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REVISED PROGRAM .

NEW ENGLAND INTERCOLLEGIATE GEOLOGICAL EXCURSION, 

MONTREAL, 1931.

SATURDAY, Oct. 10

9.00 a.m.

10 .00  a.m.

1 .0 0  p.m.

2.00 p.m.

8 . 00 p.m. 

SUNDAY Oct, 11

Choice o f

9.00 a.m.

R e g is t ra t io n  at the Redpath Museum, McGill 
U n iv e r s i t y .
Leave Redpath Museum by bus f o r  St.  Helen Is land,  

le a d e r ,  J .J .  O 'N e i l l . Return by bus.

Lunch in McGill  Union, corner o f  V i c t o r i a  and 
Sherbrooke S tr e e t s ,  o p p os i te  campus.

Leave on f o o t  from Redpath Museum to  c ross  Mount 
Royal;  l ea d ers ,  J .J .  O 'N e i l l , R.P.D. Graham, J.E. 
G i l l ,  and o thers .  Return by bus.

Meeting in McGill  Union. S o c ia l  evening.

9.00  a.m.

e i th er  o f  the f o l l o w i n g  excurs ions .

sharp Leave Redpath Museum b y  bus f o r  a l l  day t r i p  
to  the Pre-Cambrian o f  the Laurentians.
Br in g  lunches.  Leaders, J .J .  O 'N e i l l , R.P.D. 
Graham, F .F .  Osborne. Return to Montreal 
about 5 . 30

sharp Leave Redpath Museum by bus f o r  a l l  day t r i p  
t o  examine the s trat igraphy  o f  the v i c i n i t y  
o f  Montreal.  Bring lunches.  Leaders,
T .H . Clark, H.W. McGerrigle.

MONDAY Oct. 12 

8 .30  a.m. Leave Redpath Museum by bus t o  see the Appalachia  
f ro n t  in  the v i c i n i t y  o f  P h i l l ip s b u r g ,  Que. 
Leaders, T.H. Clark, H.W. McGerrigle.



ST. HELEN'S ISLAND.

St.  H e len 's  Is land ,  now one o f  the most b e a u t i f u l  re -  
c r e a t io n  grounds o f  Montreal,  i s  r i c h  in h i s t o r i c a l  a s s o c ia t io n s  
as well  as be in g  o f  p e c u l ia r  g e o l o g i c a l  in t e r e s t .

It  r e ce iv ed  i t s  name from Champlain about 1611, in honour 
o f  h i s  b e a u t i fu l  young w ife  Helen B ou l le ,  and because o f  i t s  
natura l  f a c i l i t i e s  f o r  defence  became a stronghold  o f  the French 
against the I r o q u o is .  I t  was here that ,  two hundred years 
l a t e r ,  the Marquis de Lev is ,  commanding the l a s t  French Army, 
b u rn t  h i s  f l a g s  in  the presence  o f  h i s  t roops  the night p r e 
v ious  to  handing over the co lony to  the English .  .

In the days o f  the B r i t i s h  g arr ison s  the is land was a 
very gay p la c e ,  but nothing remains o f  i t s  former b r i l l i a n c y ,  
except the o l d  barrack b u i ld in g s ,  a b lo ck  house, some o ld  cannon,
and g ra ss - co v e re d  earthworks. 

In 1688 the i s la n d  was acquired by Charles Le Moyne, Sieur 
de Longueuil,  and during the e ighteenth century h i s  descendants, 
the Barons o f  Longueuil ,  had a f i n e  manor house there ,  the 
ru ins  o f  which are to  be seen on the east s id e .  The is land  
was acquired from them during the war o f  1 81 2 , be in g  f i n a l l y  
ceded t o  the c i t y  in  1874. 

GEOLOGY.- St.  H e len 's  i s la n d ,  I s l e  Ronde, and part o f  the ad
jacent  bed o f  the St.  Lawrence are made up p r i n c i p a l l y  o f  a  
very in t e r e s t i n g  igneous b r e c c i a ,  apparently the f i l l i n g  o f  the 
neck o f  a volcano subs id iary  to  Mount Royal.

The b r e c c ia  occu p ies  an oval shaped area about 1 mile by 
3 /S  o f  a m ile ,  and the only  exposed contact  i s  on the south end 
o f  St.  H e len 's  i s la n d ,  where U t ica  shale  occu rs  conta in ing  
Climacograptus, D ip lograptus ,  Leptooo lus ,  Triarthus b e ck i ,  e t c .
The shale i s  h igh ly  broken and intruded by th in  di kes and sheets 
which inc lude  Camptonites, Monchiquites and o c ca s io n a l  Manaeites.

The groundmass o f  t h i s  remarkable b r e c c i a  i s  h igh ly  a l t e re d  
but conta ins  a p a t i te ,  p e r o v s k i te ,  p y r i t e ,  hydronephel ite ,  e p i -  
dote ,  abundant carbonates and doubtfu l  m e l i l i t e .  While t h i s  
matrix i s  to o  h igh ly  a l t e r e d  t o  permit o f  exact c l a s s i f i c a t i o n ,  
many other ,  but much smaller occurrences  o f  somewhat s im ilar  
b r e c c i a s  occu r  about Montreal,  and these  have c l e a r l y  a base 
o f  e i th er  Camptonite, A ln o i t e ,  or  Hepheline a p l i t e .

The fragments contained in  the groundmass inc lude  samples 
from p r a c t i c a l l y  the whole g e o l o g i c  s e c t i o n  from pre-Cambrian 
to  lower Devonian, the l a t t e r  represented  by two la rg e  b lo ck s  
o f  l imestone at the north end o f  the is la n d ,  one Lower Held e r — 
berg ian  and the other Oriskanian in age, and both conta in ing  
numerous f o s s i l s .  These lower Devonian b lo ck s  are now at the 
h or izon  o f  the U t ica  and are the only  remaining evidence that 
such rocks once covered  western Quebec.

B ib l i o g r a p h y . -   

1. "The Geology o f  St.  H e len 's  I s la n d " ,  Nolan and Dickson,
Can. Rec. S c i . ,  V o l .  IX, No .  1, Montreal,  1 9 0 3 .

2. "Lower Devonic Aspect o f  the Lower Helderberg and Oriskany
Formation", C. Schuchert. B u l l .  Geol.  Soc. Am. Vol.  11,1900.

3 . "On the F o s s i l  Faunas o f  St.  H e len 's  I s la n d " ,  H .S .  Willi ams,
Trans. Roy. Soc. Can., Vol .  I l l ,  1909~10. 

4 . "On the Orig in  and R e la t ion s  o f  the P a la eozo ic  3 r e c c ia s  in
the V i c i n i t y  o f  Montreal,  Robt.  H arv ie , Trans. Roy. Soc.
Can., I l l  S er ie s ,  1910.



MOUNT ROYAL

Mount Royal,  ov er look in g  the c i t y  o f  Montreal,  r i s e s  abruptly 
from a f l a t  p l a i n  underlain  by rocks o f  lower P a la eozo ic  age. I t  a t 
ta in s  an e le v a t io n  o f  796.6 f e e t  above s e a - l e v e l  and has an area o f  
about 1 3/4 m iles ,  in  a N.E. d i r e c t i o n ,  by 1 1 / 8 m iles .

The P a la eozo ic  s t r a ta  are almost everywhere mantled by d r i f t ,  
which has been t e r ra ce d  by a s e r i e s  o f  beaches marking su ccess iv e  
stages o f  the r e t re a t  o f  the P le i s t o c e n e  sea. The McGill  U n ivers i ty  
campus i s  s i tu a ted  on one o f  these  t e r ra ce s  ( 152  f e e t ) ,  and the highest

 beach i s  found on Mount Royal at an e le v a t io n  o f  568 f e e t .

The s t ra ta  immediately surrounding Mount Royal c o n s is t  o f  Trenton 
l im e s to n e , usua l ly  near ly  h o r iz o n t a l  but in p la c e s  t i l t e d .  Outcrops 
are numerous on the f lanks  o f  the mountain and l o c a l l y  the rock h a s  
been contact-metamorphosed. In some p la c e s ,  immediately in c o n a c t 
with the in t r u s iv e  rock o f  the mountain, are remnants o f  U t ica  sha le ,  
h igh ly  a l t e r e d  to  " h o r n fe l s " .  This may be w ell  seen in  the c l i f f  
immediately beneath the Lookout.

Mount Royal i t s e l f  i s  composed o f  p lu t o n ic  igneous rocks which 
have intruded the P a la eo zo ic  s t ra ta .  Some 18 years ago a tunnel was 
driven through the mountain, and i t  was found that con ta c ts  observed 
on the surface  were encountered v e r t i c a l l y  below in  the tunnel tunnel, 
showing that the in t r u s iv e  has the form o f  a p ip e .  Mount Royal has been 
g en era l ly  regarded as the root  o f  a vo lcano .  I t  presents  an i n t e r -  
e s t in g  and v ar ied  group o f  rocks ,  represent in g  a su ccess ion  o f in- 
t r u s io n s  and a l l  ch a r a c te r ize d  by a high a lk a l i  content .  In order 
o f  in t r u s io n ,  these  are,  b r i e f l y ,  as f o l l o w s :

(1 )  Essex i t e  ( e x h i b i t i n g  severa l  f a c i e s ) ,  with i t s  dyke sequence.
By f a r  the major p o r t io n  o f  the igneous mass o f  the mountain c o n s i s t s  
o f  e s s e x i t e .  A very l i t t l e  nepheline  has b e en observed in  th in  sec 
t i o n s  o f  the rock near the Lookout. Elsewhere, t h i s  mineral i s  
absent,  but the amphibole and pyroxene are t y p i c a l l y  s od i c  v a r i e t i e s ,  
and chemical analyses o f  the rock in va r iab ly  show normative nephel ine .  
O l iv in e  i s  present in  some f a c i e s  o f  the rock .

(2 )  Neph eline  Syen ite ,  with a s s o c ia te d  dykes and s i l l s .  This rock 
forms the western p o r t i o n  o f  the mountain and i s  best seen in the 
Corporat ion ( o r  Forsyth) quarry. I t  conta ins  abundant nepheline 
and an amphibole near ly  r e la t e d  t o  h a s t in g s i t e .

( 3 ) Camptonite, which forms the matrix o f  a s t r ik in g  b r e c c i a  that i s  
w e l l  exposed somewhat to  the west o f  the mountain proper .  This was 
f o l lo w e d  by s t i l l  l a t e r  dykes.

Eastward from the Lookout may be seen seven other  i s o l a t e d  h i l l s  
r i s i n g  from the p l a i n ,  the fu r th e s t  be in g  50 m iles  from Mount Royal.  
A l l  c o n s is t  o f  rocks  s im i la r  t o  those  o f  Mount Royal,  and as a group 
they c o n s t i t u t e  the Monteregian H i l l s .

At Mount Royal,  the youngest rock cut by the in t r u s iv e  i s  the 
U t ica  shale ,  but on St.  Helen i s la n d  nearby i s  a b r e c c i a  with igneous 
matrix probably  r e la t e d  to  the Mount Royal in t r u s iv e s  and conta in ing  
fragments o f  lower Devonian l im estone .  In the case  o f  S h e f ford  
Mountain, the in t r u s io n  probably  took p la c e  b e f o r e  l a t e  ca rb on i fe rou s  
time. i t  i s  p robab le ,  t h e r e f o r e ,  that the Monteregian in tru s ion s  
date back to  the l a t e  Devonian or ear ly  Carboniferous p e r io d .



The c i t y  o f  Montreal i s  l o c a t e d  in  an extensive  pl a i n ,  which 
r i s e s  gently  from sea l e v e l  near Quebec c i t y  to  an e le v a t io n  o f  
about 125 f e e t  at Montreal.  I t  a lso  r i s e s  f r o m the r iv e r  toward 
the Canadian S h ie ld  on the one hand and toward the Appalachian f r o n t  
on the o ther .  Wh i l e  somewhat i r reg u la r  in  d e t a i l ,  in  contrast  with 
i t s  surroundings t h i s  p la in  i s  remarkably f l a t  and r e g u l a r . I t  i s  
the most n o r th e a s te r ly  d i v i s i o n  o f  the St.  Lawrence Lowlands Province 
and i s  conven iently  r e f e r r e d  t o  as the St.  Lawrence P la in .  I t s  
general form was es ta b l ish e d  during t he T er t ia ry  by sub- a e r i a l  e ros 
ion which cut ra b id ly  i nto  the weak P a le o z o i c  sediments f o r min g i t s  
f l o o r .  A mantle o f  d r i f t  was spread over the su r fa ce  during the 
P le i s t o c e n e  and a subsequent marine invasion  (Champlain Sea) served 
to  smooth out many o f  t h e i r r e g u l a r i t i e s  by reworking o f  d r i f t  
ready present and d e p o s i t i o n  o f  c lay  and s i l t  c a r r i e d  in f r o m adjacent

 land areas.  "any d e t a i l s  o f  the l a t e  P le i s t o c e n e  and post-pleistocene
 h i s t o r y  have s t i l l  t o  be worked out .  We l l  formed 

t e r r a c e s  and many other fea tu res  due to  wave and current a c t i on and 
stream eros ion  on these s o f t  s u r f i c i a l  d e p o s i t s  may be seen on the
t r i p s north and south o f  Montreal.

From the to o  o f  Mount Royal an e x c e l le n t  view may be had of
the surrounding country.  Here i t  i s  seen that the general f l a t n e s s
o f  the p la in  i s  broken by a prominent group o f  r e s id u a l s ,  etched out
in  b o ld  r e l i e f .  On a c l e a r  day seven o f  these may be seen toward 
the e ast and southeast .  These are the Monteregian h i l l s .  In order ,  
s t a r t in g  wi t h  the nearest  they have the f o l l o w i n g  names and elevations

: St.  Bruno 715 f t . ,  St.  H i l ia r e  1437 f t . ,  Rougemont 1250 f t .
Mt .  Johnson 675 f t . ,  Yamaska 1470 f t . ,  She f ford  1725 f t . ,  Brome 1755 
f t .  The sk y l in e  beyond i s  formed by the Notre Dame Mt s . , the exten
s ion  o f  the Appalachian system in to  Canada. To the r e s t ,  two o t her 
low h i l l s  appear wi t h in  the St.  Lawrence P la in .  These are o u t ly in g  
masses o f  Pre-Cambrlan rock s ,  p r o j e c t i n g  as is lan ds  the rough the  Paleo
z o i c  and Cenozoic sediments. Looking northwest one sees the great 
mass o f  the Laurentians, while  to  the south i t  may be possib l e  to  
d i s ce rn  the Adirondacks in New York State .  The higher l e v e l s  in 
the sk y l in e  are con s idered  t o  represent the peneplain. developed 
throughout the reg ion  during t he Cretaceous or ear ly  T e r t ia ry .

 On the s lopes  o f  Mount Royal are t o  be found numerous beaches 
o f  s h e l l -b e a r in g  sands and t r a v e l s  as we l l  as t e r r a c e s  in te r p re te d  
as due to  wave a c t io n  during temporary h a l t s  as the waters o f  the 
Champl a i n  Sea were gradual l y  withdrawn from the area. The amount 
o f  p o s t - g l a c i a l  upl i f t  v ar ied  from p la c e  to  p la c e .  This i s  shown 
by the present warped character  o f  the upper marine l im i t  as reconstructed

 from the  p o s i t i o n s  o f  the beaches f o und along the St.
Lawrence v a l l e y .  The h ighest  beaches at  Quebec c i ty  stand at at
Montreal 617 ( o r  574 ) and at Covey H i l l  525 f t . The McGill campus 
and Sherbrooke Street  are s i tu a te d  on the most  prominent o f  the p o s t -  
g l a c i a l  marine t e r r a c e s .  Some o f  the higher beaches wi l l  be seen
during the t r i p over Mount Royal .

C loser  examination o f  the Laurentian escarpment and the Appala
chian f r o n t  w i l l  be p o s s ib l e  on the t r i p s  to Ivry and Phi l l i p sburg.

PHYSIOGRAPHIC FEATURES I N THE VICINITY OF MONTREAL.



STRATIGRAPHY OP MONTREAL

The Island o f  Montreal and the St. Lawrence Lowland c o n s is t  o f  
Upper Cambrian and Ordovic ian s t ra ta  dipping very  g en t ly  to the 
southeast ,  and r e s t in g  upon a Pre-Cambrian basement which outcrops  
in  the Laurentians and i s  found in wells  some 2500' below Montreal.  
This complex has been intruded by the igneous masses o f  Mount Royal 
and the o ther  Monteregian H i l l s .

Our route takes us through Westmount. Montreal West, Lachine, 
along the shore o f  Lake St.  Louis to  Ste Anne de B e l le v u e , where 
Macdonald C o l leg e ,  part o f  McGill  i s  s i tu a te d .  Here we c ro s s  the 
Ottawa R iver ,  and, returning,  l a t e r  c ro ss  the St.  Lawrence by 
from Lachine to  Caughnawauga, an Indian v i l l a g e .  Thence along
Lachine Rapids to  Delson, and to  Chambly, on the R i ch e l ie u  R. Fort
Chambly, r e c e n t ly  r e s to re d ,  once barred the way from Hew England 
and New York to Montreal.  Back to  Montreal by St. Hubert a i r p o r t ,  
with the mooring most used f o r  the R-100, and the new Harbor Bridge.

1. ISLE PERROT. POTSDAM SS. Clomeratic and cross -bedded .  Hard 
enough f o r  b u i ld in g  stone .  No f o s s i l s  here,  but C lim a ct ich n ite s , 
P r o t i c h n i te s  and L ingu lep is  acuminata occur nearby.

2. STE. ANNE BEAUHARNOIS DOL. Dark gray with i r r e g u la r  masses 
o f  Calcite. F o s s i l s  ra re .  Op h i le t a  complanata present .  In neigh
bor ing  quarr ies ,  now in a c c e s s ib l e ,  Hormotoma anna, L ep erd it ia  anna, 
and severa l  t r i l o b i t e s  have been found.

3. PTE. CLAIRE. LOWVILLE AND BLACK RIVER (LERAY) LS. The upper
part o f  the c l i f f  i s  Leray. Good f o s s i l s  rare .  Columnaria h a l l i , 
Bathyurus extans, with a few o thers .  The Lowvi l l e ,  r i c h l y  f o s s i l 
i f e r o u s ,  i s  best  seen on the f l a t  nearer the road. Tetradium 
eellulosum, Cyrtodonta huronensis,  Lophospira arachne.

4. CAUGHNAWAUGA. CHAZY LS. Thick-bedded, fragm ental, c r o s s -  
bedded, c r y s t a l l in e . W h o l e  f o s s i l s  ra re . H e b e rte lla  v u lg a r is , H . 
c o s t a l i s ,  M a lo cy stis , B o lb op or ite s  am ericanus, C h eirocrin u s f o r b e s i .

5. DELSON. UTICA SH. Dip normal in d i r e c t i o n  but abnormal in  
amount. Giant c o n c r e t i o n s .  Climacograptus t y p i c a l i s ,  C. b i c o r n i s ,  
G lossogr .  quadrimucronatus, Leptobolus i n s i g n i s ,  Triarthrus b eck i .

6. CHAMBLY. LORRAINE LS. & SH. Exceedingly  f o s s i l i f e r o u s .  
Catazyga headi outnumbers a l l  others  combined. Large P lactam bonites 
se r i c e u s  common. Clidophora praevoluta ,  Lyrodesma p o s t s t r i a t u m.

NOTE. The Trenton, a lready seen on Mount Royal,  w i l l  not be again 
v i s i t e d  unless time permits.
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THE LAURENTIAN AREA NORTH OF MONTREAL.

From Montreal our route i s  northwest across  the Is land o f  Montreal
 and I l e Jesus t o  St.  Jerome. As f a r  as St. Jerome, we pass 

over the su cce s s iv e ly  o ld e r  Ordovic ian beds that here u n d er l ie  the 
St .  Lawrence Lowland. Along our rou te ,  however, bedrock i s  mantled
by t i l l ,  sand, and g ra v e l .   

At St. Jerome, a fa u l t  probably  separates the Pre-Cambrlan rocks
o f  the Canadian S h ie ld  from the P a la eozo ic  rocks .  Our route  leads
up the v a l le y  o f  t h e  R .  du Nord t o  Piedmont. This s e c t io n  o f  the
v a l l e y  i s  l a r g e ly  d r i f t  covered but i s  underla in  by meta- sedimentary
rocks o f  the G re n v i l le  s e r ie s  and by Laurentian g n e is ses,  except f o r
the small boss  o f  gabbroid  a n orth os i te  with i t s  t r a n s i t i o n  zone near

Near Piedmont, we pass over  a topographic  b rea k  onto the. Morin 
in t r u s iv e  complex. This igneous complex i s  ch a ra c te r ized  by the 
very la rg e  development o f  an orth os ite  and has gabbro , d i o r i t e ,  
quartz d i o r i t e  and more a c i d i c  rocks as other  f a c i e s  within  i t .
A l l  the rocks have hypersthene as the mafic mineral and p l a g io c l a s e  
as the predominant f e ld s p a r .  Potash f e ld s p a r  occurs  as antiper- 
t h i t e .  The mafic  and i r o n -o r e  minerals as well  as quartz,  where i t
o c cu rs ,  are i n t e r s t i t i a l  to  the p l a g i o c l a s e .  

The ages o f  a l l  these rocks are uncerta in :  rocks o f  the Grenville
 s e r i e s  are the o ld e s t  r e co g n iza b le ;  the Laurentian gne isses  

conta in  fragments o f  the G re n v i l le  and p o s s ib l y  other s e r i e s ;  the 
Morin complex cut the Laurentian and i s  cut by gran ites  and s v e n i te s .

STOP 1 , - 1 5 minutes. At St.  Martin Chazy l imestone i s  shown 
in  the quarry west o f  the road.

STOP 2 ,- 3 0  minutes. Hebert Garage near Shawbridge. The 
Laurentian g ne isses  show some o f  t h e i r  c h a r a c t e r i s t i c  v a r ia t io n s  
and here inc lude  fragments o f  amphibolite  and other rocks .

STOP 3 , -  20 minutes. Desgrosbois  S id ing .  A body o f  gabbro
r i c h  in i lm en ite  and magnetite intrudes a n o r t h o s i t i c  gabbro of the 
Morin complex. This has been regarded as a t i t a n i f erous iron  ore
d e p o s i t .

STOP 4, -  1 hour LUNCH, Ivry  Mine. A body o f  i lm en ite  with
intergrown hematite cu ts  mauve a n or th o s i te .  The p l a g i o c l a s e  i s  
l a b r a d o r i t e  and i s  f i l l e d  with minute in c lu s i o n s ,  which g ive  the 
f e ld s p a r  i t s  c o l o r .  The th in  s e c t io n s  show a few gra ins  o f  quartz.

STOP 5, — 30 minutes. G re n v i l le  c r y s t a l l i n e  l imestone i s  ex
posed midwav between St.  Sauveur and Piedmont. I t  conta ins  graph
i t e  and a p a t i te  as w el l  as s i l i c a t e  minerals .  A hypersthene quartz-  
d i o r i t e  i s  exposed in  the small quarry back o f  the h i l l .

STOP 6 , -  Montreal.

Referenc e s : -   
1. Logan, Geology o f  Canada, 1865 .
2. Adams, Geology o f  a p o r t i o n  o f  the Laurentian area, e t c . ,  Geol.

Surv. Can. Summ. R ept . 1895 J.
3 . Robinson, Titanium, Can. Mines Branch, Pub l i c a t i o n  579.
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GEOLOGICAL EXCURSION TO PHILLIPSBURG, P.Q.

We leave  Montreal by the V i c t o r i a  Bridge,  t r a v e l  along the 
King Edward Highway through L a pra ir ie  to  St.Johns.  Thence across  the 
R i c h e l i e u  to  I b e r v i l l e  and 6outh over the nearly  f la t - ly in g  Ordovician 
beds o f  the St. Lawrence Lowland. We pass c l o s e  to  Mt. Johnson.

STOP 1. One mile  N. o f  P h i l l ip s b u r g .  On the east i s  a c l i f f  o f  
Rock River  do lom ite ,  d ipping  gently  ea st .  The road i s  on Trenton-Utica

 shales ,  here con s id erab ly  con tor ted ,  but l e s s  so fu r th er  west,  
where they conta in  c h a r a c t e r i s t i c  f o s s i l s .  The Rock River i s  
p r a c t i c a l l y  devoid  o f  f o s s i l s ,  what few there  are are U. Cambrian.
This c l i f f  i s ,  then, the very edge o f  the present Appalachians.

STOP 2. P h i l l ip s b u r g .  Shore o f  M iss isquoi  Bay. Small but good ex-  
posure o f  the actual  thrust  p lane .  Smashed Trenton-Utica  shales
below the massive U .  Cambrian Rock River  dolomite  

STOP 3. P h i l l ip s b u r g  Marble Co. Quarry. Said t o  be the la rg e s t  
"marble" quarry in Canada. Cut in  the S t r i t e s  Pond formation .
The Wallace Creek l im estone  can be seen at the top o f  the cu t .

STOP 4 . One mile  south o f  P h i l l ip s b u r g .  To see the p ro g re ss iv e  
d o lo m it i z a t i o n  o f  the S t r i t e s  l i m e s t o n e .

STOP 5. Naylor Farm. Leave bus and walk one eighth mile  North. Se-  
t i o n  here in c lu d es ,  from W.  t o  E. the Hastings Creek, Naylor Ledge,
and Luke K i l l  l im eston es .  In te re s t  ce n te rs  c h i e f l y  about the N.L.
—  L.H. c o n ta c t .  The obvious r e la t io n s h ip  i s  a normal unconform ity , 
with a karst  topography developed on the underly ing  N.L. having 
been f i l l e d  by d ebr is  at the beginning o f  L.H. time. Owing to 
d i f f i c u l t i e s  in understanding the su ccess ion  o f  faunas U lr ich  has 
suggested that the N.L. i s  r e a l l y  younger than the L.H. and i s  a 
cave f i l l i n g  in  the l a t t e r ,  part o f  which has been removed by the 
cave making p ro ce s s .  F o s s i l s  abound, but are hard to  get out.

STOP 6 . En route  to  Stop 6 , we pass by the Solomons Corner and the 
St.  Armand form ations ,  which ca n  be seen dipping E. Near the 
corner  o f  the road at St.  Armand however the St.  Armand l imestone 
has a West d ip ,  which i s  in p a r t ,  i f  not wholly  due t o  the e f f e c t  
o f  the o v e r r id in g  thrust  b lo c k  from the east .

STOP 6 . m iles  N. o f  St.  Armand. This i s  the top o f  the P h i l l i p s 
burg 31ock. The road i s  on Lower Cambrian do lom ite .  We walk 
a cross  i t  t o  the shattered  Solomons Corners l im estone .  In p la c e s  
the actual con tact  can be seen. Thus both top and s o l e  o f  the 
P h i l l ip s b u r g  thrust b lock  can be seen.

STOP 7. Fensters o f  the Solomons Corners w ithin  the M ilton .  Ad
jacen t  t o  the road i s  a th ic k  b r e c c i a  represent in g  the basa l  part 
o f  the Milton broken up as i t  overrode the Beekmantown. At the 
edge o f  the wood part  o f  t h i s  l a t t e r  formation can be seen com
p l e t e l y  surrounded by H i l t o n .
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PHYSIOGRAPHIC FEATURES IN THE VICINITY OF MONTREAL.

The city  o f Montreal is located in an extensive plain, which 
rises gently from sea level near Quebec City to an elevation of about 
125 feet at Montreal. It also rises from the river toward the Canadian 
Shield on the one hand and toward the Appalachian front on the other. 
While somewhat irregular in detail, in contrast with  its  surroundings 
this plain is remarkably fla t and regular. It is the most northeasterly 
division of the St. Lawrence Lowlands Province and is conveniently 
referred to as the St. Lawrence Plain. Its general form was established 
during the Tertiary by sub-aerial erosion. The weak deformed Paleozoic 
sediments forming its  floor were cut away more rapidly than the 
crystallines of the Laurentians or the deformed sediments of the 
Appalachians. A mantle of d rift  was spread over the surface during 
the Pleistocene and a subsequent marine invasion (Champlain Sea) 
served to smooth out many of the irregularities by reworking of d rift  
already present and by the deposition of clay and s i lt  carried in from 
adjacent land areas. Many details of the late Pleistocene and post-pleistocene

 history have s t i l l  to bo worked out. Well formed terraces 
and many other features due to wave and current action and stream 
erosion on those soft surficia l deposits may be seen in the vicin ity 
of Montreal.

From the top of Mount Royal an excellent view may be had of 
the surrounding country. Here it  is soon that the general flatness of 
the plain is broken by a prominent group of residuals, etched out in 
bold re lie f. On a clear day seven of these may be seen toward the 
east and southeast. Those are the Monteregian h ills , the name being 
taken from Mount Royal, 730 feet above sea-level. In order, St.
Bruno 715 f t .  above sea -level ,  St. Hilaire 1437 f t . ,  Rougemont 1250 
f t . ,  Mt. Johnson 875 f t . ,  Yamaska 1470 ft.,  Shefford 1725 f t . ,  Bromo
1755 f t .  The skyline beyond is formed by the Notre Dame Mts., the 
extension of the Appalachian system into Canada. To the west, two 
other low h ills  appear within the St. Lawrence Plain. These are out- 
lying masses of Pre-Cambrian rocks, projecting as islands through the 
Paleozoic and Cenozoic sediments. Looking northwest one sees the great 
mass of the Laurentians, while to the south it  may be possible to 
discern the Adirondacks in New York State. The higher levels in the 
skyline ore considered to represent the peneplain developed throughout 
the region during the Cretaceous or early Tertiary.

On the slopes of Mount Royal are to be found numerous beaches 
of shell-bearing sands and gravels as w e I I  as terraces formed by wave 
action during temporary halts , as the waters of the Champlain Sea wore 
gradually withdrawn from the sea. The amount of post-glacial up lift 
varied from place to place. This is  shown by the prosent warped 
character of the upper marine limit as reconstructed from the positions 
of the beaches found along the St. Lawrence valley. The highest 
beaches at Quebec City stand at 632, at Montreal 617 (or 574) and at 
Covey H ill 525 f t .  The McGill Campus and Sherbrooke Street are 
situated on the most prominent of the post-glacial marine terraces.
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5
PHILIPSBURG, QUEBEC

We leave Montreal by the Victoria Bridge, travel along the 
Taschereau boulevard to Laprairie, where there are brickyards developed 
in the Utica shale, and thence to St. Johns, crossing the Richelieu R. 
to Iberville and proceeding south over the nearly flat-lying bods 
(Ordovician) of the St. Lawrence lowland. We pass close to Mt. Johnson.

STOP 1. — One mile north of Philipsburg. On the oast is  a c l i f f  of 
Rock River dolomite, dipping gently east. The road is on Iberville 
(Utica) shales, here considerably contorted, but less so further west, 
where they contain characteristic fo ss ils . The Rock River is  practically 
devoid of fo ss ils , what few there are are Upper Cambrian. This c l i f f  
marks the very edge of the present Appalachians.

STOP 2 .  — Shore of Missisquoi Bay, Philipsburg. Small but good 
exposure of the actual thrust plane at the base of the mountain-built 
complex. Smashed Trenton-Utica shales below massive Rock River dolomite.

STOP 3. — One mile south of Philipsburg. Dolomitization of the 
Strites Pond limestone. On top of the outcrop there are numerous 
solution pits and cavities in the limestone.

STOP 4. — Naylor Farm. Three quarters of a mile east of Philipsburg.
The section includes, from west to east, the Hastings Creek, Naylor 
Ledge, and Luke Hill limestones. Interest centers around the Naylor 
Ledge -  Luke Hill contact. The obvious relationship is an unconformity, 
a karst topography developed upon the Naylor Ledge having lator been 
fille d  by debris at the beginning of Naylor Ledge time. Note modern 
karst topography on the Naylor Ledge outcrop. Fossils abound, but 
are d ifficu lt  to extract. The details of the Hastings Creek -  Naylor 
Ledge contact are interesting.

EN ROUTE TO STOP 5. - -  We pass by the Solomons Corners and St. Armand 
formations, which can be seen firs t  dipping east, and later nearly 
horizontal. At the corner of the road going down to St. Armand village 
the dip changes to the vest. This is  due in part, at least, to the 
overriding thrust slice  from the east.

STOP 5. — One and one-half miles north of St. Armand. The top of the 
Philipsburg slice in contact with the base of the Rosenberg s lice .
The road is on Upper Cambrian (Milton) dolomite. The shattered St.
Armand lie s  to the west. In places the actual contact can be seen.
Within one or two hundred feet of the thrust the Milton dolomite 
is  nearly everywhere brecciated. The wind-blown sand grains are so 
abundant in parts of the Milton dolomite as to make it  a sandstone.

STOP 6. — Adjacent to the road is  a thick breccia representing the 
basal part of the Milton dolomite broken up as it  overrode the Beekmantown. 
At the edge of the woods to the northwest part o f this latter formation 
can be seen completely surrounded by the Milton -  a ' fenster'

STOP 7. — Deformed St. Armand limestone in contact with the nose o f a 
southward pitching anticline, with Milton dolomite in the center, partly 
surrounded by crumpled limestones o f the Highgate formation.
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EN ROUTE -  BEDFORD TO OAK HILL

For six miles east of Bedford the road passes over a plain 
underlain by the crumpled and contorted Stanbridge slates of the 
Philipsburg s l ic e . At Meigs we approach an escarpment, trending in 
general N. 20 E ., and held up by the resistant beds of the Oak Hill 
s lice , though the actual trace of the Oak H ill thrust is half a mile 
west of Meigs. The stoop slope is duo to the unequal resistance to 
weathering o f the Sweetsburg slate on the one hand and the Dunham 
dolomite and the Gilman quartzite on the other. The road stays within 
the Oak K ill slice  as far as the fork three quarters of a mile north 
of Dunham, whore it  passes out again into the Philipsburg s lice , and 
runs along on the Stanbridge slate for throe miles. We then turn to 
the east, and near the end of the road again cross the Oak Hill thrust, 
and soon begin the climb up Oak H ill.

OAK HILL.

The formations to bo seen on Oak Hill are listed below.

Vail slate
Sweetsburg slate
Scottsmore quartzite
Oak Hill slate
Dunham dolomite
Gilman quartzite

The problem of the order of succession, which always arises in the 
consideration o f a series of sedimentary beds in a folded terrane , 
especially i f  their dip approach's ninety degrees, can be solved 
by a study of the cleavage of the Gilman quartzite, and also, 
elsewhere, by the cross-bedding in the Scottsmore quartzite.

The crumpling of the Sweetsburg slate is noteworthy, as is 
also its  stratification . The crumpling is  doubtless due to a combination 
o f its  lack of competence and to its  position at the base of a largo 
overthrust s lice . Both the Scottsmore and the Oak Hill are 
discontinuous formations. The Dunham dolomite always carries abundant 
quartz, either as segregations or as quartz veins. Note the virtual 
lack o f apparent bedding in both the Dunham dolomite and the Gilman 
quartzite. The cleavage of the latter may easily be mistaken for 
bedding.

From the summit of Oak Hill the course o f the escarpment 
developed along the trace of the Oak Hill thrust can be well seen.
To the north it  runs into Brome Mountain, one o f the Monteregian H ills. 
Most of the other Monteregians can be seen, even Mount Royal. To the 
east, the lower beds of the Oak H ill slice  outcrop almost to the base 
of the Sutton Mountains, which are made up of schists metamorphosed from 
rocks similar to, or nearly contemporaneous with, those o f the throe 
slices to the west.
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LOWER FORMATIONS OF THE OAK HILL SLICE

The Gilman quartzite is  a very thick formation, with a breadth 
of outcrop of from two to six miles. East of it  are the basal beds of 
the Lower Cambrian series and the basement of Chlorite schist. The 
stratigraphic succession is as follows.

Gilman quartzite
West Sutton slate
White Brook dolomite
Pinnacle graywacke
Call Mill slate
Tibbit H ill chlorite schist

The basement, Tibbit H ill is  an altered extrusive rock, in places 
richly amygdaloidal, in others consisting o f l i t t le  else but dense chlorite. 
Lying upon it  is the Call Mill slate, followed by the Pinnacle graywacke, 
which in many places is  rich in detrital magnetite-ilmenite grains. It 
is coarsely cross-bedded. In several places i t  has boon quarried as an 
iron ore, but without success. The White Brook dolomite is  almost 
indistinguishable from the Dunham dolomite, except that it  contains a 
fa irly  great amount o f chlorite and hemetite stringers. Succeeding this 
is  the West Sutton slate, which can, when the stratigraphic order of 
succession is not clear, be distinguished from the Call Mill by its 
characteristic impregnation with hematite, especially in its  basal few 
inches. Save for a few buds of quartz pebbles at its  base the Gilman 
quartzite is remarkably uniform in composition and grain, though the 
la tter is  so fine as to make it  almost impossible to see any o f the 
component grains.

At the West Sutton school house loca lity  the details of the 
contact between the chlorite schist and the Call Mill slate are not 
very clear, but the order o f succession is  unmistakable. The cleavage 
and stratification  of the Pinnacle graywacke are both interesting.
The fault which runs along the road hero is easily demonstrable.
Northward from the four corners is  an outcrop showing the Pinnacle,
White Brook, and West Sutton formations, in stratigraphic succession.
West of the four corners, i f  time permits, a similar section can be seen, 
in which local crumpling of the heavy, iron-rich beds of the Pinnacle 
graywacke is  particularly remarkable.
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THE MANSVILLE PHASE OF THE OAK HILL SERIES

The Sutton Mountain massif (sec map, p. 3) consists of a complex 
of schists, a ll more- or loss crumpled. Close to its  western limit this 
schist body includes a succession of low grade metamorphics which show by 
their petrographic character, their order of succession, and their common 
basement of chlorite schist that they are in reality the metamorphosed 
equivalents of the beds of the normal Oak Hi l l  Series, but in a much 
attenuated form. A table showing the comparison of the normal and the 
metamorphosed phases follows.

OAK HILL SERIES

NORMAL PHASE thickness M A N S V IL L E

Vail s lates 
Sweetsburg slate 
Scottsmore qzte . 
Oak Hill slate

60 Phyllite and slate

Dunham dolomite Upper dolomitic marble

Gilman quartzite 2000 35 -  100 Upper ser ic it ic  schist

West Sutton slate 40 -  250 Upper slate

White Brook dol. 20 -  75

\

Lower dolomitic marble

Pinnacle graywacke 400 Lower sericit schist

Call Mill slate Lower slate

Tibbit H ill schist

A problem arises concerning the contiguity o f these two phases 
differing from each other so widely in thickness and metamorphlsm. The 
geological setting can be expressed diagrammtically in the following section 
in which, however, the right hand syncline is enlarged four timos. Complete 
the diagram, showing a logical structure by which one can explain the 
otherwise anomalous association.

MANSVILLE PLEASENORMAL PHASE



Upper s e r i c i t e  s c h is t  - -  Gilman
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Lover s e r i c i t e  s c h is t )
Lower s l a t e ----------------------Call  M i l l
C h lo r i te  s c h is t  --------------  T ib b it  H i l l

P innacle

Scale in f e e t .

Map and s e c t io n  o f  an outcrop  o f  the M ansvi l ie  Phase 

o f  the Oak H i l l  S er ie s .  One mile  south o f  M ansvil l e.

Brome Co. ,  Que



THE SUTTON MOUNTAINS AND THE SUTTON SCHISTS

East o f  the c h l o r i t e  s c h i s t  i s  a b e l t  o f  low-grade 
metamorphic rocks,  nine to th ir teen  miles wide a cross  the s t r ik e ,  
occupying the M i s s i s qu o i  (West Branc h) Valley  and the Sutton 
Mountains.  These rocks c o n s is t  o f  s e r i c i t i c ,  s i l i c e o u s ,  and 
carbonaceous s c h i s t s ,  w ith ,  here and there ,  beds o f  d o lom it ic  
marble and q u a r tz i te .  The M ansv i l ie  Phase o f  the Oak H i l l  Ser ies ,  
des cr ib ed  on page 1 1 , outcrops c l o s e  t o  the western border o f  
these s c h i s t s  and i s  considered  to  be part o f  them. Everywhere 
the sedimentary o r ig in  o f  these  s c h i s t s  i s  apparent. L o ca l ly  
throughout the mountains the rocks have been so impregnated with 
a l b i t e  as proper ly  to  be c a l l e d  g n e is s e s .  This a l b i t e  i s  
in te r p re te d  as r e s u l t in g  from the r e c r y s t a l l i z a t i o n  o f  the soda 
content o f  the o r i g in a l  sediments under the in f lu e n ce  o f  

metamorphosing a g en c ie s .  Analyses show a r e l a t i v e l y  high 
content o f  both soda and potash in the a l b i t e - f r e e  s c h i s t s .
That t h i s  a l b i t i z a t i o n  succ eeded the f o ld in g  o f  the sediments 
forming the s c h i s t s  i s  proved by the lack o f  s t ra in in g  in  the 
in d iv id u a l  a l b i t e  c r y s t a l s .  These s c h i s t s  are  f o r  the most 
part in te n s e ly  deformed, but in genera l  have an a n t i c l i n a l  form,

which i s  l o c a l l y  g r e a t ly  complicated  by drag f o l d s .  These 
drag f o l d s  are in accord  with the general  a n t i c l i n a l  nature o f  
the s e r i e s  - -  that i s ,  the movement was upward on both f la n k s .
In the c e n t r a l  part o f  the range, deep gorges show p r a c t i c a l l y  
h o r i z o n t a l  beds o f  metasediments.

Along the eastern border o f  the Sutton S ch ists  there i s  
a f a l l i n g  o f f  in the grade o f  metamorphlsm u n t i l ,  approximately 
a long the Mansonvil le  -  Bolton Centre highway, the s c h i s t s  g iv e  
way to  s l a t e s .  Because there  i s  good reason f o r  b e l i e v in g  
that these  s l a t e s  are Upper Cambrian, and because the M ansvi l ie  
Phase i s  known to  be Lower Cambrian, the Sutton S ch is t s  are   
w ithout  doubt a composite group, and not improbably in c lu de  
metamorphosed sediments o f  Ordovician age a l s o .

The Sutton Mountains, r i s in g  to  3200 f e e t  ( Round Top) 
in t h e i r  southern part ( they continue southward as part o f  the 
Green Mountains o f  Vermont) can be fo l low ed  f o r  70 miles  north -  
eastward, d iminishing  in height  and width and f i n a l l y  d isappearing  
a l t o g e t h e r .  In the Sutton -  Memphremagog area they have been 
tra n sec ted  in two p la c e s .  In the south the M iss isqu o i  Riv e r  
t ra v e rs e s  the whole range at  an e le v a t io n  o f  about 500 f e e t .  
Further north ,  3o lton  Pass i s  drained by two streams f lowing 
in o p p os i te  d i r e c t i o n s ,  the d iv id e  being ju s t  west o f  S a l ly  
Pond. The steepness  o f  the rock w a l l s  along t h i s  l a t t e r  trench 
and the f a c t  that the summits reach an e le v a t io n  o f  about 3 0C fe e t  
h igh er  on the south s id e  than they do on the north  makes i t  
probab le  that th is  rock i s  c o n t r o l l e d ,  b a s i c a l l y  at l e a s t ,  
by f a u l t in g .
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THE MEMPHREMAGOG COMPLEX

MANSONVILLE AND MAGOG SLATES

In the Memphremagog quadrangle th ere  is  a con s id era b le  
v a r ie ty  o f  form ation s. The Sutton s c h is t s  occupy the western 
part and grade eastwards in to  the M an son ville  s la t e s  and 
q u a r tz ite s , presumably Upper Cambrian. These are succeeded, 
with no observed uncon form ity, by a th ick  s e r ie s  o f  carbonaceous 
mudstones, the Magog s la t e s, which con ta in  Trenton g r a p to l it e s , 
and occu r on both s id e s  o f  Lake Memphremagog.

BOLTON IGNEOUS SERIES

Along the west s id e  o f  Lake Memphremagog there are la rg e  
ou tcrops o f  m etabasalt, m etagabbro, and m e ta p e r id o tite , which 
are c o l l e c t i v e l y  c a lle d  the B olton Igneous S e r ie s . They stand 
up, in p la ce s , as s u b -c o n ic a l h i l l s ,  and have the ph ysiograph ic 
appearance o f  v o lca n ic  necks, or s to ck s . H ith erto  they have 
in v a r ia b ly  been con sid ered  in tr u s io n s . However, p i llo w  
stru ctu re  i s  common in many p la ces  -  the p illo w s  being in c lin e d  
at high an g les -  and b re cc ia s  o f  the fragm ented r o o f  type are 
known. Plow s tru ctu re , too , can be id e n t i f i e d .  The Bolton 
S er ie s  i s  known to  be younger than the Magog S la t e s ,  because in 
in  one or two p la ce s  the igneous rock occu rs as d ik es  cu tt in g  
the s la t e s .  The m eta p er id o tite  in tru d es the Sutton S ch is ts , 
where i t  i s  a sso c ia te d  w ith d e p o s its  o f  m agnesite and t a l c .
This s e r ie s  i s  known to  be o ld e r  than the S ilu r ia n  beds, because 
b lo ck s  o f  the m etabasalt occu r in  the b a sa l b re c c ia s  beneath the 
S ilu r ia n  s e r ie s .

SILURIAN SERIES

Let down in to  the complex o f  Magog s la te s  and B olton  
Igneous S e r ie s  are se v e ra l narrow sy n c lin e s  o f  S ilu r ia n , and 
p o s s ib ly  Devonian, beds. These s tra ta  re s t  w ith a basal 
conglom erate on both the Mag og s la t e s  and the Bo lto n  s e r ie s  
In one p lace  a coa rse  b re c c ia  with b lo ck s  o f  q u a rtz ite  and 
m etabasalt in terv en es  between the o ld e r  rock and the 
quartz c onglom erate, and resem bles a ta lu s a c cumula t io n .
The S ilu r ia n  S er ie s  beg in s w ith a b a sa l conglom erate 
varying in th ick n ess  up to  fo r t y  f e e t .  The peb b les are a l l  
sm all, ra re ly  more than two in ch es in  d iam eter, most o f  
them quartz, some s la t e .  Succeeding the conglom erate is  
a th ick  s e r ie s  o f  sandstones and sh a les  about 1500 fe e t  th ic k , 
which is  in terbedded  with a dark carbonaceous lim eston e 
in which may be found an abundance o f  c o r a l3 , in c lu d in g  
H a ly s ite s , and i s  succeeded by a pure, p r a c t i c a l ly  
u n fo s s i l i f e r o u s ,  d o v e -co lo re d  lim eston e .


