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, N : .
sedimentary and metavolecanic rooks of the Ascot Formation in
. IN .
. the southern part of the- Stoke Mountaln complex are compared

\ . \

.with those to the. east in Slluro-DeVOnlan llmestone, argllllte

v

_ ’ &
and sandstone of the St Francis Group With the aid of

prev1ous strugtural studlég of fbcks further west and north, - ’\\

N

a revised deformatlonal history is proposed
' \ ) .
The oldest structures recognized w1th1n the Ascot Formation

-~

-

are small isoclinal folds (Fl) and an ax1al-plane SChlStOSlty -

with allgned sericite and chloqpte. As prev18usly shown (St—

Jullen and Lamarche, 1965), fragments of the SChlSt and

'

!
associated albite granite are present»an conglomerates r@

structurgl'continuity with Middie brdovician (Trenton)nrocks.

\

' Hence the foldlng wrth growth of fabric- formlng miférals was . Ty

-~

- pre—Trento%\ and possmbly an early expre551on of the Taconlc

\
. ’ . ' ¢ o ok E
= Oro/geny oo ' .

r o . ,
, \

! Second phase tlght foldg (F ) in, beddlng and schlst051ty
‘in the Ascot Format;on may include major folds that part%?
determlnezthe outcrop pattern.‘ Snall scaTe’ F, folds plunge . '
ASteeplyito modératelg northeast nearly parallel to_lsoollnal’

first folds (FF ) in adiacent rocks of the St. Francis Grdup\ !

Furthermore, steep axial- plane follatlons appear to continue \

-

across the boundary Zi the Ascot Formatlon ‘into the younger Y

B

ipnshipssuggest that F2 and" FFl félds are _ ‘.

-

r ({ocks, ‘These rel:
coeval. Refoldlng durlng the mid-Devonian Acadéan orogeny is

. N
- implied. :

)



' Third phase folds in the Asot Formation arefgeherally.
. , g ‘ L ] ' ' N ; . . .
open with axial-plane crenulation cleavages dipping moderately
northwest;“’Folds.oﬁ.éimilar-styie‘and drieﬁtation dre present
N : . . K ~ .

1

. ? . b ) ’ L .o ‘. L “\_\ v . . SRR
in the St. Francis Group, and in the Middle Ordovician rocKs .
7~ .. C N ’ e B \\‘ .
to the.west. = . e "o ¢ X

N\
The tectonlc settlng and st%le of successive Eolds suggest

v .

that in the early Ordov1c1an there was at perlod of 1soc11nal
re¢ t foldlng and low—grade metamorphlsm “perhaps

accompanylng the emplacement of Taconlc nappes * After’ 1n1t1al

L

subhorlzontal shortenlng durlng the much later Acadlan
+

.xorogeny, there was llmlted subvertlcal shortenlng, possmblm

..
1

in response ‘to crfustal extension. S N
- - . T ) . . ; N
. . . i i . . \
r -
N N
L 4 9 ’ -
A ‘ ,
o
' A5 ~ ik _ .
. o ) N . R
- : s . :
- s —~
¢ ‘ '
9; S 1 4 N o
A
, e
3 :
!
.
. -
£ e . -
L P
A
A
.
’ \ ‘ 6’
rr
" = 'Y N
- . L
. -
- <



\ ; . . | | ?

: - i CN .
) i -7'\_‘.0
~ . - dii - .
: o : '
. g TABLE OF CQONTEMTS - .- .. - ‘ PR .
’ N T o Y
2N : _ o, page ‘)
. v o e , -
) . _ L - K SR L o
INTRODUCTION —o% — = = =imim = = mel = o oo Lo 1
Location — e - e - E - fJF'- R T
Relief, Acce351b111ty and Outcrop Type el <o - - 1
| .Geologlc Settlng -2 - .- - - aTme o oo - - 34
; Prev%pus Work - - = - - - - e m e e - a o B
Sﬁfatigraphic Relations -~ = = - - - - - CHL - &
Structural Relations — = = = =wm = = — = - - - Sy 6 -
Faults - —'-.- - - —.— -_—— - = - - R - - - 15 -
- Purpose and Scope of the Present Study ————— - - 16
Field Procedure- -\- -7 - R . —M;-* - - 17
: _ : : e
Agknowledgements-;'— - - - - - e —;— 17 “
. b ’ _ . b ‘
. s ' t II \. . . ~
STRATIGRAPHY = = - = — = = = = = = = = = = 0= = = = = = 19 .
" : - ' ! . A T S “
Intreduction - - — ='= = = — = = = — = —"= - - - - 19
- Cambrian to'Lo;er ordovicsan Rocks - - ; - = - - - 22
Ascot Formation - - - - - = - - - - - - - - - 22 (.'(
Acid Volcanics (map unit Al) - - -'- Sl A 22, .
',Slltstone, Sandstone; Tuffaceous (77 Rocks
and Chért (map unit A2) -.- - - - - - - =< 23
3 L Graphitic.Phyllites (map unjit A3)- = - = - - 24 /
| Sericite IChlorite) Schist‘(ﬁhp unit A4)'— 24 ;
h ' Stratlgraphlc Relations of the Ascot Formatlon .
Vlth the Magog and St. FranCLS Groups -~ - = =~ 25 ,
o
Ultramafic Rocks, {map unit I1) -~ - - - = r=--- 26
- Albite Granite (map unit I2) '~ -.= - - — = - -




R o - . . \
. . Mlddle an Upper Ordovigian Rocks '+ - - - - - < -2 28
) “““‘ME@bg Group - - e - - - - - -}:_fzaw

Beaucevalle Formation’ (map unit M1l) - - - - 28

Sherbrooke ana-East Branch<Pond Formations - 28

- e, Mlddle SlIﬁrlan t&'Devonlan Rocks- St. Fran01s Group 29

Northfleld Formation. (Lower 5t. _Franc1s Group)
(map unlt Fl) " = = = == = = = -~ - - - - 29

.| Waits River Formation (Lower St. .Francis Group)=..39.

. Ayerfs Cliff Member (map;unit F2) - =, — - 30
) e o ‘ Barton Rlver Member (map tnit F3) - - - - - 31
Glle Mountaln Formatlon (Upper St. Erancrs'.‘
Group) - - -- -#7--—---7-—_&__7--— - - 34
- Westmore Member (map unit F4) - - - - - - - 34

A Middle ‘silurién to-Devonlan Rocks : Glenbrooke Group

and Lake Ay mer:Formatlon - - - = = - = x4y ~--= - 36

7 Middle or Uppér Devonian Rocks r T x - 37

’ Granlt\\{map un1t 13) — - Tt s mmm - 37

Upper - Devonran (9) Rocks —————————— -t - - 39

X - '_Dlorlte (map unit I4) l— - - - - - - - == 39

,Cretaeepus (é) Rocks - = —'—L; - - I - - - 3;“)§:
: £l 7 . _
} Dykes ‘;—. U T '~ 39
© 11T ’ o

S:PﬁUCTURﬁS - R e Lo - 40
rfzfi-f: ' Introducfion - - - ;‘T - T T T ST T 7 % —J— - 40;

T .Ascot Formatiof - - - - —‘—“3f;-— - - =T - A== - a0

+ i ; N 40
i

-V



o v
, by - ' ) . ‘
. . , | page
) Ll Llneatlons - - _’_"___ ::— B T
D2 Deformatlon - 2z .- "3; S -. 47
Fz'Folds'——-—-—----.____:.___47
'ﬁ S, dleq&aée e Y- A )
L, Lineations -~ -~ - - - PR - -Ci“} - 50
D3.béf6rma£ién.— - —— - - - - “; - - = _'; - - 50‘
//FB;Folds f - - - - - - - - _:fﬂu’_'_ - ; - 50
Sy Cleavége - - —,—9-:— - - - - j‘n - - - - 52
Lé Liheationsg - - - === F-f-f 4-—;— ! 52.
Metamorphism - - - - o ;.- _.775f_ -~ = - - - 53
‘St. Frahﬁis‘Group - f‘-.; e ~ - - 5%
~ -bDl Defomati_on - —imgm === 2 R 54
L -FFl Folds - - - - ?;- - - - - - - - ~'—’; 54 .
SSl Cleawage Lo - R SB;EV i
' LLl.Llneatlbns - - - - - —%% - - _'_._‘1. 61. B
%DDZ beforméfion? - - %= - - - - - ;.— - = - -'i63f )
\j'Dr" Folds —'—‘---—:—_-"—.-—--_-——‘-'i'-— 63 °
S8, Cleavage i :i— ; i - .63
LL, Lineations - - S el 65 e
‘CQD3LDéformation, Sl T il o :i': I
} . '-. SS3 Cleavage -«:“\ -4\- pEiaail el - - ® -
R LL, Ll?ls.@s——-.—,—b—”'——— -'——4-".-66' s
’ " Metamorphism ~ - - = - = - = - = = = === - - 66 )
Magog Group - - - - .- N “}‘\v,;," f - '27.;'-'— - -_ 67
) ﬁ.. Beauceville and Sherkrooke, Formatlons - - - -.- 67
” Glen&ooke Group-—-—--li-—-.‘— '—.-:-———-—--;"--
Relationship Between4§mall Scale
) 2
kN - -
L -




3

- . .-
N

Connectlcut Valley - Gaspe Syncllnorlum St.

Francis Group el - = == -
Correlatlon of Strugtures and Age of the Deﬁormatlon
Tectonlc Deformatlonal Phase III - -':'—'- - - -
Tectonlc Deformatlonal Eh&se II - - - - - } -
' Y . '
Tectonic Deformatlonal Phase }-- - - - - - - -

g , | S

A -
’ o, .
, Y. :‘.Q ‘ '

EYNTHESIS - = - —'= - - —.- R - s -
Tectonic History - - = = === = = == = = = = — "

< .

Tectonic Evolution in Relation to Pldte‘Tectoq}Cs -

St. Vlctok Syncllnorlum ‘Magog Group ——————

‘page

77

“Introduction - - - - - === }.— - - == -
Fécies Relations - = - - - - = - - - - - - = - -
o . ’ " . . I . 4 ” . ‘ .
. Struqtural/éﬁccession iRl i
Problems and Suggestions for Future Work - ﬁ.f'— - -
a/. 7 . .. ~. . . - ~. .
'- il ll r“ A .
REFERENCES ------- T
Y ' 7 o o .
APPENDIX I’ FOLD CLASSIFICATION I I
@ . - ) - o
_APPENDIX Il EQUAL AREA NET JECTIONS - = - — = = - =
APPENDIX III. ECONeMIC GEOLOGY - - - —v-:- S
- ! S )
3 g!‘ . - J



te

-

~- vii <~

S LEE;/éE kFrcures |, . ¢ .

’

‘Geologic map of. the Eastern Townshlps and ad;oxnlng :

areas. showmng major tectonlc unlts and s;ructures - 4"

4

‘Map of fassil localltles in the. Eastern TOWnShlpS.

~and in northern Vermont and Maine - == - - &= - - 10

10

lla F

11b

12

13

14

15

16

17

18

‘district - - & - - === _-.— --m - - 42
El f£old profile'-— - ‘44
5 fola proflles - - - - - - - g : -~ "~ 48
Fg fold proflles - - - - - = -7 - - == ;f 49
. ’.:‘ ’ L. e \. ) . .
F3 crenukatlons and slip cleavage, - —.='= 7 —~ - - - 51
“FF, fold profile - - = = = = = - - -t - - - - - - 56
‘FFl and- FF2 fold proflgi T- - ->4f4{— - - - =~-=-= 57
Tectonlc‘“boulders“ in the SSl plane - - - - _f;_i¥;f 59
“Graph comparlng steepﬂess of FF fold strpctures in
the St. Francis Group with dlstance southeast of the
.Stoke Mountaln complex ------- g Rl 62
FF2 ‘fold proflles- e = s - - - - ® - - 64
,Diagramatic sketch of p0551ble large e;gle folds .H&{
suggested by changes in dlp of Sy and ‘§; in the T

-4

-

‘Map of main rock unlts and major structures, Laké

Massanppl area and viginity - - = = - = - - - - - - 12
o ' ;;'- ) . .

Stratlgraphlc map of the' Lake Massawippi area - = - -21°
. . ‘ e "

Structural map and cross sections of the Lake -

;'A(f/. . N oo | . page-

‘A) Geographlc map, Lake Massaw;ppl area}‘B) Location o
-of study aréa s T T P e

Massawippi area - — —= = == — m = = - = = - .~ = in pocket

Map' of the Lake Massawmppl area with equakl aréh net

.projections and modal average orlentatlons of

lineations and cleavages —————————— ~— = -.in pdcket,

Mab of modal orientations of structpres; Lake | -
-Massawippi, Magog and Sherbrooke ar&es - - == - - 41

,Cross sectlons of the study area and surro&ndlng

Asco! Formatrpn T SR
. - ‘ e

- . 3 ) s
s

A



[} o - . ; » ] .
e o v wiii - e )
: LY . R
] ; A X . . . p
. ] ,—\/ * co \g Ty o ‘
19 Interpretatlons of FF fplds and enveloplng surface 76 w,
- - '
+20 _Pictorlal summary of ;he geologlcal events 1n the
Lake Massaw:.ppl area e mm s = — w= s T = = B4
21 Experlmentally ’formed kink band B 1) ’
- oo . s
22 Fundamental ‘types 'of fold classes S = 1047
23 Equal area nets, computer plots - —f - = d e s o o130
24kﬂand contoured equal area net - == -‘r <o - - = - 111 o
25 Comfai,latign equalcarea nets - — - — = - - Tmo- = - =112 N

1 R . - ‘ . . ‘ .
. T ) " !

'/ - X ! ce
o i . . . L o :

_A‘\ - 3
f R - -~ - N .
hY M .
v
by 3
I _ p
. r
L N ~ - .
Vv N -~
\ .
s . ~
s, ) &
. . , N
. : .
. .
b A "
- N - h‘
r ‘ - ?71' i
.
' e
. P
° -~ : ' Lt .
. 0 _
Q - - .
] . I . o . . t
) : S :
’ , . N ~
. . 3
N o ' .
. . 5 e .
. - N . .
N . . .
5 o * . .
i » . .
+ . s . * .
. 5 A -
- . o . - .
N .
° " v - - 2 : .
’ L . . r .
- . v B ’ - ’
- e t. Tt
' Al - . .
P .
- . - N
Y - v _
A : ' :
— - - v . L.
[y 7 " -
. { - N
< - . !
@



\- " rl ‘ ° 13 -
S - » £y
- e - .
- 1X - o . '.'
' ! . ; v 3 .".h
LIST QF TABLES
i . ; " e . o e e
. e ¢ . S _ _ L 1
'1 Stratlgraphlc Relations of the Quebec Group. . o
> Hlstorlcal Summary’— el i B 7
. ‘.p 4 \ _‘ v
Sﬁratlgraphlc Relatlons of the "Gaspé leestones"--,;(
1storlca1 Summary = - - <.~ T. 7 7.7 7.7 77 = - == 8
. r a Lo
. ti:nued ——————————— — = = = - - = - "'-
2 on : . < 9
:3 ( siluro-Devonian Correlatives in the Conpecticut. <
Valley - Gaspé Synclinorium = - -~ - - - - - - 5 - - ©11

5 C asacteristics of Structures: Ascot Formatlon
".(Cambrian or Lower Ordov1c1an)'- - - Ff - — w2 =l 43

: A
6 Char cterlstlcs -of Structures St‘ FranC1s Group

7" Char cterlstlcs of Structures Magog Group, .
. Beauceville and Sherb?oeh\ Formatlons (Mlddle to

cf"‘Upper Ordovician) . j ——————— T T T s . 69
Chagacterrstlos of Structures. Glenbrooke Group
o (Uppér Silurian) - - - = - = - - it ST oTT - 71
" .9 Correlation of Minor Strucéures and Age of T _
-Deformation = + - - =--. - - - - - j - - - == ==\ 78
010 Fold C1a551f1catlon AscoteFormatlon - - — == = = =105
{1 ~ b - ., - - . . .
11 \ Fold Cla551f1catlon: St Fran01s Group —er T T T T T 106
. IR o
? -.‘ - .. ' ‘ L ‘:‘ . . "’ . A N
U . A |
. o8
i * ;
, \ ) e
‘ : ]
¥ .

. ‘ . .. ) ' . a . \7
-t - * . TN e - v N \]

4. Tabiefof Formétions';— -GE\:kf - - f - :j? 20,
BN : o SRS - : T



A

Compton_Counffﬁ; It rs;coveredeby parts of Coatlcook, _
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Longltude R° 05 W to Lon?J.tude 71° '39 .,

portlon oF- @rforg and Ascot To
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oo v INTRODUCTION

oo Location o : o,

. ot ) . . i
. - 5 . X a-

The study aref covers apprpx1mately 354 square mlles'
o .

(906 square km) in the Eastern ‘Townships, Quebec, about 80 /
mlles (128 km) southeast of Montreal (Fig. 1)

The southern boundary is the Internatlonal Border'
L} . h

. extendlng frog*Longltude 72° 15°W to Longltude 71° 59 W - The

northern boundary ié Latitude 45° 20 'N e%tendlng from .

..

The area 1ncludes Hatley, as well as’ a part of Magog,
e -.J

Stapstead and Barnston Toﬁggklp » 1N Stanstead County, and a

o — ’

~

well as: gypart of Eatonr Compton and Ciifton Townshlps 1n

=]

v’

Sherbrooke, Orford and Memphremagog topographr& sheets of the

Canadian Natlonal poographlc 1:50, 000 Series (21E/4 ‘21E/5,

&

(p/a and 31H/El respectivt?y)

. Cr EREAN
-+ . - . i
. . e @ . -
PR

. -Relief,ﬂAccessibility and-Outcrop Type .
) - . 2 : .

y

. . ~ #

Gently rolllng hllls occupy most of the area, howeuer
a ' ~ =4

' there .are also’ large tracts of relatlvely flat land. The

r

. elevatlon varles from about 500 feet {152 m) E\\the lowest

6 - ,' 1o N EE

hlps in: Sherbrooke County as

.
1y
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part of Massaw1pp1 River to approxrmately 1, 500 feet, (400 m)

near South Barnston. L b -' . -

! ~ - A ] “

About half of the area is farmed the rest 1s covered

oo T

" with woods 1nclud1ng»most-of the-Stoke Mountalns (Flg. 2y, -

P,
All parts of the study area are easrly access1ble by a

close network of hlghways_and gravel roads“*_Tﬁe—best'exposures
of bedrOCk are along hlghway 55 which links the Eastern

Townshlps Autoroute (Route 10) w&th ‘the United States. S \\

.

Elsewhere outcrops are small and_ far apart very often haulng

a den51ty of lIess. than‘one per square mlle, the 1nterven1ng
areas belng covered by Pleistocene depfé*fs. Most“bf the

f outcrops are in small road ‘cuts, however a few are in strea%~

,

valleys and away from the roads, espec1ally in parts of* the

.~

Stoke Mountain complex. co s - ‘ >

. . a K P
- - . . . N . .

R : Geologic Setting . . . S ~

Southeastern Quebec has been lelded 1nto several structural

domalﬂ% composed of varying types of rogks. From the Quebec -

I '

Maine Border to the west these\iye the. Frontenac syncllne,
[

the Connectlcut Valley - Gaspé s nglanE%um, the Stoke : .

Mountaln and Weedon Mountaln'antlcllnorla (Cady, 1969), the
)

St. Vigtor’ syncllnorlum (St-Julien, 1967) and the iutton

Y
Mountaln antlcllnorlum (Cady, 1969) (Flg. 2). H

’

Rocksvzh'the Frontenac synclr?e are predomlnantly non-
0
calcareous Lower Devonlan sediments w1th a minor amount of

.

. . N .\ N " o ! ’ ' P /
volcanics.- ‘ . "
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, and metasedlmentary rocks.

‘l‘ ot e . .)
The Connectlcut Valley - Gaspé syncllnorlum, whlch

accordlng to some WOrkers 1nc1udes tHe Frontenac syncllﬁq

(Marleau,; 968), extends from Gaspe Penlnsula-to -the sduthern )

part of New England Wlthln it are a serles of Siluro-
/

'Devonlan'ﬁedlmentary rocks whlch grade from non—calcareous in

v o~ ‘ , . ",
the east- to calcareous in the west. " e //

-

V-
.

Outcropplng w1th1n the Stoke Mo taln and Weedon Mountaln_-

antlcllnorla are Cambrlan or Lower Ordov1c1an metavolcanlcs

s

-

w

 Lying within the St. Vidtor syhclinoriiim are Middle

Ordovician non-calcareous sedimentary rogks and Siluro-~

. )

o :

' .
Devonjian limestones.

. : . . - ) ' I ] ' - I * » ’ . -~
continuation of the Green Mountain anticlinorium of Vermont,
. ‘ ' . o ‘ . . .
it ' .
exposes a sequence of Cambrian to Lower Ordovician

.

.

metavolcanies and metasedimentary rocks whith are considered

)

to be equivalent in age to the rocks of t}gQWeeddg and Stoke .

I

Rock units in the study area lnclude the Cambrian or

Mountaln antlcllnorla (St- Jullen, 1967)

Lower Ordovician rocks (Ascot Formation) exposed in the

eoutheinﬁtip‘of the Stoke Mountain anticlinorium, pa;t\ef the_

Middile Ordoﬁ‘Lian rocke‘(Magog~Group) of'the St' Victor

—

'syncllnorlum and a portlon of the Slluro—Devonlan rocks

(5&. Francxs Group) an the Connectlcut Valldg - Gaspé

synclinorium (F;g. 2) d

“A ‘

The|Sutton;Mounﬁain[anticlinoziuﬁ,thiph is the nqrthern-



Previous Work | - ‘ S
‘ ' . o .

Stratlgraphlc Relations i

PR

Follow1ng Cady (1960) and others, a summary of prevlous

work deflnlng the stratlgraphlc relatlons of the Cambro—' .

Ordov101an Quebec Group, and of the Slluro—Devonlan "Gaspe
leestones" is given 2n Tables 1 and 2 respectlvely. Fig. 3

gives the. fossil localities and Qeneral‘stratigraphic
5 \
relatlonshlps Eor the Eastern Townshlps and adJOLnlng areas:

. f -
Table 3'is a correlatlon by Boucot . and Drapeau (in Lamarche, .

,1962) of tHe Slluro—Devonlaq rocks in the Connecticut Valley -

A__‘

e

. Gaspe syncllnorLum Flg. 4 1nd1cates_the distribution and v

,stratig;aphic relations of ‘the main sediﬁentary, volcanic and

-~

Aintrusive rock units in the vicinity of.the study area. L
: . 1 ) ; .

L v v
. - .

Structural Re.'lationsJ <.

A o o }

4 -

-~y

Cooke - (1957) reported that in the. Coaticook - Malvina

arpea (Fig. 3) the major:structnre is‘a_}arge homoctine ;drmed ”Q
F,bby eVertuxned sediments at least’l4 miles (22.4 km) thiek.
/’/5No explanation,‘except—the_gossibilimy of fepetitlon acnOss

faults is.given’fdtlthelunusual apparent th%ekness.

. 'E) Several detailed structural analyses haﬁe been made in -

Lower Paleozoic rocks to the west and ndrth, and partly

w1thln the study area QFLg '3). o |

_ Osberg (1965) ‘studied approx1mately 300 square mlles

(76& squafe km) of Cambrian (?). low-grade metasedlmEntary andf

metavolcanlc schlstose rocks in the Knowlton ~— Rlchmond area

of the Sutton Mountains about 15 miles (24 km);northeast of
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_ Table 1 Stratigraphic Relatiora of the Quebec'ﬂrcupslulatarical

. Ny L - A

Rock Unit and Area Named by, And Date Worked on by Ago Aasignéed
' and Date. ¢ e s :

i L ¥ . - . - -

" QUEBEC GROUP Logan (1863) ’_> T Lower Lowgr
{Megantic hills, Stoke and oo . Silurian
Sutton mountains and west . 4 -
to Logan's Lina) ) . - £

SUTTOM MOUNTAIN REGION ' ©° .logan (1849) HMiddlc Lower
' o ‘ . ' - ’ Silurian
- - . N )
) o * . Logan {1863) Lower Lowgr
. Silurian
N N} e
Crystalline Schist Selwyn (1879) - Precambrian
Group . t
Bannett Schists * -  Harvia (1917} and 7 ) Precambrian’
{Thetford Mines aroa)} , Knox (1917) - :
7 Bepnett Schists=Sutton Clark (1934) .
. Behists "(Sutton area) . 7 - F .
Caldwell Series . Mackay (1921} ' ~ Cambrian
(Baauceville area) . f
Bennett Schiats = Cooke (1932}
Caldwell Serles ) B
Caldwell Series . Cooke (1%37) Cambrian
Caldwell Group " Gorman {1954; .Middle
.. ) . M . 1955) Ordovician
1
STOKE MOUNTAIN COMPLEX B .
volcanic Group . ‘GJ:-\} (;319) ' Lower

. . - Cambrian

g - e

Stoke Mountains h : Douglas (1941} Ordovician
(Eustia area) (sediments)
L . - Devonian
: . (volcanics)

J ' Crotaceous

LT . ' (dykes)
.~* ' Sherbrooke formeﬁign ’ Cooke (1948a) .

- ",  Cooke (1948a; - Middle
e . 1950} Ordovician

. ) to Silurian

‘Agcot Formhtipn" St-Julien and . . pre-Middle
. * Lamarche (1965) . Ordovicdan

. .

L) P
. equivalent ‘to presant Lower Crdovician
) N 3

. ]
Summady

‘Age Dased On

Correlation with
Trenton Limestone

Correlation with the
shickshock Mountains,
Gaspé

'
'

Correlation &f the

olrexlying slates with

Cambrian or Lower

Cambrian to Silurian

rocks in New Branswick
-

Cut the sediments

Age dating

" Fossils in Castle
grook (Fig. 3, fossil
locality'S)

Underly Middle , *
Ordovician rocks

L3

.'Thc Ascot Formatioﬁ replacens the namen Caldwell, Sherbreoke and poauserille Series

in the Stoke Hopntainn.‘howcvcr the terms Shoerbrocke and Brauseville

rocks in the St'. Victar synclinerjum to the west (Fig. 2).

. -y ' '
T a o, —

are still used for



,Table 1 Stratigraphic Rulations of tho "Ganpd Limestones®: iiistorical Sumnux"y ) Lr -

.Worked on by

Rock Unit and Area Age Based On e

Named by and Data Age Assigned

- . \ . and Date K4 : . o .
chacuo-calcareaun. Logan (1E849) - Upper’ - ' Fossils (Fig. 3, '/
formation : s Silurian fasail 1oca11cms 1-3) LN
. Adam (1849)
) _ in Logan
- (1849)

EAsPE LIMESTONES Logan {1863)

Selwyh {1879) Lowar = .
Silurian B

. _ Selwyn (1883) Siluro-"
.- o Devonian
(North Hatley area)

Ells (1887) Silurian and Fossils (Fig. 3

. ) *  Cambro-

locality &) . .
n Silurian
(Pamine River and St. " Ells (1869) ’ Dn{onian Fossils .
Georgeu. area)’ & : e - R B T
. ¢ Ells (1896) - Cambro-
. ' + Silurian
(Baton area) * ., Wemton (1899)  Devoniap  Fossils (Fig. 3, )
. . ) ' ’ . , locality 7) * ‘
N . . - > ' ! ! . . . ' 1
_ ST. VICTOR SYNCLINORIUM® . o . "
Magog' Formation . Ami (1900) - '. o .

. (Lake Memphramagoq area) - . - . L.
Beaucevilla Series Mackay {1921) Ordovician ’ : R )
{Beauceville area) . .
< : ' . ) . Cocke (1933) Middle to ~ Fossils (Fig. 1.

: : : Upper  °  fossil ldcality B)
L' . . . Ordovician -
. N , )
Besuceville Group Cooke (1948a:b:c) . Middle Fossils (ace Cocke,
Ordovician  1933) ° '
Beauceville Group = Ha.qog L Cooka (1950} - N - - a v
Formation® . . ‘ . '
Beauceville Group - , Gorman (1954;  Middle Fossils 4rlg
Oordovician fossilflocality 4)

. © . 1985

Loa

Beauceville Formation - | . Berry (1962) Late Middle Fossiis (Fig. 3,

Magoy Group Ordovician  fossyl locality S)
CONNECTICUT VALLEY - GASPE . . . &
SY‘NCLI}IJORIUH ’ . - .
St. Prancis Sefies ' Clark (1937) Tt Hiddle Fossils (see Cooke, .
’ Ordovician 193)) (fossil locality
presently mapped as .
) Beauceyille) . !
. . e . hY - g
St. Francis Group r Cocke (1948a;bjc) ordovician . Based on fosails of .
R : - Caoke (1331} Y
Tomifobia Formation Kerr (1923) : oo -
" . .
. Lo . Clark (1934} Ordovician . Fossila {(Fig. 3 !
. . locahr.,,r 9}
1Y " . .
- N Ambrose {1941) Middle | Litholeogical .-).nllatitﬂ--
1 ' . 4 Ordoviciap with tho Magey Group :
. * ~  (he dida't find the
. N fossils of Ells, 1887)
Cumming - Identificdd the fossils
{1352) “nnd . from the locality of
’ R . McLaren Clark (1934) ae non~ '
(1953) in orgun!.c_ .
Boucot and
Drapeau (1968) . i )
Tomifobis Pormatirr~iyor's ardovician  Correlation with-the

(€liff Pormation in V:urmont : o

Doll (1951}

- A 1

“TABLE 2 CONTINUED ON TIE NEXT PAGE

LN

_Tomlfobia Formation
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I . : Table' 2 Continued
L h .- . ' | .
“Rock Unit and Area’ Named.by'and Date Worked on by Age Aszignad
= . . . ~ A and Date

. ]
Compton Formation

" McGerrigla (ib];)» . Ordovician

. "+ ‘Lowdr to
K . ’ o . Middle
. . - Devonian

Perkins {1925) !

1
" relly (1963)

Seeboompok Formation N

3

Hi.'dﬁlé-ﬁower

v

. ‘Age Based Un

]

"

Fosai g

11 locality 11)

' o '. Davopian '
0 » BN .
St. Juate Gn;\uﬂ . Béland (1952 Siluro -~  Fossils (Fig. 3,
~ ) . Devonian = fossil locality 10} i
Upper and Lower. St. .7 _Cocka {1350; Ordovician Based on fossils bf -
Francis Group - e 1957) — Lt Cooke (19321) T
Upper Upper St. Francis .- Marleau (1968} Lowar, to Based on fossils of
Group = Compton Formation - . % . Middle Kelly (1963) -
. - Devonian ° |
Vermont equivalents: of, St. ) Doll-(1951) \ oOrdovician Fossils and .
Francis Group ~ ¥ . to Lower correlations ST
. - g Devonian .
- Al . r
" Waits River -:Glle N . bDoll (1961) Middle Fosalls and
Mountain sequenca B Silurian to correlations
- ‘ Lower
. . - Davonian /
. y . . - -
Shaw Mountain Formation Currie and¢Jahns Ofdovician ' ,_"
T, . : (1941} . 2
RN .
. v .
B Boucot” {1960) - Siluro =~ Fossils \(Fig., 3,
L . N see Boucot Devonian fossil locality 12)
” : . . and Drapeau __ o
, ‘ - , © N (1968) .
St. Francis Grouo Boucot and Siluro - Fossils (rig, 3,
: ' - Drapeau Devonian fossll localities 2
! {1368) . ; and 13 to 20)
. . - m_rcha Siluro - Fossils (.Fi.g. 3, .
. : . (1965) - bavonian Fossil locality 21}
- . ~ T N " L ., -
hl:GANTIC HILLS : Logan (1863} Lower-Lowgr \
2 . o, Silurian
) B : Ells (1887) Precambrian
i v
_ 'Frontenac Formatlion McGerrigle (1935) - pré- c -
- C ‘ .- Ordovician
Faessler gPrecambrian - 3 !
( ' (1939) :
oo . .
’ : Marleau Earfy-uiddl‘e Gorrelations *
C. {1958; 1968) ﬂbew:hi.an .
"Tha rocks of the St-) Victor.synclinorium are presently not included with the *Gaspd [ ’
Limestones” of Eogan (1863). ' ] ‘ 5
. n : - \ ‘ } ‘
- . equivalent to present Lower Ordoviacian .
. . - - *
. V N \ @
N
\ N s .
-
. ' & -
. L ™ : .
. ‘ 3 ™~ )
' ~ :

Cd =™ .' ’ ] -
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Fig. 3 Map of fossil 10ca11t1es in the Eastern Townshlps and in

morthern Vermont and Maine.

Areas of prev1ous detailéd structural

investigations are outlined, as Well as varlous communities

mentloned throughout the text. .
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(Taconlc) orogeny. -Two su nt phases of deformatlo
i;n’
prod 1ced lSOCllnal and open folds respectlvely, both trehdlng

—nor east,_and these were consrdered as Upper Devonlan
f-w-.
(Acadlan) structures

“3. de Rbmer (1961) mapped a small area (22 square mlles,

' square km) of Cambrlan () low-grade metasedlmentary and

metavolcanic 'schistose rocks in the St.'Etlenne - de -,Bolton

area (F' 3) hich is in the southern part of the area

-

covered by Osberg (1965), He identified two Taconic phases ;o
. - oo

of deformatlon, th t produced isoclinal recumbent folds and

, that havﬁ”attitudes sfmilar

-

open uprlght fold;

to the second an thlrd Acddlan phasesgof Osberg (1965) de
Romer regprted o Beland (1967) that there was ev1dence of an

earller phase of foldlng smnce "his F folds foided a prev1ous
[ 4 5

cleavage, this woudd be equlvalent to the flrst phase of

Osberg (1965). % 4

+

Rlckard (1965) studled an- area that extended easterly
.across the Sutton Mountaln metamorphic complex south of that

covered by Osberg (1965) and de Romer«(lBGl) (Fig. 3). He
-

also recognlzed three phases o£ deformatlon, Wthh produced

‘o

’ nappes, “tight uprlght and’ recumbent folds; . and open folds‘[
,respectlvely. He conSLdered that the three phases were {'

cTaconlc (Mrddle 0rdov1c1an) on . the basxs that K-Ar age. datlng

T L
-of mica in the youngest cleavage plane 1ndlcated gn age of

kY

440 mllllon years.

[T

T _ A . \ ' v
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The first getailed structural inveétiéation’that covered

3 5

:rocks lncluded Wlthln the present sfudy area was carrled out

¢ )
¢

by %aer (1961) who mapped about 100 square mlles (256 squaxe

,ﬁkm) west'of Lake Massaw;ppl (Fng 3) He recognlzed three

phases of foldlng, whlch produced mlnor folds and a55001ated

cleavages.‘ The flrst phase’ also produced macrofolds. The

folds and assocrated cleavages of the second and thlrd phases

Y %

-of deformatlon were noted to curve in trend and were thought

- u

to be due to -the dlaplrlc rise of- the Agadlan granltlbgbodles

3

|
to the southeast. He'malntarped that.the Slluro—Devonlbn

"rocks of the Connectlcut Valley - Gaspe syncllnorlum contained

. SN i
the same mlnor structures as the metamorphlc rocks in the
< . .
Stoge Mountain complex .and thus considered that all the s'

'_structures were‘éormed durlng the Devongan Acadlan orogeny.

"

ullen and Lamarche (1965) 1ndlcated that early

tu. es,_the Sherbrooke and Eustls Antlcllnes (Flg.‘6; in

nd minor foldsf’zh the metamorphlc rocks in the

3
-

untamns formed durlng a pre—Normahsklll éLower

Ordov1c1an) orogeny.. The later structures, a large open fold

- man

~on the. Sherbrooke antlcllne and : mlnor folds are an expresslon_

"of the Acadlan (Devonlan) orogeny. fj o, B “q o
More recently the outcrop pattern ln the Stoke Mountaln '

- N

complex has been relnterpreted from that SI St—Jullen (l970b),

. with the ldentlflcatlon of\magon and minor folds of-three

B LR S
N
oy
-

generatlons w1th ax1al surfaces that strlke respectlvely

v

‘northward, north to northeastward, ang, northeastward':%v .

The eiare consrdered to. have formed Sy S

(Lamarche; }92@3

.
oy
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Ehe'pre—Normanskill (Lower Ordobioian), Taconic (Ordov1c1an)
and Acadlan (Devonlan) orogenles (Lamarche, 1973)

The deformatlon in the Magog Group has been ascrlbed to
“ the Taconlc orogeny (Ordov1c1an) by,Laerche and St- Jullen‘

| ,
(1969) R IR

a

'fgﬁaults Ambrose (1943) mapped acthrust fault in the Tomlfobla
Rlver{aﬁlley (Flg l) on the basis. of sheared rocks and
topographlc expressxon. Doll (1951) con51dered thl$ fault to
"+ be present in, Vermont on. thé’ba51s of stratlgraphlc and

T

structural relatlons -'/

-
3

Doll (1951) presented the follow1ng argueménts for the
em&stence of . the Bunker Thrust mapped by Kerr {1923) . southwest
of Lake1Massaw1pp1 (Flg ) The Ayer s CllffJFormatlon is
much thlcker in Canada than it is in ‘the United States,
formatlons plnch out along strike dgalnst other foirmations in

-

Vermont}and there 15 a draplaced marker horlzon‘ . -
St- Jullen and Lamarche (L965) suggESted that ro%ks of the
Ascot Formatyon of the Stoke Mountaln complex are- bounded and

\i_crossed by three southea§/\dlpp1ng thrust faults.: On the

’

basis of repetltlon of strata,_'hthrust was, 1nferred'to lie
betWeen the Eustls and Sherbrooke Antlcllnes Wlthln ‘the study
area (Flg.~6 1n pocket) “This was consldered by Lamarche
(1965) to .be - the northern contlnuatlon of the BunkernThrust

of Kerr (1923)

'L . N . .
“ . .
B ’ L ‘ .
B o . ' . - t
- .. . . . 2 . ;
. N - -
. "

e

L

Y



- 16 -

Purpose aﬁd\§cope of the Present.Study
~

From the prevxous work it ls#d%parent that there 1s no

[

general agreement as to the age (Taconlc or Acadlan) of

: <
-_3structures w1thi9 Cambro—Ordov1c1an rocks - ln the Eastern

o

 Townships. The study area was-chosen so ‘that it included both :

CambroJOrdovrcxan and Slluro~Devon1an rocksa the latter.

-._C

obv1ously not deformed durlng the pre-Silurian Taconic
orogeny. The’ preeent work atteméts to determine and compare
the structural arrahgeﬁent end.hietorf gﬁ-the twosgroups of .

" rocks. The following aspeets‘areiincludedt ‘ o
1) The extensmon of llthologlcal subdlv151ons of the Siluro- !
@evonlan rocks from the -adjacent area in Vermont into the map
hf area.._ . o L

2) The style,“mechanical erigin, and time order of small

S e /structugpes (a) in ihe Cambro—Orgovigian rochs of the

. . . .{, . feat L . i .
southedstern, portion of the-Stoke Motmtain complex (b) in the

r

Sildro-Devonian rocks adﬁécent'to aﬁd.southeastfef the'Stoke
3) ‘éofteiation‘pf'the polyphase struetures descrih?d ih the
CembrOQOrdeVieian focks with thosecin.ghe Siluro-Devonian

fecks. ThlS is alded by conSLGerlng structures prevmously

ot
1

descrlbed within Mlddle Ordov1c1an to Slluro—Devonldn rocks
- of the st. Viétdr synclinorihm west of theumap aree. .
.4)‘ The structural phases ate_related_to the Taconic and
Acadian oroéenies and e-tectohiC'history iS‘dhtlined and *
'eonsidered:in telation to a plateltectOntc model. -

._/

. S : o
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,Fiél@ ?foce@ure

The summers of 1971 . and 1972 were zpent in the~fi9&g

.examining th uté%ops along and near the-roads The area

!
was not- traversed in detall 51nce the number of outcrops

located would be 1n51gn1f1cant for the amount of?himeen
_ _ . .

required. Furthermore, sufficient. structural data\was

e T d . . ‘ .

obtained from the roadside outcrops togestablish hE rious
) — .

structhral events. 1In adﬂltlon to 1lit ology,the dlp of -

beddlng and other follatlon planes, and the trend and plunge

\,

of llneatgons were recorded. qu_the planar structures the,
dip direction'is referred to thioughout the text, rather than

the strike; example 250 /600 indicates a dip of 60? towerds

..‘2500 } | _ - g | a-'ll"_
B I3 : G AJ . & -
The southern part of the Stoke Mountain complek mapmed by .

_Lamarche “(1965) at 1 inch to 1,000 feet is included in the

]

present areafrlt was- not remapped although representative
- V- »

n,outcrops of the various llthologles were’ v151ted

A 1:50,000 map_with the numbers of all the outcrop
locations is deposited in the Geology'Department of the
» . ' : - . .
University of Ottawa. . b - - ;). .

~ . . . i
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Thé rock units releyeﬁt to the study are summarized in T

Table 4 and the distribution and stratigraphic relations”of
» those ﬁapped 1n the study area are shown in Flg 5" . - .

. Most of‘the rocks of the Stoke Mountaln complex are’
uqfossrllferous metasedlments and metavolcanlcs of the -
Cambrian or Lower Ord9v1c1an ‘Ascot Féamatlon

The Magog Group outcrops to the northeast of the Stoke

Mountalns in the -St. Vlctor syncllnorlum (Fig. 2) The Group

lncludes the Middle Ordov101an Beauceville Formatlon composed

- ot
. -

of fossiliferous slate and srltatone, and. the Upper Ordov1c1an‘
fossiliferouS'Sherbrooke and equivalent (?) East Branch Pord '”\#;
Formations consrstrng of sandstone and slaty members.
Dlsconformablp ov;rlylng the Magog Group are: the Mlddle,
Silurian to Qevonlan f055111ferous.slates and calcareous rochs
of the Glenbrooke.Group The Lake Aylmer Formation - .
aunconformably overlles the Magog Group

On the-: southeastern srde of the Stoke Mountalns, in the
Connectlcut Valley - Gaspe syncllnorlum, a sequence of
leestones, llmy slates, calcarggus sandstones and non-—
calcareous slates and Sandstones forms ‘the St. Francis Group

(part of the "Gaspé leestones" of Logan, Table 2). To the /

‘northeast it is correlated with Mimidle and Upper Silurian?ﬁg
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' Tabla 4 Table of Formations - .
v .. L . -
-, ' . . , e, o
Aae 4 Group _Formdtlon, ﬂlc:@ber and Intrusive HMap ' Description
' : _ Rocks . Unit*"
Cretaceous (T} . © pykes N

ophyre dykes

. Upper s Diofite 14 carbonatize
pevenian (7} ) P .
) L - s B -"““', , 27 N - -
middle or - . e Grapite™. . 13 massive ¥a'rich'fresh
Upper Devonian . L ! \ granite L\
- . } .
Middle Glenbrooke | . .- . "
. N . - o) [ X ]
Siturian Group and - S ‘ limestone, slate and
to Lake Aylmer : . PR L . sandstone
Devonian Formation”® . - . - '
- y
Upper St. Gile Mountain Formation (Vétmont) o :
Francis Group Westmdl 2 Member - . . Fd quartzose slate,
p |

phyllite and sandstone
{locally calcareous) -

. Lower H Walts River Foyfizion [(Vermont)
Devonian e parton Riyer Member D - F3 calcareous slate,
' e : ! sandstone and
Lower St. . ' limestone : N
i Francis .o ' -
- = Group Ayer's Cliff Member F2 siliceous limestaonea,
Middle and ) , graphitic limy slates,
Upper Sildrian . : minor dolomite
. Northfield Formation - Pl black siliceous slate
. —
: UNCONFORMITY
Upper o e Sherbrackd and East Branch **+  conglomerate )
Ordovician, Pond Pormation . . sandstone &nd slate
o Magog Group h .
Middle , Baauceville Formation . Ml slatc and siltstone
Ordavician ' . - ) “
UNCONFORMITY | ‘ ' "
: Granite ToI2 nltered, chlokjite '
- . rich rock with 'wpartz
* and albiite
& Ultramafic Rocks , Lo ‘altered ultramafic

o ) . &
L] * A »

A" sericite (chlorite)

vy . schist
/ ' : L. ’ -4
L . A3 graphitic phyllite
Lowar Tt . 2 : A2 giltstone, sandstone,
. Drdovician . . - - & - thin bedded
’ to 1 Ascot Formation - tuffaceous (?} rocks
Cambrian . ! ’ and chart
“ : . . Al massive greenstone, .
A ' " . chlorite schist, meta-,
. . e ; - . 7 rhyolite, rhyolite
: N = . * porphyry, feldspar-
: . : 7 quartz-sericite schist

. i ) .
g. *The St. Francis ‘and Glenbrooke: Oroups, and the Lake Aylmer Formatlon are considered to be
stratiqrap}ﬁ{ally egulvalent. . - . ' .
~

St
. 1,’-9 [l - . ' )
"Doublc asteriska in tho maprunit column indicatc that the unit was not mappad (the untite
do not appear on the stratigraphic map, Fig..5) although bricf surveys wero made.

T
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Devonian rocks (Table'3l,' .o : R

The p;eSent_stde'invoLned the mappino oE;Bhelsouthern.
part of-the:Ascot Formation"nsing rock unitsrdefined by Sth
Julien and Lamarthe (1965) to’ the north.". Within 'the St. e
Franc15 ‘Group unlts that Doll (1951) established for the

adjacent area in northern Vermont were extended northward

- R —

Cambrian to, Lower Ordovician Rocks

4
=

Ascot Formation - : , ‘ , -

i
-

o Only‘a brier description of the major litholodioal
subdlv1510ns oflthe Ascot Formation is presented here. For.
. a more detalled account see Lamarche (1965, 1967) and St-

\‘Juiien and Lamarche (1965),-'Theivarious map units, Al to_A4,‘ ?
(Table 4 and Fig; 5) are not'necessarily in\gtretigraphié. f’
order;' Moreover spme- are, in part, stratlgraphlc equlvalentsf
and the outcrop dlstrlbutlon shown ﬂFlg. 5) lS open to
relnterpretatron. Fo!’example the pattern north of Lake : \ L
Massawippi whlch follows that compiled by St- Jullen (1970b)
has recent£¥ been extens%vely mo@ified’in a sketch map by ] ,

Lamarche (1972a). . . :
A - . ~ '
) . B - v . . !

+ Acid Volcanics {map unlt Al): Rocks of this'unit outcrop-in

a northeasterly trendlng belt 1n the Stoke Mountains in the 1

‘northern part of the study area (Fig. 5): The rOCkS inclpde
ist,

‘rhyolite porphyry, metarhyollte and feldspar-sericite 3

greenstone and chlorite schlst/ A small gmount of lnSIUSlve

rhyolltlc porphyry contalnlng alblte and quartz phenocryst\i'

oL ' .

e
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.hae been included ih this unit. The rock types were mapped
separately by St-Julien and ‘Lamarche (1965); but’ they appear
to ints#rgrade along.strike. o -

’ .
Common minerals 1nclu3e alblte, quartz, chlorlte, ankerite,

‘epidote, act%nolite and ser1cxte. Pyrﬂt\ﬂ;s loca;ly common;
' St~ Jullen and Lamarche (1965) are cof the opinion that the
chlorlte sehlsts originated from m&tamorphdsed 1nterﬁidiate
basic tﬁffs.as‘well as from a mikture-of‘pyreclaetic and

© detrital material. : ' : S

] . ! . : 'r
. . a -

Siltstone, Sandstone, Tuffaceous (9) Rocks and Qhert (map

. unit A2): Rocks of ‘this unit outcrop in narrow zones adjacent
. ! .

to unit AL, As mapped by St- Jullen and Lamarche (lQé the .

>

rocks appear tg occupy several stratlgraphlc horxaons an
" Co & ’ - - ’
possibly they/shou;d not be grouped into a sing}e.stratigraphic

unit ) G # ‘ Kk
& ) , . .
A large outcrop area of siltstone and tuffaceous (?) Xocks
o ‘ C .

is also present between the western side of the centraixgéét
.of Lake Massawepgl and- the southern- tlp of Lake Magog (Flg 5) .

The 51ltstones and thlnly bedded (from several m to about
3 cm) tuffaceous (?) rocks are generally weathered to .a dull.
grayish brown pitted'surface- The composition is predominantly

quartz w1th varylng mlnor amounts of plagloclase, ankerlte, (ﬁm

- : '@ﬁ”

sericite, chlorlte, epldote and pyrlte in a very fine matrix
(.

of phy1105111cates._ The tuffaceous (?) rocks contain more
‘sericite thch most probably, resulted from alteration.of
feldspars. Nearly pure,gréyﬂquartz sandstone is g;eeent in

several outcrops.



o T 2 : : T
. o= 24 - r//f\.' . .
\ Cpert forms. a very minor part of the unit withiﬁ the etudy

area. It usually occurs in thin dlscontlnuous reddlsh bands.

s -

West of Lake Massaw1pp1 the contact’ of unit A2 with unlt

[y

#3, to the northwest, and w1th unit A4 to the southeast (Fig.

5) was. not direetly observed; hewever the ‘distribution of o

. o _

- small outcrops appears, to indicate a gradationaf'contaét with

’ unit A4, and a sharper contact w1th unit A3. To the
northeast the contact between unlts A2 and Al (Fig. 5),

where-ever observed is sharp.

v .

3 e )?

Graphitic Phyllites (map unit A3):: Dark.graphitic bhyllites,' .-

probably originall# carbonaceous mudstones, are Qideépread in
. the northern part efrthe outcrop belt of therAscot Forﬁation.
They extend from the outcrop area of unit A2 west of Lake
lMassaaiépi“to the nqrtheagt\where they surrouad map units, Al
and AQ.(Fig. S). The phyliitgs disintegrate rapidly when
"exposed o .air so that natural 6uterop§ tend to be restricted:
'.ﬂhe doninant einerals, in order ‘of. abundance, aye quartz,’
sericite; grabhite‘and a minor amount of chlorite. Eyrite“

~ L 14
cubes are abundant. throughout the unit.

A . ..
- "

Sericite (Chlbrite) ScﬁistJ(map'ﬁnit-A4): Rocks of this_unit

outcrop to the west and south of Lake Magsawippi in-a belt .
one to five miles'(l 6 to 8 km) wide between the Magog and
the St. Francis Groups (Fig. 5). Chlorite-sericite schis;s[

are ]e] present to and beyond the northern border of the map N

ared. 'In places the schists pa&s along strike into feldspar—

ericite schists or metarhyolite of unit Al (St—Jullen, ;970b)1’

- a

—_
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hence a. partlal stratlgraphlc equlvalence is: sugg~sted o
The p051tlon of - small outcrops of unit A2 and A4 1ndlcates

that thelr contact rs gradatlonal. The map pattern (Fig. 5)

»

suggests ‘that unit A4 is stratlgraphlcally equivalent to the

‘graphltlc phyllltes of unlt A3. ’

The. chlorlte ser1c1te SChlStS are. composed predomlnantly

7 \pﬁ quartz, serlclte, plagloclase, ankerlte and chlorlte ’The

quartz graln size ranges. from that of.a'mlcro~c0nglomerate to’

-
'that of a slate. The compostion and.grain size variations
suggest that the rocks -are the product of the alteration of

graywacke and mudstone.

Rocks of unit A4 are slaty westward'near the contact with
the Beauceville Formation (Magog Group). Here outcrops are -

.scarce-so“that the contaot could only be located approximately.
~Towards- the southwest chlorite becomes. a négligible component \

and the rock grades into a gquartz-sericite schist.

Stratrgraphlc Relatlons of the Ascot Formation with the Magog

<

\ and St. Francms Groups

I ca R °

The contacts between rocks of the Ascot Formation and
. N _
adjacent rocks of the Magog Group (Mlddle Ordov1c1an

Beaucev1lle Formatlon and Upper ordovician' Sherbrooke and-East
Branch Pond Formatlons) to the northwest, and the Middle
. Silurian to Lower Devonlan sSt. Franc1s Group to the southeast
are obscure, both w1th1n and outsrde the study area.
A whlte ark051c graywacke con51st1ng of well rounded to

sub-angular rhyolltlc fragments ‘and alblte and quartz gralns‘

forms the base of the Beaucev1lle Formatlon (Lamarche, 1967)
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S B :
A . -

| Follow1nge%amarche (1967) the clasts are con51dered to b%

N

-,tPamarche'(lQGS).

is 1nterpreted as lylng unconﬁormably on the complex.

or Lower Ordov1c1an o ! R

derived from the Ascot Formatlon or associated 1ntrusrve rocks

"

of the Stoke Mountalﬂ”complex. Thus the Beaudevrlle Formétlon

b Y

The

}fossil bearlng Beaucevrlle Formatlon 1s Middle Ordov1c1an

(Berry, 1962), and herice the Ascot Formatlon is con51dered

(Lamarche, 1965; 1967 1972a, St- Jullen, l970b) to be Cambrian

*

D Nt ‘
It. follows that rocks of the Siluro—Devcnian St. Francis’

tim

Group.on the east side of the Stoke Mountaln com%lex also lle -

unconformably "above- the Ascot Formatlon The relatlonshlp is

also supported by the presence of fragments of 51ltstone,

slate,‘felsrc volcanlc rocks and alblte in.a conglomerate of

" the St. Francrs Group that appears to be_derlved from the
SO ‘ .- _ _ o ;

~

. . J
adjacent,Ascot Formation (Lamarche, 1967). . = . i

. “ ’ ' . ﬁc_"_' ' ' ,
¥ R -
Ultramaflc Rocks (map unlt Il) Lo 5

'.r'

.
-

P
ULtramaflc rocks are present in two small outcrop areas

M

northwes%‘of Lake Massewlppl and in other outcrop éreas'

@

northeast .of North Hatley (Flg._S). - The rocks are’ dark green

s o ¢

and massive, retrogfessively‘metamorphosed perldotlte,

predomlnantly composed of (1n order of abUndance) ankerlte,_

¢

chlorlte, talc and mlnor quartz (possmbly secondary) Velns,

up to 2 cm ln w1dth of flbrOus serpentlne, partlally altered

1Y .
to talc, are present throughout the rock. The contact

relatrons df the ultramaflc rocks and the possrble age of

\ o
emplacement,are not clear. For a more detailed account see

Yo
»

b3 : ' : ; " a

.
v : -~
®

&

N
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A‘lbite 'Granite'.-(map unit 12)°

* Near the ultramaflc rocks northwest of Lake Massaw1pp1

are two small’ outcrop areas\of altered granltlc rOCk‘jflg 5),-

- -

A 1arge outcrop of similar granltlc rock 15apresent northeast

of Sherbrooke beyond the 11m1ts of the map area (Flg 3).

i

.The granlte is folrated and composed predomlnantly of quartz

‘and plagloclase (malnly alblte) w1th minoxr sericite and *

'

chlorlte (Plate Ib) U L. S v o

’

" North of the map "area. the granlte crosées s;ruotures in -

N

‘ the Ascot Formatlon. Fragments of srmllar albite granite are

. .
present at the base of the Mlddle Qrdov1c1an BeaucevrlLe

0

”Formatlon and the Upper Ordov1c1an Sherbrooke Formatlon y

(Lamarche, 1965), hence it appears to be pre-Mlddle Ordov1c1an,’

T

but younger than the<Ascot Formatlon . ‘ CAE

IS 4

Radlometrlc gata from 11thologlcally 51m11ar albmte

granlte horthwest of Sherbrooke_(Flg“ 3, 45° 26 00N and

.71°% 48" 44"W) indicate a K-Ar age of 322¢i 14 million years

- far muscovite (Wanless, Stevens,‘Lachance ahd Edmonds, 1968)

~and a Rb Sr whole rgﬁﬁ lsochron age of 384 mllllon years

(Wanless, 1969 complled from unpubllshed data) . On the

v

geologlcal time scale these gre’ Devonlan or. Carbonlferous ages.

-

" However the K—Kr age most probably reflects Devonlan (Acadlan)

w -

or younger deformatlon and low grade metamorphlsm rather than

'the age of the 1n1t1al coollng of the granltlc materlal

o

Why the Rb- Sr‘ﬁhole rock 1sochron age, belleved to be a more

-

‘reliable 1nd1cator, is consrderably younger -than Ordov101an

'is not fully understood however the Sr87/sr86 ratio is hlgh

’1numerlcal values unpuﬁllshed) thus POSSlblY hndlcatlng thar/\

. ! - . . {
" .
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. the date has most lltiii-been updated (w B Poole,-1973 ‘

written communlcatlon
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. __ Middle-and Uppéer Ordovician Rocks . o - '(
4 L . ' . . K L 1] 4
. Magog Group . g " : . U NI
. . P ) RN o S '~ ,
Beauceville Formation (mapﬁunit M1l): The Jfew exposures of .
slate and slltstone of the Beaucev1lle Formatlon that oécur -a_ K
within the study area are . the northwestern srde of ‘the N 4
- . 7 . _J’ b4 - , *
_ ' Aszcot Formaq%on (Fig. 5). The domlnant mlneral, quartz, Y
\ -

occurs in a flﬁ“\gralned matrlx and mrnor feldspar and

muscovrte (ser1c1te) is: also present _ Rock's ln the formation

e considered, to be Middle 0rdov1c1an beéause of Mlddle

rdovician fossrls at Castle Brook (Flg 3, f0551l locahmtg 7o,
-\—» . v,
5). (Berry, 1962) ‘ 1" ° Cos . B o, -
T T TN . SRS
P ' z . é oL T
Sherbrodke and East Branch Pond Formatlons The fossiliferous A
N - \J 3

— Upper 0rdov1c1an Sherbrooke Formatlon wnlch outcrops north

r

of the study area, (Flg 4) is conSLdered by St- Jullen (1970b)

|-
on the basis of 11thology (conglomerate, sandstone and slate)

~ o

to, be eCJ.Ulvalent‘to the East Branch- “Pond Formatlon, whlch
lles further west (Flg- 4. ~On indlrect evxdence Lamarche

.(1962) suggested that an angular unconformlty ex15ts between_;”
the: East _Branch Pond and- the Beaucev1lle Formatlgns but %. A

v

indicated by . St Jullen (l963a), there is probab£;>a LT S
\ - T '

.t
. -
EF

dlsconformlty :

Lamarche (1967) 1ndlcated that the Sherbrooke Group

[ . : . I
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"unconfonmably overlres the Beaucavrlle Formatron ab ut 5 mlles

R form?tlons it is. local and no

“the.correlation of structur‘

(8 km) north of Sherbrooke (fig}/af””aﬁ—the other hand, the

.formatlons appear to be dlsconfOrmable {St- Jullen, 1963a p 9)“

el -

gy, T

about 4 mlles (6.4 km) Wask of - Sherprooke Moreover, ifi” the

Disraeli-area about 45 miles. (J2 km) nartheast of Sherbrooke

\_\ f"\‘.,. -,
(Frg 4) the Sherbrooke and Beégcevrlle Srmations are
t{ e t
apparently conformable (St Jul%én, 1970a). Hence it seems

i

)
that if there is aﬁ angular"ﬁﬁéonformlty between the ,

I . T L
o

r: 1nd;.cat;.v7 of w1despread

tectonicrdeformation{;'?his c nclusioﬁ i’s of importance forw
~ L '
in the study reglon and the

’
~

'tectonlc synthe51s {Chapter iv).

s
o

\\J

14 A

‘ Mlddle Sllurlan to vaonlan Rocks. St. Francis irjjj
: ' P o , N :

- For Eossil-looaiities, a discuSsion of the ages assigned;%\
to the St Franc1s Grgup, and stratlgraphlc equlvalents see

Flg -3 and Tables 2 and 3. h f .

- o

it

o4

Northfield Formation (Lower St..Francis Group) {map unit F1l)

L : : o .
Rocks of this unit are of similar afpect and structural
- / K

position to the'Noxthfield Slates (Doll, 1951) of Vermont.

o

E The rocks are present to the southeast of the Asc%t Formatlon

~a

o '

"in 2 few outcr&ps 'west of Fitch Bay and in a northeasterly

Bunker H}ll

-

eitension in a, narrow outcrop zone,at the base/

-1

. , . P
(Fig. 5).. Further, northeast there is little oryho exposure:
: Slmllar rocks wer:“%éported (Doll, 1951) to be present 1.5

mlles (3 4 km) southwest of Lake MaSS&Wlppl, but this locality

ey
- . Yo

& . ‘ » , )



E

...30,. . ’ ,.._“

¢

‘'was not foundiduring the present. sﬁﬁqy . fq | o ‘

W
‘The rock is a very flSSlle ldbtrous black slate( The

\ " -
flne quartz phyl905111cate matrlx isg 1ocally "slightly - SRR

/ .

ser101te. _A few coarser gralned thin silty quartz-rlch

\‘- - ¥

i

”

layers are present.
Due to-its,éilvery-black 1ustre,‘uniformly'fine,gfain

) 4 L ) -~
size and locally sllghﬁly calcareous nature it is readily

'distingui%hed'from slates of the Beaﬁceville Formatiion (map

"unit Ml), Magog Group, which tend to be non-calcaréous dull

brown to dull gray and with more promlnent coarser gralned
rd M . -

silty layers. )
‘Doll (1951) considered the slates inm Vermont .to be imn-
thrust‘fahlt contact with the Ayer's. .Cliff Formation- (map

unitlpé)'to the soﬁtheast; but no direct contact between the

" two units was observed in the study area.

S \ . . e

Waits River Formation (Lower St. Franc¢is. Group)

b

Aver's CLliff Member“fmap ynit F2): The ferm Ayer's Cliff

Formation was used in northern Vermont (Déll; 1951), but
with the type section near Ayer's CLiff in the present study (

area (Fig. 1). The rock unit was later relggated to a

.\ ) ) 1
member of the Waits River Formation (Doll, 1961). This

a

‘membér'churs.soutthst of map units F1 and A4 (Table 4) in

.‘a northeast trending belt that is about 6 miles (9.6 km) . -

wide ‘At the southern limit of the map area decreasing to about

2 miles (3.2 km) wide at Lake Massawippi. Due to the lack of
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exposures the unlt could not be traced w;th certalnty further

-

—northwest than- Massawippi (Flg 5%

The’ rocks are a monotonously unlform sequence oflominantly
dark gray,,and locally llght gray, massive to lamlnated _ ’///
.5111ceous llmestones w1th occassxonal srlty quartzose beds.

They are well exposed alohg hlghway 55 from abqﬁt 1 mile

(1. 6 km) south of the junctlon of hlghway 55 and hlghway 50

to about‘2.5 miYes (4lkm) north of the Internatlonal Border' a‘
.(Figs 1 and;é) 'Interbedded with the.lihestones are

occassronal llght reddlsh dolomitic beds (weathered surface) ‘

ranging in thlckness from several centijgetres to l-or 2 N

metres’ (Plate IIa) compoSed malnly of dolomlte, some quartz 'pz

"and mlnor calcite.

" In the v1c1n1ty of Browns Hlll and Amy Corners (Figs. 1
—~and 5) near the ooutact uitp unitaFl some‘rdssile dull gray
graphitic"caiéereous slates apd‘slightlf more siliceous rocks
are present, whiph.suggest,a lithological éradation between
the units. | s | lﬁﬁ._ T |

: Throughout unlt F2‘\1n addition to calc1te and quartz,'
mlnor blOtlte, muscov1te (ser1c1te) and abtered plagloclase
feldspars are érese;t.

Doll 4(1951) estimated the unit to be 4,500 feet (l 363 mj
thick in Vermont, however-the'presence of tight folds of
several,generetions and possibly meny faults make any estlmete

doubtful.

s

+ Barton River Member' (map unit F3): The term Barton River

Formatlon was used by Doll’ (1951) for rocks in Vermont (Barton
s - - .7

~
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Biver_Membef} Doll, 1961) and it has been retained for adgacent

rd

rocks in'the‘present'study area;;’Rccks of this unit are

' present to the east and north of the Ayer s Cliff Member in a

.northeast trendlng belt ~about 7 mlles (1.2 km) w1de that
extend north ‘and sputh beyond .the map area (Fig. 5}.
o The western and apparently basal part of the seQuence is,

\wmade up .af 1nterbeddeﬁ slates, llmy slates, phyllltes, and . -

I

' mlnor amounts of calcareous sand@tones and 11mestones Thns

grades eastwards into a dark coloured laminated llmestone,

Pl

the domlnant rock type’ in the unlt,rw1th a few thin sandstone

"

or slate beds. These rocks grade further eastward to

caleareous slate and phylllte which are predomlnantly more

It

SLllpeous. e A R et L e e,

fhe limestﬁnes are a.dﬁller gra§"and generelly lack the-
thin siliceous:laminae thab'qre present“in'the Ayer'e‘Cliff ,DA"
' Member. The aesociation with'Sandstone.and.elate is . ‘
..distinctive.ofrthe Barton River Member.

The‘cbntect of unit £§?with the Ayer's Cliff Member was

" not seen in any one outcrop. It is plaged where the darh’gray.

silicecﬁs limestones of the Ayer's Clifi\Memher give way to

1nterbedded slates and limy slates. The contact crosses

hlghway 55 about 3 miles (4.8 km) north of the Internatlonal
Border (Fig. 5). ‘

At a few localltles the basal western part of the unit
hes‘large:elongated calcareous quartz siltstone "boulders"
approximately 1 foot (30 cm) acrOSS, in a weathered out o
calcareous siate. The “boulders" may orlglnally have been

' 4/extended

part of a continuoﬂs bed that during deformation wa

v . .
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within a more ductlle calcareous slate matrix

N separateduboudlns (also See p. 58}

In Vermont the basal (Irasburg) conglomera composed

-

of a matrlxh51mllar.to the limestone of the Ayer's Cliff R

Member, (Doll, 1951) . Included are rounded to sub—angular
.clasts of granlte, ande51te, drorlte, diabase, serpentlne,‘
chlorlte and sericite schlst, marble, quartzrte and phyllite.
In contrast to the Ayer s Cliff llmestone the conglonerate
indicates a HTgh/ghergy GHVLronment of deposrtlon, and the
clasts apoear =te] be partly derlved from the Stoke: Mountaln
_coﬁplex thus Suggestlng upllft (faultlng ?). ' < h -

. Slump structures are ver _ommon in the Barton River

Member (Plate IIb) especially in the more calcareous rocks.

Plame structures (Plate IIIa) and cross beddlng (Plate IIIb)
ln calcareous sandstones are oceasslonally present Although

an insufficient number of top diréctions were observed to

-

generalize about the-directions the beds face the primary
- B ’ ’ [ ’

structures identified indicate that the beds are “overturped
‘to the southeast. o S -

In addltlon to calcite and quartz the. Barton Rlver Member

[

is composed of. altered plagloclase, mlnor séricite and biotite
sand a trace of chlorite and tourmallne1 The blOtlte is

detrital (crystals are oriented at random) as well as post—

1 b

'tectonlc (crystals Cross- cut the follatlon planes) (also see .
p. 66—67). The amount .of quartz lncreases in the siliceous

" rocks to the southeast (Flg 5, towards unit F4)

Doll {1951) reported flndlng qarnet, StaurOIlte, andaluSLte,

tourmallne, calc- 5111cates, and chlorlte as well as other
. N i i .

o~
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-however, apart from minor chlorlte and-tournallne these,

metamorphné mlnerals Ain the adjacent area in northern Vermont,

mlnerals are not present wrthln the study area.
In the south of the area near, a large Devonlan granltlc

pluton (Eiqg. 5, ‘map unit I4) the rocks .in unit F3 are

hornfe151c There is llttle obv10us mineralogical change,

n

wmth the exceptlon of the minor addltlon of blOtlte . o

"’h

f‘ Doll (1951) estlmated the thlckness of unlt F3 to be, 8 §00
2
Eeet (2,672 m), but this estlmate 15‘suspect due to.the

R

pcarcrty of outcrops,.the presence of folds and faults,Jthe

{lack of stratigraphic tops and the‘monotony of rock type

&y

‘without mappable marker horizons.

‘ .

Gile Mountain Formation (Uppexr St. Francis Group)

Westmore Member (map unit F4): This term was used by Doll

© (1951) in Vermont‘but later replaced by the Gile Mountain“.‘-. l

rormatlon (Doll 1961). It has been retained'asﬂa member for

\-\
rocks in ‘“the present study atrea since the Upper St Frantis—_ ‘
~ : T
Group (1n Quebec) 'has been further subdlv1ded intao unlts that

have not been separated in the Gl;e Mountaln Formatlon (in
Vermont). Rocks of the unit extend along the margln of the
.map area east of the Barton‘Rlver Member (map unit F3) gFlg-
5). The exposures are’ very llmlted because most: e
bedrock in- thlS area is- covered by Plelstocene dep051ts

The pr1nc1pal rock types‘are ;nterbedded light to darker
coloured cuartzose slates with some phg;iites'and gray

sandstones and llmestones. The . calCareous rocks - are mainly

near the contact w1th the Barton Rlver Member. In contrast

»
o N ’ . )
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to the dark calcarepus rocks characteristic of the Barton

River Member these rocks are not nearly as’ uniform in grain
s e : ' , s . .

size, and the beds in the slates and sandstones are. generally
lighter coloured and individually more prominent.

The rocks are predominantly quartz rich, and, as in thef

a

. Barton River,Member, theré are minor amounts of biotite,

’ i

) seric1te and altered plagioclase feldspar. Pyrite is common
throughout the unit. The metamorphic minerals, tourmaline,

-

zircon, garhet, epidgte and staurolite.that Doll (1951)

. reported to be in rocks of this fcrmation in rorthern Vermont
have not been observed' with the exception of tourmaline, i
within the study area. | ) '1‘ |

Doll (1951} suggested<4 300 feet (1 300 m) as the
thickness of the unit, however.as indicated for the other

units the.estimate is questionfable.

ﬂi#\kh The change in lithology from the Barton River Member to
) e Westmore Formation is gradational. For example, in the J
.slaty rocks the gradational colOur change from dark calcareocs
to” lighter quartzose -rich rocks plays an 1mportant part in

the field separation. The rqcks characteristic of each unit
are interbedded over a zone up to about 2 miles (3.2 km)
" wide. Thus 1t is lmPOSSlble to exactly locate the contact. 7
.As drawn orr the map (Fig. 5) it closely follows the boundary
between the Upper and. Lower ‘St. Francis Group of Cooke (1948a,
b, c; 1950 ; 1957). B

Doll (1951) placed the eastern boundary of the Barton

River Member in the adjacent area in Vermont con51derabI}

further to the west than it is shovn within the map area.

’
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However his boundary apﬁ\ars to be qpntrolled by the degree

»

of metamorphlsm as-it closely corresponds to the western 1lm1t

N a

of the hornfelsic rocks (Fig. 5).
~Although stratigraphic tops are not common, those that

were observed indicate that the beds are overturned and face-

s

southeagt so that the rocks of.unif_F4"appear'to be younger
than. those bf F3. It is possible that ﬁﬁere 1s also a
lateral facles change, as suggested by Doll (1961) and Boucot

- #

and Drapeau (1968) Unllke Doll (1961),|wh0 1nd1cates that
~— \

the Waits~ Rrver Formatron (Lower St Francrs Group) and the

Gile euntaln Formatron (Upper St Francrs Group) are comﬁiete

LY

. SKratzgraphlc equlvalents, in the present 1nterpretatlon

13

ollowrng Boucot and Drapeau (1968), see also Table 3, only

‘the top of one unlt‘and_the basal Rart of the other e

*

considered as possible time equivalents.
. } - .

Middle Silurian to Devonian Rocks: Glenbrooke Group’3nd Lake

4

3
+ Aylmer Formatioh

AN

The Glenbrooké’broﬁp-and Lake Aylmer Formaﬁlon, which lie

.to the west and north of the study area (Fig. 4) are correlated
with the St Francrs -Group on the basrs of f055115 (Ebucot

» and Df;;;;G? 1968). They all. have srmllar lithologies

| (liﬁestone,‘slate'and sandstone). Drapeau (1961) 1nd1cated
that ah unconformity bréstslbeéween the Glenbrooke Group and
Tthe'underlying Beeuoewilie Formation. Howéver, the contact’
was not observed and there are no obvious differences in the .

structures of the two units. Lamarche (1952) placed th3 T

o ) t
- .
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Glenbrooke Group and the Upper Ordov1c1an (?) East Branch

0

.Pond Formation as conformable, but since Lower Sllurlan rocks !
are missing they must be separated by a dlsconformlty

Limestones of the Lake Aylmer Formatlon directly overly.
the Mlddle Ordov101an Beauceville Formatlon 0.5.mile (0.8 km)
‘west of the'. Stbke Mountadin complex north of Sherbrobke (Fig..
4). Further»west conglomerates in a ;mall o tcrop area
con51dered to be a remnant of the Lake Aylmer Formatlon apoear
to restnon:the Upper Ordov1C1an Sherbrooke Formation and an
_gnconformity is indicated (Lamatche, 1967) . ‘;owever the
" outcrop pattern-for the Lake Aylmer Formation indicates that?
‘it is preserved in synciinal structures that.extend into the
Sherbroohe and'BeauceVille Formations (Figwu4) and there is
no obv10us iocal structural dlscordance The.arfangemeht
“suggests that the unconformlty 1s-the result of’ upllft and
, er051on -of the underlylng rocks w1th 11ttle 10cal deformatlon
It is SLgnlflcant that - the Sherbrooke Formatlon is absent ‘
- from below ; the Lake Aylmer Formatlon in the area close to the
Stoke Mountain pompl?x, as to be eépected if the c?mplex~wae;
a positive block. v

. '-'\ | ‘A ‘ - e
‘Middle or Upper Devonian Rocks _
. [N . . i ;

-Granite (map unlt I3)! ) .-

Several granitic. plutons’ outcrop near and across the R
\\__/—
Internatiohal-Border (Figs._3;.4jand 5) the largest ocurring.

+

33 miles (52.8 km) east o Lagelgefﬁ:iemagog- Tha rock is..
. ‘unfoliated and fresh (Piatenla) and the dominant minerals,

——
- —

~—
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véth approx1mate percentages, are quartz 25%, plaglocla;:§§\=

(olrgoclase—ande51ne) 60% with. 1esser ampunts of potasslum

':\‘,

feldspar (mlcrocllne and mlcro;erthlte) 5-10%, biotite 4%,

muscovltenl%, and traces of hornblende, sphene, epldote anﬁ

,:apatite:“percentages'are based on two samples.

. R . . -
. . .

‘i Doll (1951) recorded in Vermont a folded granitic,sill in . -

the Barton Rlver Member as well as boudins in granltlc veins.

.Y‘,

Both théz51lls and the velns appear to be comagmatlc w1th the
granltlc'plutons which elsewhere are undeformed and cross-cut

the- folded Siluro—Devonian country rock. -Evidently granie;e

")
“ p——r—

material was emplaced in part before and 1n part after the- ST

r}glonal defofmation. "The granite{'arethus, in the general

-

sense, partly syntectonlc.

E

The granites -and pegmatltes of New England are dated as
290-340 millicon years (Faul et al,.1963; Eairﬁairn‘etfal, 1960
and Damon and Kulp,. 1957, in Lyons\and Faul, 1968) and more
recently as 310-450. million years (Green, 1964; Faul et al,-
1963, in Lyons and Faul; 1968). 'These are predominantly
Devonlan dates{ the older dates belng in New Hampshnre and
Massachusettes. Page (1968) gonSLders all these granltes to
be post Lower Devonian regardless of thelr radlgmetrlc ages..
He also consrders that the granltes of northern Vérmont and

\\\\\
southern Quebec belong to a late Devonlan plutonlC series.

As the granltes gross=—cut folds in Slluro—Devoﬁlan rocks the

folding mnff;jggjgk-Devonlan'age. (;? P ' ';:gf T

.l

LR . . . L b ; ) . . ___
T N . .
. " i . e /\

m] . ’[/ B -
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Upper Devonian (?) Rocks
. ‘ . N

3

Diorite (map unit I4)

Undeformed, but partly Carbeﬁathzed,diorite i% present in,

narrow dykes “and sills along the follatlon planes in a band

N
that extends from Lake MaSSHWLPpl northeast beyond the map

area (Fig. 5). The outcrops tend to follow the fault mapped
by St-Julien and Lamarche (1965) between‘the Eust}s andn
Sherbrooke Anticltnes (Fig. 6; in pocket). :The.ungeformed
diorite intrusions appear to"betlate-or post -Devonian - '
) features. '_ " _ e |
‘ N . o .
. ) . \ A . )
(/*\ o - Cretaceous {?} Rocks o w
S " E / . LD ‘v
, Fine graiﬁed lamprophyre dykes from seﬁeral.ceatimetﬁes
to a mgtre or tﬁolin thiekness are common -in aii iitﬁoiegic'
‘units throughout the study area. | T |

- &~ e L ‘
Doll (1951) conSLdered the dykes to ée Deveonian in age,

o

but.lamarche (1967; 1972a) has related them to the Me50201c1

© Monteregian Plutons. ‘- . 3 -
- . . B . \
e . . A
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-Formatien are SUm@arized in_ Table 5.
e
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SFr ..+ . STRUCTURES

-

" Introduction -

e

Three individual;phaSes of widespread deformation N

(Tectoﬁid I-III) are recognized as having produced small.

.
Al

_scale structures within rocks of the étudy region. HoweVer,

i

because theyporrelatlonfbetween groups-: is not unequ;vocal
- '«.

the succe551on of small scale structures 1s mapped separately

Iy

for each group (flg.'ﬁ; 1n pocket) and the characterlstlcs

‘are separately tabulated (Tables 5-to'8)dand dlscussed.- The -

-

_major structures inferred from the miner structures and the

'oubcrop patterns are then con51dered and flnally, taking lnto

L

account the average ormentatlons (Frgs. 7; innpocket, and 8)

N

A
and the form, the structures are’ correlated and a551gned ages

n - - s

(Table 9): T ST "
Aacot Formation

o ) ' ‘ s R
The main characteristies of the structures in the Ascot

% ’ DR . co o i
~ : . P o . -~ <3)
Dy Deformatlon Vﬁv‘ o ST - C

N

Fq FoldS° Micro and mesoscoplc FInlntrafollal folds are
l

present in phyllltes and SChlStg (Flg 16 and Plate %V)

¢

however the closures are arely{exposed. A folaatlonr 51"? ;

K
. ."- -
v

- " 4

———
Bt

g
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Fig. 8 Map of modal average qrienfétions of structures, Lake
- Massawippi area, Magog area (from Drapeau, 1961}, and Shegb;q@%@-,
-y area’ (from St-Julien, 1963b, -and Lamarcheg, 1965). Numbering of
" the lithqlogic¢albunits corresponds to Fig|. 4. Il is Lower
' Ordovician gabbro, minor biotite granite &nd ultramafics, 12 is
Lower Orddvician granite, I3 'is Middle or \Upper Devonian granites.
. 3B is the Upher -Ordovician Sherbrooke Formation. The symbols TI
' to TIIL correspond to the Tectonic deforma ional phases as
correlated in Table 9. . : Yool 0 _
) . . O, . . ML 3
" A modal value of 056°/18° given. by Lamakche (1963, Fig. 10, o
_ p. 198) for an L, lineation, equivalent to Ly in the présent study,
has beeén omitted” from the Ascot Formation+‘hegause 1t doeSrndbLL%ﬁ,
.on his meodal $, (equivalent to S,).(1965, Fi .7, p. 190) plane. ™
B See Fig. 9 for cross sect;gn % o > . . P
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, ; Table 5’ t_'.‘haractar:l.su.ca_ of Structures: Asgot Formation (CamPriah or
Lower Ordovician) . S
. “ :
¥ ¢
phases of C . S #] ' D 7 » o !
_ peformatdon ' SRR 2 C ®3 .
. < w
_,3‘,‘\‘\ Folds . o . “...Fl . . FZ o F3
. o Foldeg—suféace . Sy (bedding) . Sgi 8 - 541 8 (L£
p " " : %sena)
Shapq; and" _ near i ';’inai - ¢lose - taqht ua opan, - clgse
Approximate ) 10 5 20%-50 ) ' 40° 1203
Interlimb Anglus < . .
"l ‘ ® tw - 5 . .
Ramsay's (1967) - e 1B; 1C; 2 J{few) e, 3 (few)
. Class . v F A - : '
.o .' . . i ' . -
observed Scalev micre - meso - maso few micro - meso -
. LT macro (?) - . macro
. Axial Plane - 81: penetrative N S5: local crenulation S, penetrative
‘Cleavage schistoslty, slaty ahd fracture cleavage ' crenulation and B
: ' and Ergcture cleavage in axial areas only fracture cleavage:
.f_ Axial Lineation colour banding “sfrne stnations : crenulation and
\ dﬁe to 57/5p due to S v cglour banding due
- interseckion interscc . . to intersections of
: .- 50/53 and Sl/S3
~ Orientation 5y 330°/74% in §,: pazallel to Sy . Sy 321°/42° n=é1
" . (modal values): sGuthwest n'=45 . . .
~ , 131%/709 in - S ‘
, . : ‘noi*t:h«'est n=29 ' v .
o Lo ] -
: Ly: (&*) 0410751" Lyt (K) 030 0/78%=42 L3+ 041°/14° n=59
. S o D230 L: 044°/56 “n=42 . .
Lyt 056 /47 On=30- : . &
T . ‘ . ' :
-L“._a Distribution °  very few hinges : moderately common common
N of Felds | exposed | - .
. L e o . q
He;tamorphism ) lower greenschist L o —mm
B facies: chloritoe . - .
- o and sericite growth
along S ' .
N
\" .
.*n = number of readings ) ?
~a Lo '
o -
¥ = Kamb plot
- . .

<«




:- 44" ] . .r'

Fig. 10 F

1 fold profile

. Plan view of phyllitic (not shaded) and ‘quartzose

(stippled) beds defining an F. fold; unit A2, Ascot -
Formation (loc. 321}. Sy axi%l plane foliation
formed by aligned serici%e.

crenulation and °
fracture cleavage cuts obliqu%Z?prross.the fold.

N\

“ ‘-‘-’-'
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i

whlch lS ax1al planar to the Fl foldé is parallel to the' o

beddlng, except 1n the- hlnge areas, lndlcatlng that the Fl
¢ . -

¢01ds are isoclinal. \;f —

‘From Table 10 Appendix g it can be seen that the 11 folded
layers measured in 5 folds® form modified parallel 1C folds
(Ramsay, 1967 p. 365). Thus these F, folds appear to be

)

flattened buckle folds (Ramsay, 1967 p. 411-413). . | . '

—37

8y Foliation- The presence of a. well developed foliatiOn, Sq+

(Plates IV and VIIIa) is a more w1despread evidence of Dy
deformation in the Ascot Formatlon than are the few Fi fold
closures‘

S1 follatlon is recognlzed 1n the fleld as regularly

spaced planes of parting nearly everywhen\kparallel to the

S
bedding. The spac1ng is dependent on the rock type, bEan

L2 .Nﬂ'*’ s
very close {1 mm or less) in the phyllltes, where it 1s‘a well

-

defined schlstOSLty,‘and from several mm to several cm apan“
in 51ltstones and tuffs where it is a fracture cleavage. Some
‘very coarse gralned massive beds, about a metre in thlckness,

5
of metagraywacké do not exhibit Sl cleavage-_ '

Mlcroecoplcally Sl ls deflned by the allgnment throughout
- the phy1103111cate rlch rock, of ser101te and chlorite and by , 4l
the elongation of quartz gralns.- in coarse gralned rocks S
occurs as an anastom051ng follatlon (Spry, ‘1969 p. 208).

In the northern part of the area, the modal average of Sl

folia?;on planes, measured at 29 localities,‘predomlnantly

from exposures along and near highway 55, is from‘the‘Schmidt
hY

r .< ' -—
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i : ¥
plot 131°/70° (Fig. 25a Appendix II) and 135°/58° from.the

Kamb plot In the south also mainly'from'outcreps along and

St

near hlghway 53, the’ Schmldt modal average of Sl feliation Vs

_--..nu,,, -

..._,...'-

.'planCS measured at 45 lOcalltges is 330 /74 (Flg 25a

-

Appendlx 11). _ The possible 51gn1f1cance of-«the change in dlp

of Sy is consrdered in a later sectlon (p 72—?4)
. ’ ' '
In the area.of the Stoke Mountalns mapped by Lamarche

{1965}, the southern part of whlch is lncluded in the present

study area, ‘the Sl modal average of 1,000 measurements is

".given:asbl340/57o-(Lamarche, 1965 p. 185), an‘orientation \

statistically identical to that obtained from the Kamb plot
<

of the much smaller sample (n—29) in the present study

-

Ev1dently the small sample is representatlve of the populatlon

-0

<« .

Ll'Llneations i llneatlons that are gwrallel to Py fold

axes are relatlvelyﬂcommonﬁthfgughout the Ascot Formatlon

e

The llneatlons are formed by the 1ntersect10n of beddlng, Sqr .

-
and fOllatan, Sl' and generally recognlzed as a colour

banding en Sl follatlon planes.

¥

-
J

The original orlentatlon of the,Fl fold axes lS difficult -

A

to determlne due to the effects of subsequent perlods of
deformatlon.' On the basis of ‘axial- Ll llneatlons measured at ’
30 locatlons it can be seen (Flg ~25a Appendlx 1I) that most

~of the Fl folds now plunge northeast 50“«6001 however a few

.\.

*See Appendix II for theﬂcharaéteristics of the Kambsand

Schmidt methods of contourlng orientation data on. equal area
. _ _ A .

nets.

LT
k)
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plunge gently to the southwest.

Dé Deformatlon

b

Ty Folds: Steep-to moderately plunglng small- scale trght ‘ .
folds affect bedding, BO, S1 cleavage planes, and parallel

duartz veins (Plates_V and VI, Figs. lla and 1llb) theref“re‘

they must be younger than the Fy folds.

'‘AS shown in Table 10 (Appendrx I), of the 28 layer= and - R
velns measured in .9 folds, 26 are quartz veins, one is a : )
Sthstdhe laf&r and the remalnlng 1ayer§1s siliceous phylllte: -
Though the number measured 1is llmlted, it is evident that, as
with Fl structures, modlfled (flattened) parallel“folds (class
1¢) are common (13 quartz veins), but in contrast to Fl there “‘l
,are also many parallel (class 1B) folds (9 quartz velns,'l

 siltstone and 1 phyllite layer) that formed by buckling with

little imposed flattening (Ramsay, 1967 p. 411-413).

e
. o

SZ'Cleavagey A ¢renulation or fractﬁre cleavage, Sy axial -

~ planar to FZ folds is recognlzed only "in the F2 hiﬁge areas

-cuttlng Sy foliation and parallel bedding. 82 cleavage is

poorly developed, dlscontlnuous, and it occurs at 1rregu1arly

_spaced lntervals. It may however be parallel ta Sl-f01lat¥°“

on the limbs of lsocllnal Fz folds and thus not apparent
ThlS has also been suggested by Lamarche (1972a p. 13 and

oral communlcatlon, 1972) .

An insufficient number of S; cleavage planes were observed .

to’ glve a significant modal average, however those measuxed

'husﬂ

(19) in the southiwestern part of the area dip steeply to the (\,

LIe

Q
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—Fig lla ?2‘fold'profiles

a) Quartz veiln (stlppled) and parallel S, foliation and S

(bedding) define an Fa fold in phyl}lte, unit. A4, Ascot

Formation ({(loc. 71).

b) F5 fold defined by a quartz- vein (stippled) in 5, cleavage
- plang’ (parallel to bedding, S,)., phyllitic rock; unlt Ad,

'Ascot Formatlon {loc. 69, see also Plate Vb)



Fig./11b F, fold profiles

, . R

v

b) Fo foids in.quartz veins (stippled) and parallel bedding,

Sq. and foliation, §1, in phyllite {(unshaded); unit A4,

Formation (loc. 71).7-S, is a fracture cleavage.

+d) F, folds in quartz veins (stippled) and parallel S;
foliation in a phyllitic rock; unit A4, Ascot Formation
(loc. 71, see also Plate VIa).

- ‘ P
W ¥ .

Ascot-
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notthweEt,'asfdoes tﬁe'Sl foliation.. No Szlcleavaée planes
were eteerved'inlthe nerthern part of the area\wﬁefe Sl
' foliations, d1p to the southgast but it is suggested that if -
hthey ire present they dlp to the southeast. -

1

L2.Lineation§¢' Lineations parallelAto the axes of;ﬁz folds

..are.formed by the intersection_of §, and 5, cleavaées‘end they

¢ are recoéqized as'very'fine'striatiops which are generally
‘only seen on,theF2 hinges arnd in the phyllitic rooks. As
shown'iﬁ/fig. 25a (Aépenaix I1), the lineatione which are
parallel to the axes of the F2 folds, on a Schmldt modal
ayerage,’plunge 56° to 044 °.  That is closely parallel to the
Kemb modal_averagéyofﬁil:lineat;ons (041 /54 ) 'EVLdently Fq

“and Fi‘folde”are nearly coaxial. -

D3 Deformatlon

F3 Folds: F3 folds are more commonly exposed than Fl ox F2

+

They vary in size from crenulations and microscopic folds to
. -
~

thoseemore commonly about a metre in wavelength (Fig. 12 and

s Plates VII, VIII, IX and X). Most have jinterlimb angles of
approx1mately 40 —120 Since . the Fiq folds affect SO (bedding)

and parallel sl;s

5 Cleavages they must be younger thanh the Fj

folds.. A ) L
L e ) 5 o | s
In quartz-=rich pelites 19 of the 23 layers measure
folds (Table 10, Appendlm I) form class 1C (modified parallel)
folds. The domlnance of lS folds 1nd1cates that, as-e}tt Fl’_.

and -to a lesser extent F, folds, an important” mechanism of

foldlng_was buckltng accempanled-or followed by flattening

!

»
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Fié. 12 F, crenulations and slip cleavage
. . ¢
: ; »

Schematiq_prbfile.of‘Fé crenulations jin micaceous pelitic

(dashed) layers and quartz rich pelitic (stippled) layers

and parallel 5. (S.,) cleavages; unit HQ, Ascot Formation (loc.
- 317, see also %la e VIIIb}. Slip cleavage, Sq4 cffseting
i layering is axial planar to the'&#enulationsél S; cleavage
i generally makes an angle of approximately 40 -w1éh 53 (S5)
cleavages. - L - -

—~—
I
iy

o
.
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(Ramsay, 1967 p.. 4114413) (“flexural flowd of Dofiath and

—

parker, 1964). . - ' e

, g | ¢ o

5, Cleavage: Sy 15 prominent throughout the Ascot Formation

as a crenulatlon cleavage, often at a hlgh angle to beddlng,

whlch has in some localitles developed lnto a slip cleavage \

~ that exhlblts offsets of the layerlng (Flg {;\Ehd\Plates VII

*

to IX). 53 1stalsomrecognlzed as a fracture cleavage where
.5y and 52 are locally absent -
The spacing of the planes of parting mesoscoplcally

defining the S3'cleavage;varies from a few millimetres in

~phyllites to several centimetres in the fine grained sandstones

-

and tuffs to irregular'in ccarse sandstones.
} Mlcroscoplcally, 54 is expressed as regularly spaced

crenulatlons, especrally‘ln the pelltlc ‘rocks’ (Plate VIIb),_ '

and -in metavolcgnlcs and 51ltstones as dlscontlnuous

"dcrenulatlons "and fractures. Quartz gralns\age fractured and

o
——

exhlblt unduiose extlnctlon.

. - . -OI._
S3 cleavages dip northwest throughout the area at 307 to

4

° and the Schmidt modal average of 61 measurements s’

60
+327%/42° . (Fig. 25a Appendlx II); that is, S3 is generally

less steep thaneSy, S§; or S,. Un ke_Sl and §,, there is 'no,

apparent cﬂaﬁge“in dip from the northernﬁto the soutliwestern
> Part of the outcrop area of the Ascot Formatlon The ),

Slgnlflcance of thls arrangemenb=1n relatlon to major structures
. s dlscussed\rater qp 72 74) . - —

A p

o
.

Ly Lineations: Axial lineations are formed by the hinges of
o . - ! - ,

3




-

_Where 51 and- S%/ﬁollatlons are locall

" Metamorphism . ’ {\\J B ‘ _

- 53_ “an . ‘ 4 L

. . N
Lot 3

small scele folas"and crenulations of'Sl/s2 foliation pienes

-

-

,absent L3 also occures

as colour bands on S3 dpe to the 1nterse ion w'th bedding (s )

The Schmldt modad;, value of 59 L, 11neatlon measurements

‘plunges noxtheast at 14° towards p41° JFlg\ 25a ‘Appendix II).

Some - L lioeations, particulaxly in the southern‘partvof the
area, plunge southwebt from 00 to 150, and in several outcrops
Ly plunge gently both northeast and southwest,,suggestlng that

’

larger folds are doubly plunglng E p

S

. LT
Abundant sericite and a 1esser ameunt of chlorite aligned
o

along the Sl follatlon Planes 1ndlcates that during or f-.

following Dl deformatlon rocks of the Ascot Formation were

metamcrphosed to the lower greenschlstxiecles. Sericite

A5

flakesfobserved.alonq the‘S2 and SB_Cieavages may be ' ‘/
o~ ) T - - ) . ' /

syntectonic with D, and D3 deformations (see also Lamarche, /
t . " o

1965) .. ' . . | I

Chiorite, aeriVed from biotite, is common in the albite

@ . s ) . .
&Eanitic rocks; "it probably developed during the younger ..

(Acadian) phases of deformation thus updating the rediogenic -

age dates (see also “Albite Granite" Chapter II).

For a more detalled account of the metamorphlsm 1n ‘the

éscot Formation, including various mlneral assem5i§§es and

chemical equations, see Lamarché (1965) - o \
. ’ i -] J;f .

t
« i
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_// : St. Francis Gfonnﬁf" ' { ) _ 3

”

Microscoplo\to large scale stfucthres attributablerto“two‘
phases of deformation are present in most localities in rocks:
of the St. Francis Group.’ Additionally'there are locally a

developed later crenulatlons. The main cha;acteristics'cf the

structures are summarlzed in Table 6.

. e . * . . ) _ﬁ\‘/_\\

DDy Deformation o ‘ ' - BN N

FFy Folds: Micrescopic and mesoscopic isoclinal folds -

(affecting only one. layer) as well as folds affecting several

\layers are ﬁresent though hlnges are exposed in only a few

areas. The Jlargest FFl folds observed are in,a'road Cutﬁabout

1mile (L.6 km) east of Compton (Fig. 1 and Plate XIII) and ¢

.
these approx1mate 30 metres in wavelength The FFl folds - &

generally have *an axlal plane cleavage, SSl, closely parallel

N <

to the bedding on the fold llmbs (Plates X1, XII XIV and F;g.

J

13) however SS1 cuts obllquely acToss the fold l&mbs in’ some
| & . o
'1ocallt1es (Plate XIII and Flg 14) N " b ‘:ﬁ ' '

0f the 4 folds measured in Hetail (Table 11 Appendlx 1)
vk
15. llmestone(layers and’ 5 calCareous 'siltstone and slate _
' . r[ ,' o
layeps form class lC folds and 15 caicareous mlcaceouq

51ltstone layers form,class 2 (51m11ar) folds._ The’ shapes‘
rndlcate a buckllng and flattenlng mechanlsm for the folds in
the 11mestones and calcareous 'siltstones whereas the class_Z
A51mllar) folds in“the calcareous mlcaceous 51ltstone laYerS‘

—~

may have formed by dlfferentlad slip across the layers ln

response to buckling in adjacent*more competent layers'
. » . . T . P

£



. ; (Devonlan.and Upper and Mlddlq Sllurlan)
~ Phases.of’ b . :?pl : ?
- Deformation = - . N &
s ' : RV .
I::Olds ‘- i Ter . . FFI -‘?
EoIded_Surfaqe‘ : SS0 (bedding)
.Shape and 1ntrafollal~tlght to
- Approx1mate T °1socllnal-0 —30
Interlimb Angjes . . ‘ <;

- Ramsay'

i
1B; IC; 2 .
Class | _ :

N e

Observed-Scale - meso - Macro

~Axial Plang : penetratlve " gs.: crenulation -
Cleavage . §l£ty cleavage and . .‘cléavage with offsets;
T schlsto$1ty R fracture.and slaty
' ' T . cleavager .
' e : A “ C,
Axial Lineatiom- LL : colour banding LL.: crenulations and,:
T . 3 due - to SS: /SSO : co our banding due to.

ce 1nterse on o /SS and 553/S5,
,affj L - %ersectlons

orientation 'ssl~(K ) '313%/65° © . 88,1 316°/37 o nf*o178

¥,

' (modal values). n—l32°
3090/43 315%/81°
. - A n—"132 -
) o 5 S Lpﬁ: 050 /49 . LL,: 008 /23 _
S U - 0150/46 P - 045 /14 n=16%
Distribution ' very few hinges - common’
of Folds - _",exposed e
Metanforphism - 'A,‘ser1c1te (muscov1te) ‘ TTTT L g4l ' )g;
: T growth on .8y - _ S . o A

- .YK- = Kamb plot. ihij) - ' -“E roe
BT Co. , ! '

n = number of readings
- ",.' ’ .‘ -

< . . ’ -
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Fig. 13 FF

v ’ . -
1 fold profile Lo | .
Intra{folial folds defined‘by- a quartz-mica xl'ich‘ hed (stippled)
in siliceous limestone (unshaded); unit F2,|Ayer's Cliff =
Member, St. Francis Group (loc. 53, see also Plate XIa). - In
the fold limbs SS, slaty cleavage is parallel to the, bedding,

1
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fold profiles and foliations | e

Pig. 14 FF. and’
9. 1 apd FF2 ) |
_ ) y _ ) : . = .
Quari;srltstone layers are stippled and calcareous siltstone
and a_t)é\]aayefs_‘aq;e blank; Westmore Member, St. Francis Group
. 185, usee Plate XIlXa). An irpegular 8§, fracture and
crenulation cleavage crosses the FF; folds.
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("passive folding” of Donagh and parker, 1964).

" In the hlnge zone of one of the large-folds well exposed

N

in the- road cut 1 mlle (1 6 nm) east of Compton grlg 1)
?
there are ‘well developed mulllon—llke structures on the lower

surface of a-quartzlsiltstone'bed underlain by calcareocus

silty slate‘(?late XITIb). The "mullions" are ‘separated by
Y o . . . ) - .
cusps of the syate_that protrude upward -as much as 20 cm

parallel to'the SS1 cleaVage. JPossibly the structures
developed during'aeformatiﬁn by intrusion of relatively'

. mobile arglllaceous material 1nto the quartz Sthstone

-

'Alternatlvely the “mulllons" may be large- flame casts that ~

| durlng deformatlon werevre orlented parallel to SSl

[

o ) 3

SS1 Cleavage' In slates, phyllltes and limestones, SSl

cleavage is very promlnent for the most part par;llel to the'
beddlng on the limbs of 1soc11nal FF, folds (Plate XXa) In

" limestones the cleavage parting planes as observed 1n the'

>

field are about 1 mm to’ several cm apart. The SE§Clng in -

1

slates and phyllltes is more con51stent1y of the order of-a.

L]

millimetre, whereas 1n ma551ve dolomlte layers (each about a °
n@tre in thlckness) the cleavage is not apparent In srlty

and’ sandy layers,’ which occur in the ‘eastern-part of the study
area, in the Westmore Member, the spac1ng is jrregqular, and |

in some beds the'cleavage is not apparent., The ssl°cleavage

" s normal to the short axis of, tectonic (?) "bOUlderS" fOU§d

tl

' -in the Barton Rlve{ Memberf whlch may 1nd1cate flattenlng e
across the cleavage and stretching -during folding- -to cause

. - . st [N . !
separate boudins to' form from a continuous 1ayer‘(F¢9'.15)f

1
IS

-
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A

‘area; 0. 5 mlles (0.8 km) south of St Hermeneﬁllde on ﬁie road

to Vlllette (Fig. - )'

) 3 . B . _' 60 ot p':t.‘}

,
Mlcrosco?lcally the’ 55y 01eavage is deﬁlned by the .
allgnment of elongated calolte and quartz grains “and, bylthe
alignment of a VerY‘?lnor amoynt of sericite. The §S;
cleavage isrfrequehtlyﬂanastom051ng (Spry,‘1959 b. 208),
especially in the quﬁrtZTSiltétOnes aﬁd”sandstones (Plate
Wi N R

Durrng the fleld lnvestlgatlon it - first appeared that

"structuqes attrmbuted to the first phase of deformatlon were

absent to the east However a reconnalssance study revealed

that a cleavage parallel to beddlng, which may be equ1valent
to SSl, is present at least as far east as St- Zacharle (Flg
3) "about 100 miles (JGO km) east ‘of the study area. One of

L

¢

the localltléi in which FFy folds are best exposed (Plate

. XIva) lles ab t 15 miles (24 km) to the east “of the study

-

I
3. The Schmldt plot of SSl cleavages measuredJat 132 locatlons

_(Flg 25b Appendrx II) shows that SSl dlps varlably ~porthwest,

w1th modal concentratlons at. both 309 /43 and 315 /81 This

' mlght suggest subdomalns wrth diffefent modes, as- for Sl in ;:}.‘

the Ascot Formatlon, however the localltles where SSl cleavag
approximates these modes appear to bhe random}y dlstrlbuted ¢ e
throughout the area." The Kamb plot (Fig. 25b Appendlx I1I)
_gives a single mode (313 /65 }\,whlch could lndlcate that the
.sample is from a unlmodal populatlon Nevertheless, there L
_;;e SOme.marked local changes in dip., and theEE may be related
d/iarge scale FFé or olde% folds. B

§

. . . . - . , . " [—
- . - .
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ey

-iﬂq‘LineationS' LLy 1lneatl°“5 Parallel to FFl fold axes are

. recognized on tr:érssl cleavage Planes as a colour bandlng and
ridges representrng the traces of beddlng (Plates Xv and XVII) .
In several 1oca11t1es ‘a "stretchﬁillneatlon formed by elongated

[
pvrlte aggregates lS parallel to LL1 suggestlng tqai extension

--—l-..
X,

.place durlng.DDl‘

=

v
!

of the layerlng along the fold axis too

-

deformatlon.

1

Most LLl llneatlons plunge moderately to steeply north i':

D—,

rmrtheasterly w1th“moda} Schmldt values for the 53 measurements
| of . 46 towards 015 and 49 towards 050 (Flg 25b Appendlx II)..
Near -the Stoke Mountain complex (Ascot Formatlon) LL{_h,//*\~/

tends to plunge more stééply than 1t,does further east” As . “‘
shown graphlcally (Flg l6b), although plunges vary -
considerably throughout the area, wrthln 3 mlles (4.8 km) of

. the complex (that lS ‘with few exceptlons in llmestones of the
Ayer's Cliff‘Member) there is a- general 1ncrease in plunge as.

- the compler is approached. The S5; planes on whreh LLl lie
aEe falrly con51stant in strlke and the dlps also generally
rncrease (Flg l6a) The 1ncrease in plunge and dip mlght
suggest that as the complex lS approached the fold afes tend

"to rotate towards a steep dlrectlon of extensron, due perhaps

LS

. to the complex acting as a rlgld buttress durlng defoghatlon
..... 1
(See also D1v1 and Fysonn li?3) However, the rake of LLj on
88, does not apprecrably lncrease (Fig. 16¢) lndlcatlng that

the change in plunge is preﬁomlnantly a functlon of the dlp

To test\&hether

. 1 Why the dip changes is not ¢lear.

«

ot there is a change in strain towards the compﬁen it will
be necessary to measure stxain markers, SUC ap pebblesi

)

/
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DDy Deformatlon : ; o

ot B
FF, Folds: Then most obvious folds—m—’ehe—St Eranc1s Group
L E— o

affect the: beddlng and §Sq- cleavage (Fig. 17 and P‘late XIX})

_and thus are obv:.ously younger than the FFy folds The FF2
folds ‘are open to close with llmbs less than a metre to over

10 metres in length, that is some folds are l‘arger than 51ngle-'
outcrops. T};e _smal_l scale (meso]sc.‘oplc) folds are not. .,
_centinuous, and' can' be considered as lying in pairs with.
.bedding and S$%; in a short common Iimb rotated northwe%

towards the horl-zontal Thus when v1ewed northwa d, the fold

'palr is "8" shaped (Flg | 6 cross- sectlons) The relationship
of the fold pa:l.rs to major folds is conSLdered in a later ) |
section (p. 75) - | 7 . o

0f the 44 layers measured in 11 folds {Table 11, Appendlx g
1), 18 limestone layers form class 1B (parallel) folds, _12
calcareous s:.ltstone, s:.lty llmestone, llmestone, and 51ltstone
layers form class 1C folds, and 14 51llceous llmestone and
. (argllllte lagers form class 3 folds where the. curvature of the

outer'surface, is g-:;eater than the’ J.nner. Ev1dently the

L) - Iy

" limestone beds were deformed ma:.nly by buckllng, _the silty

+

linestone beds by buckllng and flatten:.ng, and the SlllCeOUS

llmesétones and arg:.llltes tended to accomodate to the spacgs .

‘between. these relatively. cjompetent beds.
- e Ty

o

: 58, Cleavage. A Cleavage, SSZ, whlch lies appr,ox:.mately

Parallel to thre,axlal surfaces of the F}S‘2 folds’ ‘is promlnent
" in many outcrops (Plates XVI XIX and XX). It js usually in

Lthe form of a crenulatlon of Ssl' however where 551 is- absent



5 fold profiles
a) Folded siliceoué_l;mgstone~(stippled) and calCéreousdpl
phyllite (dashed) beds (SS ) and parallel SS cleavage; ufdt
F2, Ayer's Cliff Member, St. Francis Group (ioc. 34, see also .
Plate XIXa). . SS, crenulation cleavage is axial planar to the

Fiy. 17 FF

folds and genera%ly forms! an angle of about 40° with bedding

s$,) and parallel,SS3 cleavage. - . . )
Binge area of an open fold in calcareous phylllte-(dashed)&g.

A
"b) L)

and calcareous siltstone (stippled) beds (88g) and 885, cleavag
unit F3, Barton River Member, St. Francis Group. (loc. 205, _-]
see also Plate XIXb}. - 55 cleavage is present as disc¢ontinuous
—Etenulations and fractureé. S :

L
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1t15 also present as a fracture cleavage,r sszﬁis poorly
developed or absent in coarse gralngd sandstones (Plate XVia).
: In most. places llmestone, calcareous san stone, and 51lty
sandstone beds’ are crossed by 852 partlng pl nes that are
several centimetres apart.- In slates and p yllltes the plahes

are closer, than/a mllllmetre.

55, is recognlzed mlcroscopically in-the coarser grained
calcareous and quartz-rich rocks as discontinuous crenulations
‘ ' L . R

.and fractures (Plate XIXb)'and in the phyllitic rocks as a
penetratlve crenulatlon cleavage (Plate XXb) that sometimes
offsets the layerlng and SSl to form a slip- cleavage

The modal average (Schmldt progectlon) of 178 S8, planes

»

nmasufed dlps 37 towards 316° (Flg 25b Appendlx II). The

average angular relatlonshlp w1th&the more steeply inclined
-]

SS1 cleavage (whlch is closely parallel to SSO) is consistent

1 a

with the “S“.shape of the Ez.fold palrs.
9 R . . H

-

LLL Lineations: LL2 llneatlons are the most widespread
TN P

lineations in rocks "of therFt Francis Group’ IPlate XVII)
‘They are most pronounéed as axes of'crenulatlons of SSl
cleavage in thln phyllltlc layers. .

Most LL, llneatlons plunge northeast to north;northeaSt
at less'than 35 Both.the Kamh and Schmidt prOJectlons oﬁ
1563 measurements of. LLE (Flg 25b Appendix II) lndlcate that
the LLz,llneatlons have two modeso(Schmldt 008 /23 and
045 °/14°%) . The 8 intersection of one. of the two Schmldt modes
- of 887 (309 /43 ) with the 51ngle mode 582 (290 /37 ) is
l.Wlthln four deg es of the LLZ mode of 008 /23 . Slmllarly
N\

—tee
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hd ' »

the § intersection of tht other Schmidt mode of 58, (315°/81°)
and S8, is close to the LLp mode of 045°/14°, Evidently due .
to fhe two modal SS, surfaces there arerpwa cofre-spondin-g

modes of LL, on these surfaces.,

=

-

T

DD3 Deformatlon

‘International Border on ‘highway 55, near a small granitic
' 3

platon in the st. Francis Group. No FF; folds larger than
crenulatlons were observed. ' Crenula‘tlons that affect .88,
cleavage and cross FF2 folds obllquely are present in a few
other’ localLtJ.es, on the map. (Flg ’6;: in pocket) they:are
grouped as DD3 structures. .'

7 '

554 Cleavage SS3 cleavage occurs as a crenulatJ.on clex‘age

.

WWrlate XXIa) evenly s%aced abou\ a centlmetre apart where 1t
is p‘resent in proximity to the gram.tlc pluton._. It dlpS steep'ly

nor'_t‘hwest and southeast.‘ . o
2 ] - - ) : . - ey .

Li. Line‘ations" LL4 1ineations near the granite are pronounce&- '

. r

crenulatlon axes' on §8 cleavage (Plate XXIa) that plunge \

var:,ably to. the southwest and northeast , ElSewhere the .y

Fa ‘."\
l-meatlon occurs .as. a y.er,y fine cregulatlon, .
I : ‘ i
Metamorphism : R
M‘} ., . - v . L

o S
The only ev:.dence recogqnlzed for growth of new mlnerals

during DDl deformatlon is the presence of a few sericite ‘and ~_,

ot g N o ,- ' ! + ‘o ’ "
\‘b v, L - . R
N : ’ " . . -
R

= - A




deformat:.onal mlneral gra:.ns 1nclude L e me‘ta-s\:ysts of
4

" Doll, 1961). A -
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T
e

micovite fiakes al%g?ed’along 8, cleavage planes.’ No such
minerals were observed aligned -along $S, or SS; cleavages,
hence metamorphism during DD, and DDé deformation appears to

have been minimal.. =~ . s

The presen e of. Cal.Cite f'Ln pressu-re ShadO{'fS (Spry’ ‘1969 o »

growth during DDl‘deformatlon. Triple‘junctione in quarti
aggregates around whicn SSl'cleavag Jis derlected'(Plate kXIIali
are‘evidence‘tor.the extensive'recrystallization after DD; ‘
deformatlon.' ' - | ' L .

Near the granitic-plutons (Fig. 5), random post- S .

)

brotlte (Plate XXIIb), a considerable amount of ser1c1te and <

k]

pyrlte, a ‘minor amount of epldote and c%lorlte, and a few

small tourmallne crystals Ev1dently the mlneral growth is

‘the result of contact metamorphlsm (see also Albee, 1968). ;.<f\‘

/

In New England reglonal metamorphlsT_accompanled foldlng

of SllurO Devonlan rocks and im the southﬁgstern part rt 1s

1ndlst1ngulshable from the metamorphlc effects of the granlte

plutons (Thompson and Norton, 1968). In northeastern Vermont

(as in the- study- area) the presence of well deflned aureoles

around the granites suggests shallow emplacement (see also
. - h

'Magog Group S .

BeauceVLlle and Sherbrooke Formatlons

Only a few outcrops wereaexamlned in the Mlddle OrdOV1c1an<

~
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" slates and sil'ts%nes of the Beauceville' Formation (Fig 4, J\

paﬂ;of Wthh outcrops in the northwestern corner of the

f Jb

study area (Flg.,S). Structures attrlhutable to two phases

..L

ofdeformatlon {here termed MDl and MD,). were observed by St-

~ mﬂien (l963b) in bdth the Beausevmlle and OverlYlng'Upper

0rdov1c1an Sherbrocke Formatlons 'Minqr amounts of -

I
d

syntectonlc-ﬂetamorphlc minerals (malnly serrcrte) are
assocrated with the cleavages. St-Julien (1963b) also
descrlbed a cleavage attrrbutable ‘to a third phase of

deformatlon in. the. southwestern part 0f the Beaucev111e

— . ; -
- o .

S W

?pr T - .

Forpagion. e

a i

;;/(" The chafacterlstaps of thése deformatlonal phases, malnl§~(\

obtalned from St- Jullen (l963b) are shown in Tdble, 7 and on

“ the modal average map (Flg 8) and accompanylng cross sectlonsf

K

'(Fig..-"‘é). . o _ o N
. Unllke structures in - the Ascot Formation, or_St. FranCisg“h
Group, ho early lntrafollal 1soc11nal folds are apparent 1n »

. r I
- -J e

the Beaucev1lle or\Sherb oke Formatlons The - ‘first phase .
follatlon,_Msl, Hsla slaty or fracture cIeavage, commonly at
g

an appreciabie'an e to beddlng.- MSl'strlkes northeast and L

dips near vertlcaily An axral llneatlon, MLy, plunges gently

to moderately northeast. MSl is crossed by M82 crenulatlon

cleavage dlpplng moderately northwest. =~ The modal. orlentatlon

L

‘Of M5y (322 /53 ) obtalned by St Jullen (l963b) is 1dent1caé<
to that of Sy (83) obtalned by Lamarcﬁe (1965) for the. Ascot j
Formation to the southeast ‘(Table 5). Ax1al llneatlons of.' 4%

both phases affectlng the Magog Group (MLl and MLj ). plunge -

dently to moderately northeast

- ~ .
Py

L]
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"
o
-
i
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S
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' Table 7

T to Upper Ordov1c1an)

' AN
MDl.?/‘~?

Phase Df

A

Y~

. » .. . Q" . . .
Fold Scale _ micro (?}+= meso -~

. ‘ macrq.,

5 e s

.

Axial Plane .. . Msl:“slatyqto.

Cleavage v fracture cleavage .
. . - . . ‘Q‘I . .

Axial, - ML, : colout bands

Lineation * due to trace of
" 'beddihg on'MS1
el - .. . ' “r
‘ ' Y
3 ) . ) N - . - . N\ ) i . .
Orientation MS, : 117°/78%n*=1700
(modal values) - ML15'0340429°_n;409
'l . o L. , %

Intensity of . penetrative ., - -

Defarmation . =
7 Lo . , *,
Métamorphism - seriéite_growthionly

Y

’

Characterisbics 6f‘stfucturés

- micro (2]

Cleavages aEtrlbut?ble to a thlrd phase of d8f0rmatl°n are’

]

f

Magog Group,

Beaucevmlle and Sherbrooke Formatlons (Middle"

ﬁfrom St-Jullen, ;963b)

- meso -

. macrg (?)

MSé:.creﬁhlétioh

cleavage
SESTEE

Sy .
L

nMLé H

.Msl around*MSz

P

Msz: 322°/53%°n=360

ML,: 039%/20° n=200
;o .
penetrative
N

———l -

‘\‘;—.‘_‘

?Present 1n the southenn part of the Beaucev1lle Formatlon (?t‘

Julien; 1363b). .L' . B
*n = sample size . ) S
‘.‘) ¢ : . '" -‘._/‘\'\|: -
S g

crenulations of: -

e
/
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. .Glenbrooke Gnoup ; Co _—
T ) SR ' B .
- -‘! N ’
5} ' A brlef reconnalssance sutve?\of ihe'limestones and slatesf

Y

of the Glenbrooke Group about 4 mlles (6 4 km) south of’

Sargent Bay (Flg. 4) lndlcated the presence of structures

attributable to only one phase of ¢ deformatlah (Table 8) in
1ﬂuch a steep fracture or slaty cleavage, Gsl, lles obllque.-

to the beddlng (Plate XXIII) _ Elsewhere w1th1n these rocks

‘the structures appear to be 51m;lar (Drapeau,ﬁlB@‘)

. ra'
S

Jl

.’Relatlonshlp,Between Small Scale and Major Structures“”“

- ) . S ‘,' .'- ' A f i, ' 3 \.l
. . 5 . . ".’ . . ) \
‘Stoke. Mountaln Complex Ascot Formatlon o, o ‘ A
. . - :
Major Fl folds 1nd cated by Lamarche (1972a) as hav1ng

PR ;

northerly strlklng ax1al surfaces are not readlly geometrlcally N

'olﬁrelated to the- small scale Fl 1soc11nes observed in the Ascht
, —

-

“T‘.Formatlon R ‘\.' L.
! A“ . ‘ ' ' .

: ~~  The tmo northwest overturned major folds, the Lustls and

e

'Sﬁenbrooke antlcllnes (Flg 6 ln pécket) mapped by St—Jullen
. \ .
- and Lamarche (1965) on the ba51s oé top determlnatlons ' ‘j SRR

+

o

(plllows), Stratlgraphlc repetltlon and" mlnor folds, may be o

' o

'y'plunglng F2 major fplds as, suggested by Lamarche-; .o

72a) However,.exposures around the fold closures are -

_rare and 1t‘Was not p0551ble to determlnecwhether or nOt 51

~chEavage foﬁﬁows around the hlnges and 15 crossed by 52 R

Cleavdge.- g S e T . S e %

,/' o : £ . e

OP Rha basls of the shape omelnor folds,*St—Jullen and

erbrooke'antlcllne to be‘

“<;\jamj7che (l96§) considered the Sh
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:Table 8 'Cha;acteristiCS Pf'SﬁruCﬁu;és: Glenbrdbke

Group (Upper €ilurian; Drapeau,-1961)
< - . |
'Phase of Deformation |

.
~ Scale
PR - ..

F A 4

Axial ?léne'C}eévage' - ] GSl:‘slgty tilf;acture cleavage
“inxial'ﬁiﬁéatién U QLl:f%b;our\ba?din& due to trace
« .. . of beading3n Sy

L -

e r——— gy

o : '  L R ;
'Orientatioﬁ‘ ' ’ '

-

: 2900/verpicai

(Drapeau, A961) - l;Po/vertiFal“

GLI:fSW/veftical”.

L]

ity;of Dequmatioﬁ'. penetxatng:f~'

s
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-
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. : 1
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' v
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¢ o } y
) ]
1 - ‘|. ! ‘l .. "
frl \ : )
w " [ r
é Ny -Ld_ .
& N
o . . .. ! j
) N l A
] ; . !
. ' . '
A
-, : \
’ i " L] n
_ S y
.1*‘ .
L]
.
Kl . R
[ ] . ,y .
..
| " . .
f. I- |



) - 72 “‘I. . ) .' . | ) '. l.-
. : . ‘ ‘
' . . ‘ v o

s

i refolded— J.nto a large open ant:.cl:.ne poss:.bly F3. However

8 cross sect:.on (F:.g, 9) based on the:.r map does not lndlcate .
the presence\of such a structure. Evrdence for a major
AaMncllnal axrs w1tﬁan the: southern part of the Stoke
‘hlmuntalns, lndlcated by Baer (1961), -St- Jullen (1967) and

‘cady (1969 p. 67) (Flg 2}, is also not . clear Certainly the

. ]
.mmcrop pattern does not reveal shapes ‘of major folds Cady

u967) con51dered the Sgbke Mountaln cdhplex to be a-

gcanticllne (structural hlgh in” the orthogeosyncllne) o N

‘e

As wrth the FF2 folds in the St Franc1s Group,_
Huoughout the area the mesoscoplc and larger F3 folds when N

vrewed northward can be consrdered to form “S" type ‘fold pairs "\'

-/o‘ .

‘(Flg 6; czoss sectlons) The shapes are as lf the folds | -

f v T

were paras tic to a major F3 antlform w1th an ax1al zone to

theﬁﬂorthwest but the "S"‘shape symmetry of F3 and correlative
folds (MF,., se? Table 77 in the Magog Group to the northwest .g

_does not change SO that.the ax;s is never crossed (Fig. 6)1

¢

The change in dlp of Sl from steep southeasterly in the T
northern part of the area to steep northwesterly 1n the south

" (Fig. 6 An pocket) may 1ndlcate the presen;é=Of a large scale

18) Because

:-0pen fold Wlth a low dloplng axral surface (Fig..

W
folds ls~constant throughout
‘ ] » L
*and the axmal ‘surfaces are steeper than that of the p0551ble ,

Uwakymmetry of the small sqale F3

P

large fold, this is not consrdered go be an: T3 StIUCture

Also, the lntersectlon ‘of the two modal average 51 plane5<

. ‘P1Unges northeast more steeply than the. modal value for ‘the

As S3 is- constant in - I}“

v

.;Lg llneatlons (Fig. 25a Appendlx 1.

orlentatron throughout the change ln dlp of-Sl may reflect o

. ‘f +

' : i .
P . . . v . . . . v
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‘like fault block. I

the outcrop pattern.‘ In’ general they plunge northeastward in °

the St Francrs G

... '-‘ - "‘.. ) { )
o : ‘—74- ' -
¥ S ' - \
. o k .l Lo h 1 ,>
.4
large 'scale open foldlng after F2 but befaore F3 foldlng (cf.

.the 51m11ar relatlonshlp in the St. Francrs Gréﬂp w1th the

E

d1p changes:and LL, (p ~74-77).

o .
! NP 4
The outcrop of the StOke Mountaln complex extends southwest

sllghtly obllque to the various follatrons ‘and the llne of

change in dlp of Sl Possrbly the ouftrop pattern is unrelated f“-x

l

to either major or minor folds, but rather reflects a horst—

>

"
f ’o A

. St. Vlctor Syncllnorlum MagoJ GroJE L

Axes of large scale folds shown on the map of St Jullen o

(1970b) have most probably been determlned on the basrs of
o™

.

dlrectlons 51m11ar to thab of the-small-scale first folds.
_The axis to the polaﬁ/glrdle of the Msl*cleavage planesﬁg_

(St—Jullen, 1963b p. 2815' that is_ the fan axis of the axlal

_plane cl%avage, 001n01dés wrth the modal axial lineation MLl

-

(034° /29 ) *thus it seems that the mlnor Fl folds are

geometrlcally and geﬂetlcally related to the major folds.

. . ‘ e ”_3,. T
’ B AN TN

u

_Connectréut Valley # aspe Syncllnorlum Sts Francis Group B

. On the ba51s of topographlc expre5510n (51§Ee the~ exposures

_Mare extremely llmzted)1Kerr (12234 1nd}cated a synclrne in

<
/ oup in 4&he Tomlfobla Rlver Valley (Flgs l.-

““and.3). The Ind{an Pornt Syncllne shpwn by Doll (1951) in
<

e wd, U-ru
ad]acent Vermont is. p0551bly a southern contlnuatlon of thlS.
¢ s

<
structire. Hoyevef stratlgraphlc ‘Control 15 lnSUfflClent for

unequlvocal i Entlflcatlon and the rockwunlts are lnterpreted
o . g ,J ~ “'.‘

i ' . T R T e, T e " Ly :



TN

I L
1 K ‘.
—t

in this study (Figs. 6 and 9) as becoming progressively

vounger eastward 1n a major monocline; an ihterpretation

qurfled frpm that of Cooke (1957 P. 11) “’i

7 ' ra

In the St Francis Group, rock unlts could not be mapped
n suff101ent d tall to show shapes of large folds and small

'ssale FFl folds- are, not exposed sufflclently to Obtaln' “

-vergence patterns that mlght indicate larger structures.

- As descrlbed for the similar “S"'shaped F3 folds in the_
'Ascot Formatlon' the arrangement of FF2 small scale folds is
- as if on a single steep limb, oartly overturned southeast, of-a

'ma]or antlcllne to the northwest and syncllne to thg southeast

{Flg ). ' In the few places where- apg@rent, the stratlgraphlc .
- .

tops of steeply dlpplng beds face southeast in conformlty
wlth this arrangement.' Cooke (1957 p- 11—12) who dld not
‘recognlze the earller FFl rolds, estlmated the stratlgraphrc'
thlckness of beds on this apparently steep llmb to be in excess
of 14 mlles (22:4 km) .' q"' o

It seems. more probable, however, ‘that the FF2 folds are
" unrelated to such a structure and that as 1nterpreted in the |
,'cross‘sectlons of Figs: 6 and 9 there is an enveloprng sutface
lepplng gentlg eastward t0ward the axial aréa of the

_, -

Connectlcut Valley - Gaspe syncllhorlum (see also’ CadYr 1959 K

Plate 3) Fy - folds .and beddlng—plane faults “(not. seen) may
Qaccount for the. stratal repetltlons necessary o allow’IocaLM 7;
. steep dlps yet an overall low dlp (Fig 19b) ' aj . -_, s -

5"
As prevrously noted (p 60) SSl aips varfably no hWESt :

A

and forms two m des (Flg 25b .Appendlx II) thh do not xepresent

maP__subdomalns ‘ The modal planes lntersect southwest ln the

val y
¥ - - . =3 . N . nt . L.
o 3, R ¥ . ; A

-
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" Fig. 19 Interpfetﬁtidns dfrFﬁf‘foldsfa

in the Connecticut Valley - Gagpé syncl
. FF, folds with -long limbs overturned so
stfucture with bed dominantly "facing so
erfveloping surface. B)- Offsets along s
fafits result -in.enveloping -surface tha

‘? o

nd ‘enveloping surface.

inorium. &) Asymmelric:

utheast form major
utheast and steep

teep bedding-plane

t dips gently southeast.
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on to the modal plunges of LL2 s0 that the

opposite
varlatlons 1n dlp oﬁ SS1 do not appear to be dlrectly related
'to FF2 folds 582 is unmmodal and lntersects the two modalj’

SSl planes to form the observed blmodal LL2 lineations (Flg

. R .
25b, Appendlx II) - The arrangement 1s as 1f after FFl foldlng,

b b

.} - but before-FF2 and the development of. SSZ, 351 {and parallel

qudlng) was folded ?ﬁ a scale larger than that of 51ngle

outcrops. The fold scalerlsfﬁmaller than that of .the major .

Vo folds suggested by the Sl domains in the AséS?‘Fgrmatlon~sbut

the temporal relatlons to earlier and later small scale

structures appears s;mllar

L]
-

-

‘Correlation of Structures and Age of the Deformation
T e, 5 ' ST !
.. . |

e ’ : e \
' The method of correlatlng, and assrgnlng ages to thefJ

o et e

—

structures is flrst to conSLder structures of the last phase

- PI

of deformatlon and then to work back to structures of the

o

fflrst phase. “The ¢ rrelatron lnto tectonlc deformatlonal

phases I to,III, whlch produced w1de5pread structures”re

summarlzed in Table 9.

All structures in the Slluro Devonran St Francms Group

't Y.

?are ObVlously no older than the Devonlan (Acadlan) orogenlc"

hevent.f Mlddle -or’ Upper Devonlan granltes truncate all eXCept -

’

PerhaPS DD structures, thus QD and DD2 structures are

3
"def;nltely Devonlan Acadlan features. Locally developed DD3

Sf, ‘turesf‘whlch were malnly observed near a, granlte pluton.

L
r

*of prq?umed Mld—Devonlan age (Lamarche: 19723) aié also-'

A

con51dexed_to be Acadran. , '-‘z‘f o K . 1}

-,.‘ . “ .»" . ) - . . "_.. . .ﬁ"' A

BN
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Tectonic Deformational Phase iII

In the St. Franc1s Group mesoscoplc folds, FFZ' and L
crenulation cleavage, 8§84, aré/comparable in form and
orlentatlon to-the F3 folds and S3 cleavage in the Ascot’
;Formatlon As shown in F1g 25 (Appendlx 1) and Tahie 9 o

thc modal averages of S3 and 882 are nearly corncrdent (1ess

<N

than 10 apart) The D3 and DD2 structures are thus considered
to. be coeval and both are assrgned a Devonlan (Acadran) age;

ThlS is 1n agreement w1th Baer (1961), Lamardhe (1965) St;

Jullen (1963b) and Caay (1969) ,.- - -4

ln the Ascot Formatlon in the Sherbrooke area, the modal ' o

average of 400 52 cleavage planes (S3 in the present study)
4

of Lamarche (1965) is 322 /53 and the modal average of 300

S2 clea?hge planes (M52 in the present study) from the Mlddle‘

to Upper Ordovician Sherbrooke and Beaucev1lle Formatlons in j'

»

- . the St Elle d! Orford area 1mmedlately to- the west is also
322 /53 (St Jullen, 1963b)-. It is very u llkely that two - - -

unrelated deformatlonal phases would produ e statlstlcally
2o, . ¥
1dent1cal orlentatlons, Xbereforé D3 and MBz ‘are also

‘Consrdered to be coeval and Apadlan ' Thls%lnterpretatlon ")% :

dlffers frOm that of Lamarshe and St—Julle\ (1969) since they
'don51dered the deformatlon in- the Magog Group to be Taconlc-.

-'It is- not understood why«the Slluro—Devonlan Glenbrooke. ;;'

. 1.
.. .

'Croup,‘whlch tOrthe west oﬁerlles the Beaucevmlle Forma:ron,
e N

and also the Upper Ordov1c1an (?) East Branch Pond Formatlon, ﬁ
JFlQ- 4), ddes not dlsplay structures srmllar to M82 P0551b1y
the deformatlon dled out upward Eﬂd westward however further

work is necessary in- thrs area in order to determlne the

: . - - [ S
. * A Ll . ‘. " Eh .. . . —-
¢ . . . T . AR . -— Pregs
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hid -
.

structural relationships.' The relationships .between structures
'n1the Gienbrooke Group_ahd”structures furthef’west in the .
sutton Mounli:al[ins réemains unres'?l{.red (se\e_;gic,}@,‘.rd 1965 p. 533). '
Rodgers (1971) is of: the oplnlon that most of the deformatlon .

in the Suttoh Mountalns is, due to the Taconlc orogeny.

e~ S
¥ e - - —————

] . . ko f
Tectonic Deformatlonal Phase IT . A .
- - ' e \
in t e study area few hlnges of FFl folds are

\- Wéh
. . - N ‘.,
exposed,-it is™a parent from the steep dips of SSl that the

folds, except on the flat 11mbs of FF structures, are- malnly

S
) uprlght or steeply lncllned n rthwest and southeast (see cross

b
' ‘.:‘h-——-._

. sections Fxgs. 6ﬁand 9). The e is little ev1dence of
recumbent FFlfmrnor'or major folds as suggested bﬂ Cady (1969

.p 37)

L ™ ‘ . . ' Ty ’
‘.. In the Dlsraell area about 45 miles (72 km) . northeast of

Qherbrooke near. the, Weedon Mountaln complex (a‘northerly
'-i-
contlnuatlon of the Stoke Mountaln complex) (Flg 3, Stw/

.Jullen (l970a) noted tha;/flrst generatlon tlght folds (no

17
Otders are descrlbed) have axlal planes dipping steeplY tO the

§
southeast (Clark p. 42, 'in Cooke, 1937). These folds are Of

Lo N
form and orlentatlon srmllar -£o the flrst generatlon fOldS

y -

descrlbed by St-Jullen (1970a) 1n the rocks of the St. Victor o

.Syncllnorlum (Beaucevmlle, St Vlctor, SherbrOOke and Lake

Aylmer Formatlons) . Moreover, to the northeast, beyond the

r

extent of the Weedon Mountaln complex where the Beaucev1lle

FOrmatlon is J.n‘ c:mtact wn.th the SthranCJ.s Group, there are

_no apparent structural dlfferences (ClanK P- 3,‘1n COOke'

©1937) . Thus from the study area. and outsrde where the rbck

- . r , . . - o, M ) ) ."-' ..‘.

e e,.. Le oo e



If so, the MFl folds are ')/iff\\

Th S comblned S1 é-‘foliation in the Ascot For'fﬁz{tion, o ‘

altho'gh‘strlklng ln part obllque‘to the outcrop boundary, isi
EE W 1-*

~llek‘to SSl in the adjacént parts of the St. Francxs Groupt
--d.to MSl 1n the Magog Group.' Thus becauseuof the closely

51m11ar orlentatlons F2 folds are conSLdered to’ have developed
at the same tlme as FFl'and MFl, that is they ‘are Acadlan o
L e
’ K
structures.; ThlS 1nterpretat10n is con51stent w1th a Devonlan

K Ar date (322 ; 14 mllllon years, Wanless, Stevens, Lachance

\and Edmonds, 1968) and‘a Rb Sx date (384 mllllon‘years, ) ‘
\ g

Wanless, 19691comp11ed from unpubllshed data) obtalned from' o

.

the alblte granlte north of Sherbrooke The granlte is’
'ated parallel’ to Sq:S and probably the aqe dates reflect

the cadian defdrmation.' ThlS 1nterpretatlon dlffers from : T{T

o tha of Lamarche (197%}’wh0 con51dered, wrthout g1v1ng reasons,ﬂ e

W

foldsewere TacOnlc (Mlddle OrdQZi?&an) | l ""‘_

i . - o . .\

) that the F2
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Tectonlc Deformatlonal Phase I . o e : h

\ deformatlon of the Ascot Formatlon produced a schistose
follatlon Sl parallel to the beddrng Fragments of albite
gfhnlte srmrlar to that near’ Sherbrooke and randomly orlented

schlstose clasts are present 3t the base of the Upper L
‘J f‘ .

Ordov1cran Sherbrpoke Formatlon (Magog Group) to the west Qf

the Stoke Mountaln cémplex (Lgmarche, 1962): as well as in - B

the Slluro Uemonlan St . Francis Group to the east (Lamarche, e

} N

(f 1967} This ev1dence, in addition to the absence 1ﬂ the:[f

Beaucevrlle Formatlon of fold structures analogous to Fl folds, | Y
.

suggests that these structures are older than the ‘Beaucevillg

Lt 4 s

Formatlon. Furthermore,.to the" northeast Lower Ordov1c1an (9)

ophlolltes rest unconformably over deformed roeks 4Caldwell

e Group) (Lamarche, 1972b) that may be equrvalent in age to the,

. 1 % .
Ascot Formatlon.. A Lower Mlddle or early Ordov101an aqe of. 5

deformatron #5 conerté t w1th develd?hent in an. early--p ase,

N
the Stoke Mountaln phase (Cady, 1969 p- 108), of the Taconrf .
orogenyh The suggested age . for F, foldlng is. in agreement \\ - .V
. ,v "\V ‘. .

‘with-St- Jullen (1963b) ‘and. Lamarche (1965) but not that of ™S
Baer (1961). . /‘ T L
\ . -, . . 9 . ‘ '— . v : ‘ ) N ' L : .

. }l,‘ . ~‘  - ;::ﬂ .o .' o . . \\.ﬁ) 9. ] Lo ’ L
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,'| ) eugeosyncxlnal env:.ron;pent (FJ.g "20 stage 1) (see\'al/o Cady, o

> _ : . *I
; - - 83 = o
1 o ° »
. '~~P v - N ( i
SV A P o
: : H o - - 7. . 4 "."_-).. i . :
" . . . L . ) . .o ;
% . ) C e T -
] \ ;. SYNTHESIS o Coa T
; I - S
1 . l L4 ./
Tectonlc Hlstory - , a R
L - . .
. N i .l k

The rocks ‘and structures :anestlgated suggest the . ]

fol 1ow1ng sequ '

¢ of events for the study area aqd{lcmlty »

. c' . o g 3 )
-F]_g .20 is’ pJ.ctc-rJ.al summaa.‘y of the tectonlc histoNy shonm o
in'9 stages of :&opment. S . . e ,"9‘ L

. Du 1ng the Camb/;:.an and/or Lower Ordov:.c:.an, basaltlc )
and r yolltlc volcana.c; flows and sed:.ments (fly‘sch 1J.ke

graywackes, mudstones and tuffs) were depom.ted ina- - ,'5‘-

- . . '.; 1

T 1967}. S -_"f ;.-;;= e - e ] . - j

Tt

. -

. N M
i s

. L e
l deformat:.on (Tectom.c deformatlonal phase“ I} inm the ~ |

- . N e

< Ascot; Format:.on was accompana.ed by the productlon'of s'ma'-ll', ; {\

sgale lsocl:né‘l folds {d reglonal\metamorphmm,to produce ‘
sern_cz.te<J (mus!t:ov:.te;,) ana chlor:.te al:.gned along tht; jE,‘l:sg‘fl‘é»l“ - "
" plane 11atlon, Sl (F:Lg. 20 s*‘tage 2Y . The fOlds may ha'vef"
been recunbent and assoc:.ated- Wlth ;?r\ge ’naPPe gtz_\tures as'

. suggestea by Rlckard (1965 B. 531) “for the earllest folds Of

‘lt

' s:LmJ.lar style ln the $utton Moumtaln complex to the west e

. Lower Orde 1c1an (or early Mlddle 0rdov1c1an) alblte

-lf ) - ﬂ r

granltlc and u ramaf:.c rocks lntrud the deformed rocks of~

‘w

) thdg' ;As A‘_ ' :Formatlgn -(Stpke Mountalns) (ﬁg - \;l-

/Dposﬁﬂbly at the Qe t1_me ds Opthlﬂ.tES ( 3 -

S northeLst o-f the study "area. . ."‘ ', —~ s .,"'.'-
e '\,_5. - SN ,:;;:‘,‘ ) _;_.? BT T v‘”i'
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roLlowlng- "and p0531bly durlng stages 2 and .3 deposltlon of .a

N -

flysch type assemblage (Beauce?1lle Formataon) ‘took place in the

1+ St Vlctor syncllhorlum to the northwést of the, Stoke Mountaln-

-

S
comples Wthh was uplifted and ercded (Flg *20 stage 4). ‘To the'

L-\r*

'no' ast 1n the- Weedonnarég (Flg 3), materlal ‘was also derlved

'\

A

N

~

from “the Sutton Mountalns (Duquette, lgbl) Theqflysch sedlmentary
rocks may;represent deposrtlon follow1ng a westward mov1ng

allochthon as suggésted by Zen (1972 P- 35) or rapld de9051tlon in -
: I
' Ha graben structure between the Stoke, and Sutton Mountaln COmplexes ;
—— “—‘—.__ l . -, :

‘The Uppéﬁ”Ordovacian_was a perlod of contrnued erosion of -

—— . A

——— f

the Stoke Mountaln complex. The sedlments were dep051ted ST

<h%confo ably over ‘the Beaugev1lle Fprmatlon as. conglomerates,

. l'

sandstones and shales of the Sherbrooke and equivalent East a

Branch Pon Eormatlons (Flg. 20 stage 5). o -

r

Due to r ional upllft Lower Silurian dep051ts were not
! ..

y ,
preserved angl near the p051t1ve Stoke Mountaln block ‘the Sherbrooke

—
-

s and Beaneevl le Formatlons were eroged 'Durlng the Upper Sllurlan. |

\

and Lower Devonlan rbpnates,‘shale and sandstone (Glenbroqke

-_,__

" and St Fran01s Group and Lak\‘Aylmer Formatlon)'were deposrted

~

\‘-\ .
in. both the St. Vldtor and Connectlcut Valle ~= qispe syncllnorlum§
TFlg 20 stage Gp’f-Duquette {(1961) 1nd1cates that in the Weedon

area the sediﬁ?htafy rocks overlapped the Stoke Mountaln compjéx.

7
+ In the Mlddle or Upper Devonian perlod rocks throughoUt

the study reglonswere folded (Tectonic deformatlonal phase 1L
i

durlng the Acadlan \ogeny (F]_g 20 StaE;'J') In -aPparent

.
I

Q- T
contrast td\the Tacon i;;trﬁctures the re ultant tlght folds

-Ehg/uprlght or steeply
of horizéntal shortenlng-‘ In ghelst Frangis Groupf beddlng_

- ‘ T
- : . . . -
. r . . . - -

nclined Sﬁggestlng a large component

4

:- . ' : o v T



pl@ne faults may‘ have developed as the fPlds tlghtened o b
resultlng in stratal repetltlons and a low reglonal dlp east

though most beds are steep and face east o
ST : . ,
b ﬂ‘ Continued Aca i deformatlon (Tectonac deformatlonal

- phase IIT) agaln olded all the\:ock unlts (except the Devonlan

) e i
/MH\\yanltes) wlthln the study area (Flg 20 - stage 8) TheTOIleﬁaatlon

i}

of the folds, w1th most,axlaIQplanes dlpplng 309 —50 _sPrthwest
. \Q .

L
across the steeper earlier follatlons mlght suggest reglonal
’compreSSLOn in, a dlrectlon 1ncllned southeast. However, 1n'

gross geometry the folds laxger than crenulatlons are An

»

_dlsgontlnuous palrs, the rock at thls scale is not folded 5 -

,,;throughoutx Hence as w1th klnk bands, which are alse dlscontlnuou

fold palrs (Flg. 21) the - axlal planes may be ‘oblique to the - _
dlrectlon of bulk shortenlng Unllkecklnk bands that tend ta be_
at hlgh adgles (60 +} to the external follatlon (Welss, 1969)'

' the axial planes .are usually less than 50 to the long apparently

hnrotated llmbs Hence the folds are only partly analogous to

. t\ T
. kinks and the dlreqtlons of bulk strain 4s uncertain. :
Middle or Upper Devonian granitic éfﬁEOns intruded the N

o L3 . v -

-'ed-rocks;of'the St:.Francis Group, resulting in a locaiz
. . [
steep crenulation cleavage (Fig. 20 stdge 9).

."‘1 t ’ *

- - ’ - /p ‘ “ . M . . b

i Tectonic Evolution in Relation to Plateu?ectonlcs S
’ . ol S . v

~ [ N

\R T2
B . .

Y

Introductlon

1 4 [
Plate’ tectonlc models have- recently been used to explaln Z?e

dfyvelc'pment of the Appalachlan orogen, Rartlcularly 'the northern

part (Dewey and Bixd, 1970 ~Bir and Dewey, 1970; Zen, 1?72;

%\ - . - L . .
| .{, . ‘ . . \\\\a N
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. .- 88, - » : C
%1lllams, Kennedy and Neale, 1972 \Rlehard ang- Flsher, 1973)
4

‘williams and Smyth, 1973 and Laurent‘\l973). vBrlefly the Dewey

Lo , ) | T . e
- : Ty oo . e
- ,
'.. - : - »1 ’ : ) 0 \ ” . M

. and Bird (1970) and Bird and Dewey . (1970) model- is’as’ follows:

openlng of a proto-Atlantlc oceah durrng 1ate Precambrlan
. - ¥,
to early O;nov1c1an tlmes was accompanled bx down faultlng of

the contlnental margln. Inﬁ*lllng w1th sedlMents and volcanlcs
'formed shelf (mlogeocllnal) and contlnental r;se (eugeosyncllnal)

ﬂ‘succe551on5a Later in the earlX Ordovician there was contractr?n

of the Atlantlc regron. An oceanlc trench developed near the -

- «

" newly formed. contlnental marglns and the oceanit 11thosphere

was subducted (underthrust) down a Benloff zone dlpplqg west
under the contlnent. ‘Oceanic volCanles were erupted above the
'descendlng plate and an island arc wasdformed; Rising gabbroic

and granodlorltxc magmas formed a thermal dbme or orogenlc welt

LY )

from which there was sedlment transport, flysch deposatlon, f@

and grav1ty slldlng, both towards the ocean and continent.

a - . -3

"Further rise andwlaéeral expansron of the magmatlc moblle _core-
v \D

to the orogenlc welt led to overthrustlng towards the ‘continent
N Cn o

(and’ocea ) /The rqhyltant Taconlc orogenlc belt is
‘ r

fcon51dered to be of the Cordllleran type. LT
. \
|
Contlnued subductlon of the oceanlc llthosphetre .eventually .
i v

"

‘resulted in closure of . the proto-Atlantlc, cont1nenta1
> A

colllslon,n‘nd Devonlan Acadlan deformatlon over a w1de area.

| Towards the end of orogeneSLS, gran;tes were 1ntruded from the..

mobile#core. < : R S

and Zen, )J’. ' ‘ le arrt to Hetermlne 1f the m‘dellﬂ




. can readlly explaln the rock fac1es, strﬁctures{and ded<ied v
. \

. i o ‘. ‘
evolution of the study region. e . }
K B 4 . o B ‘ e \ .

b
- \'\

Facies Relations

L o
. . Y

The origin of some of fhe rock groups can readily be
eqﬁated with the model. 'The Lower-Ordovician or older acid T

'volcanlcs ‘of the Ascot Formatlon could have formed at the o
¢ -

.distending margin of the oontlnent. On the othet hand,

Lamarche (1973) is of the opinion that;bhe-voloanlcs are

is and-arc dep051ts SR ' . :
; D D,

X The Mlddle Ordov101an black slates and graywackes of the*\
Magog Group are flysoh_deposxtseghat, like the correlative '
- ‘ . - 1 X L . f‘ Y .
Normanskill of Vermont, could have accumulated in an

L)

exogeosyncline mafginai to ahrising thermal dome to the east.

. *

b Not so clear is the provenance of the Slluro—Devonlfh
carbonates, slates and sandstones of the Glenbrooke and St- “

Franc;s Groups and Lake Aylmer Formatlon (Gaspé leestone .
. i 4

Group of‘Logan, 1863)5 In part1¢ular, why the stable 1ow
energy déposmtlonal condltlons 1ndlcated hy the cafbonates,#_

' and .slates should prevall if subdu ion and tectonlc mobility

: 'contlnued. An analogy could be made WLth the 6pper Ordov101an

Ay

and Sllurlan llmestones and §hales of" the Aroostook and \

Matapedla Groups in northern Malne, New Brunswick and southern
Gaspé. - These are 1nterpreted (Bird and Dewey, - 11970 p- 1049)
to have been‘depogited in a st#tic small—ocean hasin between
two volcanic-arcs. Plate consumptlon under the northwestern
:aer(Ollverlan) eventually contracted the ba51n and presumably
led‘to Acadlan deformatloﬁf However, 1n the study‘reglon |
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51m11ar spatral relatlons are not obvious for\the perlod f-

-~
) a ]

'slluro—Deuonlan sedlmentatlon. For example there is no . ,
evidence that'the liﬁestones were deposited e;%tfof‘a . R
Subduqtlon zone and lsland arc. Another poss}ﬁrllty is’ that

the model should be modlfled hnd that the llmestones lndlcate b

a Slluro—Devonlan bause in themprocess of-subduct;On.-

~
N y

Structural Succession ., Lo

'Following the plate-tectonic model, deformational -phase

.. ‘ ‘ .
IFy recumbent folds in the Stoke Mountain complex are, Taconic

)

features that could have formed by gravity siiding from an ' -

orogenic welt. \Unfortunately the pdssible position or direction‘

of the welti%ﬂ’not clear, as Fl folds are pot exposed ' " :
suff1c1ently to determlne vergence patterns and p\§51ble

. dlreﬁtlons of slldlng.q South’ of: the area, stratl phic

'relatrons have establlshed that the TacdﬂT; Kllppen qgved

from the eagt (Zen, 1972), but vergence of sm 1 scale

recumbent folds'llke Fl is n t—obvroustand it is not necessary

that the’ foldlng was dlrectl related to westward gravrty
Slldlng .or overthrustlng Th deformatlonal phase II steeply

1ncllned or uprlght tlght folds that imply horlzontal o _ \

’

compressmon could have resulted from thé contlnent—contlnent

-

- é311151on in Mid-~ Devonian tlmes.- The deformatlonal phase IIT
ldS-that‘ﬁuggest'restricted subvertlcal shortening are nottso

obviously dlrectly fltted into the plate tectonics model

s

In summary, the rdck facres ‘and structugal eVOlUtlon can

be explained in terms of plate tectonics, but some modifications .

1 -
- .

of_the‘modelg‘such as:inﬁerruptions in the process of |



< : s e .
.t \' ' oo - .
subduction, may be necessary. . . I K; - l
: . . . - . . . € H ' C @ ) .
' . ) v . » - ’ . -l

N\
1Y

(S

Problems”ahd Suggestions for,Fuzyre Work

’ .
] T ©osn

1) ' The evidence from the Small scale stiuc res descrlbed’

‘does not clarlfy whether or, not thrust faults are present

- . -

$
such.as along the boundarles of the Stbke Mountain complex

>

IKerr, 1923). The nature pf tﬁe large scale folds suggested

by ‘the reversals in dip direction of bedding in the St. ¥ R

Pranc1s Group are also not clear. P0551b1y detalled -y
_ _ o ‘
llthologlcal mapplng and further" determlnatlons of

- S

stratlgraphlc.tops could result in a more detalled outcropf

-

pattern and reveal major folds, stratal repetmtlons, and

disjunctions at thrust boundaries. \'. ' o ' L

2} Correlatlon of struc o= in the St.. Frahcis'Grodp with
those in the Magog,Gro‘ Ls not readlly made across the . ° =
intervening‘Stoke Moﬁntaln complex. A detalled structural

study to the northeast beyond the complex where the groups are

1 ‘)

in Juxtap051tlon is required to test the proposed tlme relatlons.-'

3) Wlthln the Stoke Mountaln complex, the tlme.of developmentﬁ

. of the fpliation affectlng the alblte granlte is not well

-defined. . The folﬁation 'should be re—examlned and compared
with that in the adjacent rock "of the Ascot. Formatlon

4) Orlentatlons of folds have suggested a temporal variation -

; .durlng~Acad1an deformation .in the dlrectlon of maleum bulk

\

izontal to" near vertical. How the

r

shortenlng from near 'ho

'dltectlon/;;\exten51on might have varled both .in space ahd

time is not known. Measurements of grains, pebbles and
PN .- v . -
- LS . -

. . ! .
. . . - - - . . .
¥ . . . )
- R P — e R A
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/.

. ‘result oﬁ rotatlon towards a q;eep dlrectlon of exten51on.

-

R i . - .. .. . . T L Do P N
v G . : . T . . ' .

‘—,h‘w. . L 92 - . «

F_— .i_ . A . . . .

. : . % -

<+

" : .
agngmerate fﬁﬁgments elongated wrﬁhin follatlon planes (S
v

si and Msl’ see St—Jullen and Lamarche, 1965) may 1nd1cate R

R w
,v'l - ‘ "~ .

spatral varlatlonsr at least durlng the early phase of . Acadlan

- ‘.

~ v “ ",\

deﬂnmatldn._ Such deformatlon ‘may reveal whether or ndt the
IO

1'steep-plunge of many FZ f°1dS and axral t:hEatrons is the. }fe§J

|]' : -

N

H“ The reason Why the majorlty of the mlnor folds in each’
AT

generatlon of both the Taconlc and Acadlan\deformatlonal (O
£
perlods consrstently plunge northeast lS not clear. No obvious

A -
~_~

major structure plunges in thlS dlrectlon. Further wo K to
. .

the north in the Stoke Mountain belt and ad301n1ng tocks

should clarify whether the plunges are srmllar throughout the
v

, B : . . -
reglon ; . : - R S,
‘\' Lo . ..,' ‘ * I T

. fos
6), The use, of 51m11ar1t1es 1n orrentatlon of structures as

-

[

ev1dence for tlme equlvalence 1s ogen to questlon, partlcularly

H

“-ln'comparlng the E2 fglds in the’ Stoke Mountaln complex with

‘ Ordov101an rocks might resolve the apparent <

Acadian first<folds.' That the ev1dence may be 1nterpreted
differently ls demonstrated in northern and western Gaspe- "
% b '

Penlnsula where steeply lncrrned second phase folds in ‘Cambro—
a -

0rdov1cran rocks.are showp be Taconlc structures, although
i 2 D .

A

they trendoparallel-to Acadian folds in adjacent Situro-

k]
Devonlan rocks (Carrara and Fyson,>1973) .

Detalled lnvestlgatlons between the study area and GaSPe

along the interface between.the Slluro—Devonlan and -Cambro-

radlctlons in

1:

-lnterpretatlon, It might also be possible to obtaln

:addltlonal radlometrlc dates on’ crir?-qut?iﬁ? ptutons.

- _ p ) ‘ R ' %

<« N

N 1
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'FOLD .CLASSIFICATION

¢

Some of”the foIded laYers that were observed in the fleld

have, been cla551f1ed, from photographs and hand Speglmens,
.

accordlng’ti the method of Ramsay (1967, p 365 Flg 7- 24) (see'

3

Fig. 22).

~ ¥

fhe various folded layers;‘the locality in which they W re -
obéerved the llthology and the class of the folds are indi ated’
for the KScot Formatlon 1n Table 10 and for the St. Francis

" Group in Table_ll, J

Foig 1 Ctass i

o

>4

‘i . )
’ '( Foid 4 Closs 2 tumdor) Foid 5 Crass ¥ ‘
' 1 20
! - .
k . * N
.
T ) -

Fig. 22 Fundamental types of fold classes. Dip

. isogons have been drawn "at 100 ntervals from the . .
" - lower to the upper surfaces ¥ and Y. (after
-~ Ramsay, 1967 p 365 Fig. 7-24) - : .
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_ Table 10 EoldhClassif cation: Ascot 'Formation

-

Locality . Numbér of

fold folded | Lith togy - i
{one fo 'rolde ccording ‘t
per locallty) layers ;}/,) say,lBg'])O

\

, v
-Fl’ L
N ; - /
2 guartz Vein . ic
) -gandstone ‘ c
"5 sandstone ' S
& 321 v siltstone r\: 1c .
335 . siltstone 1cC S
N - g
S . Fo -
v 3 4 : . quartz vein . . 2_:? - x
-9 : .4 siliceous phyllite 1p < .
. 66 ‘ 4 ‘quartz vein - 1c ‘ :
69 4 ' quartz vein : 1c \
B quartz vein. | 7 . 1B
71 -1 . quartz vein . 1B
' 1 siltstone ' 1B
71 2 quartz vein . - -~ . 1C
88 1 ‘quartz vein ) - 1B
181 3 quartz vein . 1c
194 3 . quartz vein 1B
. AR .
. L F3
. i (- e e ) l . "-.
2 2 . gquartz rich pelite . 1c .
g 5 0 1 . gquartz rich pelite ic 7
. 66 8 quartz rich pelite 1%%
° 66 1 quartz rich pelite
2 quartz rich pelite "1C
138 . 5 guartz rich pelite . 1¢ R
179 ;1 ~ siltstone - 3 .
s 1 guartz. rich pelite . ic
192 2 . siltstone 3
N\ ’ .
w . - ~y ’
. . ) .
4 . 1 ’
. ‘:? Lo L‘\‘ | * ' / .
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Table 11 Fqld_Classiéicaﬁion: StuAFrancislGroup o \;
» , : R . o . AT |

_'Locali'l:_y‘ Number of ' Lithology Class e
(one foxd ., folded ' Co (according to , - 1
per locality), s layers Ramsay, 1967) [ |

-

. o . .
. iST‘
2 25 - 1 .. calcareous micaceous * = 2.°
o] . '
- %" siltstone . : o
53 o1 ~ limestone ' 1c
185 5 + ., calcareous siltstone 1c
R . . fand slate . coe
263 214 limestone ) 1c
", 14 calcarequs micaceous 2
’ oo : siltstqne
. -‘ — \ . K v . -
. . ey < ' - .
; - 2 . ‘i
) o ) - L - b
- : ) : FF2 ‘ A o : A
- P 4 ' ‘
23 1 . limestone - _ 1c
: 33 S 4 Jlimestone : 18
34 3 , limestone ... 1B P
36 2 ‘siliceous limgstone . 3
40 5 “giliceous limestone 3
45 : 8  limestone .. 1B,
170 . - 1 3 calcareous giltstone__ 1C
' © 185 2 siltstone _ e
. 244 3 _silty limestone . 1C
© 248 7 siltstone 3
' 3 limestone .- 1B
259 - 5. © limestone ) 1C
v ¢ ur - . :
- . .
B - " .
. % )
e oy



~ . 7 i

. T o

- 10% -

T - APPENDIX II.

EQUAL AREA NET PROJECTIONS L

i B . t

r
.-

m—y

The equal area net pro;ectrons were plotted employlng a
uprogram By Dr K. J. Rosengren of the Department of Geophysrcs

| and_ Geochemlstry, Australlan Natlonal Unlver51ty, slrghtly

! &

'mOdlflEd by Carrara . (1972)

*L . .
The*followrng three dlfferent types of dlagrams are
‘ plotted for each set of data: - “.’

"1) Scatter dlagram o - ,' _ 2,

2) Schmidt method contour diagram !

- 3) lKamb method contouﬁ dlagram

Y

The Schmldt'method and- scatter dlagramsfare often used so -

no addltlonal explanatlon is necessary,, However, since
without the use of a compute the Kamb method is time
.consumlng, and less frequentl used, it is noY as well known.

‘The purpos € the Kamb method contour diagramn is to

- determine whether or not, on a statistical ‘basis, the
orlentatlon den51t1es are srgnificant. Kamb

states that:’ “The measure of, statistical signi

-

the probablllty that” the observed Orlentat
,:could have resulted fxom random sampllng of a POPUIatlon

that 1acks preferred orlentatlon To control thls

pxobability, the area A.of the counter uSPd in the

-conventlonal (Schmldt (A—O 01)) contourlng procedure//s

"s0 chosen thq; if the populatlon 1aEks preferred

Orlentatlon, the number of pornts n that Wlll actually

'
’ . .

- * -
-
. . on

wh ’ .
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£
/ fall w1th1n the area undgr random sampling of the

populatlgn. ThlS 1nsures that ‘the observed'orlentatlon
]

. densities, Sif obta;ned by random sampllng of a.nbn_ﬁ '

o ’

preferentxally orlented populatlon, will not,fluctuate
. . . P ray X \ :

wildly from the expected density E/A. Observed densities

’

that dlffer from E/A by moxe than twd or. three tlmes the
standard devratlonkc (fog random.%rlentation) are then

'11kely to be srgnlflcant, and the more.so if the

) ~

srgnmflcantly hlgher densities are clustered in one
)

szertron of the dlagram The observed densrtles are

\\herefore contoured in 1ntervals of 20,_at the - values 0,

7'20, 4, etc., the expected density E for no preferred

orlentatlon being 30.

/- Slnce\t'or large numbers Of. data (OVer 200) the Kamb and

échmldt methods are similax, the Kamb method is of greater ;

'usefulness for small populatlons where the possrblllty of

- orlentétlon densities that are statlstlcally 1nsrgn1flcant is

great w1th the Schmidt contourlng method It is for such
small populatlons that both the Kamb and Schmldt plots are @

1ncluded for. comparlson in- the present study.. B
¢

" gince the Kamb- method is basged-on the -assumption -that the
.f

'data are statlstlcally lndependent, a Cdﬁg;tlon seldom’ ‘met in

structural work, and’ “since the error w1th1n the Structural

. 1 - .

measurements is- neglected it -can be concluded that the method

doe's not-ébmpletely ellhlnate statistical 11m1tatlons of*the

data.
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Explanation of the Equal Area Net Projections (Fig. 23)-

v

All the daagrams are lower hemlsphere pro;ectlons

S— Upper Dlagram. 'catter Dlagram ‘a'u -f .

Mlddle Dlagram Schmidt Method Contour Dlagram, contouf

1ntervals as llsted.“”Shadlng symbols

2, 3, - - - progressmvely hlgher dens't1es,,M'= maximum

- Lower Diagram: ~Kamb Method Contour Dlagram, A = counter
. area, E = NA = number of points’ pected to fall within area

A for a random distri ution = standard deviation,

contour intervals“EfO, 2, 4,:6, . . standard deviations;

shading symbols:’ -1 ™= area with i?SIG density

2= aiea.with SIG denSLty

. 3 = area with 6 : den51ty L fi
o . < 4 = aifa_with'a sity %
. - ’ ) -‘l: = 1 . " ] ’ l‘
'.h..}' : M= maxlmhm B ' - ) X Y A

\..‘Fig -24 is a hand centoureé‘:chmidt plot of the saﬁe data‘
as in the compute; plot of Fyg"23 Nete»the‘similaﬁitf of:.
the two plots by dlfferent methods. L l

- Fig. 25 parts a and b are compllatlon equal area net

rojectlons. Only the hlgher density contoursythat apyeared

thencomputer plots are shown ang unless indicated by ag(K)

| they represent the Schmldt plots rather than the Kamb pldts.

| Flg- " 25a lndlcates a fan axis- for S1 follatlon and’ thlS
is represented in the fleld by opposlte dlpplng Sl planes
(Flg 6) The, Kamb and Schmldt plots differ for Li and Lyi

the Kamb Plot glves a steeper plunge in both cases.

+ lowest den91ty, 1o

| ‘Fg |
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Fig. 24 Hand coﬁtoured egual ar

diagram, B) contoured dlagram
as that plotted in Fig. 23.

ea net. A)“ catter
The data is the same
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are due to the double mode of 88, Whlch appears\p,. the Schmi dt
1

. ets.' The doujpl
B ¥le mode of SSl may not beg due to two separaf®@

-ﬂf: \My

populatlons but- rather to,randomiy dlstrlbuted measurements-.
as suggested by the smngle mode obtained by the Kamb plot
| In all cases the modal average/-s are based on only one .
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. o APPENDIX IIT © - ;
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( E ECONOMICGEBE@?E’ - o -

CE I A
T ; Introduction
' ' - .

N -

.

The present study covers a.large geograpplc area and,

-

therefore the work would be 1ncomp1ete lf no mentlon of the

economlc mlnerals and constructlon materlals was made The

e ~~

fdllowrng paragraphs brlefly descrlbe the metallic, and non-

a9 _‘-l

metal%pc mlneral §p0w1ngs (if any), as well as the‘constructlon

-

// materials, that were obseryed ‘in the- varlous rock unlts Also, -
P - 3

speculatlvedcomments ;ﬁ/;elgtion-to theieconomrc potentia; of

_\ . J . . L] . h

"the atea areﬁpresente . .-

T Q, T ' o - ' ) L3

;;;Lro—ordoviEian Rocks’/ﬁ' /////'

! o . - ‘//

- ' ' ' ' N /
Durlng the*latter part of theé 19th century ‘the. Albert

5

Mlnes\~ Eustls area (Flg. 1) 1n the Bscot Formatlon was a ‘ K

-

. major kase metal mlnlng dlstrlct of Canada.

The last mine in T

the area closed during the early 195Q s. Slnce then various

types of exploratlon has - been carried out wrthout success. o
r “ " I[—
For a more detalled account of the VaIlOUS mine 51tes see - .

‘Bancroft (1915), Stevenson (1937)1 Douglas (1941) . carrlere

‘(1954), Sthullenyand Lamarche (1965) Lamarche (1970),

-

Sauve/=Clout1er and Gen01s (1972) .

During the-present study ne sulphlde shoW1ngs other than'

- - imetres ' '
'éyrite;were,observed. However, veins several cent .

' \ o - o fiyi . gql 1A ' - | | ,

.-
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1)

thick of £fibrous serpentlne were observed wrthrn the ultramaflc=

. rocks (Fig. 5) The llmlted size of the outcrop area makes

ﬂ 5 '

it rather doubtful that it.1is of any economrc importance.
Moreover the. aeromagnetic maps (G. S. C., 1954d) do not

indicate any lateral contlnuatlon of the ultramaflcs.

o

Wlthln thenAscot Formatdon any metalllc, O%Anon—metalllc
|
mineral deposrtsfthat may_be present will most llkely not be
o ' '
'located by" surface mapping since these have been locatednand'

explolted. Geophysrcal syrveys would be useful.to determine

.'

whether the debosmts exploited prior to- the development-of
geophy51ca1 exploratlon techniques -have add tional reservegg
Several quarrles are.preSently operatlng within the o ‘

greenstones of the Ascot Formation. These produce crushed

., rock for road constructlon '4s well as the major constrtuent
-y’

“'for asphalt pavement. . T ;r

. L 7

[

Middle and Upper ordovician Rocks

v

- o ,

No economlc dep051ts have been found wrthln the Magog _ E

oup or within the sherbrooke and East Branch Pond Formatrons;

D%E to the types of rock present, its origin, the very 1°ﬁ
g

rade of metamorphlsm and the lack ‘of 1ntru51ves o remdbllrze

- A
concentrate any sulphldes Jha@ may be Present i

metallic oOr

very

minor proportlons ‘it seems very unllkely that'any

non%metab?:% mlneral de9051ts~of economlc lmportanc

the aeromagnetlc maps {

exist in

57 C,
the Magog Group Moreover, d

i hat could
19542; b and d) "do not exh:l.b:l.t any magnetlc highs t \ X



"y - J imller— .
. oo ST
pe related .to buried iron rich base metal deposits. .
. " . .
T H M . . l‘l -

+ 8iluro-Devonian Rocks e

I

- ,
A

o Placer gold is the only economlc mlneral that has been

reported t° exist Wlthln thre part of the study area underlaln

by the Slluro-Devonlan rocks of the St _Frapcis Group (Cooke,

- -1957 p. 33-34), Durlng the presentistudy CublC pyrE?é crystals

L]

was the;only sulphlde observed

It is unllkely that any base‘metalllc or non-metalllc
econonic mrneral dep051ts occur w1th1n the rocks of the St.-
Franc15~62§up The contacts between the ‘granite and—tﬂe

sedlmentary rocks of the St Francrs Group., where observed

L]

(raref&), are barren, as is the. hornfe151c zone, of any sulphlde
=]

_wﬁhoylngs. "In these reglons the sedlmentary rocks must'have
cen’ remobilized suff101ently to“permlt the concentratlbn,

near the heat source; . of base metals had they ex1sted in very
mlnor amounts 1n the orlglnal rock Also,- the aeromagnetlc '

‘Jmaps (G 5. C.y 1954a, ‘¢ and &) do not exhlblt any magnetlc

anomalles therefore buried 1ron rich sulphide deposrts or o

mafic tq ultramafic rocks are not present whin the study

area. - L -. .-- S . ,

durlng the present
{ .

suff1c1ent quantltles in

‘hThe placer gold, - aithough not observed

Stud may, however HL preseht 1n

- some of the rlvers and streams; partlcuiarly‘the Moe- (Flg l),

hto be of minor importance ﬂMcGerrlgle, in. Cooke, 1957 p- 33).

A systematlc detailed geochemlcal/study on the stream sedlments

source of the g%}d .

L . . L

-

may be useful in determining’ the

o
’
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. ’ - .
Several quarries are presently operating within the
» " N . .
g;anitic plutons near Stanstead, G}anitevillé and Béebe (Fig. 1).
The rock is used 'pr;imar'ily for construction (see also Burton,

1931 and Cooke,\1950 p. 137-138).

/ L.
‘Pleistocene . : . (

L]

For a detailed account of the Pleistocene geology, in part’
of t.lle/.stndy ‘area see Mgonald l‘-967 and 1969. oo

Throughout the area ery large Plelstocene sand. and gravel

epos:.ts are. present. Many of these have been opened to
) 4 \ -

produce gravel. for road constructlon, and concrete.

McDonald (1966) repor‘tﬁad the presence of m:Lnor amounts of

!5 L]
gold -and silver w:.thln surface till in various. lOCalltleS, / ‘

however no d_etaa.led explorat:.op work has been done to determine

. '
whether or not economic amounts-exi'st. '

n

) - o .
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S : ' . S |
Photomicrograph; c¢rossed nicols. Undeformed. Upper or
Middle Devonian granipe.(log. K-1). } o

. . . ) .V ’ : . (" V
Photomicrograph; crossed nicols. Lower Mlddlg oilggwei_z).
Ordovician granite with foliation, most probably Sy (loc.
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P . Plate II’

SE.

‘al e 3 '
o I

Beddiné.iS'well définga by:a dolomite (light) layer in
the uniform dark ‘siliceous limestone. SS; clgavage is parallel
to bedding. Ayer's Cliff Member, St. Francis Group (loc. 28).

Slump strﬁétutes in calcareous siltstones‘truncatéq on
‘one side thus indicating a primary structure; Barton River
Member, St. Francis Group (loc. 13). . //

R

- .
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Plate ITT

s ’ . ' _ o, : -
. . Flame. structures in northwest dipping slates (dark)\and.
siltstones, (light) indjcating overturning.to the soptheast; .
Barton River Member, St. Francis Group (ldc. 153). P

4. /. D
0“ ’ . |
CONW . - -
R 5
<)
S k
b) y
. TS
' ing i ippin calcareous-éiltStone
Creasﬁéeddlng in northwest dipping _siltsto

" beds indicates overturning to the goutheastf Bart
Member, St. Francis Group (loc. l}?)._ :

» \ '
’ . . .
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Plate IV .

. - 7. ’ . . N 0-2 CmJ‘J . ’ -

. -
~

Photdmicrograph;~plane light of F, folds Qeglned bi-tﬂigt
quiartz-rich beds in tuffaceous (?) quar?z—se;;c1t§ ioclf and
A2, Ascot Formation (loc. 326). Sy schistosity glt _aiig .
sericite is parallel to bedding on” fold 'limbs and axia

planar.to the folds. - . .
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Plate v -

NW

L4

Steeply plunging F:
fold in 83 schisgosgty?
quartz-sericite schist;'
un¥g A4, ‘Ascot Formation."
Axial plane is parallel ‘to

' Si'schistbsity. L

lineation is defingd by

-

quartz ridgés which' curve
obliquely around the F "

fold axis (lod. 139). 2
+
WW
F,.fold

and S

A4, Ascot
Formation.

not well .
developed

(loc. 69).

" in quartz vein

schis%osity in
sericite-quartz
phyllite; unit

H

-8, ‘cleavage is




-0

"velns ‘and parallel §
_ffollatlon, gericite-
Y . N ! quartz sghist; unit
i N\ o 3 B A4, Ascot Formatlon
A Lok, Wadh ' (loc. 71} .
‘lS poorly developed

Photomicrograph; plane
light of F, folds in fine
o sericite and quartz rich
layers and parallel .Sy
,_follatlon, unit 24, Ascot
= Formation (loc. 66) 32
. drehulation cleavage is
most apparent in the axial
regions of the folds.

s .2 cm

Fz fOldS in quartz

S Cleavaée

-
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- "Plate VII . .0 .
L . . Sy . )

i “F3 folds in bed&fég,iso, and par%liel éi(é ) foliation.
Seriamée—quartz phyllite; unit A4, Ascog Forma%ion {loc. 66).

Sy cr¢nulation and fragture cleavage ‘is axial-planar to the * 'y
Fa- ds. o b - =
3 . T o _— )
5. P
NW
o
b) v - . . .
I : . ' . 1 leavage .
- Photomicrograph, plane light, of S, crenulation ¢ 2
acrogs S§- foliation-and bedding, Sg;. 8uart;-sgr10l§e phyllite;
unit . A4, Ascot-Formation (loc. 62). i e L
Y ¢ oo : = .

k<]

P
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Plate V?&I;“ - . ‘ |

crenulatiop and slip cleavage across S schistosify" ‘@'
allel bedding, Sg. -Quartz-sericite phyllite; unit A3,

. SE

- Rhotqmic;ograph; o
plane light, of S
d crenulation, and siip'
.cléavage across bedding,
s., and. schistosity, Sy
Graphitic phyllite; unlt
A4, Ascot Formation \
(loc. 317). ‘ n

. ~
o . . . )
w -t
l 0\: 2" cm ]
' .
’.'
.
. 3
8 ot
. ' M
L) < L
.
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_late IX . N k‘ “f
. .O (4~HJU ) _ _ R
‘Open F., folds\a S ; '

: 3 -cleavage ° .
cro§31nglvertical e i%g; Sas gnd -
Z§§155051t¥£ S&.‘ icfte—qgartz P
Schist; unit A%, Ascot Formation L
Uee gy :‘, ‘ .. rmatlon: )

\‘ - .1

4 - o
\_\ g . . - .
o “ AV\ ’h\’r)’
Sn;:S ‘ e |
Qr°1 © / : :
. ] lie-Y , . ,"" .
Il ‘.J n‘ g - . . . ) . . . I' .
> ;. ‘
_0
) o 3
8E .
Photomicrograph,

"N, plane light, of open Fy
~fold and crenulation Y
cleavage. Quartz- A
sericite phyllite; unit

A4, Astot Formation
(loc. 2). A possible
Fi or szfold outlined
‘by-calcite is in the
.upper right-hand corner.

o’ y

( 0.2 cm. y -

b4



© - 127 -
] * . . ’ ’f
Plate X

b

 Subvertical’F., fold hinge refold

e - o
. , .
.
.
¢ -
. [
Ll .1 '
.
.
~°
L}
.
.
SE . ”
.
.
- .
e
"
.
"“. ’
\
.
i '
- 1
R
.
3 .
.
A
-

ed by an open recumbent
unit A4, Ascot Formation .

F, fold. Sericite-quartz phyllite;
( QC. 66) . ? =, - * ‘ I U * )
- '.-\

L LA ' - a .

!

' )
13 - \

o .
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FF -foLdé defined by
in sillceo?s limestone;

a dark fine gnicaceous quartz rich bed”
(loc. 53}.

Ayer'ﬁ Cliff Member, St. Francis Group

0

Photomicrograph;
crossed nicols, of FF (?y
fold hinge in a calcite”
grain;,Ayer's Cliff
‘s Member, St. Francls Group
T (loc. 53}. -

.
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~ Plate XII
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FF folds in calcarequs 51lty slate

511tsto$es (1ight). Steeply dlpplng 58

(dark) and quartz
fracture and slaty

.cleavage 1is éxlal—planar to FF ‘An opén FF. fold crosses.
steep limb in upper rlght cornér with low -dipping SSﬁ axial-
e

plane fracture and crenulation cleavages.
St. Francis Group (loc. 185). -

i

~

SSl

mber,;

Wesj;?are

ey

An enlargement of the lower rlght corner of (a) above."

siltstone bed, in antiformal hinge zone.

Fold mullion~like “structures,-on lower surfacé of quartz

,Cusps from underlying

calcareous. silty slate protrude into the more competent'quartz

Siltstone. Scale unlts are cl.

.
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Plate v - B T

} -
FF, fold n-hornfeisic siltstone. -SS cieavage is-paraliel
to bedding, S3,, except in the hinge regi%n (Loc. between st.
Herménegilde and Villette, east of tHe study area (see Fig. 4)).
v, P .
ao ’
'h".

p) T
Bedding, Sé , and SSi slaty cleavage ‘in cié?arepus §1§te;
Aver's Cliff Member, .St. Francis Group (loc. . ) ~
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L _‘ Plate XV. °
P

W
L
L 40 cm ;o

ddin JU vertical. and ge
Bedding, SSp: nearly vertical. :
-fracture cléavage*inpslate;(dark) and si
Westmqpe Member, st, Francis Group "(loc.
are represented as. a colour banding.

]

*

: ~
“
o
/ "
’ . .
.
4
1
.
P
-
..'
3
"
&,

[ ;

ntly'dippigg Sslj o
1tstone (light)™,

237). L4 lineations -
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o efatew: 0w
SS, . . , '.
| L ‘ )

SE

SS., fracture cleavage
developed in argillaceog:'
rock (centre) and not in . -
ca;careous sandstone; Ayer's
Cliff Member, 'St. Francis -
Group (loc: 35).. 8§
cleavage is parallel to
bedding,5SSO. '

™

”

-

. -SS; slaty and fracture’
58 cleavage, followed by '
| caicite veins, refracted .
] towards the normal to .
bedding, SSQ' in going’
ca

41 from the calcareous silty .
‘slate lright) to the guartz
B ciltstone (left). - Westmore
Member, St. Francis Group
(SE. margih of Plate XIII,
loc. 185). The calcite
‘veins ifi' the calcareous
. gilty slate have been
crenulated by 855. The S8,
cleavage in the calcareous
silty slate (right) 1is
Ml parallel to S5 in the
- quartz siltstones (left).
gcale units are cm. :
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Plate XVII .

- Lineations, LLl colour banding and LL crenulafibns, on
5S; cleavage surface in valcareous phyllite. Ayer's Cliff
Member, St. Francis Group (ldc. 33). . ‘ s

éfenulations, and LLg .
4n 55. cleavage surfaces
er, St. Francis

Lineations, LI, colbur.bar{ding,'LL2

crenulations with steep axial planes,
in phyllite and siltstone. Barton River M
Group (loc. 19). : o < . - F

= -
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R .~ Plate XIX

-

W . -

FF, folds affecting
bedding, S5, and cleavage,
'S8¢% in siliceous limestone
{1ight) and calcareous
phyllite {(dark); Ayer's -*.
§ Cliff Member, St. Francis

Group (loc. 34). 8S,,
crenulation~and fracture
cleavage is axial-planar.
Scale units-are cm. o

$54758y °

S5 . :

§S0:587
(.
, 0.2 cm

r—

' . . C s ‘ag, savage
prosamicrofzeph; plane Lght. BSAIS L) oo calcareots
folded by FF., in calcareous p ¥ gt. Francis Group (loc.

SSl R A : by
i 'me (light)?% Barton River Member. s Growp et
géé?Stoggéscrgnulations and f;actures_are present 1n e |
region of thg fold. } . -. .' - -



v _-.137 -

- ... Plate Xx

SS, slaty cleavage
and calcite veins
parallel -to bedding,
SS., 'in dacrk gray
sigiceous'limestqng“
S8, fracture and
crénulation cleavage
obliquely cross-cuts
88,-and SSy; Aver's. . )
_Cliff Member, §t. . :
TPRrancis Group (loc. 41},

Scale units are cm. ~

T .

SE. T coTeT
 -photomicrograph,
, plare light. SS;°
slaty cleavage, in .. .
calcareous phyllite 15
crossed by S5S5; o
crenulated cleavages; . -
Westmore Member, St. i
Francks Group (loc.-259).‘b

L]

~
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o - ' Plate XXI
| §S3 . LLy B
\ . :

]

LL, and LL, c¢renulation lineations on nearly vértical S
.cleavage in phy¥llite.

SS; c¢léavage 'is nearly vertical;: Barton
River Member, St. franCiéugrQUP,(locf 14).

Ll

. R
-

' G 0:05'6m_4 Y s -x '

-qjéhotdmicrograp-ﬁfcrosspd'nicols. Calcite infillingsi in:
pressure shadows n

&B to calcite"grain in siliceous lime'tOne
is elongated parallel to S8 Cleavage}:Aye¥'S:Cllff Memb
St... Francis Group (loc. 53)..° :

. .
. [

.o

C e

Scale units are cm.
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Plate XXII .

Photomicrograph, crossed nicols, of
cleavage curves aro
iyer's Cliff Member,

quartz grains. S8
of quartz 'grains;
(loc. 131)..

b}

{(loc. .105) .

" photomicrograph, pla
biotite grains in hornfeé
the cleavage, S5y7

si¢ si
Bart

e “light, oF random pOS
1tStone cross-cu
River Member. st.

triple junctions: in
und,ghe large cluster
St. Francis Group- .

t~deformatiog
£ and include

Ftancis Group’

o
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