 

resistant igneous core. 

The structure 

.Devonian. folding. Much evidence of structures: previously developed is 

seem to indicate that clearly forthcoming. : The :features:, observed would 

had : been involved . in at 'least two distinct and the Memphremagog series 

oùth of the village ..,olds  with_;anYapproximate, axial . tr.end of N 

a y 'roughly, approximates .this, ':''which seems to represent in a general 

is an important syncline which has::its.be~;inning a , 	. 
southwest. To the west ',of this '.isï "an ;anticline as 

12. 

few .1niles to the 

indicated by a rather 

seems to be similar to that of` the`' main anticline at, Bunker Hill. ilinor 
. 	. 

-On the main Bunker anticline :rest of bake Mass .wipp. there is 

strata strike mainly northwest and southeast and dip north at relative* 

low angles. 

to withstand to a large ,degree ' the``- déforrnative .forces which : so intensely, 

nothing;-to explain"thevisolation Of 'this mass . from the rest nor is thera: 

evidence other than the <features 'des'cribed to 'indicate the Presence of 

separate_: periods of'deformation.previous to the deposition of the Devon- 

ian. 

The lower-Contact-of themain inass. of the Memphremagog series 
67r 4r~ IG~ 

ha.s a general northeastérlÿ.tren..._~ It.can be; a~raced more or less contiü- 

uously from the boundary of. the Siluro-Devonis,m rocks east of 'Belmere 
,, 	,. 	 • 	:.. 	. 	<.. 

'Point to a point. on the Bunker valley road about two .miles south of Lake 
. 

• 

~'I 
Û~ t ~~p 

strike of these formations.. In a few other places boundaries trend in, 

abou+, the same 	 features seem to indicate a series of 

• 
Fitch Bay there'- is an anticlinal axis .while well to' the north there 

is a synclinal:'àris.> In ,`,the jvicinity; of MagoonPoint:-  is aüother. 
.. 	... 	~~.. 	.. 	_ 	. 	_.. 	. 	. 	. .. . 	. , . . 	... 	.- . 

~1 G. lSJ ade 

dir.ec.tion.... " These 

Massawippi. ;; ,The trend of the lower contact of':the, McConnell' series 



series is : just south of -and almost 

~-ï~, Ciiff~gog 	 o this 

ë'l 	 f:)st direct Ayers 

another anticline.. North of =roi: 

with the 

this a,aaiii is a.pronouriced 'synclinë now 

nell Creek. . Still farther  north aserie 

o.ccupied `by :.the valley of :~cCon-

sof small folds rises up to a/i, 

important anticline .which crosses :,the ridge vest ".of', Lake Mas`sawippi. 

Here a very interesting: feature is: -noted. For some distarlce, along the ,.1 

top of this, hill, as previously stated Devonian deformation. was not as 

ffective as elsewhere.:.â::'Herice nré-Devoniari :—structûre has not been great- 

} is 

1 3. 

synclinal. axis. The folds were .probably.paralle 
	broad and open 'with 

ips not exceeding 30.° 

Another distinct and separate series 'of ancient folds is ap 

.parent. : They are indicated in ma,nÿ placet , by the 

'isolated - masses and boundary indentati.ons°,, ; the plunge 

minor .foldsl and the =phys,iography:, and , 	. " to à limited 

it ie s by . the strike `. of the stratà:. :â:nd the direction 

:These have a gener.â:l 	 N : trend-between 

'vonrii,a.n folds .almost- a.t riPub -aingies. 

linear arrangement of 

of both major and 

degree in some local- 

,of the boundaries. 

300VJ .and N 50°rand cross the De-` 

An important. anticline in the 

though variable are mainly N 50°W and ly changed. The strikes recorded 

the dips northeast...-. `.Though the information 1 

to be in, accord -JWith the postulatiôns; of t'ze 

'dips may not actually beÏabsent or _a general 

appears:to have :taken- place 
	May have'reversed them.. 

s. very inadequate it seems 

structure. Southwesterly 

uplift with tilting - which 

In the;• southern part of the, areaevideiZces of this deformation 

are not so apparent-..` At,the.village of Fitch Bay there is a- pronounced 

syncline .and north' of :this the,, Oliver road appears to follow an anticli-

nal axis., At other``points there 14: evidence' 1 similar cross folds but 

as a rule it . is 'not very definite.'  Owing to .the very intense Devonian 

hàv.e.beenso'.distorted foldin3 in the .extreme south ~. all previous ::folds 

as to be unrecognizable nor. 

In this ,series.`of 'structures there appear 

folds, probably synclinoriAe and . a.nticlinori. 

fairly close with dips which probably`_reached fifty 

to have been many 

They seem._ to have bee 

and sixty de,:;rees. 

The relative arre of 'the. two periods of deformation is not 

readily anparenti In fact all that can be definitely stated is that 
r ,  

ihey are pre-Devonian and post -Ordovician. 

s~ .. ... ,_ 	_. 

iiè probably took place at 



14. 

the end of the . Ordovician during the Taconic' revolution and the other 

between middle Silurian arid middle Devonian. 

Thickness. 

No accurate. estimate of. the thickness of the Merzphremao3 

formation can be made. Sts greatest .t'_nic1{ness. now is pr4bly rep-resejit- . 

ed in a section from the Siluro-Devonian contact north of Oliver to one 

of the small masses between the Magog roads. The dip of the formation 

in this direction is probably less than Wso that the thickness calcu- 

lated accordingly is less This" .seems to be quite suf- than .5000 feet. 

ficient to explain all..features t•it , may be very` far from 

correct. 

Relationship to Other Formations. 

.As.the 
_ 	- 	on 

slate series has been determined largelAa lithologic- 

al basis the boundary is. generally placed where slate is in contact with 

other rocks. Therefore it is doubtful that the base of the series as 

shown represents throughout exactly the same-horizon. However it prob- 

ably does: so sufficiently t 

obtained in other-.respects. 

commensurate with the accurae give results 

The slate at its base is<found in contact with a great variety 

of rocks. `.: In the . northwest part of the area it overlies at different 

points all the many phases M .Connell`series'. At the southern 

limit of this formation .':it is found directly 'overlying the coarse basal 

conglomer,ate which here really constitutes a: basal, conglomerate for both 

series. In the southeastern part of thei area in'many`placesit overlies 

than the McConnell The-slates rest direct- 

on thé.: altered diorite; often assuming a distinct green colora and in 

the igneous rock that 

they can`-be .'.differentiated from it'. only by their clastic texture. They 

also ; fourid overly;ing .the quartzites, grits and schists of the Bunker 

, 
base; of .,the .1'~erlpYiremagog ,series a: gradation 

„ 
from slate 

is 'often merely 

e; 'côn tains 

besides:~ ,t 

small pebbles':' 

hose where it 



re,r oued Tentirely the rocks 

15. 

directly overlies the McConnell conglo:►erate there is found a fairly 

coarse basal member. The greater number of these occurrences was found 

- west of-McConnell though some wêré. at he contact with the rocks of the: 

Bunker. aeries. - The rocks below the slate, especially the igneous rocks. :̀;., 

and those near them, are very often rusty., From these features it is 
the McConnell series 

concluded that the Memphremagog series overlies4with a slight or oartia 

unconformity and that beyond.it 

series and the altereddiorite. 

The amount of slate lying beneath the Siluro-Devonian limestone' 

is extremely variable. In the southwest for a short distance along the 

contact with the main mass'and around some: of the smaller masses it is 

entirely absent. The variations in thickness of the Memphremagog series, 

are apparently great. This is- due to an -original unequal deposition and. 

to a greater extent to ;,post-Ordovician eros'ion.,.The great amount of 

. erosion is clearly indicative 'of - the Dt nfor:nity. which exists above the 

Ordovician. 

History. 

The conditions under which- deposition of the Memphremagog 

slate began are by no-means-clear,.. It seems likely that part of the area 

was already under water and that deposition of the coarser material of 

the McConnell series was in progress.. At the beginning of the Memphre, 

mago period there was probably a rapid submergence of the remainder of 

the area,; and deposition of argillaceous material started over an area 

far greater than that covered lay the McConnell series.. 
	 • 

:During the deposition of:the L0vering.slates there was not 

much variation in' conditions. = At ;;the end of this time there were several . 

e nergerices during which erosion took '.place and between which conglomerates:: 

were deposited. After:.: this. conditions continued to. be variable - near- 

overlaps the older rocks of the Bunker 

 

shore coarse sediments and 

the final, stages 

was laid: 'down.. 

Betweerithé  

were alternately. deposited. During, 

considerable thickness of sandstone 

;:the Oliver sandstone 

periods of 

folding., Erosion was active and in 
• 

rt 	
~ 

of the Memphremagog formation. 
... 	• ~ 	~:;,.~ i: 



distance 

fossils toward -the north .there 

convergence eds and the direction of the 

boundary;; be tweeri,' two features it 

is assumed o.ut:and disappears in this 
• 

the material exposed is a.massive limestoüe with a somewhat   ~ 	 - 

to be 

none 

complete crinoids but .owing' to their poor 'state of preservation 

of the few specimens=which.; were.''.successfuliy extracted was reco_- 

south of Oliver and about one half mile east of the Lake road. mere 

surface'. It has a marble-like appearance 'with calcite segregated into 

streaks and blotches in a pale bluish-gray matrix. Silicified fossils 

stand out prominently on the weathered-surface.; Some of these appeare 

nized. as such. The smoothness of..`.:the surface and the massiveness of 

the limestone made :'it.impossible 

structure. 

obtain any information about the 

three miles. At this 

occurring oOrdovician rocks contains 

occurs about two miles 

Location and Description of'Outcrops., 

One of the '.two'outcrops:mentioned above 

o:viç;ian'at 

direction.:.. 

Devonian : 

,itch Ba 

;pass ̀-o . 

same thing as trie 

the Georgeville- 

ower ':boundary this small 

either originall 

Only two. small oûtcrbos :in the area. were definitely recognized-,'  

as Silurian. However it is not unlikely that some of the isolated 

patches-or part. of. the main mass now designated as Devonian belong to 

the previ)us period. A similarity in litholo,ic character and a scar-

city and very poor State of preservation of fossils in both formations: 

make it difficult to differentiate between the two. As the rock over-

lying the older formations for considerable distance along the boundary 

is known definitely to be Devonian any. parts incorrectly designated 

must be.small and unimportant. 

The similarity,in most respe.cts,of.the Silurian: and Devonian 

makes a, complete separate description of the former superfluous. Features 

common to both will bé fully describedunder:the heading Siluro-Devonian 



ére rlôdular''iila,ter•ial was 

-a conglomerate. It has been subjected to great pressure and is highly_` 

sheared. The matrix As quite s.chistose and the nodules have been drawn 

out into lenses. Amore detailed description, of this type of material 

will be. given under the ,Devonian' 

South of this outcrop. ther.e; is exposed in the streaii;._bed .a 

the Ordovician rocks to those definitely deter- continuous section 

Devonian 1000'feet lower down along the stream. 

base the-.older slates ,appeartO grade:to a nodular material lige 
f0 

found to' the -north. The slates immedi tely east of this ;radatid}- 

or below it stratigraphically'are slightly_calcareous. Whether the 

or. is a.result of original: 

the latter is the ca=.e these beds 

mb±.e wobabie that th' 

uiiconfori:lity could be 

e 'strUatura.T.: relationship that °. 

one xoes 

crîbed above: 

2. 

-:;was reached. of the large crook in- - -roadAthere is an 

extensive outcrop whichis definitely Silurian. This must be the bas 

member:of the formation in this hocaiity`as it is separated only 

discontinuous or isolated by pre-Devonian erosion. 

South of the George.vil.le-Fitch Bay road as far as the little' 

on the main tributary of the .stream .flowing into MacPherson Bay 

the rock overlying the :Ordovician- is fairly definitely Devonian. Beyond 

this no indicative 	were,f.ound:nèar'the`slate until Belmere Point 
(nG 	

IOC tJ~IB r•N~ 

very narrow valley  from the older rocks. 

The rock here consists -of .irregularly lenticular masses of 

- hard calcareous material; in a slaty, somewhat calcareous matrix. The. 

latter weathers and crumbles. very; readily' to 'earthy. dust, leaving the 

:nodular  masses free.. „,' The  material appears to be a decomposition 

product of the underlying slates`. The hard nodules vary in size from 

that of a fist to several feet in, length and appear in•theemain to be 

fossils,'partAally silicified, in an_ accumulation of calcite. Scatteredl 

throughout are manyfairly large quartz 'grains. The whole mass resembles 



t is evident that the Silurian mass 

3. 

and appe.rs to contain the same fossils. The series iri the creek .bed 

continues much the same to.a point`six.hundred feet downstream, becoming 

more slaty and containing .fewer. nodul.éà..- At ' this point a bed is found 

in litholcgic' character. and fossil content to 

strata which outcrop below :.the bridge On the stream south of Geor.eville:' • 

There Devonian fossils were : collec't,ed 	Both of: these horizons appear like' . 
• 

coral reefs and are made up largely of, favosites and a stror.latopor:oid cor- 

and at 1000 Devonian fos- 

which is somewhat similar 

this butt none 

Fossils were collected at``various points from the base up 

were identified definitely.enough to be of value. From 

the foregoing evidence.: and the fact that material determined as Devonian 

riies̀ directly the :older slates a,tH',the corner in the road to the south 
t seems best to place the base .of''.the, Devonian somewhere in the first 

feet of ,nodular material. 

which outcrops on the Point 'ro'ad . is similar in nature and extent 

to that farther north. It is improbable that there is any more Silurian 

to the south of the: Belmere Point ;outcrop as what _.was there definitely 
• 

determined as Devonian-is found in °contact with much older rock in two 
ears 

places. ~Beyon~: these #~re--~i~ ' 	 uro•Dèvoriis.n- erosion,:.appears to. have been 
eç~ective ;~oMger  
;rIa__terthan- elsewhere. Corisequently the 'beds found here are younger 

than at most places along the  contact and therefore are definitely of 

Devonian ao-e. 

the Silurian brought to the 

be, present within the De- 

small outliers may also be ;Silurian. Hovyever in 

each casc 'it se.émed preferable to'assig 
- 	 + 

formaton; i.s absent in those 'parts "of th 

nearest.':  
r:lls' map ,and repor;t* indics 

were co.l].ected a..t :.tiie. northern 

. north of ,the northea,stern corner, 
- 	 ~ 

two separate occasions disclosed-.  

em .;to Devonian as the lower 

main;.'rna.ss to. which they are 

n outcrop. of .Silurian from which 
sawippi four miles 

çareful` search ovi~ 

y;great ;thicknesses 

could be obtained 

.:the Eastern TownsniPs=. 
a.na:da. 



writes~: "The Silurian
1 

of ::the lalte Ro;bert. Harvie Cf this formation west 

system is of relatively small: extent. in the :district. 	. The northern' 

): 

..w~ ,. 

half of Lake'Llemphremaog lies in a. synclinal trough of: Silurianmeasures . 

whose a,;'e as previously determined has, been chiefly based on a few spec 

ies of not very characteristic corals; However `the discovery of a new 

c`ôntaining a', much wider ran6e of 

species= has given an: onpor.tûnitÿ'for a Much more 'decisive determination ;" 

rock referred to as 

fossil :locality at. Knowlton 

This statement;. is in 

Silurian is Devonian. .however it 

made at .both the out- 

older for-

lake than 

crops d'é:>cribed  above bût. very 

Kindle reports as follows on the collection from t'nese_..-two L outcrops: 

~t 'DTb:100- Favosites cf.' 

102- Conchidium? . 

:t02 (southern outcropYrepresents Lot no. 

/ horizon {;Jarolrti:Fkanj'. 

' Conchidium sp.; :`undet. 

the next younger 

represented in tris collection so far as can be 

ascertained from the evidence of the poorly preserved fossils. A 

7COnchidium badly crushed 	and-distorted but.. showing the spondilium and 

1, coarse plications of ,this: genus. indicate. for `this lot a middle Silurian 

horizon:; .Other lots -fro,m000 to „,1:Og (collections-made at ,various other 

joutcrops-in the Area may belong to .trie same ..drizon as 102 as understood • 

iby û.r. Kerr, but the fossils are too:few and poor either to confirm or 

confu.te:this opinion e- coral in lot 100 (northern out-. 

crop), however, appears `to represent ' he Silurian species Favosites  

':. 
the Silurian horizon at Littleton, 

-but-the evidence is too:inperfect to furnish more than a suggestion. 

(See Bull. Geol-. Soc. Amer.:' P.H.Lahee- A New 

Fossiliferous-: Horizon N.H.w. Science, Iv.S., 

vo1. XXXVI,` pp. 275`; probably.,also corresponds to 

the 'Silurian horizon'foûn 

*1 .'. Hobert Harvié Géolo~y vô 
~a   

Summary Report-19111 



Ordovician and 

Structure, Thickness and Relationship:to Other Formations. 

The Silurian beds strike- a . Little east of north and: dip very 

steeply-to the west. The outcrops,.represent the truncation of the east-

ern limb: -of . a .syncline_ The apparent thickness , mây e>be pan exaggeration, 

due to isoclinal folding, of.'the-actual thickness as is found in the 

.other formations. Without assuming such dupl,icatibn it may :be.postulated` 

as not more than six or seven hundred feet- indeed less than- this wou 4° 

be more `reasonable. 

A distinct.angular'unconformity separates the Silurian from 

the underlying formations No accurate estimate of its greatness can be 

ascertained. Certainly'to the south it was pronounced as the strike of 

the tilde formation e sAinclined at an angle of 15 and over to that of. the 

.younger.. :Toward thé, north however theslates have been so intensely 

squeezed that minor folds have developed. parallel to the general struc-

tural trend, which is approximately. parallel to the base of the S_luro-

Devonian. Therefore any. strikes taken register these minor isoclinal 

. folds and ;give no indication of the true trend of the formation. So far 

as it has been possible to Ascertain the plunge of these minor folds 

throughout the region-is to the north;at -a fairly steep angle. This 

would indicate that the strata here angle into the upper formation as 

-they do to the south. Taking all 'the available information into account 

it seeMs.that the:unconformity is 'wry great and that at all places along • 
• the contact there is a distinct difference in the strike of the two form-, 

ations,• that is, a pronounced  angular.unconformity:exists between the 

According to fossil evidence the lower Silurian is ,.. 

missing here and 'probably- waa _never_<laid, down := ~The. amount o 

timea must: have been tremendous 

ormationsfnow observed 	The area` 

indications which 'point to 

deep weathering in. 

hc.~. contact is almost inval - 

b development  of vét l .1.E y: . 



r 

'Also  thtr. e are many :features Whiçh süg,;est ..Oeneplanation followed by 

sir ;r ra ,did sub herence 	There ; is tae deep disintegration mentioned 

above, ':Vile evénness:'of the  boundary, 

-the base-and the lack of well-washed 

coarse sediments. `' Also there is  ;the 

the earthy type of matrix found at 

basa,1 conglomerates, sandstone or. 

fact .that :the lower Silurian sedi- 

ments are of a. type such .as 

amount of clastic• material'. 

to intimate the slow >introduction of. a small 

Thus it e,pp'ea<rs trâ.t thé Silurian was .de 

posited on a. more or les.. ' pénepi 	d sizrfa.ce'``.covered with mud. 

Judging by the fineness; of texture ;and. the large percentage o 

or • th'e source of the sediments 

which. they cane is difficùlt 

an times the structure was 

calcareous material erosion was very j slow 

was at some distance. -.The direction from 

to postulate. However during early Si:l.uri 

such that the more resistant strata occurred to the south. Also the 

boundary relationships of the Siluro-Devonian:'rocks -to the older form 

tions seem to indicate : progressive;overlap in the same direction. 

two features with the general distribution of', the limestone suggest the 

existence of land to the south waich: was the: source of the elastic . mate 

rial. 

The nature .,Of `the distribution or. the cause 

irregula:rity..can ,be conjectured only vaguely with the 

of its apparent 

very scanty evi 

denceavailable. To the ° north and south the Silurian is absent and even: 

before :the present'trurica;tion-was prôbâ.bly =lâ.rgely so;to the east. 

increas.edin thickness.̀ to';the west: .'~7hether all this is the result` o 

an original irregular ̀d'istribution :or of Siluria.n warping with erosion..:: 

of part: Of the formation'deposited is difficuit'.'to. postulate, but th 

la tter:. seems a' somewhat more satisfa.ç.tory e.Ypla nation.' 

To the north  is ,:absent-cahether due to a warping:,: the Silurian 

leaving this as;•~a land: 	area, or 

the'Silurian;it isimpossible to 
-.. 	. 

mo ` ~: re cceptâ.ble 
.;.,,,... 	.. 

before the Silurian, 

complete. removal of 

but the latter  seems 

warping after with 

_say definitely, 

It is probable, that the' middl:e Silurian was much more wide- 

spread than at present.' : No_ `evidences, 	the upper Silurian were found. 

1 

This may, be, due:: 

às sfiell. s.s that  

o one :o 

of the lower :Devonian seems . to confirm 

e :.tvroa causes - , 
mentioned Above. Its absence 

the suggestion o 

an. ..erosional period betweenthe middle i'lurian and middle Devonian. 



are entirely isolated anyt'zing with which•.they can be definitely 

correlated. :For these réasonsand :because of greater resemblance to 

Thé Silurian .has-_been separated .from ';the Devonian :on the ~;asi4, 

f fossil evidence only,,  The two' formations s.re' otherwise indisting~.zi '~- 
, 	. 

able. Because of this, âs. previously 

and facilitate description they are 

of the Silurian have already been  

ated, ... and- .to ; avoid repe titiorz~ 

one. .11any features 

thé previous chapter and 

those peculiar to the Devonian will be dealt with in this chapter. 

Location and Distributidn'. 

The main''body of Silüro-Devonian-rocks of the area. occupies a 

narrow strip along the. northeastern shore of Lake:ilemphremago, extending 

to the south nearly as' far as Long Island and to ,the north beyond the 

limit of the sheet.:They are reported'to':occur on the west side of the 

lake extending as far south as'Oti~l:~ Head
,
'a~ ~he same formatins are 

~~i ars. Î~  

found on Lords Island and Molson I`sland.". Of Round Island Ells writes 

"South of the Owl's Head Mountain wharf, on Round Island, the same dolb- 

mitic slates, in places 'changed almost to a taicose mica-schist, contain: 

.characteristic fossils of Silùri"ari, age." (Ells referred to ail these 
hér~ 

'rocks as of Silurian age ) ..,;Thus the Siluro-Devonian rocksAoccupy a 

1ong narrow ba.sin. :They- are largely-obscured by Lake i~:'lemph.remajog and 

,are -~.`observed .me'rely~ as :a narrow border".around the northern half o 3~,, ... 

the lake,- 

There are four smaller Masses, fairly definitely outliers of 

the main body. One is at Magoon Point,  one north of this near the cross 

road' and two southeast "of Ge'orgeville' "One o.f these is not far from the 

Georgeville-Narrows roâdon' the main branch of the iiacpherson Bay stream 

and the ::other farther south. There are also two ' small outcrops of lime-

stone, one on the •crest of Bunker-Hill near the little stream a mile and 

a half so^thwest of Lake Massawippi, and the other .̀about one mile west of 

the lake at 'a point just 'north of :the 'most direct,"wagog-Ayers Cliff road.:, 

They overlie slate which has-been included in . the Memphremagog series and . 

Siluro-Devonian rocks  been included here. 

*1. Ells ' : and. Harvie's_. Reports.; 

*z: Ells-'Report on, a Portion o 
Annual. Report-1896. .ÿ 

ebec-Part J,Vo1.Vïi. 



The main mass of Siluro•"Devonian rocks is found in a somewhat •

el:Li?~soidal basin, the lowest• part of which is occupied by 'the northern.' 

; end of :Lake bJlem.phrema.gog west of the lake. these 
.
rocks form a 

:lots;, gently undulating ,and :relatively flat ridge. The Lake road runs 

'along the crest as far as the. creek south:of Georgeville 	Beyond this-

:the ridge continues but it is broken up by two large bays (MacPherson:  

and Quinn) which cut almost completely across it. The Siluro-DevoniarI, ,g 

.probably extended to the south nrior'to the development of the lame. 

,The boundary may be represented by aline passing west of Long and east 

of Round Island
`
,,.then back to, the northeast.so as to loop around the 
\Figure 1.)  

:Magoon Point massy The latter also lies in a basin, rather as if in the 

tip of :A spoon pointing; north, the bowl of which is the lake. While the 

Siluro-Devonian rocks at this.. point are relatively-flat the older rocks 

rise.up Somewhat abruptly from them. The other smaller masses are 

merely perched on top of the older formations'. 

The base of the .Siluro-Devonian is for the most part very cas- 

traced:by physiographic features. -It is generally' marked by a dis- 

tinct valley._ North o.f, Lon; Island this 	occupied by a stream, from 

the head of which to .tWpaint where the road crosses the contact there 

is a`well-defined depression.' To the north the development of glacial 

topography has obliterated this feature as far .as Belmere Point. Here 

again it is pronounced and can betraced to:.Quinn Bay, thence across the 

road to the little pond (a result.of`this feature), to the northern 

tributary, up it and beyond for half -:a mile 	Then for four'.miles the 

area is heavily drift-covered. 

~oth of':t.Ze eastern .byroads aizd e1sevihere there' 
, 	. 	. 	-. 	• 	-. 	. 	 . 	_ 	 .. 	 . 	F 	. 	t 	 i. 

'.along the i~o~.~n~.ary.: The ~~agoon :Po.int -mass is a, 
~  ~ V . 	 g., 

deep depression..:  

the c.ontact can again 

North of this 

~ • are` oronounceC? ~û1±115 ~ 

bounded by a fairly 

ut;:from Lalrënsve . 

iïnéstoile is' well :exposed. It 

vertical 'di-o of the 

in: extent and 

to the George-: 

ifty.feét sheer. 



.South cif this except on Molson .Îsland the cliffs are less pronounced. 
~:.x. 	~ 	 •~ 	 , 

At many :Places the two systems of joïnt planes are so nearly horizontal 

and vertical as to give this cliff the. aspect of an artificial sea wall 

made up Of rectangular blocks. 

.The:Devonian.rocks are essentially limestone. though in o:Laces 

ar;illaceeous or arenac'eous as to. .be called either shales 

Ells refers to these rocks , as doloMitic which: 

However t'néy~ show vigorous effervescence when 

treated•:with hydroehlori_c :acid. ' No mineralogical nor chemical analyses 

: At one place only-was  : basal l con3;lomèra te found . Last' of- the 

conglomerate with pe;l 

quartz in a calczr~~~u~; 

arenaceous matrix. one half inch in diameter. 

a.s , fou:td in ' the Sïlt,rian, 

shaly :limestoiies-wi:th nOdûles: orcoricretiôns of calcite. The mat,rix» 

be a prod.uet~, of , dec;oMposition of the underlying 

This would-indicate a muddy bottom at., t'rie time of deposition. 

to be .a <.latsr.. development-' concretionary ia ori~in 

The presence 

mi;ht seem-, to be incongruous :wit_ ; 

been shown that corals of the' tyoe 

these fossils 

ideà ofa muddy bottom but it - aas 

ound ;heré . 's.ppareritly thrived in mud,, : 

In some places as at 

Magoon POint and east of_ :.Gé.orÛeville ; bèds .' near the base are made up al-, 

most entirely of crinoid.  stems ̀a other .fossil `remâ.ins. These tvro typës' 

material,  though found .maini.y near thé base,; sometimes occur higher 

in the formation. Iri . sflinë thick, 

shore of 

The rocks ôf these two formaaions are 

and Ma o 	 imestone 2' 

^. so at. the latter pôint~ that ~,rèat quantities 

he Main Calcareous. 

irl3T .,pure =` so,:tTlücr~=:.'. 

ürnt :for lime., ~ ~ 

c ciôns "i:1'ade in ti~i~  rrls.ct~eri~z,#l, r 
d :rivedfro?rl':sha.le  

a:r-re°; coral 



4, 

.lost of: them, however , range :2>etWeën' .lirnestorïé . and :^ale or Ûar.dstone.` 

hey vary in color :from the pink.; ' blue.dray and black of the more 

nearly pure limestone to-the yellow of the sand- 

- stones and shales. the nodular and a little 

; rrjassivé:' Material ._these ' The:' arenaceous limestone rocks ;e,rewell: °bedded.: 

is found in thicker., beds than the shaly ;limnestones. and shales. The. 

former, range in thickness from ' :one inch to :.a ~ foot. while the latter are;: 

generally less than an:3nC 

Everywhere thëse ;series: are .highly thetamorphosed:. the li_me- 

,stone and quartz are. recrystallized, mica isdeveloped and the roc_ i 

frequently schistose. The matrix of:the nodular material is quite 

schistose and the nodules drawn:out into.lenticular masses. been have 

.=-SOITie 	of- the= shaly beds _ha.ve_developed cleavage. and a slaty might more 
-:... 	

WII 
properly be described as;slate. Also cleavage 	eveloped in some of 

:the more brittle arenaceous liméptones. Pyrite cubes up to one quarter'. 

inch are found in much :of Fossils wherever ,Dre- this slaty material. 

sent have been badly distorted and.crushed. Jointing is prominent.' 

^round;the metamorphosed porphyry; north.of._Oliver there is considerable.. 
• 5'e c oh. 

contact metamorphism which is described in the eirrepter. on. dikes under 

the sub-heading for this:; intrusive 

The basal.nodular material generally carries an abundance ~i ~., 

fossils. 

represent ancient reefs of corals similar to favosites or dyphyphyllum. 

The upper 

Above it are the crinoid seem to beds and strata which stem 

beds show Some of the lower lime- remains:' very few , fossil 

stones show peculiar.concentrically banded forms which range in size 

from a°few inches to a foot in diameter. 

On. weathering the calcite is dissolved out and the rock be- 

cornes»:brown on the surface 	Where the carbonate`is a minor constituent 

a rotten sandy..or. nodular material weathers to mass remains. 

nodules. and fine dust. 

Age and Correlation 

was of 

collected from a number-

Very little of this 

Places from which fossils, 

indicative value were the map with a large. F, 



-F .:placenta  

reports as .follows .on various  

"~3eorgeville 

%Ells collec.tions:* 1. 

e,.,;  A . Webster, 1879 

r 

5. 

those from wIllph the fossils were', of no value with a small F. Collections 

determined as of Silurian age have already been described in the chapter:: 

dealing with that formation. From the others Dr.E.ïJl.Kindle makes- the 

following determinations': 

Crinoid stems.-(abundant in some hôrizons) 

r^avosites.cf. basaltica (abundant)• 

Syringopora? 

Cladororaroemeri.?' 

Favosites sp. Tubes small as 

Favosites cf.. emmons'i: 

Stromatopora sp. 

Orthoceras .? sp. 

Zaphrentis? .. 

Favosites  other 'spec._ie s 

  

"Mast of them (referr.'ing to, 2:1 collections made at various polnts)-

contain specimens of one or môrespecies of favosite corals. One of 

' these is near,•. if not identical.with, F.basaltica. These lots are 

    

believed to represent a ,Middle ,Devonian 'Horizon. This is probably the 

:sa_ne horizon as the' :De:voiii:a„.h.or,i'zon near Knowitons Landing, Lake _uem-

phrerra;og.' . (Can..Geol.Surv.-;Sunim.Rept.for 1913, p.215) : 

Zoophyta: 

• Halysites catenulâria, Linnee.us. 

. Favosites Gothlândicus, Lamarck'... A tolerably well ere- 

served specimen, showing the inural;.00res, &c. ; r.esembles 

the form occurring near Tuck's :La-rid'ing,~ 

:the west .~ s ide o f the lake! . 

3. ':Favosites, s 	r.favosus,' Goldfuss. 

i:ônally, large corallites'.' 	' 

4. :Z~phrentis, sp. 

Echinôder;nata M ' 	~ ~ 	   

S.~Fragment's of crinidal columns. 
. 	.... 	..... 	~ 	., 	. 	':l.~. 	. 	. 	..- 	 ~ 	..~1. 	... 	,.~-. 	,.....,... 	.-.,-. 	. 	.. 	-. 	..~.- 	.... 

With except- 

Sargent s Bay, on 

... r~~rula.3 

x6e.mph-remagog, .Que.; Eli 

lydroid.a • .. 

7re1 Ile or oh a 1 otior, e~ `A he rrovi.ic Q ,o~ Vjué 

:oiri 

, 

nn- or 



n with smaller .corallites, and resemblinz 

would indicate Silurian ase The fossils in these collections 

they were obtained. for the rocks of the.;~tliree localities where However'... 

isoclinal and con- is 

no: I:zeter:r,inable. . fosSils' Were found,: in 
• 

.^.d e near G eOr Jevi.11é . - 	Capt. 4Ully 

to the 'col•lec*,'iOns -d.escribed._.by E 

therefore their true 	 anCeou1.~a not :be ascertained.~ . 

The ,f old in,; of the Siluio-Devonian .beds 

u;, <lisclovered anticlines. The presti ce .of. Siluris.n at' Capt. Lully 

1 , une co1- e,.olained. as similar t t1loa,e .alrea..ny described," However if 

6.  

1. Stromatoporoid :undetermined). 

Zooph,yta: 

2. Favosites Gothlandicus, 

Round Island :Lake Memphrema~o~, Que.; Ells, 

July, 1$90 ( in a;'_ dark ' gray;"glossy py.r.itiferous calc-schist; 

obscure fossils).: 

1. Stromatopora, sp. 

2, lieliolites, sp'.' Very imperfectly shown. 

3. Favosites,  

Lamarck. 

F.Helderbergiæ 
...  

sequent y ~:îe s tl'uc'ture , '.ls: rlot .c]:4 Ar.  T12a SilUr iZi1 may occur at th 

surface almost anywhere 	the 	of the'sé roe,ks on the crests of 

• point or : on Round Islaizd. (both, ipo:ints æ).ear the base of the Si? ur^.- De- 

voni?n rocks) ;nisht.even .be  expected.-. Such : masses could easily ;,e If (V ,> 
~•, 

lec tion ::mar;-éd Geor52;evil:ie" was made':.rie^.r t̀he : :town the postulated 

ea:tent .s:nâ structure of these series;: are incorrect''. This point would 

not be on the axis of the: main. syrnclinet ;.but ' rather '..of an anticline. Th' 
  

;eneral .7.)ri:a.ciples however ZArould ~rema.ïn ;the sa;ne. Wi't'hout further tTeri- 

to disre6ard these fication 

collections. 

The final summation of;dsflni 	 concerninE the .(-1;e 

cives two outcrops of the ma,in ma.ss as: Silurian and the 

definitely placed by 

At: north of it were cor- 

their . e:{act location and 

collections 

ïso other . reference 

r... 	~- vG~.~J. ~ 



in working out 

character (more particularly :with , the rocks: of Molson Island), of 

meta aorphi:;m, structure and cert;ain beds of crinoid stems. The two ' 

outllers,sout', of Georgeville were, correlated on litholozic character 

^ione. -The two small masses of limestone near Lake oiassawippi have 

been included here because,'of t'riéir isolation, relationship to the lea.:: 

phremagog'slate and a slight s.imisrity ,to Other outliers. On the west 

_side of 'Lake Idemphremagog there' are the areas described above which 

Mentioned that Ells 

northern end of 

nearby, 

nrobably~ _.belong--in--thi-s-group. It: has already been 

reported the discovery of:a`.Silurian outcrop 

Lake Massaw ippi. Besides .thèse no ::.others' are 

Structure. 

known 

~ 	 - 	 ori 
•The - SilûroDevonian strata are. situated. in two synclines,

a 
one. 

of which includes the Memphremago 'strip and the other that atagoon 

Point. The smaller masses ..which ar.e definitely outliers are associated 

with these in the same structural ;features The two masses near Lake 

Massawippi would occupy minor synclines on :the. crest  of the main anti- 

clinorivaThe 21emphre.magog strip is :part of a mass which extends beyond 

the map area to the north and west(Figure 4) Farther west there is 

another large area of Siluro-Devonian rocks which may be included in 

another synclinoritiopRocks of the same. age are found to the south on. 

Round Island.'. 

The boundaries of the Siluro-Devonian masses within 

have already been delineated but there remain some important features to., 

be mentioned. At several places the boundary is very irregular, prob-

ably more generally so than. it ,has, been possible to discover.. At two 

points within the limestone.areathere are slates which resemble closely 

those found below. They appear to be inclusions of older rock. One 

of these is situated about ,a milee,and-a half northeast of Georgeville 

and the other three quarters of a' mile .southwest ̀of Oliver.. There is 

one quite 

jqemphrema  

definite    inclusion near:the southern 

og mass.' These features`are important:` 

extremity of the take 

more .cléa;rly the probable shape of 

were cut into' by' the lake the • 

boundaries have been: projedted(Figure)..The: western`contact of the 



them. 

. At their northern ends;;both synclines clearly plunge south.. 

This one dépth ;of:.' ;'of ;the c:ontact. 

rather thanthe nearly is 

west while north of this it is to the east. The detailed structure of' 

Point mass' and 'o 

'`the la.'~e ,.shor.e show ;: series : of very close folds. 

etamorphosed Porphyry) 

gin;the boundary. The 

'featur.es'. observed.: The cross 

f'. parts of the main mass near 

pinched .out at about the same place- that is in the axis 

strike of the strata is generally nearly parallel to the 

appears to :be 

of the arch. 

The 

trend of the north-'south boundary. of. the Memphremagog mass. The dip in 

the main is nearly vertical. From Oliver south it .is generally to the 

the stt.ata, . though difficult 'to interpret•due' ,to the uniform strike and 

sections of the Magoon 

George'ille'exposed along 

dip, is clearly indicated by a;'number; 

With subsequent eros 

North of: 9liver~; dom'ing due _. 

a. 
Magoon Point mass has been bent around the Point to link up with the 

eastern contact of the other miss. The structure of the older rocks 

which here indicates a steeply and abruptly plunging anticline seems to 

justify this. The other projected contact skirts the lake shore from 

west of Knowlton Landing to Round Island, then swings north. again. The 

.absence of Si.luro-Devonian south.of the island suggested this inter-

pretation. The Magoon Point Mass has•been linked with the little one 

north of it,as many limestone blocks- still remain scattered between 

The depression to the east of Magoon Point appears to be the result to 

a large extent of the removal of';the limestone from the eastern synclinoçi 

Throughout the area there is a tendency for structural trends to s+ring 

to a north-south direction, toward the south.- This arching seems to have 

caused the abrupt termination of anticlines and synclines in its axis. 

In other words there was a squeezing .and pinching out of folds. The 

structure of the older rocks .seems to indicate a sudden pinching out of 

the anticlini between these two synclir 'leaving just one synclir_ to4".. 

the south. This too appears to be pinched out farther south. Thus 	f 
aria 

there are two doubly plunging syncline-a_ which : join toward the south. To` 

the north . the 

arching it is somewhat intricate. 

structure'is not unusual but to the south 

mass to the west of the lake 

owing to the 



north-of 

them. 

8. 

Magoon Point ,miss has been bentaround the Point to link up with the 

eastern contact of the other mass.: The structure of the older rocks 

which here indicates a steeply 'a:nd.,abruptly plunging anticline seems 

justify this. The other projected-,contact skirts the :lake shore from 

west Of- Knowlton Landing to Round Island, then swings north again, The 

."absence of Siluro-Devonian south 'of the island suggested this inter-

. nretaton. The Magoon:.Point`. mass :ha.s" been linked With the ~little one 

it, as many limes tone; blocks still remain scattered between 

At the ï_-r ,., 

The` depression to  

~, eir .:s ~ both synclici
orig 
 ciearly pl~arivE south. 

'cloon .Point appears to be the result to 

large-: extent of the .removal of t;e limestone. from  he eastern synclinorjw~ 

Throuoût the ar 

to a north-sout:n dir ection..,.tOwa.'rci:the ' south,- This arching . seems to :_azlp 

caused the abrupt .termination o'f anticlines and_ synclines in its axis. 

In other words there was a squeeâng• ana pinching out of folds. " The : 

structure of the older ..rocks se'errisHt6 indicate' a sudden pinching out . of 
ori4 ~, 

the anticline' between these two syriclir -cleaving just one syncline toI, 
~tsa 

the south. This too appears to be pinched out farther south. Thus 
aria 

there are two doubly plunging synclines.  which :join toward the south.' 

the north the structure. is not unusual`' but` to the south owing to the 

arching it ,is somewhat intricate: The: mass to the west of the 

appears to- lbe pinched out at about the sanie; place- that is in the axis 

of the arch. 

The strike of the strata i 

trend Of the north-south boundary- of the.Memphremagog mass.- The dip in 

- the ma.in'is nearly vertical. From Oliver south it Is generally to the 

west while north. of this The detailed structure of 

the strata, though difficult 'to interpret;'due to the uniform strike and 

generally nearly parallel to the 

structural trends to, sT -{ ïi ; 

dip, is clearly;;indicated`by.a featurés observed. The cross 

sections of the Magoon Point pass - and of•,parts' of the main mass near 

show series of very close fold 

North of Oliver'dom'ing.due:to intrusion:-(see Metamorphosed Porphyry) 

with subsequent. eroslôn .has:`"developed a deep - jog in the boundary. The. 

contact. This one 

Geor;ev.ille exposed along 

than the nearly 

~.. 



.contortions :contincieand.:east of_=>;the 
i: 

folds Similar to :those nea .. .: 	

, ,_:.. 

- 	 r Geor.geville 

definite nature 

'axsas pro1jected there are drag 

it nothing of a 

on the north shore of the 

rag :folds which indicate a 

outcrops are 

seem that the 

9. 

vertical one registered on the strata. General east-west boundary 

trends such as that at the northern end, of the idagoon Point mass.are) 

nearly at right angles to the, strikes. At several places there are 

inclusions of older rock within the series though the dip of the strata 

between them and the contact  ,is nearly vertical. These features to 

gether with the general relationship of the various outliers clearly 

indicate that the strata are'isoclinally folded and that the general 

dip of the. contact is low. Probably:.t did not exceed 30°and in some 

places nearly conformed with the present slope of ,the land. 

The detailed structureof'these strata beyond the fact of 

isoclinal folding 'is difficult 'to interpret. The exposures generally 

show little more than bed's with a'nearly vertical dip. The outcrops 

:east of the meta;norphôsed'porphyry reveal something of the nature of 

the minor folds. ' 'One outcrop representing the surface of a resistant 

bed has the appearance of a pointed rifle bullet half buried in the 

ground- in other words a very closely folded anticline which plunges 

abruptly. This latter feature however is unusual for the folds seldom 

show more than a 15°plunge and are generally nearly horizontal. The 

Magoon Point mass shows a series of crumples which vary in size. They 

are small and seldom seem to involve strata for as much as a hundred 

feet in thé shore •section. However it 'is probable that those observed 

are merely parts of larger folds.`: 

Just south of'Georgeville and north for several miles drr,  rle ,  
} 

folds are abundant and can -be clearly seen.. From these it has been 

possible to work' out the.structure`of an`'important synclinal axis. 

few hundred feet north 'of the wharf the:.syncline can be observed arc 

traced for 500 feet. , :To' the east. of this the strata are badly contorted 

with many drag folds which clearly indicate the presence of a synclinal 

axis to the west. Far some distance along the shore- to the north the 



far to the :zfiest. Farther south . i 

Jx.le C?.l•_i0.. .iurveCl. 

reasonable to suppose that would seem 

o Continue ; ts:.naraale iis:n r-ath stri-4e and bound :.Â- . J 

anticlines rli;ht  indicate later defôrûiation , out there is nothing to 

substantiate this, ';Exçe.pt 'Except-for the. ~ 	- r.; omi.n~° near Oliver and other very/) f 

see:ri;, :to have been involved 

structure .in the 

ost'- middle Devonian for 

sai ght deformations_..the, Devônis:ri:. 

only 	:one period °of •f.olding 

= The  age bf the z oldln; 

Devonia:n cannot be d.eflna.tely fix 

strata;of ̀tnat nge.:v~ere ,~invo~lvé 
fr 

is for .thé. most` nart pre;vioua a 

diorite- 	;It is`)definitë l.y ôldè 

Proba,.bi;. 

ntr.û'si.on of: the :: Sta.'nstea3 g'raiio- 
:.:.., 	,,.. 

s,salt-ic dixes which cut 

+ 
J 

I 
'axis must continue to the north,.:east of the shore line. Indeed this 

is somewhat substantiated by greater contortion of the strata at the 

heads of the bays than on the points. 

It cannot be definitely'stated that tris is the major syn= 

clinal axis for the basin but the. evidence seems to indicate that 

is. At Georgevil.le it is situated approximately in the center of the 

Siluro-Devonian mass. The absence of contortion in much of the rock 

west. of it suggests that there is no Other important axis nearby. 

• From Georgeville north the axis parallels the ,strive of the rocs, t- E6 

'axes  ..of. the • ininor folds and. the Siluro-Devonian boundary. Drag folds 

on the, point south of Georeville probably  indicate that the axis is not 

h p̀'ini20atal. To the north it 

seems to 9:ssu,ne a slight nirthér.l;;•" plûrie which 

Near•Georevil:Le the axis . 

at ,Lre4iter distance e 

r1i lCt Chance. Tb the south. from -sëor:.féville ; to u.. . 
. 	. 	. • 	• 	--r' 

limit of these rocks 

at least-it would see„ï to.'rise.. 

The axis of ida.Jo.L7n Po"'Lilt may be a ssumed - 

to pass .throuth the center of.  'o-Dev~.~l'iian masses and con- . 

t: i 1 iue 

These 

t'^e, .soûth more ,or' less:paral:lel to the stri:res. on the shore. 

two axes thuscenve"r'7e rather ra,pidl;j. toward the south, subs .-,a n-

assumption' of 
the; 

beündarie.s as.. pre, jected. 

The parallelism of .t'ne.ma.r a.nd; miiior axes and the strikes 

a.nd iairi boundaries`. of tnesé strâ.tao:ùld ̀seé:_. to Indicate _that all had ,. 

been developed at the .same timé. This'~• ~+roùld: a:1so indicate 2.n:::•absence 

of any important.-folding since that time„: :.•The 'swing ~ in the structural 

trends t:o the south and`'the- rather. abrupt pinching out of synclines and 



folded, strata. 

It is known that in the upper Devonian the Schic'kshoc _ian 

revolution affected a great part of eastern Canada. In Gaspe' and New 

Brunswick nearly horizontal beds 	r of Ca.boniferous4overlie unconformably 

older formations. As these areas lie to the northeast in line with the 

structural trends of the Llemphremagog area it is probable that the same 

area have long been regarded - as 

going the logical conclusion : seems 

relationships exist in both places. Granite definitely determined ' as 

of upper. Devonian or: of Carboniferous age :is , found in Gaspe, New Bruns-

wick and Nova Scotia..` None of younger age is known. In view of these 

facts it seems reasonable to consider.- the granodiorite of southeastern 

Quebec as of the same age. The ba:sic,intrusives and extrusives of this 

to affect the Meniphre'magog area' 

la,te Devonian ae. From the fore- 

to- be that the last great deformation 

:s of .late Devonian or ScEickshocki?nJ 
"Z" . .40* 

t
4. 

:: 

4v✓` ~ .i. s.F% 

S 	 11 	
LŸ kf% 
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a  secTi0.1 train, ow.e at ,e 	.f History - of the .Siluro-Devonian ,Fo;rmations.. 

Prior to '-the beginnin;`'of the middle ' Silurian there was a 

period: of very great erosion during which thousands 'of feet of the older. 

formations were removed. In some places important series were entirely. 

eroded away and the ]and was at least in . part peneplained . Draina:;e 

was very sluggish and little clastc material was carried to the sea. 
I ehd 

Submergence,, began in the middle. Silurian and deposition 

this a:e 

n the. vicinity of Geore;ville. The extent of the.seaiLents 

is not known but. it ' seems 'to have 'beénL gomewhat-limited.. 

Between :the middle:. Silurian  yo middke  Devonian the history is ob- 

y have béen d.eposit-ion .i 
~ 	. 

 aslightwarping 

Subsequent erosiôn:ofth 

scure 	There.. ma 

there :was probable that th 

of 	.period. 
% 

' patches.̀.of the Silurian; and `:âgain,more  

the ;upper Silurian. It seems 

:the' land surface at the end 

è.vated.narts left isolated 

essievelled the surface. 

~o be niüçh the !same: as ha t: of ;.the ::Silurian, 

	

youn;er' period ;were' probabtÿ more ex 	si ten ve. 
: 	.   	. 	,.<< ... .. 	... 	. 	.. 	.. 	,_...,,.. 

disccivere~  

the period seems 

hough sediments of the 

o definite record of the 

obable that 
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this time. Later the Schickshockian.revolution affected this area. '.The_ 

strata were not only thrown into a series of great aritic:linori 	and 

synclinori 	but were also intensely squeezed into intricate isoclinal 

folds.`. Following, this they were cut by basaltic dikes. 

A short .distance south of Georgeville there are several huge': 

blocks 'of conglomerate. .These are made up largely of the underlying 

limestone. They may represent.. the base::.of some younger formation. 

Otherwise strata of middle Devo:,ian age. are. the youngest consolidated 

sediments in the, area.. 

discussed . elsewhere. 

Thickness. 

The intricate structure of the Siluro-Devonian strata makes 

it difficult to estimate their thickness. The lowest beds in the series 

are probably found at the contact east of Georgeville and the highest 

in the axis of the syncline just'west of that village. The distance 
soaü 

between these two points is over 	-Iv 	11..0 air- feet across the strike. 

The estimated dip of the contact ,is less than 30. Calculations from 

these figures give a thickness(:ôf:tless than 240o feet. Other features 

seem to. indicate' that 'th'is :is a r,easonable estimate. 

Relationship to Older Formations: 

The contact between the.'Silüro-Devonian and older for ations 

is usually marked, by a depression 	This 'is 'caused by ,more rapid weath- 

ering and. erosion of the beds just be•low;' 	 : the contact- a feature which 

r.evealed by other features is 

is c: ons i s:tent in soi te variat;iôns in: the material involved. It w,)ald 

seem to .,be . the resUlt :Of :Çt.)nditioT.s prevalent prior t,o the deposition 

of the .Si.luro-Devonia,nroc';s. the nature of the surface 

-.nateria,l.•wa.s such: a.s 

to considerable . depth, 'which probably' dise nina.ted the small amount of 

opermit.tié penetrationof calcareous solutions 

in part "the : cause of- their 

toge thér with the earthy';,: 

evonian would indicate ' 

land surf.ce. The :small 

sorting_ and` evidences of 

calcite now found Ari: :The` solution ; of this mineral may be 

db.  

formations were ls;id down on an old . 

.thering.,suggest that this 

e absence of 



at the base of the limestone series: ADeposition provably be2an in the 

area adjacent to the Georg evillé4itch: Bay road And gr dually overlapped_ 

that tiure is a distinct aalJular as an erosional unconformity 

~~~ 

' 13. 

.surface - was partially peneplai:ned. All these features clearly indicate 

at least an erosional unconformity: 

Toward the south the boundary between the Siluro-Devonian and 

the older rocks is very irregularirragUlar nAt,one place about t mile south 
• 

_iolson Island on the mainland there is an inclusion of the older rocs 

within the limestone.' :.While these features :may. in nart be due to the 

nature of the folding ' they probably also indicate that there was a :core '. 

irre;;̀ular land surface here than to the north. 

The Siluro-Devonian rocks overlie formations of different ages 

which clearly show as -much as s. 15°differf/ence in strie. This indicates 

to the ,south and north. 

The relationship of the Devonian to the. Silurian is not very 

clear. Certainly ' thé  Devonian lies on a base which includes the older 

formations as well as the Silurian.' " This suggests two interpretations; 
r • 	+, ' 	. t ̀  

co._rri~ 

~ 

One that the Silurian was never continuous. 	and the other that i~: ~_:U_t:~ 
v 	

by 
: ..' 	 •, 	n 	~ . 	p 	tf 	r y-` 	~ rr~~~~ 

uitywas destroyed 	erosion. .~ The absence of: the upper Silu~•ta... and ~` 

lower Devonian and the boundary relationships see: to favor the 

This would indicate the presence. of an erosional and probably 

an angular : unconformity between :Me two. formati'ons. 



or elastic material,. T '~l 

Sodium Diorite. 

On the high hill west 'of Lake Massawippi in the northeast- 

ern part of the map area there several outcrops of acid igneous 

rock. The exposures. though: .srnall are ' fairly c'onspicuous because of 

their light, almost white color.and because of their location on the 

face of an abrupt . escarpment._ 

The rock is quite variable:,  from a massive compact material 
•~;. 

resembling gray quartzite to a granular green rock which has a distinct 
•. 	

:; 	 : 	
. 

igneous appearance. Owirig to the similarity of some phases to a massive 

quartzite it is i:rrpossible to be sure ':that the extent of the igneous 

rock is properly indicated. The rock in, th main is quite fresh in ap- 
Ÿ'. 

pearance - though. at one place it seems to. be sheared. 

Under the microscope ;the .rock is seen to be hypautornorpni.c 

_granular and shows very little .if.:any sheared 

. composition it is variable- frôm .alaskite to sodium diorite: orthoclase 
'ranges 

,, content #40% from 60;tin thé 
. :. 	 ~ 
'hôrnbiende  is- 50,:~ in ' one specimen, 3ü;~ 

than 55 in others :.a,nd ` absent .in ``.the alaskite ; go- 

former to none in the latter. Quartz is 

never more than 551 of thé. t6tal; 

.:in another, 

ma;nètité, 

clase :albite makes: up more' than; 35 ô.. of 

cessory minerals are apatite,.  

the total of each specimen. Ac-

zircon and titanite, and sec- 

ondary rzinerals are wri:te mica., quartz zoisite 

(from biotite ) , kaolin,- leucoxene _'and epidote. 

=iron oriide, chlorite.. -  ~ 

flake chlorite in quartz Here there are found ,masses of 

similar to `those associated with the intrusives on 

weathering the ` green rock: shows irregular cuts :and  

Bunker Hill. On 

rounded masses, 

while the.: massive gray rock becomes halky Thite, and powders' readily.   v  

In composition:thesë rocks ;are similar to some of those 

found on Bunker .Hill,', but are' far Jess me tainorphosed. The fresh char- 

acter o ,the -rock observed both .megasçoo`ical'ly' and microscopically 

s em to indicate 'that. it';was intruded to'ci.ts.preser.t position 

after thc' interise fo,lding of : th p .l ate Devonian' As lack of time pre-

venten .the.'.making of a. very caref,ul study. of, this area  the relative ; a~.7e: 
. 	 . 

~ 

of this mass and the serpentine. was no, established though 
' 	. ..~ 	

- •_ - 	-. 
	. s.. 	..'3 ... ...e. 	.. 	. . _~ 	. 	..... 	. 	~ 	..... 	

. 	 . 

cu3ge st iïon: in 'the pre senc`e of: quart z in ttïe .~a3tie sité serpentine rock 

that the ;sod ium;:diorite is' younger 	supposing the' quartz to 

   

..; 

    

    



oontent is dar;est where the rock ,:is near the serpentine and insignifi- 

cant when in contact with sl .te. is a, suggestion here that assim- 

ilation.ar different.iatiom d the .basic rock may have 

-been the cause. Thin .would concur` with i1e :previous suggestion but 

neither is.of,sufficient" value to`warrant.:serious consideration." There 

thé ..`relationship of the sodium '" is really nothing which gives 

other, igneous rocks. 

a result of contact. metamorphism. it seems that the hornblende 



~ 	.~... . . 

The.StansLea  rà.nodiorite. 

Name and General Relationship 

Stanstead*yGranodiorite is a: ;term used to designate a group 

•of intrusives which .are parts of or are associa.tad with the granodiorite 

mass northwest of Beebe. These according to previous workers,, belong 
• ~z. 

:to a greater group of which the individuals are widely scattered from 

Lake JIemphremagog east to; Lake e ;antic, north to .Lake St. Francis, and 

south beyond the boundary between Canada and the United States. They 

have been described as Devonian granite . 

The exposed portions aremerely apophyses or the highest points; 

of the irregular surface :of an extensive batholith. Though the granodi 

orite is the surface rock. in only a small_ :part of the map area it prob- 

ably underlies at 'no great-'depth"- at 

- it is possible that such masses as the.Beebe and~Barnston*,3 intrusives 

least.the sâuthern.third. of it. Thus 

and even .those, at greater:.distances: are parts ;o'f one great underlying 

mass. 

.Topographic Features. 

The topographic features due to the presence of this igneous 

body are quite pronounced,' especially in the west , and to the east in 

the Coaticook.area. There is a gradual: increase in elevation toward the 

south from points which might read ly be conceived of as representing 

the. northern limit of inflûe.nce"``of:the intrusive , on what is now the sumo  

face rock - an influence.. which is the result of uplift or induration 

the sedimentary. rocks or of injected apophyses.. Granodiorite, having 

greater resistance tô erosion than the adjacent material, is responsible 

for many of the prominent hills:near the boundary, especially those to 

the west.'.of Tomifobia. 

*1.  Stanstead was selected .because. it is the naine: of the county in 
which the granodiorite is found and; the trade name used.'by one 
of the most important and' oldest' quarrying companies at .Beebe. 

*A. 	Ells'. Report' on..the Geology' of. a• Portion of the Eastern. Townships- 
-. 1887' p.•36.~-LoganGeolog"y of Canada 	1863 - pp.430-434. 

1 

. ., Just" ea st oP the; m̀ap - area ,F 



.The igneous rock Where it is exposed is well rounded by the 

action of ice and weathering and in most places it shows a very clean • 

surface. In general appearance it, is 

-similar to the. so-called'"gr.ay gran to used-for;'buiiding purposes. • 

ra.tura.l'outcrops are fairly a.bundant, and . the :presence of many quarries 

,and prospect pits affords` excellent exposures'oP the rock. 

The outcrops of the area fall: into two groups: those which are. 

parts of. the main intrusive northwest of Beebe (represented in F  igures5 `. 

:and 6 by 9, 10, 1.1 , 12,,f14, 15, ,16, 

Description. 

and at times a highly' polished 

21•, 22, '24, 25, 26, 28- 

and •29) and those which are apophyses associated with tris. 

to 'oring out certain petrographic rela4ônships the twO groups rill be 

<`Yserfi Frrres ture., 

The material-of the main mass is gray, varying from almost 

white 'with a few black -specks to fairly dark gray in which the mottling: 

with black is so pronounced as to give at-a short distance the appearance, 

of a uniform color.. -It.has.a medium-grained granitic texture which 

throughout varies only slightly' and it shows practically no. defor:ati 
f  

'Microscopically the rock is hypautomorphic-granular. In a few spect ens. 

the quartz is strained,.'showing'undulatory or patchy extinction, and in 

some the zonal growth of the feldspar crystals is distorted. 

The mineralogical 'composition of the rock is shown by Figure 

(1.  The majority. of - the specimens studied fall into the ' granoc iori to 

group. The potassium feldspar 'is.:microclinc or orthoclase or both. 

The ferro-magnesian minerals are biotite and muscovite, the latter being 

much less. abundant and 'sometimes absent. - Accessory minerals are apatite 
j 	 . 

(found in practically all specimens examined), zircon, titanite, magne-

tite, and rutile (found in many),, and tourmaline and pyrrhotite (in one 

adjacent to a pegmatite vein)., 

Border, phases (2.,.8, 17, and 23) are porphyritic in a few 

places: phenocrysts of 'oligoclase occur in a fine-grained dark gray 

groundmass with those of orthoclase,'biotite, or quartz. Dikes (32 and 

50), cutting the granodiorite, and fine-grained phases (.27 and 28) are 

apliticn,in7texture. Though different: in:color.and texture from the 

main.Mass_ they are-  quite similar: 

dealt with separately 



The apophyses which c oristitute the second group.under dise . 

cussion are scattered through the` southern part of: the area. So.e. A. 

.,these are clearly offshoots of the granodiorite mass; others are con- 

jectured to be so because of their position.,; Some show a similarity 

to various phases of-the' main mass; others a re;,.,znusually schistose and.; 

show a resemblance to metamorphosed grits ,but: owing to the development 

of new minerals are not determinable microscopically. and are therefore' 

rather doubtfully assigned to this ;group. 

Although all these rocks 

they 	 shovr._great variations _ from 

the material varies fro:a light to  

bear sonne similarity to the main mass 

and:amonr/ themselves. The color of', 

dark gray, with shades and mott very 

linge of green and brown. The texture in most places is fine granular, 

but occasionally is equal in coarseness to that of the main intrusive. 

Some dikes have an appearance resembling tapioca pudding, due to an, ir-

regular blotching of white feldspar in a.darker gray or brown ground-

mass. The dike north of Cedarville has a great abundance of large 

nearly parallel biotite flakes in a groundmass which appears to be 

somewhat cataclastic. The dikes on Province Island are quite schis-

tose, with the biotite chloritized and drawn out as green lenses. Be-

sides granular rocks there are others which are aphanitic. Several of 

the large dikes north of the Sherbrooke Highway show a hard, dense, 

cloudy gray phase. Closely associated with this, and elsewhere, is 

found a highly altered, frequently quite schistose and pyritiferous 

light gray material, which in some places is spotted brown with iron 

oxide or siderite. This aphanitic material is a contact phase and 

grades downward into rock ,of granitic texture. 

Microscopically the dike material is mainly hypautomorphic 

granular, though in many cases porphyritic. Some specimens show a lin-

ear arrangement of the constituents, due to.schistosity. In composition 

most of these specimens fall`~''in the granodiorite group (Figure? ). They 

are vary similar to the rock of the main mass both in 	and ac- 

cessory minerals. Some however have andesine'instead of oligoclase, 

and many are very low in ferro-magnesian minerals. 

To the northwest and northeast of the Beebe mass there are 

coarse-grained porphyritic phases':which.-bear.a: slight resemblance to 

peg'natitic material but which are ' probably; parts, of the main mass. 



i. Prominence about one mile northwest of Beebe. 

*... Half mile north of Beebe 5tatiôn 

These are light gray, with very little if any biotite. One specimen 

(5, Figure (7 ) examined under the microscope has a micropegmatitic 

texture. Part of• this section shows muscovite instead of quartz inter- 

crystallized with microcline. A relatively high percentage of musco-

vite. and miarôlitic cavities are unusual features noted in this rock. 

• Differentiation in the Granodiorite. 

From a careful comparison of the mineralogical composition of 

all phases no definite differentiation zones can be outlined. On the 

basis of megascopic examination alone a somewhat indefinite band of Ire.y1 
s

~~~ s light granodiorite may be distinguished extending from House Hilly1ar4 VYYY 

the La Crosse quarry*zto Eagle Point. That this is due to a consistent 

change in composition is not evident,. for specimens from within the zone 

show the same composition and .the same 'type of variation as those found 

outside.. However in many places there is distinct evidence of differ-

entiation both iri situ and at depth in the •magma. 

Several distinct. periods of intrusion with pronounced differ-

ences in mineralogical composition are manifest—At Derosier's quarry 

(16, 17, and 18, Figures's and 6 ) three such periods may be present: 

two at least are clearly shown where a 105/655 (plagioclase to ortho-

clase relationship) granite intrudes an older 385/305 granodiorite. 

the old quarry (13 and 14, Figures 5 and 	) on the Graniteville Electric 

Railway a 15/60` granite dike cuts a 60/12% fl granodiorite. Northwest 

of Stanstead (36 and 37, Figures 5 and? ) a 405/305 cuts a 485/15 

granodiorite. In other localities similar variations are shown where 

dikes and veins cut older intrusives. That such variations in composi-

tion are the result of differentiation at very great depth is not ne-

cessarily the. case... They more probably represent periods of upwelling 
it 

during which there were uplift, shattering, stoping, and possibly 

sorption of parts of the igneous and sedimentary rock, with injections) 

of the magma in the fractures created. - Between these periods of activity 

rn 



-crystallization  too' place, probably fori the most part along the corn 

tact. Meanwhiie the mama was ' until ergo ing a continual change in compo-

sition due to. differentiation ,and possibly to the addition of materia É', 

hence each injection introduced a different rock phase. The change in 

ail cases studied involved - an-. incr'e'ase in the . percentage of arthoclase 

and generally a decrease in plagioclase. The presence of. arndesine in 

the border phases of some of the dikes may 	indicative of the compo-

sition.of.the earliest injections. The magma seems to have become pro- 

gressively more alkaline. 

Many local variations-due- 	,differentiation in situ are found. 

Variations of this type are generally greater near contacts. As  the 

granodiorite is at no place-exposed to more.than a very shallow depth 

below its original surface, they are herb very great and may be observed 

in many of the quarries. They assume no definite form, and probabl;; in-

dicate nothing unusual in an intru`sive 'of this sort. 

SOgreg?,tions of .Biotite. 

egations • of ' bio t i te a.re another type of variation  

'r nodiorite. They generally assume  assume.the form Of streaks and as such 

occur in practically ail the. quarries, although-  only to a slight degree 

in those at raniteville. These streaks are distinctly discernible in 

the fresh rock because of their darker coloring :which appears to be due 

to the great abundance of biotite; and on weathered.surfaces by a groov-

ing which is the result of their more rapid disintegration. They are as 

a rule irregular in _shape, size, and extent, but at one point in an old 

quarry to the east of House Hill. (28, Figure  5-  ) they show a wonderful 

parallelism both on a horizontal and vertical plane. They strike north 

40°  east, and dip about 700.west. They vary in width from one quarter to 

one and, a half inches, but the thickness of each is fairly uniform for 

the distance exposed, which: may be several' feet:.. In.composition and 

texture they do not appear to differ much from the adjacent rock except 

in a greater abundance of bio-tite, which is arranged. more or less r_._aral- 

.lel to the streak, and .in the presence of cataclastic feldspar. They 

seem to be the result of the formation of shear'planss.during the later 

stages of crystallization. Along these planes there developed a paral- 



lelism of biotite flakes .,and c taclastic feldspar, and possibly a cir-

culation of fresh Solltl,ons i'llcre$,Sed 'ti1E.' ûupvly of bi tite. Their 

rection is nearly parallel with the general trend of structural lines, 

suggesting sw;gesting  tat they were developed by t'.!.e same forces which CSU C 
j 1• yr~si 

regional folding. This is substantiated by observation in the quaff r' 4Sc r .. 
A 

o1. the fact that with increase of depth and toward the center of the 

mass the streaks are less .numerous . 

Segregation knots of biotite occur scattered promiscuously 

in the granodiorite along the west side of the small _:lass just north-

west of Beebe, mainly north of the La Crosse quarry (29, Figure 5 ) . 

These are very dark gray, almost black, ellipsoidal or spherical masses 

which vary from a few inches to six feet in diameter. They consist 

l-a-rely---of---concentr.ical-l-y arranged biotite flakes with some feldspar 

and quartz. • The biotite is much more abundant here than in the surround-

ing rock. In most cases there seems to be a gradation from the cli ps 

outward, but in some cases there is a fairly sharp boundary. Crysta-

.lization of the magma seems to have been a more or less continuous' 

process beginning with the se ;rega'tion of the knots. It is said that 

these portions rich in biotite decrease in abundance and that the rock 

becomes more Uniform with depth. 

The Influence of Contact on the Granodiorite. 

The influence of the contact on the texture and mineralogical 

composition of the granodiorite in the larger masses is as a rule not 

pronounced. This would seem to indicate that the adjacent sediments 

Tere highly heated, and • that the process of intrusion and crystallizati o i 

was a lengthy one. In the dikes however, as is. evident from the petrol 

graphic-description, the variations to fine-grained or dense, even schis 

tose or metamorphosed. rock, is more common and in some places quite pro- 

nounced.. In many cases dikes. intruded_ at the same time vary much in 

texture according to their width: the narrow ones as a rule .are more 

finely crystalline.. Toward the 'contact in each dike the material gen-

erally increa.sesin fineness. Where gradations are noted they are gen- 

erally - abrupt - in 	.a places so. much so' that the two extremes appear 

1_ e'- separate,'intrusives, as if indicating the sudden formation of a 



fine-grained crust at the border ,which acted as an insulator while ,.,,....>. 

interior crystallized. slowly. In .soue of the dikes there aresl= .'_ht 

mineralogical variations toward the contact, including the addi 1ion -:of 

ferruginous calcite, siderite, and pyrite, minerals which are now mainly,* 

represented by iron oxide. At Magoon Point to the west of the mass - 

the one place where quartzite was obsei red in contact with igneous rock -: 

there was noted what appears to be a complete and gradual gradation. from :. 

a medium-grained granite to a gritty quartzite.. In..the field it is not 

possible to place a 'definite boundary between the igneous and sediment-

ary rock. The former grades to a darker porphyritic material; with feld-: 

spar phenocrysts in a groundmass too fine for determination, <;.w_d this to 

metamorphosed quartzite which contains feldspar and other minerals from 0 
the magma. Beyond the'feldspar quartzite the unaffected roc'_' is =<;::_ e1 

quartz with hornblende, white mica, magnetite, epidote, zoisite, rutiL 

and iron oxide 	a typical: d.ynanically metamorphosed grit. Contacts 

with other types of material are generally,%sharp. 
quits 

Pegmatite Veins. 

Pegmatite veins (strraps) cut most •of the exposures of the 

:-ranodiorite. The best development of these is found in an old cuarry 

rock is. cut ✓y ~ac•.' .~ 

veins. They are sna•ced at. irregular ar interval.s of fro'  

.}  	that .v1, 	1 	L 	- 	 .t r=te 	~ee~li~ a~.-i~:. vary in width from ~l~_:c`'~.~ of ~•i~.ne~.~ 	_`JlLJi~, . 

. 	.~ ,..~~ 	7 	r7 ~ ,t=~ 	~ 	~ ~,~ int. . 	i 	~ 	~~ 	. -~ 	~ 	L., 	Ir 	-^•.~.. e 	- 	,~~`_ 	 !ZrZ?"•':-1 ' U 	_~e ~~... 	bl 	S ~:. .i~'1 t: 	ii.~_ .uniform 1i1 l::.î_ -_le 	 e J 

• .20°e ,,st, .d i p 520We:Jt and 'are r`~-.,7o?»olilmc7.te.ly  - 17ara .L! ei . tb t1v  

Û%, ea_rs. .Probably ' they tele- d.epOsited 1.n fraCture: which were dCvë i :irti^ 

by the same forces that produced the biotite=rich shear °lailes.  

veins else7 :ere are much less Pef,.i'L?r. 	o::le of these pe,t;ilcctiï>C; veins 

show no sharp boufl'l..a.rl.es. they grade more or °less into the Tall roc_`•? as 

if they ha.é been injected before crystallization was complete. Some 

are banded, probably indicating depo ition : f.ro:i1 changing soluti pn.â at 

di ffereht periods. FM'Iineralogically they;are composed of quartz, feldspar, 

the 

east of= House Hill. (.28, Figure 5~ )where the igneous 

parallel 

ches t, 

garnet, and a• .light ;yellow-green mineral (pis vcite)= muscovite, tourmaline, 

0,uar tz'.'.e.ins. 	 - 

Quartz ve'ins , aasociated  with the gralzcdiorits are found 

...- _..._.._t 



C;•.. 

.Some are contorted; others 

cut the main mass, the dikes, or even"the pegmatite veins.Apparently • 

they were formed both during ar:d , after intrusion of the magma. In 

composition they areemainly silica. 

abundantly throughout the intruded. area. 

Alteration' of the Granodiorite.. 

Microscopically the _r,ranodiorite is observed to be consid-

erably altered. The changes do not appear to be entirely t.-.e result 

of we .th f Bring; ` as the extent of alteration is not dependent on the 

proximity either to the present surface or to fissures. The é :etamsor- 

phosing forces seem to have been more intense near the pegmatite veins 

and other points where %0 thermal solutions could have had ready ac;-

cess. It is likely that the development of secondary minerals is due 

largely to this factor - an early post- intrusion metamorphism rather 

than s. late. one. Feldspars are .altered. to white mica, kaolin, epidote, 

zoisite, and calcite. Biotite is bleached or changed to chlorite, ru- 

tile, titanite, and iron oxide. ,  Magnetite.  it replaced by hematite, 

.leucoxene and limonite. 

In weathering , the feldspars bleach and become chalky 

while the biotite darkens and oecomes rusty. The coarse-grained ma- 

terial crumbles readily into a grai:: ular state, but the fine rgrained 

and dense material does not disintegrate rapidly, -apparently weather' 

only at the immediate surface. •:Some of the schistose rock beco 

abundantly rust spotted from the decomposition of a metamorphic iic :_sireral 

which was not determined. Large stains, are caused by the presence of 

pyrite, ` magnetite , : and pyrrhotite, but with the exception of pyrite i.r 

some contact phases these are very rare. Under the microscope the 

products of weathering. cannot be separated from those of previous meta- 

The gra.nodiorite throughout' thé area'is -jointed, : but there. 

is very little agreement in the direct:i4n , o.f` tYia joint planes in the 

various .outcrops or between tn.eir direction a nd triat of the pressures 

causing the ir developfilent.. In some jo:ir.ts there' 	is a flaky gouge-like  __ke 
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Material between slicken-sided surfaces.- the result of movement along 

these planes. These features show that the forces were neither great • 

enough nor sufficiently concentrated in one direction to produce uni-

formity, - and that there were two periods of deformation affecting the 

granodiorite- one represented by:the jointing, and • another by the move-

ment along the fractures thus formed. From this it may be deduced that .  

crystallization did.not-take. place until deformation was practically 

complete, and that after this the pressure did not continue or was, tok 

weak to • develop. uniform systems. The later movement was probably 

result of settling, an after effect of intense folding, or of contrac-

tion on cooling of the igneous mass. 

Sheeting. 

.Sheeting is quite pronounced in all the quarries. In some 

places it is parallel to the present weathering surface but in many it 

is not. In practically all it seems to conform in general outline to 

what may have been the surface when the granodiorite was first exposed 

and. prior to the beginning of' unequalerosion due to the difference in 

resistance of the -igneous and sedimentary rock. It appears tat the 

sheeting started to develop parallel .to the surface when there was 

still - considerable covering overthe rock affected and that as erosion 

progressed new cracks formed parallel to new surfaces, thus giving 

thinner and lenticular laminae near the exposed part. 

The General Effects of Intrusion.  

The general relationships throughout the area northwest of 

Beebe clearly indicate that any sedimentary rock overlying the grano- 

diorite is thin. 	study of the structure here reveals the fact that 

intrusion was accompanied by 'some deformation of the strata. Neal-

Beeb the sediments have been very irregularly folded, apparently in 

Sucha way 'as to make them conform more or leSs to the upper surface 

of the igneous masss .but farthernorthwest the arching was more gen-

eral and does not stow the samei.ntimate conformity. Small inciusions 

of sedimentary rock rarely have a dip which conforms with the slo 

of the granodiorite surface.  

Though there has been this general, arching and in places a 
• 

. 	• 
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detailed folding, the igneous .rock gained its rreuen~~.. position largely t,.~ e ly 

by cutting across the stratification. Though some of the space it oc- 

.clJies may be attributed to upbowing and possibly general uplift, there 

still remains a tremendous amount to be accounted for in some other tau.' 

In places the older sedimentary formations must have been comp  completely 

removed as they do not nOw outcrop at any point around the. border of 

the ; r'-nodiorite 

On the map it • may be noted that outcrops of parts of tb main 

intrusive Sho'.,. _;reat variations in size and shape.  T;1is irreular ~y 

is not merely the truncation of an •uneven surface like that of .a hilly 

re , i on. Besides the knôbl ike .protuberances, there are many which are 

not verticale in the direction of their protrusion, and which -oirch and 

Swell in a very erratic manner. If horizontal sections were to be made 

at different stages in the erosion of such a mass they would not 

cessarily show a progressive increase in size -or a similarity of shaoe 

of the various parts. The map represents such a section. ~: o1.., -i.` -~ 

   

had been taken above this iliüstrating conditions that have existed 

- they. would on the whole, though not necessarily in each' part, cr•o,;a Jly 

show less granodiorite. Sections below would show more. In other 

words between the sedimentary rocks, with few penetrating dikes, 

the granodiorite, free from inclusions., there is a zone probab.lyhun--

dreds of feet, thick in which the:. igneous rock is intimately rid 

ularly interfingered and interlocked with the: slate. Toward the top 

the intruded rock rema'i.ris firmly united, while later down near the base 

many parts are very nearly isolated. Had the process of intrusion con-

tinued they would probably have been completely. severed, and there is 

little doubt that many blocks actually were-separated during the period 

of activity.. In this way - by storing - much material must have been 

removed, thus making way for the , advance of the magma. 

The larger sedimentary :blocks which now appear as inclusions 

in the m granodiorite have almost certainly been isolated...by erosion of 

the' connecting masses. That such. is the case is shown fairly conclu-

sively'. by their orientation, with strike and dip corresponding to the 

_;enera.l structural trend of the area.. They cannot well be stoped blocks' 

which floated on top of the magma, for such activity as was necessary 

to do the stoping must surely have-been-great enough to revolve and 

/ V ~ 
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move them. There is no evidence nor has it ever been Shown 'tha;, si;oped 

blocks - might be found within- or -at the base of an igneous mass r.en ce(
r 

i 

it is assumed that these no longer exist, unless certain small fra,,re;s, 
9 

apparently. fused, represent remnants thereof. 

On the Beebe road to - the lake, near the latter, and on Long 

Island there were found in the granodiorite a few small inclusions 

which had rounded corners and the aspect of fused material.. The 

sente of these and an ' apparent re-absorption - of the granoaiorite at 

Derosier's quarry seem to show that the temperature attained in places" 

was sufficient to cause assimilation of solid material.. That this con- 

dition prevailed along a very great extent of the upper surface is not 

likely,, but that it existed at all probably indicates that not far be-

low such conditions were more nearly general. Thus detached blocks 

of sediment would have been placed in a position which seemi _^_g_.„:   should 

be postulated as being suitable for absorption by the .aria. 

From the foregoing statements on the effect of intrusion, and 

the conclusions drawn therefrom, it follows that the igneous rock 

reached those positions rhere it is now exposed partly by causing an 

arching and uplift of • t e overlying strata but largely by storing a.n 

assimilation. During—this process the magma became progressively more 

.acid, possibly due in part to. the absorption of rocks high in quartz, 

and low in'calcite such as are found underlying the calcareous beds 

which now outcrop- around.  the granodiorite.: 

The Age of the Granodiorite. 

The age of the granodiarite can be fixed more accurately by 

reference to the late Devoniandeornation than to the intruded strata, 

as these are so much older that they are of little value in :making a 

definite determination. The relationship to the structure and the 

slight deformation of the igneous: rock as shown by the development of 

schistosity, biotite shear streaks," pegmatite.'vein fractures, joints, 

contorted quartz veins and slightly cataclastic minerals.indicate that. 

crystallization of those parts now exposed took place during the final 

stages of folding.. This would denote very. late Devonian as the age of 

this -intrusive. 
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The Development of the Intrusives'. 

Deformation of the strata in the map area has been very kin-

d.ic.ated by the multitude of small isoclinal folds. That this type of 

folding involves a very thick crust seems unlikely. Yet with such 

great adjustments near the surface .there must have been some lower 

down, and these probably were effected by plasticity with conseouent 

mobility and change of shape. by flow. Thus below the zone of intense 

folding tre existed a magma from which the igneous rock now exposed . 

ascended, or by which it was developed. 

Hypothetically, as it is by no means ap parent at the surface,. 

the section in which igneous activity occurred corresponded rou 

that of Devonian deformation-, the former 'development being so7'.ewT 

result and concomitant of the latter. .In shape it Was wedge-like rrye 

area. •o .f-,'-folded  crust representing approximately the thic& end •of the 

wedge, and -the limit - of deformation within the earth the thin end, with 

orientation of the long direction parallel to the main structural lines. 

During the period of activity that part deepest within the earth was 

subjected to the greatest, though least differential, pressure while 

nearer the surface the _o.pposite was true 	Temperature probably in crease. 

with depth. . 

This section was divided, according to the state of the ma-

terial within it, into a zone of , flow and one of no flow. The former 

(more properly a zone of,- potential magma) was that part in which magma 

could be originated under the influence of pressure and temperature, 

and might correspond to that in: which an actual- flowage of the solid 

rock was possible. .This 'zone included all from the base, -which is most 

susceptible to flowage, to an upper boundary marked by an imperceptible 

gradation from this state to that of no flow. .This boundary iras ex-

tremely irregular and indefinite, and variable with changes of condi-

tions., During the-period of-deformation, throughout this zone there 

tiras probably some adjustment :by .rock flow: At the base this was pro 

ably the only-type of movement. "Hera and - for some distance above, 

was gaite uniform. Upward to the;:bowdary marking the limit of its 

effectiveness it decreased in uniformity and regularity of distribution.: 

With an increase upward of differential pressure deformation because: 



13. 

•.Jre active. Due to this. and a dec ease in susceptibility to flo : ad-

justment was localized. This primarily caused but was later tad ~eÛult, 

of the development of 'plasticity and even :liquidity - in other tord2  

the creation of magmas. These, once formed, increased readily in sis 

and tending upward in the direction of least resistance probably united 

in,: some places. In -other places they-died out, due to the development 

of new magmas gmas elsewhere, or during a period of quiet became solid again. 

Toward the surface a decrease in susceptibility to flowage (developed by 

pressure and temperature) as a factor in hindering the formation of magma 

was probably counteracted by an' increase in differential pressure. 

Therefore the proportion of magma 'to solid material .at different levels 

might have varied greatly, except for a short distance above the zone 

of adjustment- by rock flow only, where it increased upward. 

Above this zone in that of no f iow magmas could not be ori-

ginated, but were induced by the-processes. previously described. At 

the base of this part, magma conditions were probably nearly general,,,,  

Toward the surface they became less comprehensive\though not necessar`v 

progressively so. Here magmas were.'apophyses of others in the zone 

flow. Ali parts of the intrusive were undoubtedly not in the magma 

state at the same time..  

vîovement of magmas was ;mainly toward the surface, though 

some was lateral, . parallel to the structural trend, and therefore at 

right angles to the direction of greatest pressure.- Often this move-

ment was effected under great differential pressure which caused arching 

or even general uplift of. the overlying strata. As a result of the 

variations of conditions and' of irregularities in the formation and 

movement of magmas there was formed, both in the upper part of the zone 

of flow and above it, a great variety of igneous rock forms: laccoliths, 

batholiths, dikes,,,silis, etch. 

The nature and regularity of adjustment throughout the sec- 

tion varied greatly. Near the top, as is indicated by numerous small 

isoclinal folds, it seems to have ..been fairly uniform except for some 

thrust- faulting 'in places where'.strains developed too rapidly or be-

came too great for compensation by folding. Lower down where irrevular 

plastic or liquid masses.. existed .adjustment undoubtedly toot place 

largely. -within these .,masses, and therefore was not consistent through- 
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sec;tipn there was another zone of uni Î orm 
,.. ... 	 ~ ~ 	, 

adjustment due to movement by. flow. ' 	 $ l~,';7̀
::.j ✓ 

~ 

Tÿ 

i"etamorphism of the Sedimentary Rocks by the xra.nodiorite Intrusion. 

The sedimentary rocks throughout the southeastern :calf of 

the area are highly metamorphosed. There is no apparent increase in 

extent of alteration toward the .granocliorite. According to Ells and 

Logan (op. cit.) the .effect of intrusion, presumably noted mainly in 

other areas, is distinct, mica, staurolite, and andaiusite having.been 

developed in the schists: Though many specimens were examined both 

mega scopicaily and microscopically the last two minerals were not ob-

served. Mica is abundant everywhere, but its pres.encekd that of meta-

morphic features in general seem.to be more properly assigned to dyna-

mic forces. 

The effect of intrusion on the immediately adjacent rocks 

varies with the nature of the material intruded. The gradational con-

tact between the, granite of Magoon Point and, the quartzite has already 

been described. Contacts with other types Of material are sharp. 

Limestone and calcareous sandstone show an addition of iron beari;r 

minerals, als, probably carbonate, which-have been altered by ire .t: ri __.--' to 

iron oxide. Slates also show an. i__c; ease in iron bean 	 a.nd 

are generally indurated. Probably other changes  

osition took place as a result of intrusion, but it was not possible to 

separate these from those caused by dynamic metamorphism, as features 

found within the presumably affected zone were also. found beyond it. 

out. Near the base of the 



yellowish'-green veins 

Serpentine . 	 ;; 

Serpentine occurs An 'the northeastern cornea of the map area. 

The largest exposure, which constitutes the egg-shaped area on the ;tap, 

is a very prominent •topographic feature. It stands out as one of th;:: 

highest~hills. in this area, a peculiarly shaped knob. To the north Ithas  

a very 
(
abrupt, in places almost perpendicular, slope while to the. south 

the slope is more gentle. It.is a rather typical roche moutonnee, having 

.assumed its present shape as a result of ice erosion. None of the otr. -.r• 

exposures is prominent. All are relatively low, flat.and obscure. 

The rock found in the large exposure is somewhat different 

from that found elsewhere. In general it. appears to be the typical 

greasy green serpentine. However on careful examination it is found to 

vary greatly in character, from a hard greenish black or light green 

massive rock to a soft light green schistose serpentine. The former 

appears to shower traces of the original texture of the rock: in places 

large black phenocryst-like masses are apparent. The other outcrops 

_show even greater variations. While at a few places the/rock is si:dilar 

to the main mass, in most it is a peculiar blue Material, spotted fight 

gray. This is very soft, spongy, and quite .talcose . to the touch. It 

is found grading to or closely associated with -a :mottled light and dar_f 

gray crystalline material. .Some specimens, particularly from the la:r',•e'„ 

exposure, show fibrous serpentine which appears to be mainly the result 

of .slickensiding. 

-Under the microscope the material is seen to be largely 

serpentine with magnesite, magnetite and chromite. In a fey, places there 

is sufficient evidence to indicate that the serpentine. is derived from 

olivine, and in one •from pyroxene. In several specimens the serpentine 

was observed to be fibrous. _The mottled light and dark gray rock is 

made up of auartz, - magnesi to and magnetite. All specimens show an almost 

complete - alteration from the -.original composition. 

The rock of the main exposure has the peculiar texture 

frequently found in serpenti :e. ,-lard , irregularly shaped. masses are 

surrounded by softer fibrous. and sl;ic' ensi:ied material. Apparently the 

rock ' s 
	s _ 	 , 	1 volume .~oc'.: has :been irregularly sheared a~ ~ resu.~t of the increase i~.  

due to serpentinizat,i on. The smaller o,at crocs are in places cut by 
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The rock  of the main mass• weathers irregularly. Apparently the softer 

slickenSided material is more su "coptible and is removed first. Thus 

the rock is left peculiarly cut and crevassed. 

The blue serpentine on. the surface shows numerous pits 

which appear to be the result of more rapid weathering of :he mars ite. 
t;} 

This mineral seems to bc IDor e or less scgreg2,ted. into 'mots.. i i.l seri 

Places a r"']d`;in is developed,. ,probably due to the' same cause. AT1 

smaller outcrops are• soft and weather more readily than the main mass 

due to the presence of magnesite. The phase which is devoid of serpent-

ine weathers to a very rusty. granular. mass. Many weathered surfaces 

show a pearly luster as of mica. 

The original character of the _nate-rial and the si ,nïf i cance 

of its variations•a re somewhat difficult to fathom. 'The main mass Tas 

probably â, peridotite,no1~~.- represented. by the green •ser,7en'tirie. The 

peculiar masnesite phases are thought to• be the result of alteration of 
; 	 - 

the origina.l rock and. to .represent t'ne upper or outer limits of t 	mass. 

nesité a.s• s:aown •by its ready removal on weat,nerin is more susceptible 

to solution than • the ser•pentine, and was probably l<a.rVely removed from 

the body. of the mass and concentrated at the contact• both 	the sedi- 

mentary    and ip- ~ieou s rock. • ~- 

The main. mass is stock-ii'-,e -in. character and probably .,--- 

teiîner`~_ much il1Jjr`yer than at present-. Practically ail the other exposures 

• are flat , alïd. show the r7agnesite•ph8,se . They are ` Probably not far below.     

the original surface of the intrusive. 

As the work in this area •was very hastily done the -relation- 

shin of the serperitine to the other rocks was not d.zfinitely, as.certair:Gd
-0.

b 
~; 
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No direct contact' ~':'i t~C'~sl,~.te was observed- It seems certain however t 
,
a-? \ yr L, 

the serperitine is intrusive into the _iiel"!lph.rerlaFo- slate. There is nothing 

in the structure of the slates nor: in the shape oÎ the mass"es, rror the 

texture of the ivmeous rock - Wh.ic.h Su:~zests that the intrusives were in- 

vo.! vert in the intense fold.ing of the late Devonia.n. It _s probable that 

the 	serpentine followed this. folding. closely and is of very late •Devor"iia 7ï 

or Carboniferous age. e•There was -r.otflinJ. of a very definite nature which ... 

r.i~ht su7ges t the age .rélati:onship,;of the serpentine to other late 

Devonian ipfneous rocks, 



Metamorphosed Dikes.- 

Metamorphosed    Porphyry. 

One mile north .of Ol:iver .'`.bet~f,Téé•n ~'th• è la_re and the road is a :b • 

peculiar band •of materi.al v;hic' outcr ot> the road 

They. bear some resemblance to ser- 

Besides those dikes'; 
6 

, 	with aredefinitely ~ssoci.B.teQ with 

major intrusives there are some scattered throughout  the area for 

which no such association is apparent.- 

West of McConnelln :°the ificConnell series there are 'round 

several dikes which resemble closely, some .of the sediments but their 

relationship seems to indicate their i i gneous character. They are 

veryJ light ra y ,  eyiL1-. g5 ained and ochre-spotted like the çs _ ~. 1_tti  

nearby. No microscopic ex=amination was ide. The !'ires cut the _i cCr'n-

-ill series but .were not observed to cut the slate. Their are folded 

with the sediments and are probably equivalent: in ,age to the upper 

:,kConnell series. 

Serpentine Dikes. 

At several places west of the southern end of !.2akeMassaw'!ppi 

there are found very peculiar dikes. Two outcrops occur on the bi :i _, 

south ,of McConnell and two more on .the: brook southwest of this.. The 

dike-material does not, stand out 1 prominently at any of these points. 

It is mainly a .darn blue-gray and green serpentine-like e rocs_ w .th 

much crystalline calcite . In some ola.ces it is blotched and irregu-

larly streaked with malachite green. green4 It contains considerable c uan-

tities of quartz which on weathering stands up in irre6ular masses or 

veins. Talc.-like material is also found: associated with these dikes. 

S:.ier°oscopically one specimen was .found `to be mainly calcite with 

Quartz:, mica; Serperltine, f!12.netite and. hematite. Parts however a;o- 

near 'to be rnore-- largely' sér•Dentine . 

The dikes are a11 n arrow~. 

.~erit,iriè and may be associated -with it. .. Outcr•ops are so Door that no . 

of tac 'relat ionshln to .:the serâ.lme_.ts was obtained.. 

r nearly ~ Le=:.z~. 
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. tlso miles‘. Near the souther:? .Liïilit it stands uo prominently in :i r';'ez- 

ular roches moutonnées. Toward. the. ::orth, the se become continc.o;,;.,: in 

one ridge which dies out with. the thintnin.g of the band. In most u- ces • 

the surface is. well rounded;-,a.nd polished; occasionally showing trit<.. 

This band of material. is •nade uP • of dikes and the adjacent or 

iiîterlaminated metamorphosed . strata .. Both types . of • rock are very sim-

ilar  megascopically. In the southern part there is one large dike which 

toward the north is divided into several smaller oies. The igneous 

rock is very hard, bluish gray, and in texture mainly fine-grained to 

dense. In most places it app ears very much like chert or. impure• o 

ite 	The . weathered product is light gray and yields a chalky white 
~  

powder. The center of the large dike is quite massive but its b 

phase and the smaller dikes seem. to be somewhat laminated. -Only si 

schistosity is apparent on the fresh surfaces. 

The adjacent and interlaminated sediments have been so highly 

metamorphosed that they are very similar in appearance 'to the igneous 

rock. At only a few places was a sharp contact ,noted. generally it 

was 	r adational, or, as there wa , so little difference between the two 

kinds of rock, the change was not . percentible.. The chief alteration 

.of the sediments seems to have bean a loss of calcite and an addd t ..on 

of silica and other minerals from the magma. In soie places a .;rtd. 

decrease of calcite toward the dikes is quite apparent. Near and in 

them the mineral is 'present only in fractares. 

Under the micrOscope .the dike roc-1 . is seen to be 'r11;. 111y ::aeta - 

mor•phos ed. Origir.ally it ~~-as probably a porphyry with large phe.:ocrJ s t= 

of feldspar in a very'. finely crystalline groundm:a.ss of feldspar, Q'aartZ, 
e crysts 

biotite and. muscovite: :~Only outlines .of the for.:ier now remain; the 

f elaspar, h, s been completely altered to white mica and other :_iiSLerr:.:,s. 

The grou nd..ass is•now a.. fine-grained aggregate. of quartz r a large part 

.aoparently secondary; ,' biotite (in Part -or . eve1. wholly hornblende),    

white mica (both primary-and second 	); ~:nd a,~ little chlorite 

tite andiron oxide. 

j"
,g~, 

The oütlines: of- Some phenocrysts appear to be intact but 	,-r: 

:aVS:'been,'broken,, The groundmass may be partia.11y catac.iastic 

bu't the ',.eve.lo?7ri12TltbÎ ;neW .:wli;îe.r8..1_s has _proceed.e(I so f7,r as to make any 

defin._te"determination 1.;?nossible 	Judging from the tendency to cata- 



J o 

elastic -texture and schistosity the intrusiontookplace some time before 
~t~ _    

the Devonian deÎ or.3ation was Cot:~plC:te . Further evidence, in the intruded 

sedimentary rocks, seems to confirm thi:5. They were aopa,reiltll CZO:~~' :oy 

the intrusion. The cleavage in the .ad jacerit sediments .is clearly par=.1 

• to the main structural trends while the • bedd inu• is not. This fea tur i s• 

peculiar to the area near the intrusive aad.'would seem to indicate that- 

• the main structure was developed. after the doing. Thus the aie we-ad be 

•early upper or . late middle Devonian, somewhat earlier than the other 

Devonian intrusiveS. 

The structure developed in the area of the intrusive is pe-

culiar. That intrusion cause'.. doming is a_onarent- from the jov in the 

boundary of the Devonian and local structural features. Its linear 

a.rrangement.would: s.u;;es:t that Devonian folding was well under ,,,;ay be-

fore intrusion took place. However it had not been carried throuh 

na completion as the cleavage was .not yet. developed. The partially 

folded dome was more cempletely folded- during the final stages cï de-

formation. The resulting structare mi,;ht ' be represented by apiece of 

paper folded fan-like, held tightly at either end and 'bulged ut i._ the' 

.center. It ~~oùld seem :from the - developed structâre that this dike i~ •    

merely an apophysis of -a closelv und_Lriyin larpzer mass.. 

Fiente Porphyry. 

One small exposure of lnicri-te porphyry was found. ir_ the 

sontheasterri part of the area ;:1apped: `?'he outcrop is less than two 

hu-ndrecl feet long but is quite... wel L defined. Owing: to its realer 

resistance to weathering and ice action than that of the ad. jasent 

-rock 1.t stands up .prominently as a roche Moutor:nee . Only an a=,,p- ~-- 

imate estimate of the surface extent of this intrusive ( nrobably a 

di're; coUld be Made as it. occurs in an area ne.11 covered with drift. 

Tine rocs, iS porphyri'tio: larJé (one-CïuartCr inch) _,1, no- 

crysts of blac',''augi 

larder on ., of glass ÿ green olivi.ie. s tan~. .out- prominently in ti greefi- 

i 	black ;;roundMass which •ha.s.sbr.lzrah^.,t the appearance of serpentine. 

::.icro sC;oriica.ily: hornblende: _IS:. also 'observed a;:long' the pher:oçrysts . 

These Occur in a tinguitic: sjr.olÀndmas:: of titani:ferou: 2uz7.t8, olivine 
• 

and andesin The first of these constitutes 75' of the rock the 

y abundant, and less numerous but 
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second .ï j , and the last.  Accessory minerals include ' J~ ~ . 	 V... ï_1~i'r - te_ 
. 	 .  

bite, pyrite, biOtite and hypers"Ÿhene with titalii feroUs 	rims. 

Secondary minerals are chlO"rite, serpîefltlne, hornblende, calcï.t 

t it'Lrii te and 1..1^o?"L oxides. 

Hornblende, hypersthene 

first, and were later partially. resorbed. These were followed by 

o.iivl.:ie aT':d auglte .-.'the latter: surrounding the former..  

The. rock .z;.;eathers dark rusty brown. It breaks with an ir- 

regular fracture, presentin~r apisolite-li'r~e appearance.   It shor:s ~.._ 
• . 	

t. 

very little evidence of haviiZ,, been subjected to much -pressure: ne ither 

,jointing nor schistositV was 2opar ni.. It .is -oroba.bly younger than the 

granodior.ite 

cation it is. an ,apoany:.i.s of some igneous mass to the southeast. 

and feldspar 	 cry;~uG,-~ .L_ apparently 	 ~r-~~. - 

a.nd therefore late or post-Devonian. JUd;;in by the . lo- 



ga s.:; a,°, i op i•D i'r e s. 

Around the southern end of ~~.,a.ke .. as sa.zxri-~-oi there are s.. i ur:.l 

dikes Whicfî may be-associated with the same drltr'usi.in. • fhou&. 

in :..zany respects, their differences are s.t;.f f iclently grea"t. tC,. R. r_''ar'it 

separation into two groups. T,e1^,rc, , dioritic. (acid dia-base) dike 

i soutrieast of Ayers Cliff constitutes one, and the..vo~;es~ites Ûo!zt^ and 

west Of. ' :Fhe lake . Make un the other. 

The sin;le large dike mentioned bave outcrops in two ::Laces: 
• 

in the creek bed where a .fresh Surface is ' exposed', and north of this 

near the road where a Tell-weathered. phase may be observed. It i s a 

medium-grained dark .green porphyry: meg.scopically, light green 

crystalline groundmAas.. . _.Iicroscopically it is ophitic, with biot-~ 

and auglte as large xenomorphic individuals instead or a.ugite alone,  

Mineralogica.11y it l.s 60% andesine, 205 bioti te, 15% augite, 	-ti te ,_ 

-iferou.s magne.tite,- hornblende (chlorite present appears to be partl~ 

result of decomposition of hornblende) and apatite.. Tov:a- d the ed_:. 

of the 	the rock grades to a light brovTn dense porphyry which under 

the microscope is seen to be much altered, and is now.largely kaolin 

and calcite, with small amounts of quartz white mica, feldsoar. and 

magnetite. On weathering the center phase becomes dark -greeni s:h brown 

while' the border shows little change. 

The contact of the igneous material with the sediment is 

quite sharp. Jointing, schistosity, or other evidences of movement 

since intrusion are not apparent. .Stringers from the dike  have pene- 

tra,ted and contorted the adjacent strata.: Veins of calcite are coot i. 

uous through the dike and beyond. Except a little induration: there- 

seems , to be no contact metamorphism of the sediments. 

The other dikes are grouped together on the basis of a 

ilarity of appearancefor.only one, that directly south of Ayers 

has. been examined: microscopically. All are porphyritic: phe7:oc ~^yst.s 

black hornblende and White feldspar occur in a finely crystalline bla:0-k;; 

groundmass. The specimen examined under the microscope is subtrachytic, 

microlitic and porphyritic 	Mineralo ically it is 500 hornblende, 3O 

orthoclase and 2070 andine.- These dikes show the same type of border 

white 	 black -Phenocrysts in a greenish-black f.' 1 

phase as the dioritic. dike . . Their effect on similar adjacent sediments 

V l'll f . 
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is the same. One of them y however, cuts limestone, and has caused a 

coMoi ete re-crystallization. 

They show-the-same structural features and relationships as 

the d.ior 1tiC dike except ',`,'1a•G one directly south. of Ayers :CI.iff wi `_ch 

follows a" joint plane. Both groups Appear to be~pproximately the 

same ^e . They seem to have beel2 1TitrUded after the strata had r ec 
..J 

 

~a le Gi 

folded L:.tA*r przSef,t 'position and t,'rerefore cLrr.).;J,_:t-DevJi. i a.^. 

Hornblende Basaltic Bikes. 

On the eastrn shore of' Lake _:l,Ïiiphrea ~- o ~̀' several    i3c'.;'%„_ ..,... ., .. ,~ 

= i o'"a one , 	i. ç 	Wide, cut +',i 	i` ~ ~ 	' 	:  , 	 i3O ten 	e•t 	e , ~..J.L ~~: e 	Io_l.1a,i' .i 	LOT 

•Jree7ii4h black porphyry with Y)'1ér_ocryst:%• of a white ~ l assy  

~-c~ÿptocN~~cta,lline "gr--oundma.sL. 	This material on weathèrin becx:.- , 
4. 

rusty brovn. Microscopically it is trachytic with a trachytoid 

' mass. Mineralogically it is ?5 fl augite, 255 brown hornblende; 

sine and 5-ô olivine in a glassy groundmass with microlites of 51aEio- 

clase feldspar. Alteration products ar.e.=caicite, quartz, chlorite 

leucoxene, serpentine -and brown iron oxide. 
	 id 

{, - 
. The dikes show only a. slight variation from the center to the 

edges. Between them and the country rock on both sides there are one_• 

inch veins of calcite. . These veins are coarsely crystalline and show 

scalenohedral crystal forms on the dike side. Apparently after  Lhe 

crystallization of-the- intrusive cracks were developed between it and 

the sedimentary rocks.. Hot solutions rich in calcite from the intruded 

rock circulated along these'and deposited a layer of the mineral on the 

limestone Walls. The igneous rock also contains much calcite as vein 

material and as a replacement throughout. The adjacent limestone is 

slightly altered and .appears to have lost some of its carbonate content. 

These dikes cut across the bedding and trend approximateiy 

east and west. •From this and, their location it is concluded that they 

are closely related to"some•of 'the igneous masses to the •west. They 

show no effects of dynamic metamorphism. They .were certainly intruded 

• *L. Ells' Report on thè .Geolog 	f a Portion of the Eastern Town ' 1 .,s 
Pp. 39, 40. • 1 

:r r' J "j. r _ri - 
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:after the•fo l^(, i n.g and •are there f Ore late or o :;:i «-De vC:I'.ian . 

Althout_n the last four. ;roups (Picrite PorpIhr•~r , t:-.c; __,._._a- 

wip oi Dikes and Hornblende Basaltic Dikes) -are widely tie_)a:.!'ated and. 

different in many respe c ts,  they show some resemblances. r r.,e  s  i . e 

.found in  All; augite in ' al l e}.cept the VoüGe si'te ; olivine in the rl.ï _'i te 

porphyry and hornblende basalt; hornblende in ail, though that in 

basalt is brown and. in the others green. Each shows about the ;a 

freshness and lack of metamorphism, and has been de'ternined as la Or  

post-peVoïîl an..• These similarities' suggest that'ali came from the same 

r"la-~ma though probably not •.at the saule time, while their basic character 

suggests the possibility - of Some relationship to the serpentine. 

quartz Veins. • 

lhrou-hout the area quartz veins are numerous. vo7.1e 

clearly .as early as pre-lem-ahre ::a;o. slate as they cut underly _n3 dio-- 

rite without penetrating. the slate and many are undoubtedly associated 

-with  the granite 	It is probable that there were other _)eriO s in 

which quartz veins. were developed as there are great variations 

extent of their rnetauaorphism. 



Devonian 	Pleistocene. 

There are no ° formations recd sized as representing any  

_art of this interval .but there is some evidence that deformation 

took place. This probably. vas in the nature of an uplift, tilting 

or gentle doming • and did not greatly change the structure already 

developed. In the northeastern part of the area there was some 

normal faulting. It is not unreasonable to suppose that formations 

younger than the middle Devonian were laid dorm and entirely eroded, 

for the amount of erosion which is now apparent is not co~rnmensu ra ,e 

with the time interval unless the area was at dear-peneplain condi-

tions for the greater part of it. Either .:_such of the history is 

missing, owing to complete removal of evidence, or the history of 

the area i= one of .monotonous stability. 

~T' 
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Pleistocene. 

During the Pleistocene the Memphrema. os area was subjected 

to laciation. Everywhere there are glacial deposits which reach coc1- 

side.ra.ble thickness over the greater part of the area. Though not stud-

ied in great detail it is. evident that. the Pleistocene period. should be 

d.:.vided-_into at least five'different stag;es. Each of these is represented 

by deposits.  

Table of Pleistoce 	Deposits. 

Stag 	 Type of deposit. 

:Marine 	invasion 	.Marine, 	deltas, 
f.Luviatile 	,terraces,etc. 

Lake stages during. 	Lacustrine, t
terraces, 

retreat of ice sheet .fluviatile 	eltas,etc. 
erminal 

•.~~.> 

Character. 

Gravel, 
sand. 

~rave_ 

Cassville glacial Morainal ecessional 
grourid 

Viacial drift 

• • 

Beebe interglacial Lacustrine 
6 

Bedded clays 
and sand 

Beebe glacial Morainal vainly 
terminal 

Glacial_ drift. 

Beebe Glacial Deposits. 

The deposit of the Beebe glacial stase are represented main-

ly in the large. terminal -moraine which occupies the area along the

national boundary (southern deposits .indicated in Figure). They are 

best exposed northeast of Beebe and west of Rock Island. They oonsi_-t 

largely of unsorted glacial drift in which there are bowlders up :o 

five feet in diameter. These are mainly of local material but there is 

also much which has come from 'beyond the area; granite gneiss, di or 

quartzites and other types of rocks, many of. which' resemble those 

Laurentian Highlands. With the unsorted material there are_beds and 

lenses of gravel and sand. The thickness of 'the deposits - . places 

probably exceeds 200 feet. 

Other deposits within the map area may belong to this stae 

but no attempt has been made 'to' differentiate them. The northern v;r•our 

of,.deposits (shown in Figure q) vepresents approximately the s;ut ern 

limit of the Cassvil.le` ,lacia.l drift. Probably the -greater percents;çe 

of the drift south .'of 



ovéring -Lake aïîcithzr -area of. very.• • 
thick . drift which has ~ ."1. 	o 

C_. 

Beebe Interglacial Deposits. 

Lake deposits overlie and occupy approximately the sane 

area as the Beebe Moraine. Similar and therefore correlated d. .pos . tss 

occur in two places farther north. One is on:.Fàirfax Brook two cr three 

miles north of Fairfax and the other about two miles up the stree that 

joins the Tofliifobia River on the .east, northeast of Ticehurst Corner. 

Other small deposits in the southern part of the area not indicated. in 

Figure ? probably are` of. the same age but these are fer the most part 

very thin. 

The deposits of this age are best exposed just northeast of 

Beebe where the clay was previously used- An-making brick. There is 

nucln finely laminated blue-gray clay which is remarkably pure. It i s 
wt 

interbedded with brown sand. which' in some beds is clayey and in of pers 

is cemented into a sandstone. Some pure clay beds are as much as ter 

feet thick but generally they are measured in inches. .,ateralLaterally they 

seem to vary considerably in short distances. Toward the top sand p 

dominates. The surface material over the larger part of the hig land 

between Stanstead and Beebe is this brown sand. In the sand t',e_•e 

found scattered pebbles and bowiders. The iiia.:i uin t'aic->_ness  

deposits exceeds 59 feet and may reach 100, 

Cassville Deposits. 

Vest of Beebe and on Stanstead plain the lake deposits are 

overlain by more or less sorted gravels while the small deposits to ;he 

north are overlain by glacial drift. This has been referred to the 

Cassville stage with all the glacial drift north of and including the 

northern .group of deposits shown in. Figure 7'. .Those shown are only the 

most southerly of the thicker Cassville deposits. Thè Ca s sVi l
..
` e Ct..='liy... 

sits as a. rhole are of the saine r7eneral character as those .of ..he Beebe 

.sta.ge. There are included-terminal na'l, recessional and ground moraines, 

drumlir:s, eskers, and. ".ûch outwash _ grave:l ,And sand. 

The thickness 'in: ;place's is considerable out it probably does 

not anywhere equal tha"t' .'of :the . Beebe moraine ..'.South , southwest and west 

of Cassvil.i 	 quite' thic ,depo's.its .`rith'an irregular toPography. 

t h~: 

„u, 



to make up the hill .in.°the va 

that the a__rect ior.: ~~f̀ ilo~~T then vaa.s 

Ho`%C',Vvr .~io :utlet' in .that` d.ireCti;?n 

v;hr•ea_a..s:o:~~ valley ~~r..i.ch was occupied by a fa.irl. ST `Lar:o•e river. 'The trend .~ 

of th e ir-ibuta,ry valleys. and the increased width to. the south su;e.s':: 

it is at present. opposite to 

is . apparent, nor is- 

what 

,.;.. } ancient va 

>.~ r~. 
~ r 

in one place of an. esker: general appearance of a terminal moraine and 

West and southwest of iatevale tÛ e. whole hil.lsid.e is covered. with :.yore 

than 30 feet of .drift in which there ' is a great abundance of 6 to 8 foot 

boulders. Southwest of Lake :Iassawirpi and north of the l'Ti ûe River 

the deposits are again very thick 	havin.g considerable influence on the 

topography in the development of sharp V-shaped gullies. 

Deposits of Lake Stages and. Marine Invasion. 

Overlying the Cassville .deposits in many parts of the area. 

are fine sands. Southeast of Lake .1aassawippi along the Nig;er and Tom- 

• ifobia Rivers is a ..series of terraces and deltas. Some of the deposits 

probably •belong to the late Pleistocene marine invasion while others, 

.especially those loeYond the probable limits of that stage, Were 'aie 

down in lakes developed 
eren~i 

have been found it is:impossible to make any definite ~}#f ; mtna
, ion. 

The deposits on the Nigger and_ ' To?aif o bia are largely of 

bedded sand and gravel. Some .of the sand has a fairly uniform, nearly 

horizontal bedding, as if deposited i7i:7 lake a short distance from the 

shore. ' Other deposits show a typicaledelta structure. None of these 

deposits are extensive or very thick. 

Bedded sand . which appears 

nort h of Turnertown must be. of considerable thickness - probably more 
0., 

.than 50 feet. Throughout :_this valley there is aûcn bedded And and 

;;ravel. South of TUrner'toWn tYlere > a,re :two hills: which are very similar 

to drumlins in shape but are made üp la.r;gely of 'bedded gravels. 

• 	History - Pre=Pleis.tocene .Topography.. 

Between the' Devoniari ,arid the Pleistocene much erosion took . .. 	 ~.  

Place and, a drainage. system somewhat sirnilar to. tha t now i n existence 

was developed. ?t ,the end of -,the P1doceiie the t:opogranhy was _o^obab__ 

.not greatly  differ.entfrom that of ``today. There was a great open 

during the retreat of the ice. "_s no fossils 

ûï..fficient sie•and sUitable gradient iii?icatt'd. anywhere. 	"'Y'esû._i. 



topo.7,raphy as shown on the maps would. Seeeel to indicate that the ase,Amp-

tion of an outlet to the nOrtheast.by the present route is the most 

plausible. Fitch Bay valley was occupied by a tributary stream which 

Probab4rained a smaller area than BunkereBroOk- doeS eowe 

ering Brook valley there .was a tritary to this which also drained. less 

than the. present stream., - 

The Water of the. Tomifobia River systeM above Tomifobia 

lase flowed west from Beebe to the Memphrema3os River (Fiure?). 

Rock Island its channel was somemhit farther north and may have been 

the Crystal Lake valley. Below Tomifobia there was a stream somewhat 

similar to the_nresent Tomifobia Raver though much smaller. The Niyer 

River occupied a valley corresponding somemhat.to that of the sr-nail 

stream 'flow east-  of •it. Thejlassawippi system was similar to the pl-esert 

e5:cept,that there was a river where the lake is now. Thus about half of 

the area drained north to . the Massawippi system and the other half west 

to the Memphremagog.. 

The detailed drainage was. 'similar in general aspect to that 

of. today . but there were many 	 Toe small streams we-oe 
— ee 

well entrenched - manyTprobably.more deeply so :than now. The toporaphy 

Lf,.. s" . au m 4- ule -and the rock surface deeply weathered. 

Advance. 

Over the mature topography of the'-Pliocene the li'leistocene 

ice sheet advanced and,subjected the Memphremagog area to much thOsame 
e.49tcrn • - 	 • 

rigorous treatment as the :rest oft,OanadaTnsome --of the older reports 

it was. susgested that the ice moved- from the south to the north - prob-

ably because it was thought that it, could not move up toward the 

land in the south. However there is much evidence to show that the 

movement was almost due south. 

Glacial striae are found on nay outcrops. These clearly 

indicate a north-south . trend (Figure 	A few by the nature of the 

groovin,;-,; .indicate 	southward moveMent.Chatter marks, pluckiag, and 
-ee— 

go'ue7.ing developed. around.pebbLes in , CongIomerate and quartz masses in 

slate' as found in many places confarmthis,.conclusion, To the sduth 

every granite knoll there is fodnd...aft.abundance-of granite bowiders while 
. 	. 	. 

to the north they are very rare.—  Northernslopes are generally grild'aal 

, - 

_ _ _ 



or sedimentary -rocks.. Remnants of 	 eiist betweezi Beebe . and 

`: ta.n s t-.,rad a.nd elàevahzre as indica tcd in Figure 

.Beebe Interglacial Stage. 

~». 

while those to the south are often abrupt and indicate plucking. AionÛ 

ake Shores the points are .generally of hard. rock , to the north :and soft 

to the south. Diorite of the type ' -occurring on the Whetstone-Buner 

ridge is' found fairly abundantly on the east side of Fitch Bay. Oon±•om_ 

erate, sandstone and other kinds of rock present in the -icC'or_iiell series 

were observed around Ayers Cliff. 'Glacial .Lakes must have been da I reed to 

• the north by the retreating ice sheet. All of this indicates a southward 

movement of the ice and a retreat to the north. 

Thickness of 'Ice Sheet. 

In the Memphremaiiog area the ice sheet covered every t hing 

The thickness thus registered is represented by the present land fella_" 

of only 1200 feet. However.~4it.is stated on fairly good authority that 

la.c fated pebbles have been found on the to of prford:.,fibuntain at an. 

elevation of over 2700 feet. This -:would indicate at this point a ti_c- 

ness of More than 2000 feet. As' 'this mountain is situated only.a few 

miles northwest of La'..Le :'ilem_ohrerna,;og it is not unreasonable to asÛa:le 

the sa.me thickness for - the ice within the area. 

Beebe Stage. 

The last ice sheet which entirely covered the map area halt-

ed. with its front close to what is now .the. international boundary. I'i~_e 

d.etails of events orior. to this are not clear but it is evident that all,  

the .;lacial erosion in the southern .oa.rt of the 'area and orobabl , nos t 

of that in the rest of it had already taken place. It is very :,rob:: bf e 

that the grea.ter part- of. the period of Ûlac,, a tiion had p.ssed . befcre the 

Beebe stage began. 

During .the halt of the ' ice sheet a Ûreat terminal mo2'a-iTle 

was deposited in 'the southern nart'.%:..of the :z1ap. areF.3. and beyond. it cam-

;oletely filled the old valley of the To;iifobia and Upon 'this M:Li::g 

btinilt _ii.~.is , which urpassed n elevation ":thôsenearbz, 1 	grai:oir'.i,,i .+ l,e 

1+ater the -ice  sheet retreated. Daring this retreat a great 
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lake tas developed south of the this lake reached 

an 
	• 

e LJv ÿt'.' 7:1 nearly equivalent i f7; that r~::pü~:3e__teCl. by the present $ -•~i 

ice . The surface of  

fo.pt conteur. This would indicate that the lce munì have halted npt 

many mi.'Les to the north d.eve.io  Jin -̀ ;'a, dam between the Sutton 
	

'.111)0 

ten .ni.Les. west of the .Lake and 'the hi:gh land to the east. In this ..a,, 

alone could such a water level be. Maintained and then it would' b  

by the lowest summit of the nasses 
	

the :.~~outh 	probably tha., of the 

Black River. This would then constitute .the outlet of the lake ', - sto y 

of available maps suggests this as' `the nos•te plausible interpretation). . 

The lake must have been maintained. for some :time to permit 'of the laying 

down of thick depos'i'ts. The materials for these were probably su pr .'ae 

by streams occupying the •valley of the upper Tomifobia .and entering t•:-re 

lake west of Stanstead. Floating ,ice was probably the transpOrter of the 

pebbles and bowlders 'fOund: in-the-sand. 

Cassvile Stave - Lakes And Iviarine `Invasion.' 

The ice advanced again - over part. of the lake basin to a oo-{ n„ 

a few miles north of • the Beebe moraine. The lake was again develop _.. or 

still maintained but .in, a smaller area. The ice did not pause :Long at 

the limit of its advance as evidenced by the smal.! terminal : oraine. As 

it retreated. the lake increased in -size until other outets lower than the 

one by Black River were ünoovered. Then the Tomifobia River began to 

develop - seeking first a` channel across Stanstead and Beebe plainsto the 

valley of—Lake ï:iemphrëma og '. Later as the route to the north became .c- 

ceible the river turned. and assumed its present course. Greater _a,e 

e:i?7hr,e,naEog, Turnertown 'Lake and Greater ::hassawip_pi L,ake develoJe~.̀~.. 

ice retreated. Terraces and delta. deposits on the Nigger River at 73Cïi 
3 

and 690 feet  were probably the result of . lake 	_Lower terracesces  at 

610,. 600,. and. 575 feet may be due either to lake or marine stages. The 

history of the two. cannot be se' arated. The direction of lake drainage 

must have been to the north and the, lowering of. the levels must have been 

due first to the ice retreat and later to the removalof ;glacial der.), it 

*1. The Black _River flowiri. north enters Lake Me,mphrema 	at its 
southern end. 



- thu:5 af fectin,., only the .ua>>Le ence •in the :;ïemohremag 

::l`? S ^ia'â: -i p'J i basin. 

Topography  ~ Developed 4. 

.-bov., sea .Level 	At ASCo't, ten m'%k .l::5 north of the map oF.P'E;a marine clay 

._ pos:its ..rr, found a.t, an elevatlon -of' G3c:' feet-xl.. Proba.bly the submc.r~ 
~ 	... 

,~ 	 i _ f 
7 . 

70 	; 	t: The 	marine SUb~i C3r;;G:1Ce !l.'t i;:0ii1:r~:.cLl {~8 ÿ :n8dpointsnow_~~j':~ feet:  

The Pleistocene both as a period of erosion and of de .o' ition 

had a. very marked influence on the t000graphy. ';;nile the genera-  

features of the rock Surface have not been greatly altered the details 

have suffered considerably. Glaciation was not, sufficiently effective 

to obliterate entirely all minor topographic features. ï:_a 
	valleys 

occupied.by small tributaries persisted and are again occur Agi.. It does 

—_--_ 	 . 
not seem that ;Jla-cial erosioïî-r:emoved more than a few hundred feet o, 

rock anywhere . 

The main effects of glacia . erosion seem to have been a 

eral rounding of 'slopes, the obliteration of small east-west val 

the deepening of north-south/ Ones. The slate and younger formations 

were gouged out more deeply than the' more resistant older rocks, t >us 

bringing out the structure somewhat more clearly by top 	a.ohic e :press-. 

ion. The. total effect produced' is a rock surface which has about 

much relief and ruggedness 'a.s it did before 'ül aciatioti. 	 now 

occupied- by Lakes i'JleIllphrema.,:,o:l nnd 1V1ass~.~-,'F'ipp'i ,. must have been co~~_siye_ai 
_i 

deepened, especially if the re,o.orted depth' of •400 feet in ;.hej:or.Le:c 

correct. The excessive deepening opposite Owl Head Mountain slay have 

been due to 'the constriction.. of tri2 ice between that mountain and _,_ ~;oor1 

Point hill with .a consequent increased erosive power. 

To a large extent the rel,ie.f produced •b,y glacial 

consequent deepening of • va..11eys has been decreased. by drift and water 
i 

filling. T. Tremendous quantities of glacial drift and la e  deposi ts have 

softened the ruggedness of `the glaciated surface and altogethc iJ because 

of ,heseJ c.̀L new topography was superimposed on that earvecl. by the ice. 

ii7ral.ries,by reason of•their .ori.3inal _shape, and thick  deposits, because 

of the rapid development' of deep' gullies, have locally given a youthful 

J..' eele. Preliminary Report' on the Clay and Shale Deposits of the 
Province of. Quebec. Memoir 64, .Geol. Surv. ,Can. 

o _!d 



7reatiy altered durin, the P.leisitocene. 

.nSnect •to• the toE.)ot;r~:l.~hi( 	i~.1OZl<~' 'the` i,Ti.jf~Cr ~a, d•Î o: 	< b 	. 	T~~'s ` 'r'; 	'' e ?̀ ~ 	 ~i 	:iif~ ~i~. ~t.i.Z 	~,r~ .. ;,,~ 

'nave beeri cut -out of gravel and sand •de,:,osits . 

::Lakes :i L'•17''lr e~tl"l.~ O:r and ~ d :~,sc. s ~~l-~ 71 seem to owe their o c~ ~.~   

mainly :to. a d.eepel:].ng . by gouging-'of the - valleys they occUi7y,  , though their 

levels may haVe been raised somewhat by drift ~darils. Loverir:;, .~,~Te; while 

Its basin was undoubtedly 'deependd by the ice, owes its deve.Lo_ nie:.t more 

o the blockin,; of an outie t to the west bs~:3 .,-1,_:, cial~ drift. ... 	 ' J - 	 - 

The r, __Â ~oé.ilC.irJ?G. 

River was' turned northward -at Beebe and its course .altered at Eta..stead 

by the huge Beebe moraine. ï;ïany ïlinor chan-;es in drainage resulted from 

' g:L^.ciation but excent for the changes noted 'the 6eneral plan was not 



Recent: 

Recent deposits are not extensive. The most important 

are the deltas of the Tor if obia River, McConnell and Lovering 

(Figure ? ) 	Along the Tomifobia and some other streams there are 

small deposits of silt, sand and clay-. 

During recent time no very great changes in topography have 

taken place. Many small valleys .and gullies have been cut out, mainly 

in the superficial deposits 	A few rock gorges as that at Rock Island 

have been made by the larger streams which have had their course : di-

verted by glacial damming. The level of Lake Massawippi and possibly 

that of the other two lake has been lowered slightly. 
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Structural Geology. 

This chapter constitutes in _sari_, a summary of the structural 

d zta in - the preceding Chapter on (general geology. The information  gained 

from each formation is hers assembled a.nd correlated anr3 such hypotheses 

as .are necessary to fabricate a.reasonable whole .are added. 

The topography and drainage system of the Memphremagog area 

outline in a general way the more important ,structural features. The 

Fitch  Say -Bunker Brook -.make Ma5Sawlpnl valley is cut 'out along the  

Bunker fault. Valleys nearly-parallel to this, including that of the 

.Tomifobia River and. of Lake Me.mphrema •o.g, and many smaller. ones, are 

located in synclines while the intervening ridges occupy anticlines. 

Chief of these is that - just west of the Bunker fault. Cross valleys 

such as those at Fitch Bay village and 

clines the trend of which was somewhat  

onnel.l . indicate ancient sy__-

si:nilar t that of these va.0 ys. 

In _ eneral and in . detail the structure has had a marked influence Oft the 

development of the topography. which. as, a. result is of great value in lo-

cating and ascertaining tile nature of structural features. 

Throu.`hout the•;F'hole Area the strata are generally observed 

to strike- northeast and southwest and to dip steeply to the northwest. 

Only two large areas are notable eiceptions to this. Around the main 

mass of the Stanstead.•granodioritee l the dip is - generally away from the 

intrusive. In 'the northwestern corner of .the iiap area the dip is C Ù 

rule very steep toward the east. Along the southern boundary of tbs; 

area the strike is nearly north and south. Toward the north there is a 

general tendency. for it to Swing More to'the east. This is more ronouncs.. 

iï, the east. 

In a section across the'.' strike from the Nigger River to the 

crossroad three miles rest of Lake Lassawippi drag folds observed indi-

cate overturned strata. The •CleaVaûe throughout the area in general 

tre_rid p.a.r?llels-the.str.ike and dip. Everywhere :'the strata are isocli.l1ally 

folded and these folds, are .overturned to the Gast. Beyond this not a 

7reai, deai is definite about < the .etracture. 	the area. 

t 	- ùp per Devonian...--period 
	

great .defor:nation has 

d.etre l o_~e?. ar e- -open yiic.liilGria. and . anticlinÔr1.8.. a.nd. i~:.npoSed utpon them 

-many stall isoclinal,-folds. Lake ir eriplire aa3ot; OCCLUT)ies one of the 



sync line s . and. 

ant zynclinorium, 

then:have  persisted in 	the same positioiit. 

rid8e;.représerïts an anticlir.- 

orium .and `.other valleys.: <2nd ;interveh'in,~rs, rid.ges ot'rïer ;sYïic.linori a and 

2, 

.syncllnoria 	.Lgure 10).. Owing, to, the presence of Devonian strata here 

this is the bést• defined major reature. Elsewhere the truc tu-re must b 

.deduced from older strats. W'_1ic:h. hrzve been involved in previous deforma.-.7, 

tions also. 

Geologically the area is divided into two distiric t and sep 

arate sections by the great Fitch.•Bay -Bunker Brook -Lake 1j.assawippi 

valley. Northwestbf. this depression the racist important major featur 

are the ' Lake I,1émohremaog synclinorium already :mentioned, and the Bunker 

anticli.norium. -The axial plane of the latter probably dips about 70°nort%:-

west and that of the former in the same direction though somewhat nearer 

vertical. In the north the'synclinorium plunges to the south and in the 

south plunges to the north. .South of. Fitch Bay village the ant,icilnorium 

pitches to the south. .Besides these' two• _ajor features there are several 

other anticlinoria and svncl_inori~,. ~ 

just as the strikes of the nrata;do,  

Toward the. south the axes converse 

::awoon Trie -f our. major features at 

Point (Figure 10) converging to the south appear to unite in one syncline. 

At the northern lirait of .the map area the Me;nphrenagog synclino-riu~t? w.ir. 

the Bunker anticlinorium are many,'rniles apart,. Between them new anti 

c linoria and. synclinoria `appear as they senarate . 
..;; 

In the area southeast' of the great dividing depression owing 

the uniformity of material no very definite structure could be worked 

out, as was possible in the other 'section. However certain zones of un-

usually contorted strata when considered in conjunction with th trie topog-

raphy  offer some strong suggestions. The zones conform :more or less to 

the locations of important topographic features with a northeast- south- 

west trend; for instance, one conforMs to the Tomifobia vall 

L L~ 	Sherbrooke-highway.    ~o t,llc: ,rldge paralleling the  

L t y, 	:,r o ~:~ ~;(~ 
c 

i In :the northwest 

was observed that the youngest -rocks' are most susceptible to erosion. 

As a consequence valleys aré gener.ally located in syiiclines. It seems 

reasonable to assume that iv, the':southeast, prior to. the complete re-

m..:V?1 of.'; the Sil.izro-DevOTiif:l.n rocks,: valley s' were .:Likewise located in 



the Bunker ridge. f the northeas"t-:southwest valleys occupy syncline's 

and the ParaLlel".rid.gesanticlines':• The Bunker :val.iey by its profile  
L ~•  

suges~ive-.ol a'fa,ult:arid
• 

- when this iS co;io<+,red with • 'that of 111Z 

other 	ys the suggestion becomes almost an :indication. The bends in 

the axial trends, their divergence to ''the nor:t''' an the nol'tiîwest , their 

co.lvèrî~enr`.e3 in the same rl'ectio1  1tow2:rd the-Banker valley in the Soi.lt2- 
~• 

p of axial planes and: many ot`ier .structural features tend to 

confirm 

c1. ~ :i (_ `%.rl 

is.. , t'^:.e. s<?,P.12 . a ,,,e as---.t`'1e:; isoclin? 1':io Ldii: 	and 
. 

	

, 	 . ~ : T  L 	 l . 	 .. • 	t 	: 

.i u: pc..n~~..L..1F%l.~..Çi~:l, to _ .t~.P .,C tY'I.~ie. of 	s~t r~.t~ c:l:.~~i. 	l:';r1 ;. -.e 

• i~_~._~T1 a r•"_. i'.i .trend .s furfiheC';';t.e ndA to cortf-:]r'i `fi,a"se :assL,i:Uti:7i~s. '. ' 
,, 

d of 	 est :si-de of
. 

rr i~,'i )sîS~i Lp: of o 'the r'? f orma tlortS, li1 t~1~1r'_ ~ is.tr.~bu'.tion,' 

that th
~ 

c•,., 
+ ~~u« 

is a thrust. 'Bunker fault 

pr - senc~e. Of the. nârrol~ ban 

the 

the f a.ult and 

east, till:': 

the 

1 	i 	t •<) 	. n 

A! s•o the 

• 

As has been shown, the structure in these two sections which 

are so distinctly •diffe.rent lit:iologica.11y is.very similar in ~:Jeneral na- 

- ture. _Though there is no direct :evidence it seems fa.irly definite that 

•the valley septrating them indicates the locatiori of a gr9eat thrust 

fault - indeed the pôstù:Lation of -this is necessary in order to give an 

,adequate explanation of the features observed.. The type of folding found: 

here, apparently an intense squeezing of a thin c-râst, is generally ac-

comranied by low-angle thrust faults. The Tomifobia series of the south-

east seems to correlate with the Ordovician formations of the northwest, 

most probably with the :cÔonnell series. The vast difference in charac-

ter and thickness of these see-as tô indicate that at the time of thei 

deposition the areas observed were separated, by a much ; reater distaricP 

than the narrow valley which now separates them. °'Unless a fault with 

considerable horizontal displacement is assumed no reasdhable correlation 

can be made across the valley. The -•top0raphic.. features alone strongly 

su2:gest the presence of a fault. .The great Fitch Bay -Bunker Brook - 

Lake i'v':assaw.ippi valley can be traced for miles to the northeast i ti h the 
and F~tJ1 Bay 

same general trend (Figure 1) . Between Lake MassawippiA it is probably 

deeply filled with drift - wells drilled near the lake passed thou r1 

superficial m ate714.al 

ridge to the west of it  

depth of si.
i
i>ty feet. 	The valley a.~,-:~:. . the

. .. +6,e.  
MostA valleys are wider and. more open, are "unique 

D(1: the 	~~ 	~ 	 . ~ -  	.. 	 - 	...• 	 _ 	., 	~ 	~ -, . 	- . 	. . 	 .. 	- 	 . 

and fewAr ia„e spre sent as abrupt slopes as that on the eastern side-of 



4. 

indicated location .are aRa.iti0na.i.-supp )rts. T't1e. Buïl'rer fault iS• thus. 

.clearly of the same 
, 	~ 

age as the iti•oClii.i`1l folding . late Devonian - and 

was undoubtedly. the result oP the :^ame •doï'or estive -forces. It follows 

from the::evide2ice presented and from the nature of the f old in,:. that it 

' l 1 ite _.,.Gr1ii_~l~l rit 3.) 
. 	.. 	 . 

V 11S direction Lt ITia not Continue far .for tPw. ~:,: -- 
. 	. 	.. 	, 	 . 	. 	. 	v 

of see.m folds ial l, A r e `il't S to indicate a bend in the structures as if tbe • 

• For the Most Part •the 

Tr.rjo sed .Upon them are smaller 

ajar' folds: aLLr:oea r to be broad ana oToe-r 

ire 
.....~ JJ 1✓ ~ 'ol',s s,h_ch also fairly irly l.'pen 

but u:,6- these are many small isoclinal IOlr 

- t0 indicate great shortening f a :thin crust. 

~- -The/type of fo_dins seems . 

-117i th- a thrust fault of .. 

n at the Ûûrface;:.adjustments to compens'a te::: for these were being 

made-in thè .p.la'st1cMaïna 0,,cc0(1111a,riied. by a; ~;eneral: uplift o the -whole 

area. 
, . 

Ail triese,ad~ just nents were orobâbir, tIle  result the.. same force. 

s~~. thrast• fault.Many of 	features f tures c.Le~, riy indicate i~~ ~ .t. the din. 

t,1 c'•-~ ~ 	OT:gl y 

f the fault plane is to the west 	there is n0 thirl, 	 a 

-finite 'Clue to the arl.gle. of Q].y1. Ç-TOwGver the nature of 'the fo!^c`i 

suggests that it is low, probably not 3XceeâinrY JC6. 

the north the 3un .,er fault probably extends for :r1C;ny  

being indicated by 'the 71a,s'a'l'.Lpyii-rt.!''rc.ncis valley 

it see.Is to sPJ1T1ò-.', 'to a more .not'tP-South. trend, the SJu, LL 

location 

P loll04.ing 

ïr. 

'masses  'Llad been -h,in; ed to the south. The to po"rap"hy . of the Black River 

:valley at =he southern end o Lake Me;"lphre:ls.J 
	aS mapped. is similar to 

that of the Bunker valley and. Tr1917. indicate t 

	

location of the fault' the 

•The displacement Of. t:l.:; fault• 	the- map,' area  %i u t be .conjectured _'r 

lithOlv .iCal relationship Of 
o~ 

14JQ S p+ . . . 

apart must~+ 	: the ai'eas 	e~,~-hav been to  

7i11ifObi?.•an'1_ McConnell series . 	.._'}1.• 

permit 	t e differences - iià .1."i th© l ,-':.J y 

the, 

and :t1`!.Ge.8ti 
	

few hundred fe 
	

bein >;;--: offset bv thousands? It seems 

reasonable to assume ~ displacement whic':i can-.be measured 	 - 

•sa, between two ard 
P 
ive-. 

 

considerable extent and, this type 

Esreater depth. involve some adjustment4- 

~ fOld.111;J ti1e_Cru8t3l  

the :aa-0 area alone Must have been - very great. 

intense 	at the surface would ?1c:Ces.:Jari 

The distribution .a_:d ae of 

.the _? ^a'110f1..i0ri'te stron~: 'suao'est that' .8-re,t -bart of ~ the - area affected 

ma.gma dur in 'the oro c e s s 

does not seem unreasonable' o .a.ssu:10' 

of "aeformation. Therefore it 

hile-folding, a~ ir f^ultir, were 

ras und.e.rlain by 



5. J 	4 '  
r 	 ~ 

The trend of the direction :Ln which this force act6fi  
f 	~ 

:Presented by lines at right a,ngles• to the ..Jelleral structural trend.s but 

there is nO direct evidence. to show whether the thrust was to the 

; 	 . 	_     	

1O rG:~- 

v<e' .Y~ ~ southeast. 	 °hel ~ area. there is nothing. which seems

to offer a suggestion for •thc -solution,  of this problem. Beyond there is 

'found to the •north and west at 
. 
some . 

  
distance t ha  relatively Stable 

e•.,_ût1?n shield with its border Orl  slightly Èe Or.eC Paleozoic sediments. 

:TO the- east and south are the areas of 'Much deformed Paleozoic sediments 

bordering the Atlantic Ocean which 1ie. in a supposedly unstable basin. 

There the folding and faulting a.lnost irivariably. indicate a thrusting 

.. 'from the •southea.s t. The faults shoVy an: Overthrusting to the- west. The'  

conclusiOn then Would seem to be that within the map area, the thrust 

also came from the southeast and that the Bunker fault is , theref or•e an 

und.erthrust. It does not sea,:! reasonable 'to assume that any 	at thick-• 

ness cf rock h^,S been thrust bodily toward the. stable pre-Cambrian shield-

rather that a relativély thin - knife-like mass has been thrust in between 

t' e nclid crust and the- underlying magma, and that this crust has eee;é_ 

11 u;.ilii 	'.over a considerable ar ea. , probably that 
d 
l.lndi:rla.iLî by mag.ma. 

-loàvever •iYl viez of . the~hlack. of definite information it see:':1S best to call 

it merely a thrust fault in w;ich the western side moved up relative to 

the eate- n. 

Besides the features developed by late Devonian de.f or,at_on 

there remains in pre-Devonian rocs evidence of two previous crio! s o',
` 

deformation  (Figure 10) . One of these is represented by a series of 

open folds with a general_ trend of N 55° E. South of the village of 

- Fitch tch Bay there is an anticlinal axis while wellito the norm there is a 

synclina:.l axis. West of the Bunker valley the limestone occupies a syn-

cline while the interbedded limestone and slate occur in an anticline. 

--Th=e 	other-period of deformation-is represented by a series of ancient 

° 30W and N 50° 7. Synclinal N folds which had a general :trend between ~ 

axes pass through the McConnell Brook. valley and the village of Fitch 

4:°1 Bay, while anticlinal axes.,a.re indicatedc.r.ossing Bunker Hill and t 

west of Lake Massawiopi 	The folding was more intense than that of the 

deformation just described.; There ' were many .smal.l -folds as well as the 

large ones and the dips probably in places reached 5O And 60` . There is 

nothing to indicate thé relative age of thesé..two. pe-riods.• The rocks of 



the Buner series were probably 
~c. 

:involved in a still older 

or. recent tilting. 

6 o 

period of de-, 

formation about. which triere . is .no definite information. 

igneous intrusions have affected the strata considerably. 

Th,-' Ordovician diorite seems to 'h<~ve caused a donrin-, of the strata around_ 

the northern end .of Bunker Hill. The porphyry `=rhiçh occ:urc, in the north- 

rest part of the map area also uplifted the. strata previous to the .great 

Fe v::nia.n def orma.tion. The main mass of ,the _ 8taristead granodiori te and 

possibly the serpentine ,had the same affect-after the strata had bÜ::1 

tensely fold.ed. 

The Massawippi fault is the only normal -fault observed though: 

there may be others. It is post Devonian and probably has only a small 

displacement. 

The area has Drobab.ly..been , subj.ected to some defor:!ation 

since the,Devonian ana previous- to the. Pleistocene but there. is no di- 

rect evidence of such,. There is some suggestion in the northerly 
' ` J 

terraces, clay beds.and'other Pleistocene deposits of f late Pleistocene 



source of ma.teri?l'..- _award 	C..,CT10 thls erl.o'l, which :lroba b' 

tile iilf-or_1 .tioïlÿ lready 	about the 

tOr; as obtained from t e ' . atUd}"O.Jc  each formation 7s summarized. 

r,raiS found to be absent-from lack pi  Observation has been "Oos i; i .!- eCî so 

k 
that here fact and theory are interwoven into one concerted  

History as rr p.-r'esente'1. in t'1e. 1:'eYllphre:2-:::07 area probab. 

begins with the Ca,nbria,n. In the Oar t l7:r);1icf1 now corresponds to the 

?-oon-Buïîkerrid-~e near-shore conditions prevailed and coarse? ~70~`.)rl;tï 

~
ahd~h e2 conQLOtnera[es(Bu*KtR series) W<vE depOS,ted• 	con5.d<Y4b1~. L'h cKrss o4. k-1+45< ha d 

dccvri“u441.--ed cordl 	chaneed Ahci 	v1.2Y 'mat—trials 

sorted. sanrastônéTE^ ere 1~.:L~~.~.o~an... Sedimentation . then ceased. and was 

,y period of deformation a.nc:. uplift.  

During. the Early Ordovicie.n sevel"' miles to the ::ou t,'le-ls't 

the 	BUn''-î.e:C':'rid'4ie in what is now t:r1Ps:)ut :easterf? half of the __. o arec', 

are].aceOUS limestones and slates (To::iifobia SerleS) v:"ere _tJeiïi; 	posited. 

Later can tioTls changed Sli~iltiy .r.iLd aren`3.ceouS limestone a otîe i,.-,,s 

~- 	'.~rii1~ the: 	early ?o~.i't of this ti:il~ ,~ui 1 	r 	 -` 	- ,down. . 	:~ 	? 	 ~ l ïer Ridge remained _ land  

but later the sea ,oega.n to encroach upon it., In the north near what Ls 

now _:cCon?iell, coarse con_;lome-r ates formed the base of a new s:e.~°i e o  

'P_eil ) . :nth_ the continued advance of the *sea . over an irregular    

...:face this conglo__1erate became f1Qr2 • eXtGïls ive and was overlain ..by fil 

though still coarse materials. 

Before tile encroachment had entirely covered the s rid and 

while the southern oart of the ridge  ra e still above the level of '_- sea  

there -as a period of igneous activity. Throughout the north there T"e'.'e 

intrusions, the major of ̀which caused, a doming of the strata, while 

the South the activity Assumed the form of .extrusives. The sea c0_'_tin_. 

ued to advance upon the land and the basal .conglomerate became m0:'e ex-

tensive now overLyïilJ a.nd including boulderS -of 'the e;;r,rus-iVeS. Tâ!,? l e 

some Land still remained there i*;; as a partial withdrawal of the w ea fro.:! 

the area rea of the netIg . deposited series and a 	ig1t ?id limite iilLe U?c3+- 

foraity 

 

was developed. This was f ql.lowed. b3 a rather rapid sub:aer~ei.ce 

'of the Whole area iF.ith'.deposition of Very~ firie ar~illc~ceous. materials ` 

// 	r ~e 1.'.,_~o j SEr1eS~ ,. These repi:esent '+ : ~~eri o~.  of cbnsi dera.ble lengtht -•~~`~~1;~'1  

duririg which conditi)ï1S.'$nOls'ed o:1Ly S-1.lgit C'Ll?21j2S 	-.The whole :::ei`-?"'1hre-

Yi1`:z7 area was , nrobS,bl S i1'.Ua terl ':Z t SO Ile 1Sta i1Ce ~f roiîl the shore ana the 

clasel 



~ni%iére d justMeïits ria + to be greater ,.___.y_ 

`~-. 

approached the end. of the Ordovician, conditions became less stable, 

Ili ,Jfht uiîco'_7f ormitles were developed and. were f:Jllowed by near-shore con- 

thenorthwestern-part '7of the 11.ï'er?, :'~:~~re . `~:~oil - 	(7e"n~;,~e ditions, at least in 	~~.~~ï 	;este.r-r .~-..rt 	 , 	 ~.~_~~:. 

. . aYld . an1s tones were deposited. The period closed with deformation   ~"~'~ ~.,._<.~. 
• n 

.uplift. 

 

 

Durin the early. part tae Silurian erosion was , ve ry 'active 

in the Memphremagog area and it  was not until the middle of the period 

that deposition again took place. A"t this time limestone was laid a'ow"I? 

on what seems to have been a very even surface. Between the :ii ddie Si- 

lurian- and the Middle Devonian another period_ of ' deformation . occur r e ... 

This was again followed by active. erosion So that by the .,ii dd.le Devonian 

flnly small remnants of the Silurian limestone remained. This erosive 

period together with the preceding complete.ly removed in places some of 

t'ne. Ordovician forr:iat.iono. 

Early in the Middle Devonian submergence began near Lleor-_;e- 

vil.ie and " gradually :oro gre s Sed toward the south and north. The surface 

was very: resu:ia.r and must have ap,oroached peneplaination, at. least in the 

area just west of Lake Memphremagog. Limestones, mostly aren?ceo'•'s, were 

deposited. Toward the end of tizis ti.rle the "period of greatest deforma-

tion which is apparent in the. area, began and with it sedimentation ceased. 

Toward . the close of thë Middle Devonian there was develo ped 

agréat force which exerted  tremendous pressure on the crust of the 

earth in the Mernphrema,;og area"and. elsewhere. This ras probab_,, e._ert::d. 

:from. the southeast giving. the resultant structures a n.ortheast-sout.:,,west, 

trend. At the surface folds were :slowly .d.eveloped while deep below 

mas were in the process of formation. As deformation continued 

became mOreinte:rlSe and.magmas mord extensive. These were more , 	UDwz`'::ï 

and worked their •:'3a.y toward. the surface. .As a consequence the overlying 

rocks were unlif ted, . contorted :and ,shattered,aii~ti..' the . broken portions were 

gathered into the ma:o-ma and there assimilatéd.... In some places however 

where there was less violence asso:Ciateà witlz t'-ne igneous activity the 

overiying rock was slowly eaten into and digested. The tendency of these 

magmas Tas  `jE.'i"iera.l..ly :to- -move upr:+ard • thou-}a with  the gradual increase of 

Pressure, the shortening of; .the Overlying crust-and 'the. co',1seCluelit r:e- 

-cess,.ty to. r:love e-1tÏl.e.c' :upti",'?.rd"or.' laterally many• Oi . theSe individual magmas 



ig î increased . b~ ~i
_ 

_ 1 
t. 

7Jr'.1tion and conSequent 

been shorteiîed 'by 

volume t Jousr.h so:newhat dïfféreü"t'iri 'probortioïis the thick ede ha.vi_a: 

a iortlns of the crust.:co71d:7.t.lOilç ,ll L ~he fo2 Za tiOh • o ma R
i _',.

._~ 

probable',  that this 

~r.,loPe:ry.. a.i1C' wit -i t:Zé~n.,, 

a.: 	
S 

~. i~ _ >>r o b-~.-r~ l ,~'. scieci_.eas 	s_ 

With the 

re 	̀1 a:C"eCl. so 	it does . ~ -)t seem' 

intensely affected _ ,_.-: s underlain ii? 

:at depth this tendency to .'unite 

• entirely. im;pro bable that , the ar 

by one or a f.ev, great ma.;;,=1:as. 

I.î the meantime at 

_ 
t`'.':.i.i.;~ place. .:Jarse•fiJ.`1.S 4;ere .IV.~4i.L :J'•-ie'~Tel;.~?7ed but they had .no ,~ ~2 t, 

dept'.-, and were mainly broad 'and oPen: 	these - smaller-ones were :';_e- 

ve.lo-ocd -which in ch a,.ra.cter. we.re so.newhat .;Jiore indicative of the 	r_sE 

nature of the :deformation. • 1_l o l'7e v e r 1 t.T a the ~ • 	 ~ 	 r 
lil 	U;~ia..L.LeS!> fO.foldsthatthat~e ,h 

intensity• was manifest.. " •Isoc:Linal fo:Lls ifié.re . developed- i„îroucut the 

area, i-`nposed upon - the.•.La,rge:r more;, opeïî antiClinori<a and synclinoria. 

The 	crùS ta.l shortëniiz_; must have been eï>.o-r,nous :thoush it seems prob a. 

that only a very thin crust was iYiVolved. The isoclinal fold i 	r{-= 

Sented "considerable co:mpensa.tion but it a:c-oar::2itly was not sufficient 

to reil.eVe the strains completely 	Tiirou!;hout 	3rea t '?art of the area 

these folds  were overturned toward' the east, li , _;reat thrust fault Tas 

develo led a.ioiîs a line .:parallel to. them. The western part was thrust un 

and over relative to the .eastern and before `the strains were c:o:_ipl:: te l;'~ 

elieved' one of the masses had moved se .: eral mile s. 

Within the .map area a:,.one t:rle• crust musi, have been shortened 

The-nature of 'r,he f.a:Ld i.iz; ?,nd. î a.ultiii;; would seem to indicate' _oatG 

t't?.t the;~ h?ve been ef fec'tiVe to 'lo very ig'P,at depth. `d juSteiits b6.ioV7 • 

this were • made within the n'3;7._1a . These Must h avereCl~uir ed. the removal 'of 

surface ,;rer.t. tra, s~a 	,a.ti__ 	~~~e 1 .i'_:. 

folded and "faûlted area, or must have enormous - Quantities.  fro,:. below th~~. 

• i:a,Jo.i ve'.1 ? remarkable change in Shape.. seems more  re - s:::3d 

r1~7- pl~`~ 	to 1̂   the 	 Tas .1'e o.ved i~'s apparent. ~. 	The mass ~~. as 	~~, 	which t,h~ material 	..~ 	::n 	 _. 	af- 

fected 

 

f:.'cted Was oroUzo._yr...,Ted8e shoed„`'lt't1 the'. O.o7.nt toward the center 3f i.,:_:: 

earth. m-îe chan. ~s 7I obabl°,,T ” involved a rrenieral: uplift of the 'crust 

a ^onveryu.~?it.~ lel.i»,t~`1en1n~~ .ï!of ~ t,h~- ~vae;, t.3. ~e. Th1 s. woU.id  1ve a ':::25s t;aa 



part of the e area was".:irOi.lc?.- The .porphyry in 't 

c y'vst1..j. i.:.za tioi:• 

c~..)n,;e('i UenCe the mas .ii 	,c', ; Ve i. -.)--. i:i(a. 

~ 	' 	L+ ~ varied co _~'.l:~.t-:~~i.?.î~.LJ in. i~~ii _ilS.l,ri,iT". 

existed u_ rl ea' ? V%aI'ie iv 

the.: first phase ,efl. this, t 

.It seems ''to 

fi ractiVity-'to reach .J '_ .̀ 7rc.>en Eur-. 

present-position under.  

• _ire curé- fo ~~ ~JLl ez'e •`a y)pe? r:i ) Pave been ' a doming of . the i tla 	u_:d i 

Fo d in-~: had aircad;, bé~üi1 And was probabl:y 	scrogress. 

	

L 	' 
to by .t ~e. linear Sh`~ „ma Sa Of. the 	Sc .~'?r~..L.~el to, 	L i.ne str ï;t;, i~'.~~"e . 	i u=' -s`~-- 

~  

van;e upward thoug 1 facilitateci •by t.'::.le dot^iinÜ seems to have ?..: i' 

by direct ?s5i:lilatioh. ' At ttic time .of the 'intrusion of the Stanc.ve`:d 

vr1zodïorite rh cl appears py' ru t. hav e Peen,-the e n t(e next to reach the p_ . s 1:~ 

q.iJ 7e .qt2d 

±ntrusives. 

Since.... th at ti-'i2e :the•area s been one Of relative Quiet so 

surface conditions were somew at d.if ï.ere lt. i o-.td inJ w c7. s near ?r._ complete. 

:~oZT`ever ,,;le masma a.rid. :the • Over1.^1Y ;: sediments were Still under re: t 

`train, so much so” thatnot only  were the sediments ur-:~ifted but 

contOrtea.nd ': sh.attered. By the. :7topillg of• 'iu ,d blocks 

g.re'lt, 'body 'of the ?':1c1SS v?û a;bie• tO rise fairly rapidly  w .i.Le into th- 

many cracks and. fissures ,developed 'therèl'were shot. out great r t n gc rs 

or -dikes from the magma.: The contacts . a,re• sharp and t're sei__..._ts as a 

rule net •reatly altered. -There 	not rnüch evidence of direct _.._sifii- 

i_a:tyion except 7:n a few -parts Of the, Main fiasS. and. at _.:'c3a.Joo'fl Pont 

About the ti: e that the intrusio; , of the S a stead 

orite was completed most of the, deformation seems to have been o-,.e,r. 

However there followed /l1l17d a period. of r̀,fe I r a l adjustment  during  hich _..._. 

auras were developed in the now comole te.ly . déformed strata.• 
. 	.. 	 . 	' 	-. 	. 	', 	 . 	 ~ • wh‘l~e 	,, r~ _ , parts Of . the magmas had Cr~rstall_ized . ~t'~', beneath- uii _ ~re_l,tia. t• i 7n ._.._ ta- 

ken place. From the differentiated magma  because of pressure devel,l_Ted 
tw1-Y~s~or.s 

the 'new adjustments filled these f is:Si.tres. . In so'lîe instances i,hez, 
A 

reached. the ..urfre and there developed. ehtrusives and - stock-like masses.   
,. 	 ,. 

T~_eSe are.  all basic i7 cfaracter _aîd ' entirel; different from the earlier 

far as bôth deforria.ti,.~n: •a~id ig.ieoùs açtivit~~ are concern 	c.,.. 	Ilol - 

mal 	faults have been , d.eve.loped as, exe n~~lif ied - p5; - t~la .t riear  

~Cr e':It 	â.:oni fi iQ; and t l.i t Lal 

occurrsd. butnone 

by 

station: have ::.roba b,_3 , 
)(P.e.,ti 

he mar7red . impres ;ïon;`ùr% 



the rater aside new, valleys 'nav.é . been néve liJ pef' -largely, in the drift; 

•The large quan- though iri'plaçes `cuttirng 

the' Ple:i st'ocene 'dÉ'-~"" 

ev_idc3'C:c<<:, 	It has since 

`-2.1; 	feet1.ï 	ec.t of rock e'.7J` L! 

RS well as many 

have. taken ",).L..t.;'e 

Erasion has r'ev::d thou- 

scdi=~e__ t;ll r; .- oi ^a t? 'oYï`:? 

Prior to glaciatiOn there had been- 'deVe Looe a td-po., 	,1, ;, f'_.:, t:. 

,:,i^e atly dissi,nila.r 

were well rounded and_ valleys, open. The. ;Zan area was subjected t.. ., the 

same intense  glaciation as the rest of çou4aetern Canada. r great icr 

sheet moved across 

•ness of material was removed fromthe•surface. The. north-slut _ valleys 

f •the small east-west 

valleys were obliterated.. 

The great;ice sheet probably advanced over and retreated from 

in places were considerably deepened:a, 

laid dorm. Durin" t' he 	̂e- 

.area: Lakes, - ponded in front of the 

d 

a 

the ma. o area. se,reral  it• did • in t~ie areas to the west. 

last ice advance tQ coVer:Com pletely t'ne, whole area paused for• a lo:_.y 

time with its southern ed.;e near the ' presèrrt international bouc_d?.-~ov, 

where great morainal deposits were 

treat of. the ice a large lake ras developed to the. south of it which 

~map ~ ? " 	In this there were ~~e~o,ls.ite~: sands' covered : a great part .of the .a 	area.  

and clays. Later the ice advanced over al1 but the more southerly of, 
1

~ = 
~~ 

_y 
these. 	its retreatdrift was 	covering - practical.-~;; the whole {i 

~~~ 
~ 

ice, and a later marine invasion ` 

were responsible for terraces de1.ta. d.eposits,•  and a thin covering of 

sand. 

Owing to the irregUl`cl.l' deepening and the deyoositiol of drift 

the ' northsouth valleys great lakes were :Left after the ice retreated. 

'Since then these have been somewhat lowered by the removal of drift at 

their outlets but they still maintain about the same aspect ~N' bequeath 
~ 

to 	them , by the Pleistocene. From 	 ridges:the hi~her ridges and abrupt si o,_~es 

and in the courses . of streams the drift has been removed in .ontc:.zes, ex- 

posing the bedrock. 

are now Meandering: 

Streams . have ~.sought 

n. a bottom; of d.rif t. 

mainly ' their old valleys and' 

-Where the -o l' . valleys were 

obliterated or so do:2p:Letslÿ. .filleâ.' with_Pleistocene deposits as to turn 

tities of readily avai.l~bl :l e ooae :ma,.teri~l ha.ve persnitte~ of rapid and.— 



6. 

ohVYr'̀n Lt transportation so that- 6 	C7ne LâeYabLe size have been 

built u_) where the .lar,;er stre?ms e,lnt,r into the Lakes. While the ore- 

mainly 	;7T'e-P.LeiÛt7cC;'T":î, development • sent tJpC ,sra phtj owes its C)Y' Ls.Ln 

has been - s;î'ea t:1.y- 1.Iïf.lU:eYïÇed vÿ; ;the erosive and de;7os7. ti:?11a.L forces of 

the Pleistocene and .s1iEht13, . bSr.those which hàve succeeded it. 



• Economic Geology., 

are merely protuberaiîces of one great mas, e, or „ti'_C._itil and :..,_ e separated 

b,y o~~a.ythin ~.i l ~„ 	ells .of sedir.îenta, :, 

~ a.rP :._. tn.iîi;ten d g1.:aïloC;.lorlte. 	The d.içJ.tr.~~,; 

,._ . 
~u ~lLJii the quar:C'.ies -an,?. , pros_J4Ct pits is S owrl 11i r i,ure 11. 

seems 'to 'ta'c';,Vt  

transporta tiOn facilities. Alto-. ver.:ed 

too often  ihi.~s con troilcd.: -r`.za rr"„'-n.,.; o,;;;.r;I: t iar.s to 

Prospec tiriLs 

Beebe ar,d. al6ricr the electr i ç rai lvay 

ocate the test -vit have, ^e 
^`-

.. 

quarry 

f the tested. ~est.i ed.. 	test 

Within a short haul of pits have also been 

:a.Iied. 	iîP0a,'ent 

YtVolVe cri:. unnecessary e.::- 

nnE' ~J 	aLion, 

:iera.:.". t.lie- .te.:de.11Cy seems to 

-',',Granite" quarrying, ltl ti'18 vicinity Of:Beebe in the ,^-_oütflv:e8 

era .part. of the map area hat bcen Ca:c'ried on for over forty years. 

is one of the most important indûstr.les in the area and of its type is 

the largest and. Most important prod.ucer in the .Dominion of . Car.yda. Tile 

Quarries are Situated in 

of Beebe.. This is commonly lmfOrn  

area. northwest 	west.  
; 

;ra:iite area and t,.7.e : 

the ?nain 0.raflodlorite 

as' the -5tans tead 

rock ;7roduCed '.S StanStead zr<`liîite 	Tr?BîiteVille 1.s the -center f the 

both geographically and. economically for here are vitvated. the 

three large 	qûarries 	The village is off the main line  of the Boston. 

I~ 	tald  i,ial1c 	lltaq  r11C 1 1 7  GrSc s this ~ l t O f the'area but is lInk.ed to'  

it by .a short electric line. . Beebe is the headquarters of the industry 

Here are situated the offices of :many of the quarry' g companies, the 

. îu;e mill of the S't?ï1Stead .Graiîite Quarries  Company ...Ltd. several  >^:"~_a . 

er mills and- the homes of Many :of: :those COYineCted. with the industry 

is also the shippingpoint for the rra'ea.ter D'a,rt of the stone which leaves 

T 	and 	1^ I 	̀. 	Vermont      r;..f,, _ _ r t'?e `.a.iSfi.:L lCt 	L111e~ÙOrO. in Quebec.. 	!`iOrt.. ~erb, 1~1 	._ ~ ... .,J 

;;u.tJported. l:~r ;el J'.by the ~;rani te iïiduS try . 

The granite odours llia : • aref~ ~3 J7Ut three, 	miles ûC~'_lc=."~'c. 	Its 

Distribution   iS irregular, inl Masses of Vr~iiil~ size a~~?.. ~rla _îe. These - 

such an extent as to° cause the "e bend.iture of mach 	 ___fe _ l  Ji 

.ÛitGs. 	 ig;le:7'US 	-n0 ._latfer. [1`oZ'•i: Sma:L.i, in the V? 

indus 



case far the origin._. ôC3,s i Jiîc̀i,; 

r' 	 r 

oh Sites which from. ,`.fll. outset 	have been observed. to have :- 
• 

r' possibilities. H o1eaG there ❑ 1e notable eîGG'o%1)ï: to this 

method. of  procedure and Ln ,J sS  ca nes--these "1avC  bï)î rl J  ' u :ü vC of the C 

most Lucrative cuarryl l, industries  ~r  tn e r wa.  The selection- of  the 

C-.ra.nitev;;Llle sites affords tie best example of th:Ls.`;~~w:Lte a_)Y.are.:'tly.' 

ready transportation wasa se Qn1> rz;r corc reration. This nisreîys  "_17w- 

considerable ex _oend.i ture for the construction of er>--, 
. 	 £ 

ficient:-.neansiof conveyance. `n'Qe ` transportation factor of course -; 3.s 
.r% 

itated agaiiist the establishment :of quarries in the areas of th e best . 

storie 4Thici. ^.s a rule lie , at some distance  from the main line. For the . 

most part therefore the small quarry operators are content to sacrifice 

quality. for short haulage; ',hile ~ , this . May h"3vP, been "_ rogi ta:.îlC' _.11 a 

ever 1.1a;'. • i21VOlved 

small way to a few, especially to those who .C:Jr.fi7":e their activities 
I` 	 : 

cutting paving bloc'-ts, it seems certain that on the whole it has been 

an un'orof 7 ta:7le orOCer.lu .re . Another f 3.Ct0r however   w';iicil has also con-

tributed to 'the 'exploitation of. tnferior sections is that of property 

'ownership and  rates of rental-. 

The. quality: :o . the .stone should`be .o ne of • the most i:-:oor•t,a,r:t 

considerations in se.LeCting quarry sites. There are a Large number of 

features which affect the marketability of the granite. 

_oortan:t' among these are the co-.Lore, hardness ',  id- texture,  the bi otite 

streaks and knots .and. the cite veins (straps)... 	These and other 

ç' 	e`3 turès 'lave been fully described 	tae sectionongrailodiorite: - 	 .  

the  .storle i" govei'11Gd. La rp- e:L?- •l?y its pOsition within the ?s-. 

neous mass. 	e,  Tr'! ~énrs.l- it varies .,reat1y fro:1 • the, c02"!i,act t: the c _te 
~:... 	. 	 ' 

.Pra.ctical.lJ all tie 1:tnortant,ch~.'ra.cter'~. ~ içs of the roc''. itself are 

more variable near the :contact, ,.and se.,;re.0-?ti07is, inclusions, veins, and 

other things ,'rhich affect the- qual ity' ,cf the s t,orie are more crevaient 

,.re lè.: Consequently the  mostuniform .and ~~_L ~ 1 }' e is 	uïlifO iï1. ~3•P_~i t.1~- ~ o 	a 

rule best should. norrtia.laj~. be. ' foûrid. 	'di tance 'fro;:•tAe contac 

~ are far t":ie S f rO:ü that  is, at thoSe.poin t~''vrithin 

that L: .- L ,Lat ~r,, cionca~ve so ~~ 	tae center 

_?`-''ss' farthest from 

tell borne out in. the: 

the sedimentary..  rOcl" 



~ 	~\• 	

. . 	 ~ 	. 	•~~ .•~ 
	

. 	 ~ 	 / 	 . 

Starts 	~d 	a ^~ ' '„~~ 	~1 àÎi+ tc, c̀a.ÿc~, 	The three quarries which produce 

the 	best stone are situated r~. . 
	
r

__ 	

teViL.Le in. the  center .of one 7î the he, 
. . 

1a
. 
r;e^t  masses while the Ci z- lt f 	]o roa p

' 

c- cr .7Lts or Yb;i~~ole: V%),ir i Es 

~:. 
.. 	~ 	. • 	.~ 	~.~ 	' '~ 	smaller n é: ~ 	

-.. ' . 	. t,'. . 	. 	 .-i 	.t 	in 	i''i.r>•rN~~• ones . 	. are foüti_ ~!. 	nal.L~r. l 	es or l~èar 	~.e ,cont. .c , 	î 	; • 
- 

The .Gra.riitevi.l' e .mass 11.a;t alrea:dy beeri -proved 	.o_"  

.. . 	 ~l a,uali 	fo -r qü.arr; in;,. T~ere., there is much less trouble T i th , ac tors 
, 

whichc~.i.i>>'~.i:isra. the value of the st~rie `th.a;n else~~rn.ere. 	The_~.r•;e •  

northwest of Beebe n:r'oduces. a.t the Duncan r,JUarrleS a- 'very good Quality 

of gra,nite. 	However the preSC--nce: of 'sed.l.neïit.-3,ry inclusions e•Ls ti',T;.iere 

in this i!1",: : as tS as a. warl'iin ;; cC.*.~,lrt; 't .:rJhe ho-Oe of find 	 st7Yie 

~ .,. throu,hout. The mass alon the la.ke shore which seems to  

, 	 good ne~lecte~~ ought to afford. some areas of :g 	stone . The _oi,t.aerr_ 

pa•.rt has many inclusions but iiOrth'ai>.d crest of Graiiitevi-Lle there are 

.sections ~TTZich sees_7: to have ~oOd possibilities 	There is no doubt ;ç, a~ 
17,, 

the area as a: whole. contairis ~;;c'eat_ ,~u?..tities of_ ~i~,,- r?~~e stone. f~~ 
J 	~~~ 

The ;'1•orkiTi•s quail tieS Of the stone are foe tors of =ic ~ ~'r•t-. 

est 	i 1mrt^.:,':Çe i!i güarr;Tlüs~. 	~ S'ye t it roes no f.. seem' 'oos si'•N.i_e from 
`  

:geological data to' outline . L~lo'se zones in ti^`_11Ch 	qualitiesthese  	are 

. 	likely 
7. 

t0' be:most favorable. 	'!îl t'iiC 	t'_'.-F- . v .i. 7t; of the .:f.ra_i_ te in 
. 	 ✓ 	 ' 	 ~ 	 - 	 . 	 . 	 . 	. 	. 	. 	 , 

o1"I.ces i" '~rea tly enhanced  by the; excellent sheeting and -;D_ 7n':)i.inceCi grain. n' 

• } 	 - 	. 
arid. rift 17:.1.icrl .'ender quarrying .Oncrat-i.Or 5co.. ipt?,:C'ati-v`ël - easy. • 
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these Tn .Cu:::mar- pha.;ses of the subject. unnecessary to deal again- with 

tt 

It 

It two hoirs "v . . . 

slow immersion 	  

• . 	. . . 	. 	.v~ 

	 25, JC-,. 
vacuo • 

. Crushing, streT, th, l'os, per sq. 	dry 

4ore space in. ,̂ 'eigh.t-,• than. ``'I.tmestoïlé ~Tld •that its 

tone: The frost, resisting properties 

's e7preSBed i11 the coef,;'icient: Of. -rtl.iratlon are Satisf actoi'y. The 

A 	h. 
p~.. 

2,-.y •t~~I 

that ~ ^~ t . 	.~ i t~'seeis zz 	
. 

fi l~ 

iziTl.-; he .:.rites "The following list of physical, properties represents 

the average of three samples. from dif'fere:it•qua rries and may 	rearded 
, 	4 

as typical of the tans teacï;ra.n.ite in : ~ene;ral : - 

Specific• 	gravity. 

'"eight per cubic foot, :Lbs 	 

:Pore space, per cent 	 

• • 

tt under pressure 

Coefficient. of satilration; one ho'ûr. . 	.  

. ûtaTiStear'l stone It will be seen from 

Transverse strength, lbs.. :oer s 

Sj1eari:^_':t strength, ZbS. per S(7 

Loss-on- corrosion, grams ,per 

eret . 	  ::r, 1 1 6. ~ 

- vret . after 'freezing . , 22,135, 

1,762, 

, . . . . . . . . 1,425 

.. . . . . 	0.00091 

the transverse and 

~- 	 ~= rather .;o~?.. The Gset' ti~?o'ciïïlens seem 	suffer to 	̂-~E~r 

" bu.t:therC is: an a.poreciable,' loss on f reezlli J . 

stone should be ca- 

ûein7 :carved .t 	,;.facili,ts, 

.on the nuild:in; and Ornamental Stories of Canada (VoI.IIC) a 
1 

• -L ~ 	
_. 	.... _.._ 

'lines B2^?1:C1T, Dept,. of Mines ,: Canada:...t.1914). 

'2.637 

156.552. 

0.731 

Ratio of absorption, pe;r e-rlt, one 

tt 	 tt 

rr 

tt 	 " 	 tt in :va.cuo . 

11 

tt . 

0.1913 

.- „- ~J9 

• slow immersion  	0.2423 

-,r 0.2543 

two: hourS 	  

-hour • • . 	•. 	. • 	. 	. 	. 

G-7972 

.64 

. 6i 

.30 

. 	. 	. 



sufficient -deMand. i r biu'ildi`!g stone of 

:Size  coùld be easily quarried and loaded 

thrive for ,the reserves are 

4,~ 	, ~ 1"to~ç•i~lïl.g conditions l~ionrJ 

little doubt that stone of .lar; 

ors on the Lake." 

So.Lon-a s 

.:.1_'e 

Of the industry.. in 1924 br. Parks - writes • " The Stans 

;~._._. 

Bûl1... Can . Inst, of Mining •aïïd :.lietaliurgy; April 1)25.. 

,:r,.nite masses are excellently. sheeted arid jointed, rift and gain are 

.well developed, the stone is of even ;gain and true grey: colour, large 

quarries are possible', arid the shipping facilities good. Her .is situ-

ated the largest granite-quarrying industry in the Dominion with five 

firms Shipping stone at the present time. About 130,000 cubic feet were 

produced in 1924.   Building stone is quoted at 0.00 .00 per cubic foot, 

f.o.b.,quarries, but monumental stone may cost as much as ;r3.00 Der 

cubic foot. Freir;ht rates ner cubic foot are as follows: to _.Iontreal 

30 	cents to H pli fax,S.4 cerits, to::Toronto. 47 ceïits.' The stone is used 

Ch1.:f1.r for bu~ld.inl~ but .~",`i .incre'cbS7.ri~ ~~1~t~:ït i~ fin di Y-c7 its 	. y into ✓̀  	. 	 •, 

7o:u:ert, L  	n ôr o

.
r dinary .bi i  	n ;S , ni_  s teaL granite Cosec 	4é 

v Per cent more to finish than .Soft 'liMe.stOneS, but the increased fo~ ~ 
4 

~wa.rd.s the south, 'lo~x:ever, there is m: 	 , 

is more than justified 

structure." 

the enhanced beauty a,n;a durability of the 

. 	Altogether ten quarries were in operation dur in- “)24. The 

stone has been usecl in a number  of important bUiidiiï,g i._ .:Iontfeal, 

Ottawa, queioec, Sherbrook 	`'., Er_ :lOïito;i, Calgary, Chi 2:,- o ï_''. other 

cities. Large quantities of* ,paving blocks and curbstone are also cut, 

main:i; for Montrea•
.
l;_ Sherbroo',e :aild. Toronto. 

Of the Liagoori Point-mass Dr. Parks writes: " 
	T nlaiid the _"''•:_ite 

ri Sec iiîto •`' considerable xlill 2iîd•µoi'eSer:ts Zones which are ::1uC•~l 

`n r ed A s well as areas•i  ihiCn.7u^rr"i nj 11ig7t be easily done. - s_i?ll 

amount of stoiie' waS quarried. here- ilî187.3- a.nd t'•?as used iï! the construc- 

tion Of a darn 3t i?7001-.).. Ot':ler jJints cross the formation at S.~?Q°E, 

and '.this series 'becomes excessive toWS,:C'ds the .west sloe of the %I'opSrt:{ 

where 'the stone . is much i.':r ac tured. 



of t•urr_in.; out very . high-,Sade- mat 

Lime. 

-rial, 

have been considerable. Of the material Dr.Parks writes.,: "This is 
1.. 

• 
Report'on the .Building and 'Orna.;le,ital Stones of Canada, Vol.1II. 
r ii~ee, 

 
Branch,' Dept. :Of. Mines;' Canada ( 1914) . 

At Magoon Point. the -limestone was. formerly quarried for lime 

burning.' I n the . eenter of the'.Ma s, h.re. is a large quarry about 400 

feet ion,;, 25 to 1000 feet Tide and. 30 feet deep. Besides' this there are 

several smaller holes, so that 'the total . quantity of rock removed must 

fine grained b:iuis'ri white 'U.listenit,:; marble. with a pronounced banded 

structure. T»e stone has a strong teridency,  to split parallel to this 

handily:. Iron-bearing so.ltticns', have soaked in along the planes of 

banding and have stained the stone bright red . Pieces satn across the 

• bands are  very.  pretty,  Showing  
y.Y 
7Lre  blila L white a lt Gr,a t î R with 

bright red bands. This effect ' i's evidently due to surface agencies 

aid could not be relied' on: to occur throughout the mass f the. cLe_,osi 

j3rick 

Pr.eviously.the :Pleistocene clay east' of Beebe was used for 

making bri'ck. Operations have been abandoned for many years. The aaa1= ' 

it lr o- the c.Lay for this purpose was not aScertaïf?e 

the).- 'Dl ;)osi 

.:inera.l.*.d.ebosits of E'.~_.̂,,7ntoiîlicValue are not known in this area. 

lake shore where it is 

I t is cut by-many - veins and 	s ~,  which are reo'o'ted to ca.rr;r J 

old and Ot'.!ler: minerals, but, it i~ tZoLv'rl.t, that in the :'!a jority of c;` `A 

jhF.C~_ (' aims have never -been substantia-te~?~ ~ West of Beebe near .t'lc-
~

lG
. 

.  

' 	 7 

there was. fJuna- one s:tl~,l1V~.i,~l~~bea rin-  '¢1o .lco;oyrl.t2, oz--0ite and ,other 

sul,;'.ul.d.es. 

be. contü:uoâs p:ith a similar 

s~.r~_~;l1 as to. off e_,  



Vered :1i1 a p.'LOUSned field so tlld Ft Ÿ17 ifll.rlc:,; ? a very definite nature was.  

learned. .'i0i^'(3Ve2' it 1s' til0t,t;f0. 	have 2i7 i C`)L10:11C value. 

Southeast of 	b La c
. 

_ )rlo rlClaI slate hal.  

for cannel coal-. which ILl.il ,'7tl'freSt3l:1b.1.e8. .• r considerable a?oJnt of 

• labor .and expenditure-. 7f '_ï1,7Tiey 'C1 Le been wasted-  on useless el-:,i,o;ta";,lon 

of t]18. 
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•, . .The .diagrams are those used by Johannsen in his Quanti- 
t:-Ltivé Mineralogical Classification of Igneous Rocks. (Essentials for the 
iicroscopical Determination of Rock-Forming Minerals and Rocks). In 

. this :classification-.:rocks:.:are-:f1rst-divided into four classes according 
to the relative proportion of dark and light constituents. The division- 
are as follows: Class 1 - rocks with less than 5 per cent, Class 2 - 
dark constituents between 5 and '50 per cent, Class 3 - dark constitu- 
ents between 50 and 95 per cent/ and Class 4. - dark constituents more 
than 95 per cent.  

The specimens of rock examined show a variation from 0 - 17 
per cent of dark constituents. Accordingly they fall into Classes 1 
•and 2 and in adhering, closely.: to. the system should be shown on two sep 
arate d.iasrams. However they are shown together here in order that 
• the complete relationship of all: specimens may be brought out more 
clearly. The percentage Of dark constituents in each specimen is shown 
by the'length of line,used for its representation. To differentiate • 
further between the two classes the specimens 'which belong-to Class 1 
are indicated by hollow circles and those of Class 2 by filled circles. 
The family numbers are the- same :in both cases.. The fa-mily names for 
Class. 1 are bracketed. In most .cases the addition of "leuco" to the 
family 'names of Class 2. is the only difference. 

Each of the first three classes is subdivided into four orders 
according to the composition of -the plagioclase feldspar. This sépara-: 
tion is made on.:the basis of the Ab An ratio, as before with the 0-5-50 
95-100 per cent boundaries. All the specimens examined contair._ola.gio-. 
clase with a composition between AbrAngs and Abs.QAn,0 (CaNa fella oars o.Lig 
oclase'and andesine) and therefore belong to Order 2. Thus Figures 6 
and' are ' graphical representations of Class 1 and 2, Order 2. 

The order is subdivided into thirteen families according to 
the proportions of the three remaining important mineral groups: quartz,`. 
K feldspar (orthoclase, microcline, microperthite, anorthoclase etc.) 
and plagioclase feldspar, in this case CaNa feldspar. The boundaries 
are as before at 0-5-50-95-100 peent. The families are numbered from 
0 to 12:and named.as indicated in the diagram.•Each specimen can be 

:assigned to a definite-class, order and family., or for brevity be given 
a number. For example the average Stanstead granodiorite specimen A is 
Class 2, Order 2, Family 7, or 227. 

By graphical representation the.exact position may be indic-
ated. In the triangular diagram each corner represents one of the 
three important constituent mineral groups- quartz, K feldspar and CaNa 
feldspar. The amount of each present in a specimen is computed from the 
base opposite the corner of that mineral.- A corner point indicates a 
rock that is-100 per cent of one mineral and any point on the opposite 
base a rock 0 per cent of that mineral. Lines drawn at proportional 
intervals parallel to the three bases represent the percentage of the 
three groups in each specimen. The three lines drawn for a specin 
with- no dark constituents intersect in a point which gives the position 
of the rock in the classification. The presence of dark constituents 
causes the development of a triangle. To give the rock position in 
this case the center point of the triangle is plotted. To represe._t 
the percentage of dark constituents-a line is drawn from the apex of 
the triangle to its base in the direction of one of the apeces of the 
large triangle. 

The construction of the•triangle and the location of the po-
sition of specimen A are illustrated in Figures . This is the average 
of all the„ specimens plotted on this diagram. ? 	is the rock triangle. 
Ov, Kz and Cx scaled, off: represent the percentage of quartz, K feldspar 
and CaNa feldspar respectively. Any of the lines within or making up 
the triangle ate gives the percentage of dark constituents- in this case 
the line 	. Also it maybe noted that the relative proportions of any 
two, three or. four mineral groups may be ascertained readily by refer-
ence to the various lines or triangles; 

These . diagrams. Show very clearly .:the mineralogical rela tion-
shir's of all specimens. The rock localities have been systematically  
ï..;.mbered (fro 	e s t to east) and each specimen has. been liven its local-
ity number.. By this .method any consistent variation in coyposition or 
any general differentiation. in the magma - would be readily shown by some .
sort of- number grouping on the diagrams. The promiscuous mixing of the 
numbers in Figure Co ;and, Figure'( would:seem:.to .indicate nothing but a 
very irregular variation in composition. 

• ihter‘medlia.1-4. .vhrnnxohltè yaw~~~~es! ~ave .~ree~, s~owv, unera~v iN o~~er ~o~~•~~ca1-e 	eir 

\-->e 	lM rkj! 	
. 	,  
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Vanf'itJi:iY er ry r~ sJÉrCq 	•  

Dear Dr ierz,4 :V

T : ~  ~v of your In ndr+eYân g rrJorâ 
h3e:.~3 sent to the 1:Ai to`iial ,i°~...tv.a`' 5.©11 it la the rvm.o2t 

that throe c  Cp ie : besbaY ' y Yr r Clarke has boon  a'P; d 
to mâW itwo: wJtiaR of each of the wi4Vv1 G iqtoor_.tah li 

illustrations 
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Sit=  • 	̀,~y 	g + ~ over î 	's ~~ ~7 ~~ y.{^r for the  
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	aL-~r. ~ ' ~~ ~ LA~~~i ~~~i~ t,~ v ~+ t~~ ~.":.~. 1~ ~+ r- C_1- ~ .~~.'. i:+»:,~ 

~ F. 
	~. 	e. 	w+ 1 ^ ~ .7`n t n ~ 
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V
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of the'University o e3d that YOU. IN tiro writing v`zio t 
âûtÙc1' to the University* TIopi1E that a loan of the 
pÂ t e irv. would s:nn:c eo the. : t xi ecV o 	ec iAb: to v

1 
~•,- ~.v;` ;~v .
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.
~
. 

pone  m wkinc1°' a decision €sbu
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iwserâal wV  ,l d.  have to be ur ~ t cd
. .
.
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 ! n ~Mï~p  c "â ~~  z ~nk 

that fi:~ly-all material s^o$ld.i.( assembled by you. 
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that, three copies be made., V.rd Clarke has been Ashed 
to make three prints of each o ~.~ the eleven ,ho vcgn -oh _.c 

illustrations,. 

After 

	

+Ye,  liik'  	ove? the 'drawings for the 
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'work t: i$l~:e copies of iLepo I  also called 
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y1 ~. 	the University. y:~ry 7 d^ F 	n int~}n 	aN loan ~ Ci~A L. i~L,.Zr 
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. FYd~lai.~W L%'Ydir~wd~w .5.t~ 	 ~~i.~ 	.4-.+1Y! . 

~,Ltï~'i:~ making û+ C~a.e4::gûs,e.2 as t~- hew the figures Kî.~~~.. LRay _ 	
e±~gw~~~ g~ _4 	~!Cr;y ~~~yy 	e~t~{~ uM 	F;~ 	gq 	/;~+p~ 	~ ~~ 	 .~. 	~. 

:.-ûe~tUSuI.!CLi.~AL i-y~ìi,j-:Le..i.4~. ~~~'t~' t~' b.G~. ~J~~.4ir.nvG ~d~~ 	~:..'aL E~-•titjy ~.✓~`~w 3 :~ `4~h,~_.,.,~. 

:that finally y al1 material Should bc ass emblea by you'. 
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Plate XI - Serpentine hill. 
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Plate a - L.Massawippi - Bunker Brook - 'itch Bay 
.valley, from the north. 

Plate II - Parallel valleys, the second is that of The 
Tomifobiâ River and the pronounced valley 
beyond is that of Bunker Brook. 



Plate VII - Biotite segregation in Stanstead 
granodiorite. Size about 3 by 2 feet. 

Plate VIII - Biotite streaks in Stanstead granodiorite. 
The two wide streaks are 5 or 6 inches 
apârt. 
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Plate IX - Parallel pegmatite veins in Stanstead grano-
diorite. The width of the veins in the 
centre of the picture is about 1 inch and 
they are 12 inches apart. 
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Plate X - Stanstead Granite Company's quarry at Graniteville, 
showing the excellent sheeting and ideal working 
conditions. 
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Plate V.- Looking northwest toward Lake Massawippi. 
Foreground shows type of topography west of 
Bunker fault. In the background the ridge 
east of the.fault can be traced far to right. 

Plate VI 7 Drag folds south of Ayer 's Cliff in the 
Tomifobia interbedded slates and limestone. 
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Plate III - Looking southeast across Fitch Bay. Hills 
of Stanstead granodiorite in right back=ound. 

Plate IV - Whetstone Island. The low flat area in the 
foreground is underlain by Devonian limestone. 
The hills in the background are of Stanstead 
granodiorite. 
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