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ill ensure that w
e are able to catch low

 tide at 
D

alhousie, w
here w

e w
ill visit the excellent coastal exposures of the Low

er D
evonian V

al 
d’A

m
our Form

ation (D
alhousie G

roup), first studied by C
larke in 1909. The trip w

ill conclude 
w

ith stops in the Silurian volcanic and sedim
entary rocks of the C

haleurs G
roup along the 

C
haleur B

ay coast and R
oute 11.  
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SA
FE

T
Y

 ISSU
E

S 
 W

A
IV

E
R

 
B

efore beginning this trip, the R
elease of Liability form

 m
ust be com

pleted, signed and returned 
to the field trip leaders. This w

ill indicate that you understand the risks associated w
ith the field 

trip, and that you are aw
are that you are exposing yourself to risks including, but not necessarily 

lim
ited to, those identified by the field trip leaders or in this guidebook. 

 FIR
ST

 A
ID

  
The field trip leaders possess a St. John A

m
bulance Standard First A

id C
ertificate w

ith C
PR

 
Level “A

”; the designated leader responsible for first aid is M
ike Parkhill. Trip participants w

ho 
have had First A

id training are requested to identify them
selves to the trip leaders, and indicate 

their level of training. First A
id kits are available in both vans and a “utility” vehicle (one being 

an “industrial” first aid kit), and a sm
aller kit w

ill be carried by one of the trip leaders w
hen 

leaving the vans for m
ore than 10 m

inutes.  
 C

O
M

M
U

N
IC

A
T

IO
N

S 
The trip leaders w

ill have a satellite phone on hand to ensure reliable com
m

unication in rem
ote 

parts of the field trip area not serviced by ordinary cell phones 
 E

M
E

R
G

E
N

C
Y

 PR
O

C
E

D
U

R
E

S 
H

ospitals, m
edical clinics and am

bulance services are located at several locations in the field trip 
area, and along the highw

ay betw
een H

alifax and B
athurst. These locations include Truro, 

A
m

herst, Sackville, M
oncton, B

uctouche, and M
iram

ichi (enroute to B
athurst), and, in the field 

trip area, B
athurst, Saint-Q

uentin, K
edgw

ick, C
am

pbellton, D
alhousie, and Jacquet R

iver. In the 
event that an em

ergency evacuation of a field trip participant is necessary, this w
ill be carried out 

using the utility vehicle.  
 

SPE
C

IFIC
 H

A
Z

A
R

D
S 

 T
raffic D

angers: M
any of the stops on this trip are along highw

ays, nam
ely N

ew
 B

runsw
ick 

routes 11, 17, 134, 180 and 275. A
lthough traffic is not especially heavy at this tim

e of year, 
caution should be exercised in parking and crossing highw

ays. In m
ost cases, w

ide shoulders 
allow

 vehicles to park w
ell off the travelled part of highw

ays, except for stops xx and xx on 
R

oute 134. A
t these stops, the trip leaders have arranged for hazard m

arkers to be placed at an 
appropriate distance on each side of the outcrop. W

here a road or highw
ay m

ust be crossed on 
foot in order to reach an outcrop, this w

ill be noted in the road log. Participants m
ust exit the 

vans and stand by as a group, crossing only w
hen instructed to do so by the trip leaders.  

 R
ockfall H

azards: Som
e highw

ay and shoreface outcrops present rockfall hazards that w
ill be 

noted in the road log. A
lthough close exam

ination of such outcrops can norm
ally be carried out 

safely w
here rockfall dangers are less apparent, hardhats w

ill be issued w
here this hazard exists. 

Participants m
ust heed leaders’ directives regarding proxim

ity to potential rockfalls and use of 
protective headgear.   
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E
ye Protection: If participants plan on using rock ham

m
ers, they w

ill be required to w
ear 

protective eyew
ear or else desist from

 this activity. A
lso, ensure that others close by are aw

are of 
w

hat you are doing. Protective gear w
ill be provided by the trip leaders.  

 T
ides: Stops 43 and 44, a coastal section at D

alhousie, has been planned to take advantage of 
low

 tide, so no hazard is expected. O
ther stops on the coast (e.g., stops 39, 47) are shorter 

sections or individual outcrops that offer easy egress from
 the beach and present no hazards.   

 Insects and allergies: The tim
ing of the field trip coincides w

ith first em
ergence of biting 

insects (m
osquitoes and black flies) so appropriate repellents m

ay be desired. Stinging insects 
should not be a problem

 at this tim
e of year, but those w

ith allergies w
ould be w

ell advised to 
bring their epi-pens or other m

edications.  
 Food allergies and m

edical conditions: A
nyone w

ith food allergies or m
edical conditions that 

trip leaders should be aw
are of, please notify the leaders ahead of tim

e so that appropriate 
arrangem

ents can be m
ade.    

 W
eather: The w

eather is unpredictable in late M
ay so participants should be prepared for 

anything—
cold, rain, and w

ind, or w
arm

 sunny w
eather. R

ain gear and w
arm

 clothing are 
necessary in one case, and sunblock in the other.   
 Footw

ear: Participants are urged to w
ear hiking-style footw

ear that offers ankle support. Steel-
toed boots are recom

m
ended w

here rockfall hazards exist. The longest hike is about 800 m
 along 

the shore at D
alhousie (stop 43); caution is advised w

here w
et, slippery rocks are encountered in 

one or tw
o places. 

A
C

K
N

O
W

L
E

D
G

E
M

E
N

T
S 
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The rocks underlying the M
ount C

arleton-R
estigouche R

iver area constitute part of the G
aspé 

B
elt (B

ourque et al. 1995), also referred to as the M
atapédia C

over Sequence (Fyffe and Fricker 
1987; van Staal and de R

oo 1995). The G
aspé B

elt is a Late O
rdovician to M

iddle D
evonian 

successor basin that oversteps the m
argins of tw

o m
ajor zones of deform

ed C
am

brian to M
iddle 

O
rdovician rocks, nam

ely the H
um

ber Zone (Laurentian m
argin) to the northw

est and D
unnage 

Zone (Iapetan oceanic tract) to the southeast (van Staal and de R
oo 1995; M

alo and B
ourque 

1993) (Fig. 1). Evidence that the G
aspé B

elt is m
ainly underlain by rocks of D

unnage affinity is 
provided by num

erous inliers of pre-Late O
rdovician volcanic and sedim

entary rocks in M
aine, 

N
ew

 B
runsw

ick and the G
aspé Peninsula (Fig. 1).  

 
The oldest rocks in the R

estigouche area are m
afic volcanic rocks and overlying shale and 

chert of the M
iddle to Late O

rdovician B
alm

oral G
roup, w

hich is exposed in one of these inliers 
(Popelogan Inlier; Fig. 2). The B

alm
oral G

roup constitutes part of the Popelogan-V
ictoria arc 

(van Staal et al. 1998), and com
prises subduction-related picritic to andesitic flow

s and 
pyroclastic rocks of the G

oulette B
rook Form

ation (W
ilson 2003) and overlying dark grey slates 

and cherts of the Popelogan Form
ation. Late O

rdovician (C
aradocian) collision betw

een the 
Popelogan-V

ictoria arc and Laurentia is inferred from
 a C

aradocian hiatus betw
een the B

alm
oral 

G
roup and overlying rocks of the G

aspé B
elt successor basin (van Staal 1994; van Staal et al. 

1998). 
 

The G
aspé B

elt is com
m

only regarded as com
prising three zones, nam

ely, from
 northw

est to 
southeast, the C

onnecticut V
alley–G

aspé Synclinorium
, A

roostook–Percé A
nticlinorium

, and 
C

haleur B
ay Synclinorium

 (R
odgers 1970; Fig. 1). The form

er tw
o zones are juxtaposed along 

the R
estigouche-G

rand Pabos Fault (Figs. 1, 2), w
hereas the irregular dem

arcation betw
een the 

latter tw
o zones is m

ore arbitrarily defined, but in m
ost of northern N

ew
 B

runsw
ick follow

s the 
M

cK
enzie G

ulch and Sellarsville faults (Figs. 1, 2). The stratigraphy of the respective zones to 
be visited during the field trip is illustrated in Figure 3. 
 

The C
onnecticut V

alley-G
aspé Synclinorium

 constitutes that area w
est of the R

estigouche-
G

rand Pabos Fault and underlies the extrem
e northw

estern part of N
ew

 B
runsw

ick. It com
prises 

deep w
ater siliciclastic rocks of the Fortin G

roup, and relatively shallow
-w

ater siliciclastic rocks 
of the G

aspé Sandstone G
roup. In central G

aspé Peninsula the latter is conform
able on the 

form
er, although in N

ew
 B

runsw
ick they are juxtaposed along the Sainte-Florence Fault. 

 
The A

roostook-Percé A
nticlinorium

 is host to the oldest rocks in the G
aspé B

elt, nam
ely 

U
pper O

rdovician to Low
er Silurian deep-w

ater turbidite deposits that are broadly divided into a 
low

er siliciclastic assem
blage and an upper carbonate-rich assem

blage. The siliciclastic rocks 
have been assigned to the G

arin Form
ation in Q

uébec (M
alo 1988), the M

adaw
aska Lake 

Form
ation in M

aine (R
oy and M

encher 1976), and the G
rog B

rook G
roup in northern N

ew
 

B
runsw

ick (St. Peter 1978a), w
hereas the carbonate rocks are assigned to the M

atapédia G
roup
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 Figure 1. Location m

ap for the N
ew

 B
runsw

ick A
ppalachian Transect field trip. The G

aspé B
elt 

is 
coloured: 

green 
– 

C
onnecticut 

V
alley-G

aspé 
Synclinorium

; 
purple 

– 
A

roostook-Percé 
A

nticlinorium
; yellow

 – C
haleur B

ay Synclinorium
. Figure 2 is outlined in red, and circled 

num
bers refer to location of stratigraphic colum

ns (Figure 3). H
 – H

um
ber Zone; D

 – D
unnage 

Zone; G
 – G

ander Zone; C
 – C

arboniferous rocks ; R
G

PF – R
estigouche-G

rand Pabos Fault ; 
M

G
F – M

cK
enzie G

ulch Fault ; SF – Sellarsville Fault ; R
B

M
F – R

ocky B
rook-M

illstream
 

Fault ; C
B

F – C
atam

aran B
rook Fault. Pre- Late O

rdovician inliers in the G
aspé B

elt are show
n 

in dark grey: M
M

 – M
acquereau-M

ictaw
 Inlier (H

um
ber-D

unnage); E – Elm
tree Inlier 

(D
unnage); P- Popelogan Inlier (D

unnage).  
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in N
ew

 B
runsw

ick and G
aspé, (St. Peter 1978a; Lespérance et al. 1987) and the C

arys M
ills 

Form
ation 

in 
M

aine 
(Pavlides 

1968). 
O

n 
the 

w
estern 

flank 
of 

the 
A

roostook-Percé 
A

nticlinorium
, betw

een the Low
er D

ow
ns G

ulch and R
estigouche-G

rand Pabos faults, the 
M

atapédia G
roup is conform

ably overlain by Silurian rocks of the Perham
 G

roup.   
 

The C
haleur B

ay Synclinorium
 com

prises tw
o subzones that are juxtaposed along the R

ocky 
B

rook-M
illstream

 Fault, nam
ely the C

haleur subzone to the north and the Tobique subzone to 
the south. The C

haleur subzone consists, in ascending order, of Low
er Silurian to Low

er 
D

evonian rocks of the C
haleurs G

roup, and Low
er D

evonian rocks of the D
alhousie G

roup and 
C

am
pbellton Form

ation. The Tobique subzone is com
posed of the C

haleurs G
roup and overlying 

Low
er D

evonian rocks that are assigned to the Tobique G
roup. The C

haleurs-D
alhousie contact 

is conform
able to disconform

able, w
hereas the C

am
pbellton Form

ation overlies the D
alhousie 

G
roup w

ith slight angular unconform
ity. C

oarse-grained, flat-lying, C
arboniferous terrestrial 

redbeds of the B
onaventure Form

ation unconform
ably overlie the C

haleurs and D
alhousie 

groups and the C
am

pbellton Form
ation. O

n the southeastern m
argin of the C

haleur B
ay 

Synclinorium
, the C

haleurs G
roup unconform

ably overlies the M
iddle to U

pper O
rdovician 

Fournier G
roup in the M

iram
ichi H

ighlands and Elm
tree Inlier (A

lcock, 1935; H
elm

staedt 1971; 
W

alker et al. 1993; W
alker and M

cC
utcheon 1995). W

here not faulted, the contact betw
een 

strata 
assigned 

to 
the 

A
roostook-Percé 

A
nticlinorium

 
and 

C
haleur 

B
ay 

Synclinorium
 

is 
conform

able (e.g., St. Peter 1978a; B
ourque et al. 1995).  

 
The com

plex history of the C
haleur B

ay Synclinorium
 is expressed by (1) locally abrupt 

lateral and vertical facies changes related to differential uplift and eustatic sea level changes 
(B

ourque 2001), (2) local W
enlockian-Ludlovian and Lochkovian to Em

sian intraplate m
agm

atic 
activity, and (3) Late Silurian  (Salinic) tectonism

 (e.g., M
alo and B

ourque 1993, van Staal and 
de R

oo 1995; M
alo and K

irkw
ood 1995). This com

plex history is reflected in the contrasting 
stratigraphy at different locations (Fig. 3). For exam

ple, uplift associated w
ith the Salinic 

O
rogeny 

has 
produced 

a 
w

idespread 
Late 

Silurian 
erosional 

unconform
ity 

(the 
Salinic 

disconform
ity) that separates the low

er part and  the upper part of the C
haleurs G

roup in the 
Squaw

 C
ap-D

alhousie and U
psalquitch Forks-Jacquet R

iver areas. H
ow

ever, in other places this 
disconform

ity is absent, m
ost notably in the C

haleurs G
roup type section in southeastern G

aspé 
Peninsula. For this reason, units im

m
ediately above the Salinic disconform

ity that have 
historically been considered part of the C

haleurs G
roup, such as the Indian Point Form

ation, are 
included in the C

haleurs G
roup rather than the overlying D

alhousie G
roup (area 2, Figs. 1 and 

3). 
 

R
esults of regional m

apping program
s in different parts of the G

aspé B
elt in N

ew
 B

runsw
ick 

have been reported by G
reiner (1967), H

am
ilton-Sm

ith (1970), St. Peter (1978a, 1978b, 1979, 
1982), Irrinki and C

rouse (1986), Irrinki (1990), W
alker and M

cC
utcheon (1995), W

ilson (1990, 
2000a, 2002), W

ilson et al. (2004), and C
arroll (2003).  

 
ST

R
A

T
IG

R
A

PH
Y

 
 

The follow
ing descriptions of stratigraphic units are organized according to the zone or 

subzone in w
hich they occur, beginning w

ith the A
roostook-Percé A

nticlinorium
, and follow

ed 
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by the C
onnecticut V

alley-G
aspé Synclinorium

, the C
haleur B

ay Synclinorium
 (C

haleur  
subzone) and C

haleur B
ay Synclinorium

 (Tobique subzone). B
ecause of the m

arked variation in 
the stratigraphic record in different parts of the C

haleur B
ay Synclinorium

, Silurian-D
evonian 

stratigraphy w
ill be described for three areas, identified as A

reas 2, 3, and 4 on Figures 1 and 3; 
A

reas 2 and 3 are in the C
haleur subzone, and A

rea 4 in the Tobique subzone. The m
ajor sources 

used herein for stratigraphic and lithologic inform
ation in A

reas 1 through 4 are C
arroll (2003), 

W
ilson 

et 
al. 

(2004), 
W

alker 
and 

M
cC

utcheon 
(1995) 

and 
W

ilson 
(unpublished 

data), 
respectively. The interested reader is referred to W

ilson et al. (2004) for a detailed account of the 
sedim

entary history, paleogeography and evolution of the G
aspé B

elt in N
ew

 B
runsw

ick. 
 

A
lthough m

ost of the units that constitute the G
aspé B

elt in northern N
ew

 B
runsw

ick w
ill be 

visited on this trip, the best exposures are not alw
ays seen, and som

e units w
ill be m

issed 
entirely. This is unavoidable ow

ing to tim
e lim

itations, e.g., difficulty of access or distance from
 

the planned route. To fill in these gaps for those interested in G
aspé B

elt lithostratigraphy, a C
D

 
containing representative photos of bedrock units (including m

ost of the planned stops) and 
Q

uaternary features has been prepared (in pocket at the back of this guidebook). The C
D

 
includes an index (B

8A
ppendix1.doc and B

8A
ppendix2.doc) containing brief descriptive notes.       

 A
R

O
O

ST
O

O
K

-PE
R

C
É

 A
N

T
IC

L
IN

O
R

IU
M

 
 G

rog B
rook G

roup 
 

The G
rog B

rook G
roup com

prises a thick series of m
ainly siliciclastic turbidites that crop out 

in the central part of the A
roostook-Percé A

nticlinorium
. Sedim

entary structures and bedform
s, 

such as full and partial B
oum

a sequences, graded bedding, flute casts and other sole m
arkings 

(e.g., St. Peter 1978a; W
ilson 1990; C

arroll 2003) are typical of deep-w
ater facies. The G

rog 
B

rook G
roup is divided into the B

oland B
rook Form

ation and conform
ably overlying W

hites 
B

rook Form
ation (W

ilson 2002; C
arroll 2003; W

ilson et al. 2004). A
 Late O

rdovician age for the 
G

rog B
rook G

roup is indicated by collections of graptolites, brachiopods, bryozoans and corals 
from

 scattered locations in northern N
ew

 B
runsw

ick (St. Peter 1978a). In the R
estigouche area, 

chitinozoan m
icrofaunas from

 som
e of the oldest exposed parts of the B

oland B
rook Form

ation, 
as w

ell as from
 the W

hites B
rook Form

ation, have been assigned to the C
yathochitina 

vaurealensis and H
ercochitina crickm

ayi zones of R
ichm

ondian (early to m
iddle A

shgillian) age. 
 

The B
oland B

rook Form
ation m

ainly consists of thin-bedded non-calcareous siltstone or 
m

udstone, fine-grained sandstone, and m
inor polym

ictic conglom
erate (W

ilson 2002). B
ed 

thickness typically ranges from
 4-15 cm

, although som
e beds of fine- to m

edium
-grained 

sandstone are up to 50 cm
. B

oland B
rook conglom

erates contain lithologically diverse, rounded 
to subangular clasts of felsic and m

afic volcanic rock, fine-grained sedim
entary rock, chert, 

quartz, feldspar, m
inor calcite and accessory zircon, in a m

udstone or siltstone m
atrix. Lithic 

clasts, w
ith few

 exceptions, are unfoliated. B
eds of w

eakly to m
oderately calcareous siltstone 

and sandstone becom
e m

ore com
m

on in the upper part of the unit, w
here it grades into the 

overlying W
hites B

rook Form
ation. Thin-bedded, dark grey to black, pyritic carbonaceous 

m
udrocks form

 a locally m
appable unit (R

itchie B
rook M

em
ber) at the top of the B

oland B
rook 
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 Figure 3. Stratigraphic colum

ns for different parts of the G
aspé B

elt in northern N
ew

 
B

runsw
ick. 

C
V

G
S 

– 
C

onnecticut 
V

alley-G
aspé 

Synclinorium
; 

A
PA

 
– 

A
roostook-Percé 

A
nticlinorium

; C
B

S – C
haleur B

ay Synclinorium
. R

 – radiom
etrically dated. C

olum
n num

bers 
refer to locations on Figure 1. N

M
 – N

ew
 M

ills Fm
.; SC

 – South C
harlo Fm

.; U
P – SE 

U
psalquitch R

iver G
abbro. 
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Form
ation. The thickness of the exposed part of the B

oland B
rook has been estim

ated at 1600 m
 

along U
psalquitch R

iver (W
ilson 2002). St. Peter (1978a) estim

ated the thickness of the exposed 
part of the entire G

rog B
rook G

roup to be 7600 m
.  

 
The W

hites B
rook Form

ation predom
inantly consists of thin- to thick-bedded (~6 cm

 to >1 m
), 

m
edium

- to coarse-grained, typically calcareous sandstone, grit, and m
inor conglom

erate, w
ith 

thin (2-8 cm
) interbeds of dark grey non-calcareous shale or m

udstone (W
ilson 2002). 

Petrographically, coarser-grained lithotypes of the W
hites B

rook Form
ation resem

ble those of 
the underlying B

oland B
rook Form

ation except for a m
uch greater abundance of carbonate in the 

form
er. The W

hites B
rook Form

ation gradually thins out from
 southw

est to northeast. The 
greatest thickness (up to 4000 m

) is present at the type section on W
hites B

rook northeast of 
K

edgw
ick (Fig. 2), but along the low

er part of U
psalquitch R

iver (Fig. 2) m
axim

um
 thickness is 

about 500 m
. Locally, the W

hites B
rook Form

ation is absent and the B
oland B

rook Form
ation is 

overlain by the Pabos Form
ation.  

 M
atapédia G

roup 
 

The M
atapédia G

roup is divided into the Pabos Form
ation and conform

ably overlying W
hite 

H
ead 

Form
ation. 

In 
the 

G
aspé 

Peninsula, 
the 

latter 
includes, 

in 
ascending 

order, 
the 

B
urm

ingham
, C

ôte de la Surprise, L’Irlande and D
es Jean m

em
bers (Skidm

ore and Lespérance 
1981; Lespérance et al. 1987; M

alo 1988). A
lthough the Pabos and W

hite H
ead form

ations have 
been recognized in N

ew
 B

runsw
ick (W

ilson 2000a, 2002; C
arroll 2003), the W

hite H
ead 

m
em

bers have not. H
ow

ever, intervals of non-calcareous shale sandw
iched betw

een thick 
sequences of thin-bedded, deep-w

ater lim
e m

udstone (calcilutite) and calcareous shale have been 
reported in northw

estern N
ew

 B
runsw

ick (H
am

ilton-Sm
ith 1970; St. Peter 1978a; W

ilson 2002) 
and in northeastern M

aine (Pavlides 1968), and m
ay correlate w

ith the upper A
shgillian C

ôte de 
la Surprise M

em
ber. 

 
The Pabos Form

ation is a m
ainly terrigenous unit that is transitional betw

een underlying 
siliciclastic rocks of the W

hites B
rook Form

ation and overlying calcareous rocks of the W
hite 

H
ead Form

ation. It consists m
ainly of thin-bedded calcareous siltstone interbedded w

ith lesser 
calcilutite and fine-grained calcareous sandstone.  In places, the low

er part of the Pabos 
Form

ation contains abundant calcareous to non-calcareous, parallel-, cross-, or convolute-
lam

inated sandstone in 10-50 cm
 beds, intercalated w

ith varying proportions of calcareous 
siltstone or m

udstone. The sandstone beds resem
ble those in the W

hites B
rook Form

ation, and 
are sim

ilarly interpreted as turbidite deposits. H
ow

ever, m
udstones in the Pabos are distinctly 

calcareous w
hereas those in the W

hites B
rook are not. C

onodonts and graptolites recovered from
 

a section of interbedded turbiditic sandstone and calcareous siltstone on the R
estigouche R

iver 
east of the Sellarsville Fault (Fig. 2) indicate a m

iddle to late A
shgillian age (N

ow
lan 1983a; 

R
iva and M

alo 1988). The Pabos Form
ation reaches a m

axim
um

 thickness of about 650 m
 along 

the R
estigouche R

iver w
est of the Sellarsville Fault (W

ilson et al. 2004), w
hereas a thickness in 

excess of 1000 m
 has been estim

ated for exposures along W
hites B

rook near K
edgw

ick (C
arroll 

2003). 
 

The W
hite H

ead Form
ation consists m

ainly of m
edium

 to dark grey, very fine-grained 
calcilutite, regularly interbedded w

ith calcareous shale; m
inor fine-grained calcarenite and non-
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calcareous shale or siltstone are also com
m

only reported (Pavlides 1968; A
yrton et al. 1969; 

H
am

ilton-Sm
ith 1970; R

oy and M
encher 1976; St. Peter 1978a; Stringer and Pickerill 1980; 

Lespérance et al. 1987; Pickerill et al. 1987; M
alo 1988; W

ilson 1990, 2000a). Sedim
entary 

structures, bedform
s, and trace fossils generally support deposition as turbid flow

s in a deep-
w

ater setting (A
yrton et al. 1969; St. Peter 1978a; M

alo 1988), although Stringer and Pickerill 
(1980) propose a shallow

er-w
ater, slope environm

ent. In the R
estigouche area, m

ost of the W
hite 

H
ead section consists of thin-bedded silty calcilutite w

ith abundant lam
inae of calcareous 

siltstone and m
inor interbedded calcareous shale.  

 
In northern N

ew
 B

runsw
ick the W

hite H
ead is conform

ably overlain by the U
psalquitch 

Form
ation (C

haleurs G
roup) on the east flank of the A

roostook-Percé A
nticlinorium

 (St. Peter 
1978a; W

ilson 2000a; W
ilson et al. 2004), and by the G

ounam
itz Lake Form

ation (Perham
 

G
roup) on the w

est side (C
arroll 2003). H

ow
ever, near Squaw

 C
ap M

ountain (Fig. 2), a thinned 
W

hite H
ead section is disconform

ably overlain by the Low
er D

evonian Indian Point Form
ation 

(C
haleurs G

roup). In the central part of the field trip area the W
hite H

ead Form
ation is 

juxtaposed against the B
oland B

rook Form
ation along the M

cK
enzie G

ulch Fault (Fig. 2). The 
total thickness of the W

hite H
ead Form

ation cannot be estim
ated for the R

estigouche area, as the 
top of the unit is absent w

est of the M
cK

enzie G
ulch Fault, and the base is unexposed to the east 

of the fault. The exposed thickness is estim
ated at 1200 m

 just w
est of the Sellarsville Fault 

(W
ilson 2002), 2400 m

 east of the M
cK

enzie G
ulch Fault (W

ilson 2002), and in excess of 2000 
m

 in the K
edgw

ick—
Saint-Q

uentin area (C
arroll 2003). St. Peter (1978a) estim

ated thicknesses 
of up to 2800 m

 for the entire M
atapédia G

roup.  
 

B
rachiopods, trilobites, conodonts and graptolites from

 a num
ber of locations in Q

uébec, 
M

aine, and N
ew

 B
runsw

ick indicate that the W
hite H

ead Form
ation ranges from

 A
shgillian to 

Llandoverian (Lespérance et al. 1987; M
alo 1988; N

ow
lan 1983b; Pavlides 1968; R

ickards and 
R

iva 1981; H
am

ilton-Sm
ith 1970; St. Peter 1978a). C

hitinozoan m
icrofaunas have been obtained 

from
 tw

o sam
ples of the W

hite H
ead Form

ation, just below
 the disconform

able contact w
ith the 

overlying Indian Point Form
ation near Squaw

 C
ap M

ountain (Fig. 2). These faunas belong to the 
H

ercochitina crickm
ayi Zone, indicating a late R

ichm
ondian (m

iddle A
shgillian) age, and 

confirm
ing that the upper (Llandoverian) part of the W

hite H
ead has been eroded in that area.  

 Perham
 G

roup 
 

The Perham
 “Form

ation” w
as introduced for fine-grained green sandstone and green, red and 

grey slate of Silurian age in northern M
aine and northw

estern N
ew

 B
runsw

ick (B
oucot et al. 

1964; St. Peter 1978a). N
ear the M

aine border southeast of Edm
undston, H

am
ilton-Sm

ith (1970) 
identified upper and low

er m
em

bers of the Perham
 Form

ation that are, respectively, equivalent 
to the N

ew
 Sw

eden and Jem
tland form

ations of northeastern M
aine (R

oy and M
encher 1976). 

The N
ew

 Sw
eden and Jem

tland form
ations and underlying Siegas Form

ation are now
 considered 

to form
 the Perham

 G
roup.  

 
C

oeval rocks in the K
edgw

ick area are assigned to the G
ounam

itz Lake Form
ation, w

hich 
conform

ably overlies the W
hite H

ead Form
ation and occupies the core of a syncline on the w

est 
flank of the A

roostook-Percé A
nticlinorium

. The G
ounam

itz Lake Form
ation com

prises light 
grey to greenish grey, m

edium
- to thick-bedded, fine-grained, calcareous, quartzose sandstone 



 
10

and dark grey, thin-bedded, variably calcareous siltstone. The quartzose sandstone possesses 
w

eak lam
ination, no bioturbation and a distinct light brow

n, 5–15 cm
, deep-w

eathering “rind”. 
C

alcilutite beds occur locally near the contact w
ith the underlying W

hite H
ead Form

ation, along 
w

ith m
inor bioturbated and calcareous m

udrocks that resem
ble coeval rocks of the U

psalquitch 
Form

ation in the C
haleur B

ay Synclinorium
. H

igher in the section the dom
inant sandstone gives 

w
ay to thin- to m

edium
-bedded, w

ell lam
inated, fine- to m

edium
-grained sandstone and siltstone 

w
ith m

inor thin-bedded, m
aroon and green shale. The thin-bedded and lam

inated facies 
com

m
only contains graptolites. The calcareous, quartzose sandstone-dom

inated  basal part of the 
form

ation suggests correlation w
ith calcareous and siliceous lim

estone of the N
ew

 Sw
eden 

Form
ation, w

hereas the thin-bedded, graptolite-bearing facies and red shale in the upper part of 
the unit is presum

ably equivalent to the Jem
tland Form

ation. 
 To the w

est, the R
estigouche Fault form

s the contact w
ith the Fortin G

roup. Total thickness of 
the G

ounam
itz Lake is difficult to determ

ine because it is truncated by and gradually pinches out 
against the fault. C

arroll (2003) suggested a thickness in excess of 2000 m
, w

hich agrees w
ith an 

estim
ate of 2800 m

 for the “Perham
 Form

ation” in the R
ivière V

erte area (St. Peter 1978a). The 
age of the G

ounam
itz Lake is constrained by the Llandoverian age of the underlying W

hite H
ead 

Form
ation, and by a tentative Ludlovian age for a m

ono-specific graptolite fauna in the upper 
part of the form

ation (C
arroll 2003). This is consistent w

ith fossil ages obtained from
 the Perham

 
near the M

aine–N
ew

 B
runsw

ick border (St. Peter 1978a). 
 C

O
N

N
E

C
T

IC
U

T
 V

A
L

L
E

Y
 – G

A
SPÉ

 SY
N

C
L

IN
O

R
IU

M
 

 
The C

onnecticut V
alley–G

aspé Synclinorium
 (Figure 1) underlies the northw

estern part of 
N

ew
 B

runsw
ick northw

est of the R
estigouche Fault, and com

prises siliciclastic rocks of the 
Fortin and G

aspé Sandstone groups. The Fortin G
roup consists m

ainly of deep-w
ater m

udstones, 
and in N

ew
 B

runsw
ick is divided into the Tracy B

rook and Tem
iscouata form

ations (C
arroll 

2003). In the G
aspé Peninsula, the Fortin G

roup has not been subdivided, and it is gradually 
replaced to the east by the tim

e-equivalent G
aspé Lim

estone G
roup. H

ence, the G
aspé Sandstone 

G
roup conform

ably overlies the Fortin G
roup in w

estern G
aspé, and the G

aspé Lim
estone G

roup 
in eastern G

aspé. The G
aspé Sandstone G

roup com
prises shallow

 m
arine, variably calcareous 

sandstone, siltstone and lim
estone.  

 Fortin G
roup 

 
The Tracy B

rook Form
ation is the basal unit of the Fortin G

roup and com
prises thin- to thick-

bedded, grey to greenish grey, w
eakly calcareous, fine- to m

edium
-grained, tan- or buff-

w
eathered sandstone, interbedded w

ith w
eakly calcareous to noncalcareous dark grey to dark 

green siltstone and shale, and  m
inor thin beds of calcilutite (C

arroll 2003). Thin-bedded, 
discontinuous m

aroon shale occurs at the top of the form
ation, near the conform

able contact w
ith 

the overlying Tem
iscouata Form

ation. Sedim
entary structures are com

m
on and consist of 

parallel lam
ination, cross lam

ination and m
inor convolute lam

ination. D
eposition by turbidity 

currents is inferred based on the occurrence of partial B
oum

a sequences and flute casts. The 
low

er part of the Tracy B
rook Form

ation is truncated by the R
estigouche Fault (w

here it is 
juxtaposed against the G

ounam
itz Lake Form

ation), so estim
ates of thickness are speculative. 

H
ow

ever, the observable section indicates a m
inim

um
 thickness of 600–700 m

. A
 graptolite 
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fauna (M
onograptus m

icrodon aksajensis) from
 the m

iddle part of the unit indicates a latest 
Pridolian to earliest Lochkovian age (M

. M
elchin, w

ritten com
m

unication, 2002). A
dditionally, a 

chitinozoa m
icrofauna from

 the sam
e location yielded a Lochkovian age (E. A

sselin, w
ritten 

com
m

unication, 2002). 
 

The Tem
iscouata Form

ation com
prises tw

o unnam
ed m

em
bers, a low

er non-calcareous 
m

em
ber and an upper calcareous m

em
ber. The low

er (and volum
etrically m

ost im
portant) 

m
em

ber consists of a thick assem
blage of thin- to locally m

edium
-bedded, dark grey, m

icaceous, 
w

eakly to non-calcareous slaty m
udstone w

ith interbedded m
edium

 to dark grey, w
eakly 

calcareous, thin- to m
edium

-bedded, fine-grained m
icaceous sandstone. M

inor polym
ictic pebble 

conglom
erate occurs locally as 1–3 m

 thick beds, and m
edium

- to coarse-grained w
acke and 

local arkosic beds are com
m

on. The upper, calcareous m
em

ber consists of thin-bedded, dark 
grey, m

icaceous slaty m
udstone and m

edium
 to dark grey, fine-grained, parallel-lam

inated 
sandstone. W

eakly calcareous shale lam
inae (1–2 m

m
) occur locally. The upper part of the 

Tem
iscouata is juxtaposed against the Y

ork Lake Form
ation along the Sainte-Florence Fault. 

W
here not conform

ably overlying the Tracy B
rook Form

ation, this unit is in fault contact w
ith 

the W
hite H

ead Form
ation along the R

estigouche Fault.  
 Soft-sedim

ent slum
p folds at various scales characterize the Tem

iscouata Form
ation, as w

ell as 
tight, upright folds of variable w

avelength (tens to hundreds of m
etres) that are associated w

ith 
the R

estigouche Fault. The above factors m
ake an estim

ation of thickness very difficult; 
how

ever, in the Squatec–C
abano area of Q

uébec the thickness has been estim
ated at 3700 m

 
(Lespérance and G

reiner 1969). A
n Early D

evonian (Lochkovian to Em
sian) age based on 

contained brachiopod fauna is inferred for the Tem
iscouata Form

ation (St. Peter and B
oucot 

1981). This is in good agreem
ent w

ith the Pridolian–Lochkovian age of the underlying Tracy 
B

rook Form
ation.  

 G
aspé Sandstone G

roup 
 

The “G
aspé Sandstones” sequence w

as originally defined by Logan et al. (1863) in eastern 
G

aspé Peninsula. It w
as elevated to group status and subdivided by subsequent w

orkers into the 
Y

ork Lake, Y
ork R

iver, B
attery Point and M

albaie form
ations (see B

ourque et al. 1995). The 
basal unit, the Y

ork Lake Form
ation (M

cG
errigle 1950) underlies a sm

all area in the extrem
e 

northw
est corner of N

ew
 B

runsw
ick. The Y

ork Lake Form
ation com

prises w
eakly calcareous to 

noncalcareous, greyish green to brow
nish green, thin- to m

edium
-bedded, fine- to m

edium
-

grained feldspathic sandstone, and thin- to m
edium

-bedded dark greyish green to dark grey, 
noncalcareous siltstone and shale. Locally, the sandstones are cross-bedded and flaser-bedded, 
the latter m

aterial consisting of fine-grained siltstone. The sandstone com
m

only contains 
abundant plant detritus, fine-grained am

orphous organic m
atter and sm

all coral(?) fragm
ents. 

The abundance of terrigenous plant m
aterial suggests a relatively near-shore depositional 

environm
ent. The form

ation is tightly folded close to the Sainte-Florence Fault but unlike the 
adjacent Tem

iscouata Form
ation, cleavage developm

ent is relatively poor. The thickness of the 
Y

ork Lake Form
ation in N

ew
 B

runsw
ick has not been determ

ined because the low
er contact is 

truncated by the Sainte-Florence Fault and the upper contact lies farther northw
est, in Q

uébec. 
The age is poorly constrained but is estim

ated to be Em
sian based on brachiopod fauna (B

ourque 
et al. 1995). 
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 C
haleur subzone (Squaw

 C
ap – D

alhousie area) 
 C

haleurs G
roup 

 
In the Squaw

 C
ap-D

alhousie area (A
rea 2, Figs. 1 and 3), the C

haleurs G
roup com

prises upper 
and low

er sequences of sedim
entary rock, w

ith an intervening (Salinic) disconform
ity (Fig. 3). 

The low
er sequence consists of the U

psalquitch Form
ation, w

hich conform
ably overlies the 

W
hite H

ead Form
ation, and the m

uch thinner, m
ostly eroded, Lim

estone Point Form
ation. The 

upper sequence com
prises the W

est Point Form
ation and overlying and laterally equivalent rocks 

of the Indian Point Form
ation. The W

est Point and Indian Point are defined in the type area of 
the C

haleurs G
roup in the southern G

aspé Peninsula, and underlie the Sellarsville area on the 
north side of the R

estigouche R
iver, but are new

ly recognized in northern N
ew

 B
runsw

ick 
(W

ilson 2002; W
ilson et al. 2004). D

espite the disconform
ity at the base of the Indian Point and 

W
est Point form

ations, they are included in the C
haleurs G

roup rather than the D
alhousie G

roup 
in order to conform

 w
ith usage in the G

aspé Peninsula, w
here no such disconform

ity exists. 
Furtherm

ore, the W
est Point is coeval w

ith and lithologically sim
ilar to the LaPlante Form

ation, 
w

hich is part of the C
haleurs G

roup in the Southeast U
psalquitch-Tobique area (A

rea 4, Figs. 1 
and 3), and farther east near Lim

estone Point (Fig. 1). 
 

The U
psalquitch Form

ation typically consists of thin-bedded, bioturbated, slightly m
icaceous, 

calcareous 
siltstone 

and 
fine-grained 

sandstone, 
w

ith 
m

inor 
calcilutite 

and 
fine-grained 

calcarenite. Fine-grained calcareous sandstone occurs either as thin, irregular or discontinuous, 
high-angle cross-stratified beds and lenses intercalated w

ith darker-coloured siltstone, or as 
uniform

, thin (3-10 cm
), hum

m
ocky cross-lam

inated or parallel-lam
inated beds (St. Peter 1978a; 

Lee and N
oble 1977; W

ilson 2000a; W
ilson et al. 2004). Sedim

entary structures include slum
ps, 

sole m
arkings, local graded bedding, and parallel-, current-ripple- or convolute-lam

inated 
intervals 

of 
rhythm

ically 
alternating 

strongly 
and 

w
eakly 

calcareous 
lam

inae, 
indicating 

deposition on a slope as sm
all-scale decelerating flow

s (cf. Lee and N
oble 1977).  

 
The U

psalquitch Form
ation conform

ably and gradationally overlies the W
hite H

ead Form
ation 

and is conform
ably overlain by either the Lim

estone Point, La V
ieille, or B

ryant Point 
form

ations; locally it is disconform
ably overlain by the Indian Point or V

al d’A
m

our form
ations. 

Estim
ated thickness of the U

psalquitch Form
ation varies from

 1500-1600 m
 in the U

psalquitch 
area (Lee and N

oble 1977; W
ilson 2000a) to approxim

ately 3200 m
 in the Saint A

rthur-B
alm

oral 
area (W

ilson et al. 2004)(Fig. 2). R
eported ages of fossil assem

blages from
 the U

psalquitch 
Form

ation range from
 Llandoverian C

3  to early W
enlockian (Lee and N

oble 1977; St. Peter 
1978a; 

Irrinki 
1990; 

W
ilson 

2000a). 
The 

association 
of 

Eisenackitina 
dolioliform

is 
and 

C
onochitina sp. 6 A

sselin et al. (1989) in one sam
ple is also indicative of a Telychian (late 

Llandoverian) age (W
ilson et al. 2004).  

 
The Lim

estone Point Form
ation is com

posed of thin- to m
edium

-bedded, m
assive to parallel 

lam
inated, bioturbated, calcareous sandstone, and m

inor highly fossiliferous lim
estone. In places, 

such as near the B
lack Lake Fault (Fig. 2), the Lim

estone Point Form
ation w

as alm
ost 
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com
pletely eroded during Late Silurian (Salinic) uplift, and is disconform

ably overlain by the 
Indian Point Form

ation (upper part of C
haleurs G

roup). B
rachiopods and conodonts from

 
various locations indicate a late Llandovery to early or m

iddle W
enlock age for both the 

Lim
estone Point and La V

ieille form
ations (N

oble, 1976; Lee and N
oble, 1977; N

oble and 
H

ow
ells, 1979; N

ow
lan 1983b; W

ilson et al. 2004). The Lim
estone Point is, in general, laterally 

equivalent to the La V
ieille Form

ation: both units are typically underlain by the U
psalquitch 

Form
ation (or tim

e-equivalent rocks of the W
eir Form

ation east of the field trip area), and locally 
overlain by m

afic volcanic rocks of the B
ryant Point Form

ation. Furtherm
ore, both the 

Lim
estone Point and La V

ieille form
ations are locally truncated by the Salinic (Late Silurian) 

erosional hiatus -- the form
er in the Squaw

 C
ap-D

alhousie area as m
entioned above, and the 

latter at Lim
estone Point about 20 km

 northw
est of B

athurst, w
here it is unconform

ably overlain 
by Ludlovian rocks of the Sim

psons Field Form
ation (D

im
itrov et al. 2004). In general, 

carbonate bank deposits of the La V
ieille Form

ation near the C
haleur B

ay coast are replaced by 
m

arine sandstones and m
inor lim

estones inland to the southw
est. H

ow
ever, at the Lim

estone 
Point type section on C

haleur B
ay, the Lim

estone Point Form
ation com

prises calcareous 
sandstones that underlie the La V

ieille Form
ation (N

oble 1976). W
alker and M

cC
utcheon (1995) 

considered the Lim
estone Point a m

em
ber of the La V

ieille.  
 

D
eposition of the Lim

estone Point Form
ation is interpreted to have occurred in an outer shelf 

to slope environm
ent (below

 the m
id to outer shelf setting recorded by the nodular lim

estone 
facies of the La V

ieille). In places, graded and parallel- or cross-lam
inated sandstones and 

siltstones w
ith local slum

p folds, dism
em

bered beds, and debris flow
s, are intercalated w

ith 
sim

ilarly graded and lam
inated lim

estones (calciturbidites), characteristic of slope settings. 
Elsew

here, basal shell-lag deposits in som
e lim

estone beds, and parallel-lam
inated intervals 

overlain by hum
m

ocky cross- or convolute-stratification at upper bed boundaries, im
ply that the 

Lim
estone Point M

em
ber is a storm

-dom
inated outer-shelf sequence.  

 
The W

est Point Form
ation rests on the Salinic disconform

ity on the east side of the Sellarsville 
Fault, and com

prises thin-bedded, fossiliferous calcarenite and calcilutite, w
hite to pale grey, 

typically coral-rich bioherm
al (?) lim

estone, and thin- to thick-bedded, light grey, fossiliferous, 
calcareous sandstone. The scattered or isolated nature of reefal lim

estone exposures is interpreted 
as a result of the sporadic occurrence of pinnacle reefs. N

ear G
len Levit, adjacent to the 

Sellarsville Fault east of M
atapédia, Q

uébec (Fig. 2), the W
est Point is represented by a sequence 

of coral-rich m
udstone, m

udstone containing abundant lim
estone clasts, lim

estone breccia, and 
pale grey, m

assive lim
estone. M

assive lim
estone, and fragm

ents in the lim
estone breccia, locally 

exhibit concentric lam
inar structures that suggest an origin as algal bioherm

s. The m
udstone-

lim
estone association resem

bles descriptions of the A
nse à la Loutre m

em
ber of the Indian Point 

Form
ation in the G

aspé Peninsula (B
ourque et al. 1986). The A

nse à la Loutre is interpreted as a 
basinal facies deposited adjacent to algal reefs of the A

nse à la B
arbe m

em
ber (W

est Point 
Form

ation), and grades from
 proxim

al lim
estone-rich reef talus to distal m

udstone (B
ourque et 

al. 1986).   
 

B
rachiopods and corals identified in fossil collections from

 the R
estigouche area indicate a 

Late Silurian age for the W
est Point Form

ation (W
ilson 2002 and references therein). A

t one 
location, an isolated outcrop of lim

estone just above the Salinic unconform
ity has yielded the 

conodont O
zarkodina rem

scheidensis eosteinhornensis, indicating a late Ludlovian to Pridolian 
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age, w
hereas elsew

here, the W
est Point contains the early Pridolian to Lochkovian conodont 

O
zarkodina rem

scheidensis rem
scheidensis (W

ilson et al. 2004). 
 

The Indian Point Form
ation consists m

ainly of locally fossiliferous, calcareous m
udstone and 

fine-grained 
sandstone 

gradational 
to 

calcilutite 
and 

calcarenite, 
respectively, 

and 
m

inor 
lim

estone and conglom
erate. The Indian Point conform

ably overlies the W
est Point Form

ation 
just east of the Sellarsville Fault, but w

here the latter is absent it disconform
ably overlies either 

the W
hite H

ead, U
psalquitch, or Lim

estone Point form
ations, depending on the depth of Salinic 

erosion. The conform
able contact w

ith the overlying D
alhousie G

roup (V
al d’A

m
our Form

ation) 
is 

w
ell 

exposed 
beside 

the 
N

B
 

Pow
er 

generating 
station 

at 
D

alhousie. 
A

 
conform

able 
relationship is supported by sim

ilar spore assem
blages in the upper part of the Indian Point and 

low
er part of the V

al d’A
m

our (W
ilson et al. 2004). 

 
The Indian Point Form

ation can be divided into tw
o m

ajor and tw
o m

inor facies associations. 
N

orth of the Squaw
 C

ap Fault (Fig. 2), a m
edium

- to thick-bedded m
udstone-sandstone facies is 

dom
inant, w

hereas south of the fault, a thin-bedded calcareous siltstone facies dom
inates. M

inor 
associations are local, and include a basal sandstone-conglom

erate facies, and a calcarenite-
conglom

erate-lim
estone facies in the upper part of the unit. The basal sandstone-conglom

erate 
facies is w

orthy of note as it lies on the Salinic disconform
ity and therefore correlates w

ith 
D

alhousie G
roup basal conglom

erate near U
psalquitch Forks (Fig. 2)(W

ilson 2000b), and w
ith 

conglom
erate at the base of the Indian Point Form

ation in southern G
aspé Peninsula (B

ourque 
and Lacham

bre 1980; H
arrison M

em
ber of the Saint-Léon Form

ation, D
. B

risebois, personal 
com

m
unication 2004). It is com

posed of m
edium

- to thick-bedded, light grey, variably 
calcareous and fossiliferous, fine- to coarse-grained quartzose sandstone, and light grey to 
pinkish grey polym

ictic conglom
erate containing clasts of lim

estone, fine-grained sandstone, 
fossils (m

ainly corals), and m
afic and felsic volcanic rock.  

 
 The thin-bedded calcareous siltstone facies, south of the Squaw

 C
ap Fault, consists of 1 to 6 

cm
 beds of light to m

edium
 grey, m

oderately to strongly calcareous, sparsely fossiliferous 
siltstone, m

inor fine-grained, calcareous, com
m

only parallel- or cross-lam
inated sandstone in 

beds up to 40 cm
., and rare thin beds or lenses of pebble conglom

erate. The m
udstone-sandstone 

facies, northw
est of Squaw

 C
ap M

ountain, com
prises m

edium
 to thick beds of dark greenish 

grey, non-calcareous to strongly calcareous m
udstone, and light to m

edium
 grey, non-calcareous 

to strongly calcareous, fine-grained, locally parallel-lam
inated sandstone. Som

e sections contain 
abundant rugose and colonial corals; strom

atoporoids and crinoids are also present. Light grey 
fossiliferous lim

estone norm
ally occurs as thin bands, but is also present in beds up to 2 m

 thick.  
 

South of R
oute 17 in the G

len Levit-G
lencoe area (Fig. 2), the upper part of the Indian Point 

Form
ation is locally com

posed of the calcarenite-conglom
erate-lim

estone facies. The latter 
com

prises 
light 

grey, 
m

edium
- 

to 
thick-bedded, 

locally 
parallel-lam

inated 
calcarenite 

or 
calcareous sandstone, lim

estone conglom
erate, biostrom

al lim
estone, and m

inor light grey 
calcilutite and non-calcareous fine-grained sandstone. B

iostrom
al lim

estones occur in beds from
 

20 cm
 to >1 m

, and are typically light grey to light pinkish grey bioclastic w
ackestones. N

ear 
G

len Levit, lim
estone conglom

erate is interbedded w
ith fine-grained, light grey, fossiliferous 

calcarenite in a sequence at least 150 m
 thick. The conglom

erate is m
onom

ictic, consisting of 
very w

ell rounded, unfoliated, clast-supported pebbles and cobbles of pale grey calcilutite in a 
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fine-grained calcareous m
atrix containing som

e fossil debris. Late O
rdovician (G

am
achian) 

conodont elem
ents recovered from

 the cobbles confirm
 a source in the W

hite H
ead Form

ation. 
The lim

estone conglom
erate and associated carbonate rocks are interpreted as part of a 

shallow
ing-upw

ard (regressive) sequence that culm
inated w

ith eruption of subaerial volcanic 
rocks of the overlying V

al d’A
m

our Form
ation.  

 
The age of the Indian Point Form

ation has recently been defined by spores to be Late Silurian 
to Early D

evonian, w
ith a Lochkovian age m

ost likely (W
ilson et al. 2004). The Indian Point is 

intruded by the Squaw
 C

ap Felsite, w
hich has yielded a m

iddle Lochkovian U
-Pb (zircon) age of 

415.0 ± 0.5 M
a (V

. M
cN

icoll, w
ritten com

m
unication) (Fig. 2), and provides an upper age lim

it 
for the unit. M

axim
um

 thickness of the Indian Point Form
ation south of the Squaw

 C
ap Fault 

(m
ainly thin-bedded calcareous siltstone facies) is estim

ated to be 1100 m
 (W

ilson 2002). N
orth 

of 
the 

Squaw
 

C
ap 

Fault, 
the 

m
edium

-thick-bedded 
m

udstone-sandstone 
facies 

varies 
dram

atically in thickness: betw
een the Sellarsville and Sellarsville East faults, it is estim

ated to 
be ~500 m

 thick (W
ilson 2002); how

ever, new
 exposures along a recently constructed highw

ay 
betw

een the Sellarsville East and Squaw
 C

ap faults indicate a continuous northeasterly-dipping 
succession 4500 to 5500 m

 thick.   
 D

alhousie G
roup 

 
 

 
In the Squaw

 C
ap-D

alhousie area, the D
alhousie G

roup is represented by volcanic and m
inor 

sedim
entary rocks of the V

al d’A
m

our Form
ation, a com

plexly interbedded sequence of m
afic, 

interm
ediate, and felsic effusive and pyroclastic rocks, fine- to very coarse-grained volcaniclastic 

rocks, locally interbedded fine-grained sedim
entary rocks, and subvolcanic plugs and dom

es. 
The V

al d’A
m

our Form
ation form

s a thick m
onoclinal sequence that dips consistently to the 

north, on the south lim
b of the R

estigouche Syncline (Fig. 2). A
verage dips, based on 

m
easurem

ents on interbedded sedim
entary rocks, bedded tuffs, and volcanic flow

-tops, increase 
from

 40º at the base to 70º near the top, allow
ing total thickness to be estim

ated at 6100 m
. 

(W
ilson et al. 2004).  

 
From

 bottom
 to top, the V

al d’A
m

our Form
ation records a general transition from

 m
afic to 

interm
ediate to felsic com

positions. The low
er part of the unit consists m

ainly of m
assive to 

am
ygdaloidal, locally scoriaceous basalt flow

s, and thin- to very thick-bedded m
afic ash and 

lapilli tuffs. In the V
al d’A

m
our area, basaltic rocks gradually give w

ay to andesitic and dacitic 
effusive rocks and coarse-grained interm

ediate lithic tuffs and tuff-breccias. A
t C

am
pbellton, the 

upper part of the V
al d’A

m
our Form

ation consists m
ainly of pink to m

aroon flow
-layered 

rhyolite/rhyodacite 
that 

has 
yielded 

a 
U

-Pb 
(zircon) 

age 
of 

407.4 
± 

0.8 
M

a 
(early 

Em
sian)(W

ilson et al. 2004). In m
ost areas, m

afic to interm
ediate flow

s are m
assive, w

ith 
am

ygdaloidal to scoriaceous horizons m
arking the location of flow

 tops; these are interpreted as 
subaerial deposits. Pillow

 basalts and related hyaloclastites typical of subaqueous em
placem

ent 
have been observed only along the coast at D

alhousie. Thin- to thick-bedded m
afic ash and 

lapilli tuffs in the low
er part of the unit at V

al d’A
m

our and D
alhousie resem

ble the products of 
phreatom

agm
atic activity, e.g., m

aar or tuff ring eruptions (cf. Fisher and Schm
incke 1984). 

 
Sedim

entary rocks locally interbedded w
ith the volcanic rocks include calcareous m

udstones 
and fine-grained sandstones, and volcaniclastic rocks ranging from

 m
edium

- to coarse-grained, 
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arkosic lithic sandstones, to very thick-bedded andesite boulder conglom
erate of uncertain 

origin. The latter com
prises very w

ell-rounded volcanic boulders w
ith a tuffaceous-volcaniclastic 

m
atrix that is lithologically identical to the boulders them

selves; it is presum
ed to be a type of 

alluvial deposit because of the extent of rounding, but has virtually no m
atrix m

ud or siliciclastic 
m

aterial, and resem
bles a talus in this respect. Shallow

-w
ater m

udstones and sandstones 
generally form

 thin intercalations a few
 m

etres thick, but range to about 40 m
. O

ne such section 
near Sugar Loaf M

ountain at C
am

pbellton includes a thin bed of coal, the presence of w
hich is 

consistent w
ith subaerial em

placem
ent of the volcanic rocks. The age of palynom

orphs 
recovered from

 the V
al d’A

m
our Form

ation ranges from
 Lochkovian near the base of the 

form
ation, to late Pragian-earliest Em

sian in sedim
entary rocks that underlie the rhyolite from

 
w

hich an early Em
sian age w

as obtained.   
 C

am
pbellton Form

ation 
 

The C
am

pbellton Form
ation is a coarsening-upw

ard sequence com
prising m

udstone and fine- 
to m

edium
-grained sandstone locally containing abundant plant fossils, grading upw

ard to very 
coarse-grained arkosic sandstone and pebble to cobble conglom

erate (see also R
ust et al. 1989; 

G
am

ba 1990). C
onglom

erates include m
edium

- to thick-bedded polym
ictic pebble conglom

erate 
and very thick-bedded volcanic cobble-boulder conglom

erate. M
inor lithotypes include red 

siltstone, coal and carbonaceous m
udstone. The thickness of the C

am
pbellton Form

ation is 
estim

ated at 500 m
 at Point La N

im
 w

est of D
alhousie (W

ilson et al. 2004). A
lthough historically 

considered to be a fluvial-lacustrine sequence (e.g., D
inely and W

illiam
s 1968a), recent 

investigations at A
tholville, w

here low
er C

am
pbellton beds have yielded vertebrate and 

invertebrate fossils, im
ply that fossil assem

blages, at least in that area, are m
ore consistent w

ith 
lagoonal and estuarine environm

ents (M
iller et al. 2003).  

 
 The low

er and upper parts of the C
am

pbellton Form
ation are equivalent to the Lagarde and 

Pirate C
ove form

ations (G
aspé Sandstone G

roup), respectively, in southern G
aspé Peninsula. A

 
spore-based late Em

sian age has been reported for the Lagarde Form
ation (B

ourque et al. 1995; 
M

alo and B
ourque 1993) and the low

er part of the C
am

pbellton Form
ation (G

am
ba 1990), 

suggesting a m
iddle Em

sian hiatus betw
een the V

al d’A
m

our and C
am

pbellton form
ations. The 

average (northerly) dip of C
am

pbellton strata is significantly less than that observed in the V
al 

d’A
m

our Form
ation, supporting an angular discordance betw

een the tw
o units; furtherm

ore, 
D

ineley and W
illiam

s (1968b) state that the Lagarde Form
ation is unconform

able on the 
R

istigouche V
olcanics (equivalent to V

al d’A
m

our Form
ation) in southern G

aspé. M
iller et al. 

(2003), on the other hand, report early to early late Em
sian spores near the base of the 

C
am

pbellton Form
ation, casting doubt on the existence of an unconform

ity. H
ow

ever, recent 
exam

ination of coastal exposures at and near the C
am

pbellton-V
al d’A

m
our contact has revealed 

evidence of a period of pre-C
am

pbellton dissection and w
eathering at the top of the V

al 
d’A

m
our, although this period m

ay have been relatively brief. 
 Bonaventure Form

ation 
 

The B
onaventure Form

ation consists m
ainly of brick-red to reddish brow

n, locally green 
conglom

erate, w
ith m

inor sandstone and shale, and rare grey and reddish brow
n lim

estone. In 
m

uch of northern N
ew

 B
runsw

ick, the B
onaventure is dom

inated by clasts derived from
 the 
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W
hite 

H
ead 

Form
ation, 

although 
in 

places 
polym

ictic 
conglom

erates 
are 

present. 
The 

B
onaventure Form

ation is considered to be coeval w
ith the C

annes-des-R
oches Form

ation in the 
eastern G

aspé Peninsula; the upper part of the C
annes-des-R

oches Form
ation has yielded spores 

of V
isean to N

am
urian age (H

acquebard 1972; R
ust 1984). A

 late V
iséan to early N

am
urian age 

w
as also obtained from

 spores in grey clastic rocks overlying typical B
onaventure redbeds in the 

N
ew

 C
arlisle area (Jutras et al. 2001). The thickness of the B

onaventure ranges up to 250 m
 in 

the G
aspé Peninsula (A

lcock 1935; A
yrton 1967), and up to 180 m

 near D
alhousie in northern 

N
ew

 B
runsw

ick (A
lcock 1941). 

 C
haleur subzone (U

psalquitch Forks – Jacquet R
iver area) 

 C
haleurs G

roup 
 

A
s in A

rea 2(Fig. 1, 3), the C
haleurs G

roup in A
rea 3 conform

ably overlies the W
hite H

ead 
Form

ation (M
atapédia G

roup); how
ever, the W

hite H
ead, and the underlying B

oland B
rook 

Form
ation (G

rog B
rook G

roup) are m
arkedly thinner than in the A

roostook-Percé A
nticlinorium

. 
The W

hite H
ead and B

oland B
rook form

ations crop out in a narrow
 belt on the lim

bs of the 
Popelogan A

nticline, from
 the Popelogan Inlier (B

alm
oral G

roup) to R
oute 180 (Fig. 2). The 

U
psalquitch Form

ation is again the basal unit of the C
haleurs G

roup, and for the m
ost part is 

lithologically sim
ilar to the thin-bedded calcareous siltstones in A

rea 2. H
ow

ever, east of the 
Popelogan Inlier the U

psalquitch is dom
inated by non-calcareous, feldspathic to arkosic 

sandstone (W
ilson 2000a).  

 
The U

psalquitch Form
ation is overlain by the La V

ieille Form
ation, the laterally equivalent  

Lim
estone Point Form

ation, or w
here these units are absent ow

ing to either erosion or non-
deposition, the U

psalquitch is overlain by the B
ryant Point Form

ation. Like the Lim
estone Point 

Form
ation, brachiopods and conodonts in the La V

ieille indicate a late Llandoverian to 
W

enlockian age (A
lcock 1935; B

erry and B
oucot 1970; H

ow
ells 1975; Lee and N

oble 1977; 
Irrinki 1990; N

ow
lan 1983b). The La V

ieille Form
ation consists of light to m

edium
 grey, 

nodular, 
bioturbated, 

highly 
fossiliferous 

biom
icritic 

lim
estone, 

and 
grey, 

calcareous, 
fossiliferous siltstone w

ith lim
estone nodules (Lee and N

oble 1977; Irrinki 1990; W
alker and 

M
cC

utcheon 1995). N
ear B

elledune (Fig. 1), H
ow

ells (1975) subdivided the La V
ieille into four 

units, nam
ely, from

 base to top, bioturbated lim
estone, crinoidal lim

estone, algal lim
estone, and 

dark grey shale w
ith m

assive to nodular lim
estone. In northern N

ew
 B

runsw
ick, it is underlain 

by the U
psalquitch Form

ation to the w
est of Jacquet R

iver, and by the Lim
estone Point 

Form
ation or W

eir Form
ation to the east of Jacquet R

iver.  It is overlain by the South C
harlo 

Form
ation, B

ryant Point Form
ation, or Sim

psons Field Form
ation in different parts of the 

C
haleur B

ay Synclinorium
 (N

oble 1976; Lee and N
oble 1977; Irrinki 1990; W

alker et al. 1993; 
W

alker and M
cC

utcheon 1995). R
ecent structural studies betw

een B
athurst and B

elledune have 
show

n that the La V
ieille-Sim

psons Field contact at Lim
estone Point (Fig. 2) is unconform

able 
(D

im
itrov et al. 2004), indicating that Salinic tectonism

 w
as active in this part of the C

haleur B
ay 

Synclinorium
. The La V

ieille is also locally overlain unconform
ably in the B

elledune area by 
C

arboniferous rocks of the B
onaventure Form

ation. A
djacent to the Elm

tree Inlier (Fig. 1), the 
La V

ieille Form
ation unconform

ably overlies O
rdovician rocks of the D

evereaux Form
ation 

(Fournier G
roup) and Elm

tree Form
ation (Tetagouche G

roup).  
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The B
ryant Point Form

ation overlies either the La V
ieille, Lim

estone Point or U
psalquitch 

form
ations in different parts of the C

haleur B
ay Synclinorium

 (Fig. 2). It consists of dark green 
to m

aroon, m
assive to am

ygdaloidal, locally coarsely porphyritic basalt, and m
inor m

afic tuff, 
flow

 breccia, and interbedded m
udstone, sandstone and conglom

erate. The basalts are w
ithin-

plate continental tholeiites and transitional tholeiitic-alkalic basalts interpreted to have been 
em

placed in an intracontinental rift setting (D
ostal et al. 1989). Pillow

 basalts are absent in the 
B

ryant Point Form
ation. Spatially associated w

ith the B
ryant Point (i.e., laterally equivalent) are 

pebble-cobble-boulder conglom
erates and lithic sandstones of the South C

harlo Form
ation 

(W
alker and M

cC
utcheon 1995). The conglom

erates dom
inantly consist of m

afic and lesser 
felsic volcanic clasts, but in the B

elledune area (Fig. 1) they contain clasts of La V
ieille 

lim
estone, indicating that an erosional unconform

ity exists at the top of the La V
ieille in this area 

(Fig. 3). This is consistent w
ith an unconform

able La V
ieille-Sim

psons Field contact in the 
Lim

estone Point area farther southeast (Fig. 1)(D
im

itrov et al. 2004).  
 

The B
enjam

in Form
ation conform

ably overlies the B
ryant Point Form

ation and com
prises 

pink, flow
-layered, aphyric to feldspar-phyric rhyolite that dom

inates the upper part of the unit, 
and felsic pyroclastic rocks (lithic tuff, lithic-crystal tuff and ignim

brite) in the low
er part (Irrinki 

1990; W
alker and M

cC
utcheon 1995). M

inor lithotypes include m
afic volcanic rocks and coarse-

grained volcaniclastic rocks essentially identical to those in the laterally equivalent and 
underlying N

ew
 M

ills Form
ation. East of the field trip area, B

enjam
in rhyolite has yielded an 

early Ludlovian U
/Pb (zircon) age of 423 ± 3 M

a (W
alker et al. 1993). In the U

psalquitch Forks-
Jacquet R

iver area the B
enjam

in Form
ation is disconform

ably overlain by the M
itchell 

Settlem
ent Form

ation (D
alhousie G

roup), indicating Late Silurian Salinic uplift and erosion in 
this area (W

ilson 2000b).  The N
ew

 M
ills Form

ation consists of reddish-m
aroon volcaniclastic 

conglom
erate, sandstone, and siltstone, derived predom

inantly from
 the B

enjam
in Form

ation. 
 D

alhousie G
roup 

 
A

bove the (Late Silurian) Salinic disconform
ity in the U

psalquitch Forks-Jacquet R
iver area, 

the constituent units of the D
alhousie G

roup are, in order of younging, the M
itchell Settlem

ent, 
Jacquet R

iver, A
rchibald Settlem

ent, Sunnyside, and B
ig H

ole B
rook form

ations. N
one of these 

units w
ill be visited on the field trip; the brief descriptions presented here are m

ainly taken from
 

W
alker and M

cC
utcheon (1995).   

 
The M

itchell Settlem
ent Form

ation consists of varying proportions of m
afic volcanic rocks 

(dark green to m
aroon, m

assive to am
ygdaloidal andesite and basalt, and m

afic tuff), and 
interbedded sedim

entary rocks (locally fossiliferous, greenish grey m
icaceous sandstone and 

siltstone, and m
inor red siltstone containing dessication cracks and ripple m

arks). The thickness 
of the M

itchell Settlem
ent is betw

een 1100 and 1900 m
 at the type section, but thins dram

atically 
to the southw

est. The Jacquet R
iver Form

ation m
ainly com

prises thin-bedded, greenish grey, 
locally very fossiliferous, m

icaceous sandstone and siltstone, w
ith locally interbedded m

assive to 
pillow

ed basalt, felsic tuff, and m
inor lim

estone. Thickness ranges from
 500-1200 m

 in the type 
area, but also thins to the southw

est, tow
ard U

psalquitch Forks. A
bundant brachiopods indicate a 

Lochkovian age (G
reiner 1967, 1970; Irrinki, 1990), and allow

 a correlation w
ith the “U

pper 
D

alhousie beds” at the original D
alhousie “Form

ation” type section (sedim
entary rocks at stop 

43, in the low
er part of the V

al d’A
m

our Form
ation; Figs. 2, 3). Furtherm

ore, spore assem
blages 
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in the Jacquet R
iver Form

ation are reported to be sim
ilar to those in the Indian Point Form

ation 
(W

ilson 2002); this overlap w
ith the Indian Point and V

al d’A
m

our form
ations confirm

s a 
Lochkovian age. The A

rchibald Settlem
ent Form

ation, at its type section, consists of m
assive to 

flow
-layered, locally porphyritic rhyolite overlain by a sequence of interbedded felsic pyroclastic 

and epiclastic rocks w
ith red rhyolite clasts, and m

inor siltstone, lim
estone, and m

afic volcanic 
rocks. The Sunnyside Form

ation is com
posed of m

afic volcanic rocks (dark green to m
aroon, 

m
assive to am

ygdaloidal, locally pillow
ed basalt, bedded ash and lapilli tuff, and m

inor 
palagonite tuff), and locally thick intervals of sedim

entary rock (grey to green, thin- to thick-
bedded, parallel lam

inated, fine-grained sandstone, siltstone, and silty shale). The B
ig H

ole 
B

rook Form
ation com

prises greenish grey, thin-bedded, m
icaceous, locally calcareous, parallel- 

or cross-lam
inated, fine-grained sandstone and siltstone. The original thickness cannot be 

estim
ated as the upper part has been rem

oved by erosion; how
ever, it is at least 600 m

 thick 
(W

alker and M
cC

utcheon 1995). 
 

T
obique subzone (Southeast U

psalquitch - T
obique area) 

 C
haleurs G

roup 
 

The stratigraphy of the C
haleurs G

roup in A
rea 4, south of the R

ocky B
rook-M

illstream
 Fault 

(Figs. 1, 3) is very different from
 that w

hich com
poses the C

haleurs G
roup north of the fault. The 

conform
able sequence, from

 oldest to youngest, consists of the Sim
psons Field, LaPlante, and 

Free G
rant form

ations, and ranges from
 Ludlovian (possibly late W

enlockian) to earliest 
D

evonian in age. Early Silurian counterparts of the (low
er) C

haleur G
roup are absent in area 4, 

w
here the Sim

psons Field Form
ation unconform

ably overlies the O
rdovician Fournier G

roup 
(B

athurst Supergroup) and the Late N
eoproterozoic Southeast U

psalquitch R
iver G

abbro. 
Im

m
ediately above the unconform

ity, the Sim
psons Field is a green polym

ict conglom
erate 

containing pebble to sm
all boulder-sized clasts of m

afic volcanic rock and serpentinite sourced 
from

 the Fournier G
roup, along w

ith clasts of the Southeast U
psalquitch R

iver G
abbro. These 

lithotypes gradually disappear to the north (tow
ard the R

ocky B
rook-M

illstream
 Fault), w

here 
clast provenance changes and the source appears to be coeval (and older) Silurian units. A

t least 
in part, the Sim

psons Field is a lateral, distal equivalent of volcaniclastic rocks of the N
ew

 M
ills 

and South C
harlo form

ations.  
 

R
egionally, the Sim

psons Field Form
ation consists of green or reddish m

aroon, m
edium

- to 
thick-bedded, fine- to very coarse-grained lithic sandstone, pebbly sandstone and polym

ictic 
conglom

erate, w
ith m

inor m
edium

 grey, parallel-lam
inated, fine-grained sandstone. R

ed and 
green strata are interbedded in apparently random

 fashion. C
last types include chert, quartz, 

jasper, red and green siltstone, m
afic and felsic volcanic rocks, slate, gabbro, lim

estone, 
granitoids and feldspar porphyry. R

are brachiopods, crinoids and corals in Sim
psons Field 

conglom
erate and grit have been assigned a Ludlovian age (H

elm
staedt 1971). In the type area 

(just north of R
oute 180, Fig. 2), a three-fold cyclic deposition of conglom

erate grading up to 
grit, lithic greyw

acke and siltstone has been reported by H
elm

staedt (1971). Farther east, to the 
northw

est of B
athurst (Fig. 1), the Sim

psons Field Form
ation constitutes a coarsening-upw

ard 
sequence south of the R

ocky B
rook-M

illstream
 Fault, w

hereas north of the fault it is a fining-
upw

ard 
sequence 

(W
alker 

and 
M

cC
utcheon 

1995). 
The 

Sim
psons 

Field 
Form

ation 
is 

conform
ably overlain by the Pridolian LaPlante Form

ation in m
ost areas, although south of 
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Portage Lakes it is conform
ably overlain by rhyolites of uncertain age, but w

hich have been 
assigned to the B

enjam
in Form

ation (G
ow

er, 1996). The contact w
ith the underlying La V

ieille 
Form

ation is reportedly conform
able in som

e areas (W
alker and M

cC
utcheon 1995) and 

unconform
able in others (D

im
itrov et al. 2004). The total thickness of the Sim

psons Field 
Form

ation in the type area is difficult to establish because of truncation by faults, but a 450-650 
m

 thickness is exposed betw
een the basal unconform

ity and the R
am

say B
rook Fault near R

oute 
180, and a m

inim
um

 of 1300 m
 is present in the core of the M

urray B
rook A

nticline (Fig. 2).  
 

 The LaPlante Form
ation is distinguished by the occurrence of scattered, variably sized 

bioherm
s of light grey, pink, or w

hite crystalline (reefal) lim
estone. V

olum
etrically, how

ever, the 
unit is dom

inated by diverse fore- and backreef facies, including thin- to thick-bedded, greyish 
green, locally fossiliferous calcareous m

udstone and calcilutite (in places intercalated w
ith thin 

beds of lim
estone); thin- to m

edium
-bedded, grey to greyish green, non-calcareous to m

oderately 
calcareous, locally fossiliferous fine-grained sandstone; and m

inor thin-bedded m
aroon siltstone. 

The bioherm
s have been interpreted as sm

all strom
atoporoidal-strom

atolitic reefs w
hile the m

ore 
clastic facies are representative of intra-reef deposits (N

oble 1985).  Som
e reefal m

ounds m
ay be 

allochthonous, as they are underlain by turbidites characterized by soft sedim
ent deform

ation. 
The LaPlante Form

ation conform
ably overlies the Sim

psons Field Form
ation, and is overlain 

conform
ably by the Free G

rant Form
ation. It contains Pridolian conodonts (N

ow
lan 1983b, 

1988), and strom
atoporoids and corals are sim

ilar to those found in correlative Pridolian rocks of 
the W

est Point Form
ation (Squaw

 C
ap-D

alhousie area, and G
aspé Peninsula). The m

axim
um

 
thickness of the LaPlante Form

ation in the M
urray B

rook A
nticline (Fig. 2) is estim

ated at 600 
m

.  
 

The Free G
rant Form

ation conform
ably overlies the LaPlante Form

ation and consists m
ainly 

of thin- to m
edium

-bedded, m
edium

 grey to greenish grey, non-calcareous to w
eakly calcareous, 

fine- to m
edium

-grained sandstone and siltstone. These rocks com
m

only contain prom
inent thin, 

buff-w
eathered calcareous lam

inae, and sedim
entary structures such as load casts, graded 

bedding and cross bedding. In the Southeast U
psalquitch-Tobique area, the Free G

rant is 
conform

ably overlain by the G
reys G

ulch Form
ation (Tobique G

roup), but farther east the top of 
the unit has been rem

oved by erosion. N
o reliable estim

ate of thickness is possible in the field 
trip area because of poor exposure, unknow

n frequency of folding, and dissection by faults; 
how

ever, at the type section it is reported to be roughly 800 m
 (W

alker and M
cC

utcheon 1995). 
N

o fossils have been collected from
 the Free G

rant, but the underlying LaPlante Form
ation is 

Pridolian in age, and overlying rocks of the Tobique G
roup are believed to be early Lochkovian.   

 Tobique G
roup 

 
In its type area north and w

est of the C
atam

aran B
rook Fault (Fig. 1), the Tobique G

roup has 
been divided into the basal C

ostigan M
ountain Form

ation and conform
ably overlying W

apske 
Form

ation 
(St. 

Peter 
1978b). 

O
utside 

of 
the 

type 
area, 

this 
stratigraphic 

schem
e 

loses 
significance because of lateral pinchout of som

e volcanic units, and the appearance of others at 
various stratigraphic levels. In the northern part of the Tobique subzone, the oldest rocks in the 
Tobique G

roup are assigned to the G
reys G

ulch Form
ation, w

hich is therefore believed to be 
coeval, at least in part, w

ith the C
ostigan M

ountain Form
ation (Fig. 3). The G

reys G
ulch 

conform
ably overlies the Free G

rant Form
ation and com

prises a low
er sedim

entary m
em

ber and 
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an upper volcanic m
em

ber. The low
er part of the G

reys G
ulch consists m

ainly of reddish 
m

aroon, non-calcareous m
udstone and parallel or cross-lam

inated fine-grained sandstone, 
com

m
only intercalated w

ith green to greyish green, non-calcareous, cross-lam
inated siltstone 

and fine- to m
edium

-grained, locally feldspathic sandstone. M
inor m

aroon or green polym
ictic 

conglom
erate, and m

edium
 to dark green shale and siltstone are also present. Extensive 

oxidation, w
hich is responsible for the reddish m

aroon colour characteristic of the unit, and local 
w

ave-ripple 
cross-lam

ination 
typical 

of 
shallow

 
w

ater 
deposition, 

suggest 
an 

intertidal 
environm

ent. The upper m
em

ber of the G
reys G

ulch Form
ation is the inform

ally nam
ed M

ount 
M

cC
orm

ack basalt, w
hich com

prises m
aroon, dark purplish grey and dark green, very fine-

grained basaltic and andesitic flow
s, interbedded reddish m

aroon and green sedim
entary rocks, 

and m
inor pink, locally flow

-layered rhyolite. The com
bination of red-m

aroon sedim
entary rocks 

and m
afic volcanic rocks allow

s a correlation to be m
ade w

ith the M
itchell Settlem

ent Form
ation 

(basal unit of the D
alhousie G

roup), although the proportions of volcanic and sedim
entary rock 

are different.    
 

The G
reys G

ulch Form
ation has been, until recently, included in the C

haleurs G
roup (W

alker 
and M

cC
utcheon 1995); how

ever, just south of the R
ocky B

rook-M
illstream

 Fault, it is clear that 
G

reys G
ulch sedim

entary rocks pass laterally into greenish grey, lam
inated, thin- to m

edium
-

bedded quartzose siltstone and fine-grained sandstone of the W
apske Form

ation. In other w
ords, 

part of the G
reys G

ulch Form
ation is a shallow

-w
ater facies equivalent of the W

apske Form
ation 

(Fig. 3), and therefore it has been reassigned to the Tobique G
roup. Sedim

entary structures in the 
W

apske Form
ation im

m
ediately overlying and adjacent to the G

reys G
ulch Form

ation, e.g., 
w

ave current lam
inations, also suggest a shallow

 w
ater setting. Farther southw

est in the Tobique 
subzone, the W

apske com
prises thin- to m

edium
-bedded, greenish grey siltstone and fine-

grained sandstone w
ith thin m

udstone interbeds (W
ilson 1990; B

oucot and W
ilson 1994; H

an 
and Pickerill 1994). H

ere, faunal assem
blages are reported to be typical of relatively quiet-w

ater, 
m

arine shelf com
m

unities (B
oucot and W

ilson 1994). H
ow

ever, Pickerill (1991) and H
an and 

Pickerill (1994) contend that sedim
entary structures and transported rather than in situ fauna are 

m
ore consistent w

ith a relatively deep-w
ater turbiditic sequence deposited below

 w
ave base.  

 
The W

apske Form
ation also contains abundant volcanic rocks throughout m

uch of the 
Tobique subzone, although they becom

e progressively less com
m

on to the north, i.e., betw
een 

N
ictau Lake and the R

ocky B
rook-M

illstream
 Fault (Fig. 2). Felsic volcanic rocks that underlie 

M
ount C

arleton, the highest point in the M
aritim

e Provinces, and a large part of M
ount C

arleton 
Provincial Park, are assigned to the W

apske Form
ation (Fig. 2). W

apske volcanic rocks w
ere 

em
placed in a subaqueous environm

ent (W
ilson 1992; St. Peter 1979), w

hereas those in the 
underlying C

ostigan M
ountain Form

ation, w
hich unconform

ably overlies the M
iram

ichi Terrane 
betw

een the C
atam

aran B
rook and R

ocky B
rook-M

illstream
 faults (Fig. 2), are largely subaerial 

(St. Peter 1978b). To sum
m

arize, sedim
entary and volcanic facies in the Tobique G

roup indicate 
a transition from

 subaerial or shallow
 w

ater conditions in the northeast and adjacent to the 
M

iram
ichi Terrane, to a relatively deep-w

ater environm
ent to the w

est and southw
est.    

 
The age of fossil (m

ainly brachiopod) assem
blages in the W

apske Form
ation varies from

 early 
to late Lochkovian (early G

edinnian to late Siegenian; B
oucot and W

ilson 1994). H
ow

ever, in 
the southern part of the Tobique subzone, spores of Em

sian-Eifelian age have been recovered 
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(St. Peter 1982). The exposed thickness of W
apske strata in different parts of the central Tobique 

subzone has been estim
ated at 8000 m

 (W
ilson 1990; St. Peter 1978b).   
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D
eform

ation in the M
ount C

arleton-R
estigouche area varies considerably in intensity; in 

general, cleavage is only w
eakly developed (except in proxim

ity to faults) in the eastern part of 
the field trip area (C

haleur B
ay Synclinorium

) and generally strong w
est of the M

cK
enzie G

ulch 
Fault (A

roostook-Percé A
nticlinorium

 and C
onnecticut V

alley-G
aspé Synclinorium

). The rocks 
have been affected by one m

ajor com
pressive deform

ation (M
iddle D

evonian A
cadian O

rogeny), 
but there is evidence, particularly in the A

roostook-Percé A
nticlinorium

, of a Late Silurian 
(Salinic) event, as w

ell as a local post-A
cadian deform

ation producing northw
est-trending kink 

bands and crenulations of A
cadian cleavage. N

o estim
ate of the total am

ount of shortening has as 
yet been attem

pted. Few
 studies of m

etam
orphism

 have been carried out, but the available 
records for parts of northern N

ew
 B

runsw
ick and neighbouring northern M

aine (R
ichter and R

oy 
1976; M

ossm
an and B

achinski 1972; W
ilson 2003) im

ply that all rocks in the area have 
experienced very low

-grade regional m
etam

orphism
. 

 C
haleur B

ay Synclinorium
 

 
The m

ajor structural feature in the C
haleur B

ay Synclinorium
 is the Popelogan A

nticline (Fig. 
2), 

w
hich 

strikes 
north-northeast 

and 
plunges 

to 
the 

north 
and 

south. 
V

ery 
low

-grade 
m

etam
orphism

 and near-absence of cleavage characterize rocks in the core of the Popelogan 
A

nticline (W
ilson 2003). East of the Popelogan A

nticline, strata dip shallow
ly in gentle folds 

w
ith very poorly developed axial cleavage, w

hereas to the w
est they are m

oderately- to steeply-
dipping and folds are close to tight, plunge to the northeast or southw

est, and display a prom
inent 

axial planar cleavage (W
ilson 2000a). C

leavage typically dips steeply to the northw
est, 

indicating asym
m

etrical folds inclined steeply to the east. Indirect evidence exists for w
eak 

deform
ation predating the m

ain period of M
iddle D

evonian (A
cadian) deform

ation. For exam
ple, 

pre-A
cadian folding around northw

est-trending axes m
ay be responsible for the doubly plunging 

folds, of w
hich the Popelogan A

nticline is the best exam
ple. In the w

estern part of the C
haleur 

B
ay Synclinorium

, betw
een R

oute 180 and the R
ocky B

rook-M
illstream

 Fault, A
cadian 

structures are overprinted by local northw
est-southeast-trending kink bands and crenulation 

cleavage, w
hich presum

ably correlates w
ith the D

3  deform
ation in the A

roostook-Percé 
A

nticlinorium
 (see below

).  
 A

roostook-Percé A
nticlinorium

 
 

In the A
roostook-Percé A

nticlinorium
, three phases of deform

ation have been docum
ented. 

The first (D
1 ) is associated w

ith the Late Silurian Salinic event, and com
prises broad, upright, 

open 
to 

tight, 
shallow

ly 
plunging, 

northw
est-trending 

(F
1 ) 

m
acrofolds, 

typically 
w

ithout 
cleavage. 

Tw
o 

large 
first-generation 

structures 
are 

observed 
in 

the 
A

roostook-Percé 
A

nticlinorium
. The first, northeast of K

edgw
ick (Fig. 2), is a broad, open, w

est-northw
est-

plunging anticline that exposes rocks of the B
oland B

rook Form
ation in its core. The second, 
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southw
est of K

edgw
ick, is a large north- to northw

est-trending syncline cored by the W
hite H

ead 
Form

ation. A
 poorly developed, w

idely spaced (> 10 cm
) fracture cleavage is locally associated 

w
ith the northw

est-trending F
1  folds. F

1  folds are overprinted by tight to locally isoclinal and 
upright, doubly plunging, north-northeast-trending (F

2 ) folds w
ith m

oderate to w
ell-developed 

axial planar (S
2 ) cleavage. These folds are associated w

ith A
cadian (D

2 ) com
pression and dextral 

transpression along m
ajor fault system

s such as the R
ocky B

rook-M
illstream

 and R
estigouche-

G
rand Pabos faults. O

verprinting of F
1  by F

2 folds has produced typical “dom
e and basin” or 

“fish-tail” interference patterns in the central part of the A
roostook-Percé A

nticlinorium
, and 

also explains the m
oderate to steep plunges of m

any F
2  folds.  

 
In the northeastern part of the A

roostook-Percé A
nticlinorium

, especially betw
een the 

Sellarsville and M
cK

enzie G
ulch faults (Fig. 2), D

1 deform
ation is absent and S

2  cleavage in 
G

rog B
rook and M

atapédia rocks is com
paritively w

eak, contrasting sharply w
ith the penetrative 

fabric developed in M
atapédia rocks w

est of the Sellarsville Fault. This w
eak deform

ation 
coincides w

ith low
 therm

al m
aturation values, and together im

ply a history of relatively shallow
 

burial for rocks below
 the Salinic disconform

ity near Squaw
 C

ap M
ountain (W

ilson et al. 2004). 
B

oth w
est and east of the Sellarsville fault, bedding and cleavage attitudes indicate som

ew
hat 

asym
m

etric folds inclined to the southeast. The third phase of deform
ation is variously 

m
anifested in F

3  m
inor folds w

ith local incipient axial planar (S
3 ) cleavage, crenulation cleavage, 

and kink bands (St. Peter 1978a). The attitude of S
3  (F

3  axial surfaces) varies from
 east-w

est to 
northw

est-southeast. 
 

In sum
m

ary, structures in the A
roostook-Percé A

nticlinorium
 differ from

 those elsew
here in in 

the field trip area in the follow
ing w

ays: 1) a general northerly as opposed to northeasterly strike 
of penetrative A

cadian cleavage; 2) steeper plunges of A
cadian folds (ow

ing to the northw
est-

trending Salinic F
1  folds); and 3) presence of F

3  folds and m
ore com

m
on occurrence of S

3  kink 
bands and crenulation cleavage.  
 C

onnecticut V
alley-G

aspé Synclinorium
 

 
W

est of the R
estigouche Fault, all units, w

ith the exception of the Y
ork Lake Form

ation, are 
strongly folded by upright, open to tight northeast-trending folds that are attributed to A

cadian 
deform

ation. Fold axes plunge at shallow
 angles to the southw

est or northeast. A
xial planar 

cleavage strikes northeast, dips sub-vertically and is typically very w
ell developed in the 

m
udrocks (slates) of the Tem

iscouata Form
ation. N

o evidence for Salinic deform
ation is 

recorded in this area; pre-cleavage folds that are transected by penetrative A
cadian cleavage are 

attributed to soft-sedim
ent slum

ping.  
 FA

U
L

T
S 

 
The field trip area is transected by tw

o m
ajor dextral transcurrent faults, the R

estigouche-
G

rand Pabos Fault in the northw
est and the R

ocky B
rook-M

illstream
 Fault in the southeast (Figs. 

1, 2). These and associated satellite faults affect all pre- late Em
sian units (i.e., rocks older than 

the C
am

pbellton Form
ation). The R

estigouche-M
ount C

arleton area straddles the “hinge” zone 
w

here 
the 

orientation 
of 

these 
faults 

changes 
from

 
dom

inantly 
north, 

w
here 

they 
are 

characterized by m
ainly vertical displacem

ent, to dom
inantly east, w

here strike-slip displacem
ent 
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dom
inates. V

ery com
plex architectures involving differential m

ovem
ent of fault blocks can 

result at such flexures or restraining bends (e.g., A
ksu et al. 2000), possibly expressed as positive 

or negative flow
er structures depending on w

hether the local tectonic regim
e is transtensional or 

transpressional. For exam
ple, it has been show

n (W
ilson et al. 2004) that, in the Late Silurian-

Early D
evonian, uplifted areas and subsiding basins existed sim

ultaneously in the area betw
een 

the M
cK

enzie G
ulch-B

lack Lake and Sellarsville faults near Squaw
 C

ap M
ountain. This m

ay be 
explained by interaction of strike-slip faults producing a com

bination of uplift at one end of a 
rotating fault block, w

here transpression occurs, and depression at the other end w
here 

transtension occurs (R
am

say and H
uber 1987, p. 529, Fig. 23.41). In the G

aspé Peninsula, som
e 

faults show
 a com

plex history of dextral strike-slip, thrust, and norm
al m

ovem
ents because of 

repeated reactivation in response to varying stress regim
es (Lavoie 1992), and it is likely that the 

sam
e has occurred in the R

estigouche area. N
evertheless, considerable uncertainty is involved in 

interpreting the history of m
ovem

ent along any given fault, w
ith the inform

ation presently 
available.  
 

A
n exception to this uncertainty is the Sellarsville Fault, w

hich is w
ell-exposed on the south 

shore of R
estigouche R

iver, near the confluence w
ith U

psalquitch R
iver (Fig. 2). The Sellarsville 

Fault is an east-verging reverse fault that dips about 45° to the w
est, placing W

hites B
rook strata 

(hanging w
all) against the Pabos Form

ation (footw
all). In the G

aspé Peninsula, the Sellarsville 
Fault has been interpreted as a post-M

iddle D
evonian structure synchronous w

ith initiation of 
basem

ent strike-slip faulting (M
alo and B

ourque 1993; M
alo and K

irkw
ood 1995). The 

Sellarsville East Fault, a splay of the Sellarsville Fault (Fig. 2), has experienced sim
ilar reverse 

displacem
ent, and form

s the tectonic contact betw
een the Indian Point and V

al d’A
m

our 
form

ations (Fig. 2). It therefore postdates at least the oldest (Lochkovian) rocks of the V
al 

d’A
m

our 
Form

ation. 
C

learly, 
the 

latest 
m

otion 
on 

the 
Sellarsville 

Fault 
also 

postdated 
developm

ent of A
cadian folds, as folds in the hanging w

all rocks (W
hite H

ead Form
ation) are 

truncated by the fault just w
est of G

len Levit (Fig. 2).    
 

The R
ocky B

rook-M
illstream

 Fault form
s the break betw

een the Tobique and C
haleur 

subzones of the C
haleur B

ay Synclinorium
, and farther southw

est, constitutes the tectonic 
contact 

betw
een 

the 
C

haleur 
B

ay 
Synclinorium

 
and 

A
roostook-Percé 

A
nticlinorium

. 
A

s 
discussed above, Silurian stratigraphy (C

haleurs G
roup) in the field trip area show

s m
arked 

contrasts on opposite sides of the fault. H
ow

ever, the sequence of Sim
psons Field-LaPlante-Free 

G
rant strata south of the fault is observed north of the fault farther east, allow

ing post-Silurian 
dextral displacem

ent to be estim
ated at 30 km

 (cf. D
im

itrov et al. 2004). Sim
ilarly, Early 

D
evonian rocks are sufficiently distinct across the fault that they have been assigned to separate 

groups, the D
alhousie G

roup to the north and the Tobique G
roup to the south. H

ow
ever, the 

M
itchell Settlem

ent Form
ation (D

alhousie G
roup) can be correlated w

ith the G
reys G

ulch 
Form

ation (Tobique G
roup), w

hich also indicates dextral offset of about 30 km
. The bulk of this 

offset occurred prior to 380 M
a, as m

axim
um

 dextral offset of the N
icholas D

enys G
ranodiorite 

(381 ± 4 M
a), northw

est of B
athurst, is only one km

 (W
alker et al. 1991). Stratigraphic evidence 

im
plies that the R

ocky B
rook-M

illstream
 Fault w

as active during (Ludlovian) deposition of the 
Sim

psons Field Form
ation, and controlled deposition of the C

haleurs G
roup in the Southeast 

U
psalquitch-Tobique area (Figs. 1, 2)(W

alker et al. 1993; D
im

itrov et al. 2003). D
etailed 

accounts of fault kinem
atics, fault-related folding, ductile and brittle deform

ation, etc. have been 
presented by D

im
itrov et al. (2003, 2004).  
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The 

R
estigouche 

Fault 
system

 
juxtaposes 

rocks 
of 

the 
C

onnecticut 
V

alley–G
aspé 

Synclinorium
 

(Fortin 
G

roup) 
against 

the 
A

roostook–Percé 
A

nticlinorium
 

(G
rog 

B
rook, 

M
atapédia and Perham

 groups) (Fig. 2). To the northeast, it m
erges w

ith the G
rand Pabos Fault, 

on w
hich 115 km

 of dextral offset has been estim
ated in the G

aspé Peninsula (M
alo and B

ourque 
1993). The am

ount of displacem
ent has not been determ

ined in N
ew

 B
runsw

ick; how
ever, the 

presence of tightly folded rocks adjacent to the fault suggests that the strike-slip m
ovem

ent 
observed in G

aspé w
as converted to com

pressive shortening as the fault assum
ed a m

ore north-
south course in N

ew
 B

runsw
ick. Som

e evidence of high-angle reverse m
ovem

ent along the 
Low

er D
ow

ns G
ulch Fault is present near the m

outh of Patapédia R
iver (Fig. 2), w

here thin 
w

edges of the W
hites B

rook Form
ation are juxtaposed against the W

hite H
ead Form

ation. 
 

The M
cK

enzie G
ulch Fault juxtaposes G

rog B
rook rocks to the w

est against M
atapédia rocks 

to the east, and truncates the east lim
b of the A

roostook-Percé A
nticlinorium

, indicating 
substantial relative upw

ard displacem
ent on the w

estern side. U
nlike the other m

ajor faults in the 
area, no significant transcurrent m

ovem
ent seem

s to be associated w
ith the M

cK
enzie G

ulch 
Fault. A

 slight discordance betw
een the orientation of the fault and of m

ajor fold axes suggests 
that the tim

ing and sense of the m
ost recent displacem

ent on the M
cK

enzie G
ulch is the sam

e as 
that of the Sellarsville Fault, i.e., it m

ay be a M
iddle D

evonian reverse fault. H
ow

ever, evidence 
of an extended period of uplift and erosion in the “Squaw

 C
ap block”, or the area betw

een the 
Sellarsville and M

cK
enzie G

ulch-B
lack Lake faults, im

plies that initial m
ovem

ent on the 
M

cK
enzie G

ulch m
ay have occurred during the Late Silurian (W

ilson et al. 2004).  
 

Evidence exists for reactivation of other faults in the area. For exam
ple, the Indian Point 

Form
ation increases dram

atically in thickness on the southeast side of the Squaw
 C

ap Fault, 
im

plying that the latter w
as a synsedim

entary (grow
th) fault in the Late Silurian to Early 

D
evonian (i.e., related to the Salinic O

rogeny; see below
). If so, m

ovem
ent on the Squaw

 C
ap 

Fault, and probably the M
cK

enzie G
ulch-B

lack Lake fault system
, w

as coeval w
ith extensional, 

synsedim
entary Salinic faulting in the eastern G

aspé Peninsula (M
alo and K

irkw
ood 1995; M

alo 
2001; B

ourque 2001). Furtherm
ore, dextral offset of fold axes and the Sellarsville Fault indicate 

late A
cadian (late Em

sian or later) m
ovem

ent along the Squaw
 C

ap and B
lack Lake faults 

(W
ilson et al. 2004). The chronological sequence im

plied by the above relationships consists of 
Late Silurian (extensional) norm

al or block faulting, follow
ed by late Early to M

iddle D
evonian 

(com
pressional) folding and reverse faulting and finally, M

iddle D
evonian dextral strike-slip 

m
otion contem

poraneous w
ith the R

estigouche-G
rand Pabos and R

ocky B
rook-M

illstream
 

faults. This sequence of events agrees w
ell w

ith the faulting history described for the G
aspé 

Peninsula (e.g., M
alo 2001).  
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G

aspé B
elt evolution can be considered to begin w

ith C
aradocian uplift that w

as probably 
related to northw

est-directed subduction of the Tetagouche-Exploits back-arc basin beneath the 
Popelogan-V

ictoria arc, although van Staal et al. (1991, 1998) and van Staal (1994) m
aintained 

that uplift w
as associated w

ith collision of the arc w
ith Laurentia. In any case, the uplift is 
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reflected in the Late O
rdovician to Llandoverian hiatus at the top of the B

alm
oral G

roup. 
Extension and subsidence leading to basin form

ation has been interpreted as a response to this 
subduction (van Staal et al. 2003). Late C

aradocian to W
enlockian sedim

entation therefore 
occurred in a forearc setting w

ith respect to backarc subduction and Early Silurian arc volcanism
 

in the Lac Tém
iscouata area of Q

uébec (D
avid and G

ariépy 1990). Late O
rdovician-Early 

Silurian forearc basin infilling m
ay sim

ply reflect increasing sedim
ent thickness, but is also 

related to W
enlockian eustatic sea-level regression (B

ourque 2001) and m
ay be linked to uplift 

of the adjacent B
runsw

ick subduction com
plex, parts of w

hich w
ere em

ergent by the late 
Llandoverian (van Staal et al. 2003).  

 
M
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O
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ID

O
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IC

 O
R

O
G

E
N

Y
 (430-420 M

A
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C

losure of the Tetagouche-Exploits backarc basin coincided w
ith sinistral oblique collision of 

A
valon and Laurentia in the Late Silurian, culm

inating in the Salinic O
rogeny (C

aw
ood et al. 

1995). The im
pact of the Salinic O

rogeny varied m
arkedly across the northern A

ppalachians. 
Evidence w

as first recognized in M
aine (B

oucot et al. 1964), and its effects have in recent years 
been described in som

e detail by w
orkers in N

ew
foundland (D

unning et al. 1990; Lin et al. 1994; 
C

aw
ood et al. 1995), M

aine (H
ibbard 1994), and in the G

aspé Peninsula (M
alo and K

irkw
ood 

1995; M
alo 2001; B

ourque 2001). In the northern M
iram

ichi Terrane, clim
actic D

2  deform
ation 

related to sinistral transpression has been attributed to a Late Silurian event (van Staal 1994; van 
Staal and de R

oo 1995). 
 The m

ost obvious m
anifestation of Salinic tectonism

 in the G
aspé B

elt is a Late Silurian 
disconform

ity/unconform
ity. R

ecent w
ork at Lim

estone Point (Fig. 2) has clearly dem
onstrated 

the existence of pre-S
1  folds in lim

estones of the La V
ieille Form

ation, below
 the unconform

able 
contact w

ith the (Ludlovian) Sim
psons Field Form

ation (D
im

itrov et al. 2004). B
im

odal, w
ithin-

plate volcanism
 ranging from

 W
enlockian to Em

sian indicates that Salinic tectonism
 occurred 

w
ithin an overall extensional regim

e (D
ostal et al. 1989, 1993; K

eppie and D
ostal 1994), 

suggesting that the causes of uplift associated w
ith the Salinic O

rogeny m
ay be rooted in the 

therm
al anom

aly associated w
ith m

agm
atic activity.  

 In A
rea 1 (Figs. 1, 3), pre-A

cadian folds, typically w
ithout cleavage, have been docum

ented in 
the K

edgw
ick area (St. Peter 1978a; C

arroll 2003), and sim
ilar folds have also been reported in 

the M
atapédia G

roup of w
estern N

ew
 B

runsw
ick (R

ast et al. 1980). In the Squaw
 C

ap-D
alhousie 

area (A
rea 2; Figs. 1, 3), Pridolian rocks of the W

est Point Form
ation disconform

ably overlie the 
W

hite H
ead Form

ation, and differential uplift and possible block faulting can be attributed to 
Salinic deform

ation. In A
rea 3 (Figs. 1, 3), w

ithin-plate, m
ainly subaerial volcanic rocks of the 

m
iddle W

enlockian to Ludlovian B
ryant Point and B

enjam
in form

ations (C
haleurs G

roup) are 
disconform

ably overlain by a thin unit of polym
ictic, fossiliferous conglom

erate at the base of 
the M

itchell Settlem
ent Form

ation, w
hich is the basal unit of the D

alhousie G
roup in that area 

(W
alker and M

cC
utcheon 1995; W

ilson 2000b). In A
rea 3, therefore, rocks im

m
ediately below

 
the Salinic disconform

ity are younger than those in A
rea 2, w

here no record of Silurian 
volcanism

 exists; nevertheless, both areas w
ere em

ergent in the Late Silurian. Sim
ilarly, late 

Early to early Late Silurian uplift and erosion in the eastern part of the C
haleur B

ay 
Synclinorium

 (w
est of B

athurst) is indicated by clasts of the La V
ieille Form

ation in Sim
psons 

Field conglom
erate (W

alker and M
cC

utcheon 1995). This at first suggests a som
ew

hat older age 
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for the unconform
ity and for Salinic deform

ation, as rocks that elsew
here lie on the Salinic 

unconform
ity range in age from

 Pridolian to Early D
evonian; how

ever, it should be pointed out 
that those ages are of the oldest post-Salinic rocks, not the tim

e of initial uplift and/or 
deform

ation. The tim
ing of Salinic deform

ation can be established by relationships in the 
M

iram
ichi Terrane, w

here D
2  sinistral transpression occurred betw

een 430 and 418 M
a, and 

uplift and erosion of the M
iram

ichi Terrane ca. 426-421 M
a (late W

enlockian-early Ludlovian) 
provided detritus to the Sim

psons Field Form
ation in A

rea 4 (Figs. 1, 3)(van Staal et al. 2003). 
A

ll of the foregoing is in contrast to the C
haleurs G

roup type area in the eastern G
aspé 

Peninsula, w
here no Silurian unconform

ity exists (e.g., B
ourque et al. 2000).   

 PR
ID

O
L

IA
N

 T
O

 PR
A

G
IA

N
 (420-410 M

A
) 

 
In the Late Silurian and Early D

evonian, the G
aspé B

elt w
as the site of a foreland basin 

developed in front of a northw
est-m

igrating A
cadian orogenic w

edge (M
alo 2001; B

radley et al. 
2000; W

ilson et al. 2004). D
eposition of the Indian Point Form

ation w
as, at least in part, 

contem
poraneous w

ith extensional collapse in the M
iram

ichi Terrane, follow
ing rapid Late 

Silurian uplift (de R
oo and van Staal 1994; van Staal and de R

oo 1995). A
s proposed by van 

Staal and de R
oo (1995), this extensional collapse is likely responsible for the Lochkovian (T2) 

transgression of M
alo and B

ourque (1993) and B
ourque et al. (2000). This transgressive episode 

is reflected in deposition of m
arine sedim

entary rocks of the Tracy B
rook, Indian Point, Jacquet 

R
iver and Free G

rant form
ations in areas 1 through 4, respectively. C

ontinued local uplift in the 
Squaw

 C
ap area is dem

onstrated by intrusion of the Pabos and W
hite H

ead form
ations by 

Lochkovian hypabyssal felsic intrusive rocks (Squaw
 C

ap Felsite), and the presence of W
hite 

H
ead cobbles in the upper part of the Indian Point Form

ation. In addition, poorly developed 
cleavage and low

 therm
al m

aturity of sedim
entary rocks in the Squaw

 C
ap block (W

ilson et al. 
2004) support shallow

 burial before the onset of A
cadian deform

ation. For exam
ple, a significant 

decrease in burial depth east of the Sellarsville Fault is indicated by a decrease in conodont C
A

I 
in the Pabos Form

ation, from
 4-5 on the w

est side (N
ow

lan 1983a; N
ow

lan and B
arnes 1987), 

com
pared to 1-2 on the east side (N

ow
lan 1983a; W

ilson et al. 2004). Low
 therm

al m
aturities in 

the Squaw
 C

ap block are consistent w
ith an illite crystallinity transition to higher values 

(representing low
er m

etam
orphic grade) to the east of a line coinciding w

ith the Sellarsville Fault 
(D

uba and W
illiam

s-Jones 1983; H
esse and D

alton 1991).  
 

Sinistral oblique convergence during the Late Silurian-Early D
evonian produced local zones of 

transpression and transtension along the irregular m
argin betw

een G
anderia/A

valonia and 
Laurentia. In the Squaw

 C
ap-D

alhousie area, local thickening of the Indian Point Form
ation, and 

w
ithin-plate, subaerial volcanism

 of the V
al d’A

m
our Form

ation are attributed to developm
ent of 

an extensional pull-apart basin, the site of w
hich is now

 m
arked by the R

estigouche Syncline. A
 

m
iddle Lochkovian spore-indicated age for the low

er part of the V
al d’A

m
our Form

ation 
dem

onstrates that intrusion of the Squaw
 C

ap Felsite (415.0 ± 0.5 M
a) w

as coeval w
ith early V

al 
d’A

m
our volcanic activity. In the U

psalquitch Forks-Jacquet R
iver area, the D

alhousie G
roup 

com
prises felsic to m

afic volcanic rocks interbedded w
ith fossiliferous m

arine sedim
entary 

rocks. D
eposition of these rocks is interpreted to have occurred in a foredeep form

ed in response 
to crustal loading by the A

cadian orogenic w
edge (W

alker and M
cC

utcheon 1995). In m
ost of 

the Tobique subzone of the C
haleur B

ay Synclinorium
, Early D

evonian volcanic activity w
as 
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m
ainly subaqueous; a sam

ple of rhyolite from
 this area has yielded a U

-Pb (zircon) age of 412.5 
± 2.0 M

a (W
ilson et al. 2004).  

 E
M

SIA
N

 T
O

 E
IFE

L
IA

N
 (410-390 M

A
) 

 
B

y the tim
e of clim

actic A
cadian orogenesis, the sense of convergence betw

een Laurentia and 
G

ondw
ana had sw

itched from
 sinistral to dextral. The A

cadian O
rogeny is m

anifested in folds, 
cleavage, southeast-verging reverse faults, and dextral strike-slip faults. D

eposition of terrestrial 
sedim

entary rocks of the C
am

pbellton Form
ation testifies to regional uplift at this tim

e. The 
onset of A

cadian deform
ation in the C

am
pbellton area is constrained by the (m

iddle Em
sian) 

unconform
ity betw

een the V
al d’A

m
our and C

am
pbellton form

ations; this tim
ing is com

patible 
w

ith proposed late Em
sian deform

ation of the Fortin G
roup farther northw

est (B
ourque et al. 

2001), and w
ith the Em

sian location of the A
cadian deform

ation front in M
aine (B

radley et al. 
2000). A

cadian deform
ation in the G

aspé B
elt w

as coeval w
ith D

4 dextral transpression in the 
northern M

iram
ichi H

ighlands (van Staal and de R
oo 1995; de R

oo and van Staal 1994), and 
coincides w

ith the R
3 regressive phase of M

alo and B
ourque (1993) in the G

aspé Peninsula. 
C

ontrasting intensities of deform
ation in the field trip area suggest that the Squaw

 C
ap block and 

Popelogan Inlier rem
ained in relatively elevated crustal positions com

pared to m
ost other parts 

of the G
aspé B

elt.   
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Q
uaternary geology and the effects of glaciation have been studied in northern N

ew
 

B
runsw

ick since the late 1900s (C
halm

ers 1881). D
rift prospecting studies began in C

anada 
during the 1950’s (Shilts 1993) and m

ore recently in the B
athurst M

ining C
am

p (B
M

C
) and 

across 
northern 

N
ew

 
B

runsw
ick 

w
ith 

the 
C

anada-N
ew

 
B

runsw
ick 

M
ineral 

D
evelopm

ent 
A

greem
ent 

(1984-89) 
the 

C
anada-N

ew
 

B
runsw

ick 
C

o-operation 
A

greem
ent 

on 
M

ineral 
D

evelopm
ent (1990-95) (Pronk 1986, 1987; Pronk and B

urton 1988; Pronk and Parkhill 1988; 
Pronk et al. 1989; Lam

othe 1990a and b, 1992; D
oiron 1993 a, 1993b, 2000a, 2000b; Parkhill 

1994; D
oiron and B

oisvert 1999), the EX
TEC

H
-II project (1995-2000) (Parkhill and D

ickson 
1999; K

lassen 2003; Parkhill and D
oiron 2003) and the N

A
TM

A
P project (1999-2004) (Parkhill 

et al. 1998; D
ickson 2002; Parkhill 2005). The N

A
TM

A
P and EX

TEC
H

-II survey areas are 
show

n on Figure 4. D
uring the course of these projects field w

ork included surficial m
apping of 

exposures, trenches, excavated pits, and gravel pits, m
easurem

ent of ice-flow
 indicators, 

m
apping of boulder erratics, aerial photograph interpretation, and till sam

pling. A
t each site 

(regional- and deposit-scale), a 5 kg sam
ple of basal till and approxim

ately 75 pebbles (1-10 cm
) 

from
 till w

ere collected from
 hand dug pits 0.5 to 1 m

 deep. The rock-type of the pebbles w
as 

determ
ined using a hand lens and binocular m

icroscope, and com
pared to a reference suite of 

bedrock sam
ples from

 the area. The relative percentages of the different lithologies, form
ation, 

and group w
ere calculated as a frequency percent of total pebbles in the sam

ple. 

  
The objective of the G

eological Survey of C
anada and N

ew
 B

runsw
ick G

eological Surveys 
B

ranch’s co-operative projects w
as to address problem

s of declining base-m
etal reserves through 

integrated and m
ultidisciplinary approaches to exploration for m

ineral deposits, and to im
prove 

the geoscientific know
ledge base of northern N

ew
 B

runsw
ick. Since m

ore than 99 percent of the 
area is covered by glacial and post-glacial deposits com

m
only >3 m

 thick, understanding the type 
and distribution of glacial sedim

ents and glacial history of the area w
ill greatly aid m

ineral 
exploration using drift prospecting in the region. The projects focussed on glacial dispersal in till, 
both in coarser-grained (pebbles >1 and <10 cm

) and finer-grained (<0.063 m
m

) fractions. 
Previous regional surficial m

apping and till sam
pling, in conjunction w

ith several property-scale 
surveys, provided the inform

ation necessary to design optim
um

 sam
ple spacing for detailed deposit 

scale studies, and place lim
its on glacial dispersal (Pronk and Parkhill 1993; Parkhill 1994; 

Parkhill and D
oiron 1995a, 1995b, 2003). 

  
The objectives of the Q

uaternary m
apping and till sam

pling com
ponents of the M

D
A

, 
EX

TEC
H

-II and N
A

TM
A

P (Fig. 4) projects w
ere to; 1) study the nature and type of surficial 

m
aterials, determ

ine the ice-flow
 history, patterns of glacial dispersal, exam

ine m
ineralogy of 

glacial sedim
ents (K

lassen 2003), and 2) determ
ine till-geochem

ical signatures around know
n 

m
ineral deposits. Till geochem

istry, com
bined w

ith till clast provenance studies and bedrock 
geology for each sam

ple site, along w
ith results from

 other geoscientific projects, provide 
insights into the geochem

ical signature of till derived from
 different rock units in northern N

ew
 

B
runsw

ick. The results of these projects have identified glacial dispersal patterns of m
ineralized  
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 Figure 4. Physiography of northern N

ew
 Brunsw

ick show
ing location of N

A
TM

A
P and EX

TECH
-

II areas (after Ram
pton et al. 1984; Lam

othe 1992). 
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debris, the orientation of glacial dispersal trains, and clastic dilution rates dow
n-ice from

 the m
ineral 

deposits.  
 

O
ver the past 21years (1983-2004), approxim

ately 11,000 basal till sam
ples w

ere collected in 
northern N

ew
 B

runsw
ick as part of these surficial m

apping and till geochem
ical surveys. M

any 
of these sam

ples w
ere collected on a flexible 2 km

 grid spacing. These activities w
ere carried out 

in support of m
ineral exploration. The sam

ples w
ere analyzed by various laboratories, using a 

variety of size fractions and analytical m
ethods. There have also been m

any till geochem
ical case 

studies at selected m
ineral deposits (H

alfm
ile Lake, R

estigouche, Stratm
at, H

eath Steele, C
N

E, 
G

randroy, Popelogan, Patapedia and Legacy) and they are detailed in Lam
othe (1992), Parkhill 

et al. (1998), Parkhill and D
oiron (1995a, 1995b, 2003), D

ickson (2002) and Parkhill (2005). 
This guide w

ill only briefly touch on the till geochem
ical results as they relate to som

e of the 
stops.  

 
This field trip w

ill visit exposures of m
any of the surficial geological units as w

ell as m
any 

m
ultiple-striated outcrops w

hich detail the Q
uaternary ice flow

 history of northern N
ew

 
B

runsw
ick. D

iscussions at the stops w
ill also detail som

e exam
ples of drift exploration and its 

effect on m
ineral exploration in the region. M

uch of the field guide is from
 a recent paper by 

Parkhill and D
oiron (2003), dealing w

ith Q
uaternary m

apping and drift prospecting studies 
conducted in the B

athurst M
ining C

am
p (BM

C) betw
een 1993 and 1999 as part of the EX

TEC
H

-II 
project. The EX

TEC
H

 results w
ere integrated w

ith m
apping and sam

pling from
 the m

ore recent 
N

A
TM

A
P project in northw

estern N
ew

 B
runsw

ick (Parkhill 2005). 

PH
Y

SIO
G

R
A

PH
Y

 
  

The M
ount C

arleton-R
estigouche R

iver area of northern N
ew

 B
runsw

ick straddles three m
ajor 

physiographic divisions of the A
ppalachian R

egion of C
anada: the M

iram
ichi H

ighlands, the 
C

haleur U
plands, and the Edm

undston H
ighlands (Figs. 4, 5 and 6). The present landscape of the 

study 
area, 

except 
for 

m
inor 

changes 
during 

the 
Q

uaternary 
Period, 

reflects 
erosion 

in 
C

arboniferous-Tertiary tim
es (Ram

pton et al. 1984). The digital elevation m
odel in Figure 5 is an 

excellent aid to understanding and visualizing the physiographic divisions of northern N
ew

 
B

runsw
ick.  

  
The field trip w

ill leave B
athurst and enter the Eastern M

iram
ichi H

ighlands (Figs. 4 and 5), a 
gently 

rolling 
and 

hum
m

ocky 
terrain, 

underlain 
by 

C
am

brian–O
rdovician 

volcanic 
and 

sedim
entary rocks. The H

ighlands are transitional betw
een the rugged m

ountainous area to the w
est 

(N
orthern M

iram
ichi H

ighlands) and the flat sw
am

py plain to the east underlain by Carboniferous 
sedim

entary rocks (N
ew

 Brunsw
ick Low

lands). Elevation is generally below
 450 m

 asl w
ith local 

relief com
m

only 60-120 m
 (Ram

pton et al. 1984). W
atercourses exhibit both U

-shaped valleys 
(glacial origin) and incised V

-shaped valleys (fluvial origin). The extrem
e eastern part of the BM

C 
straddles the Eastern M

iram
ichi H

ighlands and N
ew

 Brunsw
ick Low

lands physiographic divisions 
of Ram

pton et al. (1984). The north-northeast trending Curventon-Bathurst V
alley (CBV

) situated 
betw

een these tw
o divisions, is a low

-lying, poorly drained area w
ith m

any sw
am

ps and glacially 
stream

lined and fluted bedrock terrain (Fig. 4). The fluted terrain is clearly evident on Figure 5. 
 



Bathurst

Campbellton

Mount Carleton

Kedgwick

Baie des Chaleurs
EDMUNDSTON HIGHLANDS

CHALEUR UPLANDS

MIRAMICHI HIGHLANDS

NEW BRUNSWICK
LOWLANDS

32

Figure 5. Digital elevation model (SRTM) of northern New Brunswick from http://srtm.usgs.gov/. Faint lines are the NTS boundaries.
Solid black lines mark the approximate physiographic region boundaries.

http://srtm.usgs.gov/
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The N
orthern M

iram
ichi H

ighlands (Figs. 4, 5, 6A
, and 6B

) is a rugged terrain underlain by 
Low

er Palaeozoic sedim
entary and igneous rocks. Topography is strongly bedrock controlled. 

H
igh m

ountains and ridges are generally angular and peaked w
here underlain by resistant volcanic 

rocks, and are rounded and flat topped w
here they are underlain by intrusive (m

ainly granitic) 
rocks. Topographic lineam

ents are especially evident along m
ajor faults and bedrock contacts. 

Elevation com
m

only is betw
een 450 m

 and 600 m
 asl but reaches 820 m

 asl at M
ount C

arleton, the 
highest point in the M

aritim
e provinces (Fig. 4). W

ide U
-shaped valleys w

ere form
ed or m

odified 
by glacial erosion and subsequently acted as glacial m

eltw
ater channels. M

any present day m
ajor 

w
atercourses partly follow

 faults and/or bedrock contacts. D
rainage is radially off m

uch of the 
M

iram
ichi H

ighlands. 
  

The C
haleur U

plands are m
ainly underlain by O

rdovician-Silurian and D
evonian sedim

entary 
and volcanic rocks (Figs. 4, 5, 6C

, 6E, and 6F). In the field trip area the C
haleur U

plands are sub-
divided into the Saint-Q

uentin and Jacquet plateaus, C
am

pbellton H
ills, and the C

haleur C
oastal 

Plain (R
am

pton et al. 1984; Pronk et al. 1989; Fig. 6E). The Saint-Q
uentin and Jacquet plateaus are 

gently undulating w
ith relief betw

een 30 and 60 m
. The plateaus slope from

 400 m
 in the south to 

60 m
 in the north and display a gradient break approxim

ately 15 km
 from

 the edge. The Saint-
Q

uentin Plateau averages 300 m
 elevation w

ith peaks up to 483 m
. M

ajor stream
s and tributaries 

are incised in V
-shaped valleys, 75 to 180 m

 below
 the upland surface. M

axim
um

 local relief is 
213 m

, along the Little Tobique R
iver. The C

am
pbellton H

ills are a group of structurally controlled 
ridges along the edge of the Saint-Q

uentin Plateau. The C
halear C

oastal plain and w
est B

athurst 
B

asin (A
reas in blue on Figure 5) are gently sloping to undulating plains bordering the B

aie des 
C

haleurs and are generally below
 70 m

 elevation. The C
haleur U

plands are generally w
ell drained 

and display a dendritic drainage pattern. The course of m
any w

aterw
ays are structurally controlled, 

paralleling northeast trending faults (Fig. 4).  
  

The w
estern part of the field trip area is situated in the K

edgw
ick H

ighlands subdivision of the 
Edm

undston H
ighlands and m

ainly underlain by D
evonian sedim

entary rocks of the Tém
iscouata 

and Y
ork Lake form

ations (Figs. 4, 5, and 6D
). The K

edgw
ick H

ighlands are a rugged terrain w
ith 

m
ost hills and ridges greater than 455 m

 elevation up to a m
axim

um
 of 604 m

 (R
am

pton et al. 
1984). The highlands have m

ore relief than the adjacent C
haleur U

plands and are separated from
 

the uplands by a 60 to 90 m
 high escarpm

ent. The northw
estern K

edgw
ick H

ighlands area is a 
rolling hilly terrain w

ith a few
 broad, poorly drained depressions, and relief betw

een 90 and 120 m
. 

Tow
ard the southeast, stream

 incision has resulted in relief com
m

only of 210 to 245 m
 and up to 

300 to 365 m
 along the Patapedia and K

edgw
ick rivers. B

road ridges are separated by generally V
-

shaped valleys. D
rainage in the K

edgw
ick H

ighlands ranges from
 a partially deranged dendritic 

pattern in the w
est to a northw

est-southeast oriented parallel drainage in the deeply incised eastern 
part of the area (R

am
pton et al. 1984).  
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The Q

uaternary geology of northern N
ew

 B
runsw

ick has been described in a regional context by 
Ram

pton et al. (1984), G
rant (1989), Pronk et al. (1989), Rappol (1989), Lam

othe (1992) and 
Parkhill and D

oiron (2003) and the reader is referred to these papers for a detailed listing of  
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B
A

 

C
 

D

E 
F

Figure 6. Photographs of the physiographic regions of northern N
ew

 B
runsw

ick. A
. N

orthern 
M

iram
ichi H

ighlands, looking w
est from

 Stop 6.  B
. M

ount C
arleton M

assif. C
. Looking southeast 

at the C
haleur U

plands. D
. Looking southeast dow

n the K
edgw

ick R
iver valley (near Stop 23). E. 

Looking north across the C
haleur C

oastal Plain and the B
aie des C

haleurs (near Stop 47). The 
G

aspé coast is in the distance. F. Looking east dow
n the R

estigouche R
iver valley tow

ards Squaw
 

C
ap M

ountain.   
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previous Q
uaternary research in the area. C

halm
ers' (1898) local ice–caps hypothesis (A

ppalachian 
com

plex of glaciers), largely ignored in the years follow
ing his study, form

s the basis of current 
interpretations regarding the glacial history, deposits and m

orphology of N
ew

 B
runsw

ick (G
rant 

1989; Pronk et al. 1989). M
uch of the area lies w

ithin a region w
here a local ice–cap built up prior 

to direct influence from
 the Laurentide Ice Sheet (V

incent and Prest 1987). G
authier’s (1983) w

ork 
provided m

uch of the basis for the interpretation of the Q
uaternary geology of northern N

ew
 

B
runsw

ick by R
am

pton et al. (1984). M
uch of the ice-flow

 phase and ice-flow
 pattern term

inology 
of Ram

pton et al. (1984) and Stea et al. (1998) is adopted in this paper (Figs. 7 and 8). Parkhill 
(1997) and Parkhill and D

oiron (2003) sum
m

arized the available till geochem
ical data for 

northern N
ew

 B
runsw

ick. 

IC
E

-FL
O

W
 H

IST
O

R
Y

 
 

Ice flow
 across the N

A
TM

A
P area, M

iram
ichi H

ighlands and the B
M

C
 (Fig. 7) w

as m
ulti-

directional, w
hich is characteristic of terrain near ice divides of the A

ppalachian G
lacier 

C
om

plex, (Pronk et al. 1989; Stea et al. 1998; B
atterson and Liverm

an 2000). U
nfortunately, a 

general absence of datable surficial m
aterials and stratigraphic sections prevents precise dating of 

Q
uaternary events (Fig. 7). N

orthern N
ew

 B
runsw

ick w
as com

pletely covered by ice during the 
last glacial m

axim
um

 and as a result m
ost glacial deposits in the area are assum

ed to be Late 
W

isconsinan in age (Ram
pton et al. 1984; Pronk et al. 1989; Parkhill 1994; Parkhill and D

ickson 
1999; Parkhill and D

oiron 2003). The reader is directed to the m
ultitude of papers dealing w

ith the 
glacial history of M

aritim
e C

anada, the G
aspésie area, and N

ew
 England for m

ore detailed 
inform

ation. The follow
ing section places the evidence from

 northern N
ew

 B
runsw

ick into a 
sim

ple glacial history that incorporates m
uch of the existing term

inology. 
 

G
lacial erosion indicators in northern N

ew
 B

runsw
ick are divided by size into tw

o groups. 
Large-scale features include U

-shaped valleys, cirque-like form
s, drum

linoid and fluted terrain, 
and stoss and lee form

s (Figs. 7 and 9; C
D

 of photos). The direction of glacial flow
 strikes in the 

direction of the underlying bedrock geology in the eastern part of the area (C
B

V
). A

s a result, the 
form

ation and orientation of m
any of the glacially stream

lined landform
s (Sevogle Fluted 

Terrain and drum
linized till; Figs. 5 and 10) w

as influenced by the orientation and structure of 
the bedrock units. A

bundant sm
all-scale indicators of ice flow

 (glacial striations, crag and tails, 
grooves, roche m

outonnées, till fabrics, pebble and boulder trains, and glacially sheared bedrock) 
indicate that num

erous m
ulti-directional glacial flow

 events affected the area (R
am

pton et al. 
1984; Pronk et al. 1989; R

appol 1989; Parkhill 1994; Parkhill and D
ickson 1999; Parkhill and 

D
oiron 2003; Fig. 7, 9A

, 9B
, 9C, 10, and 11). G

lacial striations are best preserved on drum
linoid 

ridges of m
afic volcanic, gabbroic and sedim

entary rocks that underlie gently rolling topographic 
low

land areas and are dom
inant on w

estw
ard facing slopes (stoss). U

nderstanding the variable ice 
flow

 directions (Fig. 7) is im
portant w

hen interpreting till geochem
ical anom

alies. The lack of 
striations, grooves, and roche m

outonnées in the topographically higher parts of the area suggests 
that: 1) glacial erosion did not penetrate to fresh bedrock; (2) striations w

ere w
eathered aw

ay or 
covered by younger deposits; or, (3) ice w

as cold based, frozen to the substrate and not capable of 
eroding the bedrock (G

authier 1983; Pronk and B
urton 1988; G

rant 1989). The presence of 
preglacially w

eathered bedrock up to 26 m
 thick (V

iellette and N
ixon 1982) and deform

ation tills 
(very locally derived till) in the study area are evidence in support of the first possibility. 
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Figure 7. Position of Northern Maine-Notre Dame Ice Divide (NM-ND), local Appalachian ice centers and Late Wisconsinan ice-
flow patterns in northern New Brunswick, with the study area outlined (modified from Rampton et al. 1984; Pronk et al. 1989). 
Shaded areas are over 500 m elevation. Ice centers: E - Escuminac; G - Gaspereau; SQ – Saint-Quentin; Flow patterns (from 
Rampton et al. 1984): C – Caledonia (1); T – Tracadie (2); J – Jacquet (2-4); BC - Baie des Chaleurs (2-6); C – California (2-3); S – 
Sevogle (2-3); N – Nepisiguit (2-4); B – Belledune (3-4); TR - Tuadook-Renous (3-5); GO – Gounamitz (3-5); LB – Lac Baker (5-
6); K – Kedgwick (5-6); SR-TR - Salmon River-Tobique River  . Note that all of these features did not occur at the same point in 
time. Numbers in brackets indicate chronology of ice-flow phases in Figure 8. 
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 Figure 8. Ice Flow
 C

hronology in N
ew

 B
runsw

ick and M
aritim

e C
anada (m

odified from
 Parkhill 

and D
oiron 2003). 
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The older eastw
ard and southeastw

ard ice flow
s (Phase 1) depicted in Figure 7 are likely 

Early- to M
id-W

isconsinan in age and associated w
ith a Laurentide incursion into N

ew
 

B
runsw

ick, referred to as the C
aledonia Phase in southern N

ew
 B

runsw
ick and N

ova Scotia 
(R

am
pton et al. 1984; Stea et al. 1998, Stea and Finck 2001; Fig. 8). D

uring the Escum
inac phase 

(Phase 2) (Fig. 8), ice flow
ed (Tracadie Flow

 Pattern) in a northw
est direction across the C

B
V

 
under influence of the Escum

inac Ice C
enter located in the G

ulf of St. Law
rence–northern Prince 

Edw
ard Island region (Fig. 7). The m

ain eastw
ard ice flow

 (early Jacquet and early B
aie des 

C
haleurs flow

 patterns) at this tim
e w

as likely caused by ice flow
ing from

 the area of the 
N

orthern M
aine-N

otre D
am

e Ice D
ivide (N

M
N

D
), possibly under pressure of Laurentide ice 

(R
am

pton et al. 1984; G
rant 1989; Pronk et al. 1989; R

appol 1989; Parkhill and D
oiron1995a, 

2003; Stea et al. 1998; Fig. 7). Ice flow
ing from

 the G
aspereau Ice Center in central N

ew
 

B
runsw

ick w
as shifted in a north–northeast direction through the north-south trending C

B
V

 (early 
N

episiguit Flow
 Pattern), by the Escum

inac Ice C
enter (Fig. 7). Ice w

as active in the M
iram

ichi 
H

ighlands at this tim
e flow

ing in an east-northeast to east-southeast direction from
 a source in the 

M
iram

ichi H
ighlands (early C

alifornia and Sevogle flow
 patterns). 

 
D

uring the C
hignecto and B

antalor phases (Phases 3 and 4), ice continued to flow
 eastw

ard 
across north-central N

ew
 B

runsw
ick including the northern part of the M

iram
ichi H

ighlands, under 
the influence of the N

orthern M
aine-N

otre D
am

e Ice D
ivide (Jacquet and B

aie des C
haleurs flow

 
patterns) (Figs. 7 and 8). Initially, ice flow

 off the M
iram

ichi H
ighlands w

as eastw
ard in the 

central and eastern parts of the B
M

C
, and southeastw

ard (140°) in the southern part of the B
M

C
, 

and w
as influenced by regional topography (C

alifornia and Sevogle flow
 patterns) (Fig. 7). 

Subsequently, ice flow
ed northeast (B

elledune Flow
 Pattern) in the northern B

M
C

 and in the 
area dow

n to the B
aie des C

haleurs, under the influence of a regional draw
dow

n into the B
aie des 

C
haleurs (R

am
pton et al. 1984; G

rant 1989; Pronk et al. 1989; Lam
othe 1992; Parkhill 1994). 

The B
elledune Flow

 Pattern is expanded from
 R

am
pton et al. (1984) to represent the regional 

northeast flow
 event affecting m

uch of north-central N
ew

 B
runsw

ick. The eastw
ard Jacquet and 

C
alifornia 

flow
 

patterns 
are 

dom
inant 

in 
the 

w
est-central 

B
M

C
 

(761 
of 

1002 
striation 

m
easurem

ents are betw
een 070-110°). A

n ice-flow
 dom

ain boundary transects the eastern B
M

C
 

area from
 a northeast/southw

est direction along the M
iram

ichi H
ighlands/N

ew
 B

runsw
ick 

Low
lands boundary (Fig. 10). The orientation of striations, drum

linoid ridges, and other ice-flow
 

indicators change from
 southeast and east-northeast in the southern part of the B

M
C

 (Fig. 10) to 
north-northeast in the C

B
V

 (R
am

pton et al. 1984; Pronk et al. 1989; Lam
othe 1992; Parkhill 

1994; Langton et al. 1999; Parkhill and D
ickson 1999). D

uring the late phases of deglaciation 
south and east of the ice-flow

 dom
ain boundary (Fig. 10), ice m

oved in a north-northeast to north 
direction (Tuadook-R

enous and late N
episiguit flow

 patterns) (Fig. 7) through the C
B

V
 

(G
authier and C

orm
ier 1977; G

authier 1979, 1983; D
oiron and B

oisvert 1999), and tow
ards the 

B
aie des C

haleurs. A
t the sam

e tim
e, at the higher elevations, ice flow

ed from
 ice fields in the 

M
iram

ichi H
ighlands (late C

alifornia and late Sevogle flow
 patterns). The N

episiguit glacier 
(Thibault 1978) occupied the C

B
V

 during the final phase of the W
isconsinan glaciation. A

 ridge 
of till (lateral m

oraine), 5 km
 east of the C

B
V

 m
arks the eastern edge of the fluted terrain and 

possibly the easterly extent of the N
episiguit glacier. C

ross-cutting relationships on striated 
outcrops in the eastern part of the B

M
C

 show
 conflicting chronology of the northerly and 

easterly ice flow
s due to the m

ixing of ice from
 the C

alifornia, Sevogle and N
episiguit flow

 
patterns along the ice-flow

 dom
ain boundary (Figs. 7 and 10). A

t som
e locations, evidence exists 

from
 glacial striations for northeastw

ard (020-030°) and southeastw
ard (130°) ice-flow
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A
 

B

C
 

DF
E 

Figure 9. Photographs of the Q
uaternary geology of northern N

ew
 B

runsw
ick. A

. Stop 23. 
G

lacial striations at 138º offset by post glacial tectonic m
ovem

ent. Ice m
ovem

ent w
as from

 top 
left to bottom

 right. B
. Stop 23. Thin till and a veneer of broken rock. N

ote dow
nslope creep 

(from
 right to left) in upper parts of the fractured bedrock. Inset is boulder erratic glacially 

transported approxim
ately 75 km

 in a southeasterly direction from
 the V

al-B
rillant Form

ation in 
w

estern G
aspésie. C

. Laurentide erratic, northw
estern N

ew
 B

runsw
ick. D

. Stop 6. B
orrow

 pit in 
thick clay rich basal till, near the R

estigouche M
ine. E. Stop 18. K

edgw
ick esker. F. Stop 46. 

O
utw

ash delta, palaeoflow
 060º, near B

aie des C
haleurs. 
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preceding the dom
inant eastw

ard ice flow
 (Fig. 7) (Pronk et al. 1989; Parkhill 1994, 1997; 

Parkhill and D
oiron 2003). Striations indicate a late stage of northw

ard ice m
ovem

ent from
 the 

northern edge of the M
iram

ichi H
ighlands. Late stage ice likely w

as dynam
ic allow

ing for a series 
of advances and retreats, developm

ent of lobes, shifts in the centers of ice-flow
, and ice surges 

thus creating the com
plex ice-flow

 chronology.  
 

D
uring the M

illville/D
ungarvon phase (Phase 5), m

eltw
ater in w

estern N
ew

 B
runsw

ick form
ed a 

glacial lake that drained into glacial Lake N
ictau near M

ount C
arleton and in turn into the upper 

N
episiguit R

iver valley (R
am

pton et al., 1984). A
 glacial lake m

ay have existed in the upper 
N

episiguit R
iver valley at this tim

e, near Popple D
epot. Ice retreated in a w

esterly direction as 
glacial lakes developed w

ith outlets into the N
episiguit River, w

est of the BM
C and Portage Brook 

(Fig. 10), respectively. The orientation of glaciofluvial deposits and ablation m
oraines in the 

southern B
M

C
 (Figs. 7 and 10), w

hich w
as form

erly affected by ice of the Tuadook-R
enous Flow

 
Pattern, indicate glacial retreat w

as in a northw
est direction. Ice had disappeared from

 the BM
C by 

the onset of the Plaster R
ock-C

haleur phase (Phase 6; approx. 12.4 ka B
P or younger) and from

 
northern N

ew
 B

runsw
ick by the onset of the M

adaw
aska phase (Phase 7; approx. 12.1 ka B

P or 
younger).  

 
The N

A
TM

A
P area in the northw

est w
ill be sum

m
arized separately. There is a large area 

centering on the Saint Q
uentin Plateau betw

een the N
A

TM
A

P area and the B
athurst M

ining 
C

am
p and the area closer to the B

aie des C
haleurs w

here there is very little evidence of glacial 
ice-flow

 indicators even though there is a great thickness of glacial sedim
ents. This creates som

e 
problem

s in fitting everything into a sim
ple chronology. Figures 7 and 8 are a w

ork in progress 
and it is an attem

pt to put all of these flow
 patterns into a chronology that can be applied to drift 

prospecting and m
ineral exploration in northern N

ew
 B

runsw
ick. 

 
In the Edm

undston H
ighlands and w

estern C
haleur U

plands, closer to the position of the 
N

orthern M
aine-N

otre D
am

e ice divide there w
as an early C

aledonia Phase ice flow
 (R

am
pton et 

al. 1984; Pronk et al. 1989; R
appol 1989; Parkhill 2005). There are striations throughout the area 

trending in a southeastw
ard direction (Fig. 9A

) and several of the valleys (K
edgw

ick, 
G

ounam
itz, Patapedia, and Saint John) are w

ide and U
-shaped and the rivers flow

 in a southeast 
direction (Fig. 6D

). Canadian Shield erratics have not been found in the Chaleur U
plands and the 

eastern part of northern N
ew

 B
runsw

ick, suggesting that Laurentide ice did not reach north–central 
N

ew
 Brunsw

ick or that the ice w
as very clean (debris free) (Pronk et al. 1989). G

laciofluvial 
deposits and ablation m

oraines indicate glacial retreat in a general northw
est direction.  There are 

m
any Laurentide boulder erratics in the Edm

undston H
ighlands (Fig. 9C

). The extent of these 
Laurentide erratics coincides w

ith the eastw
ard extent of the position of the N

M
N

D
 (R

appol 
1989; 

Parkhill 
2005). 

D
uring 

the 
Escum

inac 
and 

early 
C

hignecto 
phases, 

ice 
flow

 
in 

northw
estern N

ew
 B

runsw
ick w

ould have been strongly influenced by the N
M

N
D

 and 
Laurentide ice as w

ell (Pronk et al. 1989) and the Jacquet and B
aie des C

haleurs flow
 patterns 

could be extended to include parts of  this area as w
ell (Fig. 7). Southeastw

ard flow
 during the 

C
hignecto to early Plaster R

ock-C
haleur phase is attributed to the G

ounam
itz Flow

 Pattern 
(R

am
pton et al. 1984; Parkhill 2005; Figs. 7 and 8).In the very w

estern part of the N
A

TM
A

P 
area and into the Edm

undston (21 N
) area of northern N

ew
 B

runsw
ick there is abundant striation 

evidence of m
ajor and latest (M

illeville-D
ungarvon to Plaster R

ock-C
haleur) ice m

ovem
ent 

trending to the northw
est (R

appol 1989), (Lac-B
aker Flow

 Pattern of R
am

pton et al. 1984). It is 
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interesting to note that som
e outcrops in the area have glacial striations in opposing directions 

(both G
ounam

itz and Lac-B
aker flow

 patterns; Fig. 8; C
D

 of photos). There is little erosion 
evidence of the late Plaster R

ock-C
haleur phase K

edgw
ick and Salm

on R
iver-Tobique R

iver 
flow

 patterns in the Saint Q
uentin Plateau area (R

am
pton et al. 1984; Fig. 7). Late ice 

disintegrating in the Saint Q
uentin Plateau area left behind m

any deposits of glaciofluvial 
m

aterial but is not thought to have had m
uch effect on the distribution of basal till and as a result 

m
inim

al glacial dispersal of any till geochem
ical anom

alies (Parkhill 2005). 
  

A
s stated previously, outcrops w

ith glacial striations are rare in Saint Q
uentin Plateau area of the 

central Chaleur U
plands. N

evertheless, striation patterns from
 a few

 key outcrops at the Legacy and 
Patapedia m

ineral deposits (M
K

 and PR respectively on Fig. 2; also show
n on Fig. 4), and dispersal 

of till geochem
ical anom

alies and existing inform
ation in adjacent areas suggest a sequence of ice-

flow
 events that fit into the regional patterns. In the Legacy area the m

ain ice flow
 crossed from

 
w

est to east (Jacquet Flow
 Pattern) leaving erosional m

arks (striations etc.) and transporting till in 
an east-northeast direction (Parkhill et al. 1998). The eastw

ard ice flow
 had its probable source in 

the N
orthern M

aine-N
otre D

am
e Ice D

ivide (Fig. 7), possibly influenced by the Laurentide Ice 
Sheet (Ram

pton et al. 1984; Pronk et al. 1989). Subsequently, ice flow
ed northeastw

ard (Belledune 
Flow

 Pattern) under the influence of a draw
dow

n into Chaleur Bay caused by active calving in the 
G

ulf of St. Law
rence (Pronk et al. 1989; Rappol 1989). The northeast dispersal of soil and till 

anom
alies as w

ell as som
e till clast transport likely resulted from

 ice-flow
 tow

ards the Bay of 
Chaleur (Belledune Flow

 Pattern). A
 till fabric at 040°, supporting this northeast dispersal w

as 
observed in a roadcut near the Legacy deposit. 
  

A
t the Patapedia deposit in the w

estern Chaleur U
plands near the boundary w

ith the Edm
undston 

H
ighlands southeast trending striations are likely related to the G

ounam
itz Flow

 Pattern (Fig. 7) but 
could be earlier (Caledonia Flow

 Pattern). They are follow
ed by northeast trending striations 

(Belledune or possibly K
edgw

ick flow
 pattern) (Fig. 7). D

ata for Cu from
 a detailed till 

geochem
ical survey in the area show

s a w
ell defined palim

psest dispersal pattern resulting from
 

these tw
o ice-flow

 events aw
ay from

 the Patapedia N
orth, Patapedia Central and Patapedia South 

m
ineral occurrences (Parkhill 2005). 

SU
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The follow
ing section describes the surface distribution of Q

uaternary deposits in northern 
N

ew
 B

runsw
ick, in stratigraphic order from

 oldest to youngest. B
edrock outcrop is m

ainly 
confined to glacially stream

lined ridges, and topographic highs. In the central M
iram

ichi 
H

ighlands, w
hich is dom

inantly underlain by granitic rocks (W
halen 1993), a layer of preglacial, 

deeply w
eathered bedrock (grus) is com

m
on (Fig. 10). The grus, containing corestones, is locally 

overlain by basal till. The grus is very friable, retains the original structure and m
ineralogy of the 

rock, and, locally, rem
nant veins and fractures are preserved. G

rus also is developed on m
afic 

intrusive rocks and thick layers (>2 m
) of preglacially w

eathered bedrock occur in m
any parts of 

the area. 
   

The preservation of preglacially w
eathered bedrock, w

hether a reflection of nonerosive cold-
based ice or nonglaciation, indicates the w

eak erosive pow
er of glaciers in parts of the M

iram
ichi 

and Edm
undston highlands (G

authier 1980; G
rant 1989). A

 preglacial age is assum
ed for the  
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 Figure 10. Sim

plified Q
uaternary geology m

ap of the Bathurst M
ining Cam

p (EX
TECH

-II area) 
show

ing the location of selected m
ineral deposits (m

odified after R
am

pton et al. 1984; Pronk 1986, 
1987; Parkhill 1994; Parkhill and D

ickson 1999; D
oiron 2000a, 2000b). H

am
m

ers = m
ineral 

deposits: N
o. 6. Brunsw

ick N
o.6, N

o. 12. Brunsw
ick N

o.12, C
N

E. Captain N
orth Extension, C

. 
Caribou, C

h. Chester, G
. G

randroy, H
M

. H
alfm

ile Lake, H
S. H

eath Steele, K
A

. K
ey A

nacon, M
B. 

M
urray Brook, N

. N
episiguit Brook, R

. Restigouche, S. Stratm
at, W

. W
edge, W

i. W
illett. 
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grus because its depth (up to 26 m
 thick) and areal extent (W

ang et al. 1981; G
authier 1980; 

V
eillette and N

ixon 1982) suggests considerably longer exposure than 12,000 years, and a 
clim

ate m
ore tem

perate than that of Q
uaternary interglacials (G

rant 1989). M
any of the know

n 
grus sites are on the dow

n–ice (lee-side) sides of hills, in the zone of m
inim

um
 erosion. W

ithin 
the M

iram
ichi H

ighlands, striated outcrops w
ere found in close proxim

ity to trenches and road 
exposures of grus overlain by basal till (Parkhill 1994), hence preglacial regolith w

as preserved 
w

here ice w
as active enough to erode fresh bedrock. In the northern parts of the Edm

undston 
H

ighlands broken and shattered bedrock overlain by thin patches of till is the m
ain surficial unit 

(R
appol 1989; Parkhill 2005). 

  
A

 generally thin (0.5-2 m
 thick) layer of sandy/gravelly to sandy/clayey greenish to yellow

ish 
brow

n basal till covers m
ost parts of northern N

ew
 B

runsw
ick. The term

 basal till throughout 
this guide refers to till that w

as deposited at the base of the glacier (e.g. subglacial till). Till is 
generally greenish-brow

n w
here it is underlain by rocks of the upland and highland areas, and 

reddish w
here it is underlain by C

arboniferous sedim
entary rocks. B

asal till is thickest (up to 5 
m

) in topographic depressions (e.g. C
N

E pit, C
B

V
, and along parts of the N

episiguit R
iver; Fig. 

9D
), w

here it is characterized by com
plex deform

ation and stratigraphic variation. In places, the 
till is overlain by approxim

ately 1 m
 of colluvial/debris flow

 sedim
ents that m

ay have been 
partially form

ed as a result of postglacial frost activity. A
t several sites in the M

iram
ichi 

H
ighlands and in the C

B
V

, a thin (<0.5-1.0 m
) very clay-rich till is sm

eared onto the bedrock 
surface. This till is found on the lee sides of hills, usually in valleys, and m

ay be Early 
W

isconsinan or at least pre-Late W
isconsinan in age. The lack of organic m

aterial betw
een the 

tw
o tills prohibits obtaining an age date of either till. R

appol (1989) attributed a low
er till at 

several localities in northw
estern N

ew
 B

runsw
ick to also be pre-Late W

isconsinan in age. 
A

blation till (m
eltout till) occurs as a gravelly lag deposit over basal till or as boulders on the 

surface. A
blation till is poorly sorted, contains angular to rounded clasts, and contains little or no 

fine-grained m
aterial (<2 m

m
). A

 lateral m
oraine of ablation till, consisting prim

arily of granite 
boulders, occurs along parts of the N

episiguit R
iver. 

   
Extensive deposits of glaciofluvial outw

ash and ice-contact deposits are found w
ithin the 

C
B

V
, in deltas near the B

aie des C
haleurs (Fig. 9F), and along m

ost m
ajor rivers and brooks. 

Large esker system
s oriented in a north-northeast direction, paralleling the direction of glacial 

flow
, occur in the eastern part of the Eastern M

iram
ichi H

ighlands. There are also significant 
glaciofluvial deposits in eskers and glaciofluvial com

plexes in the Saint Q
uentin Plateau area 

(Fig. 9E). The glaciofluvial deposits are com
m

only stratified and com
posed of sand and w

ell-
rounded gravel, w

ith m
inor cobbles and boulders. A

 large glaciofluvial ice-contact com
plex 

occurs 5 km
 northeast of the B

runsw
ick N

o.12 M
ine (Fig. 10). G

laciolacustrine and glaciom
arine 

silt and clay deposited in short lived pro-glacial lakes (G
lacial Lake Sevogle) and in the 

G
oldthw

ait Sea during deglaciation of the M
iram

ichi H
ighlands (Fig. 10) occur locally in the 

C
B

V
 (R

am
pton et al. 1984; Lam

othe 1992; D
oiron and B

oisvert 1999). The extent of G
lacial 

Lake Sevogle is m
ore clearly defined because of deposits consisting of rhythm

ically-bedded 
sequences of silty-clay and silty-sand in the southeastern part of the B

M
C

 (D
oiron and B

oisvert 
1999). B

asal till, w
hich m

ay have been partially rew
orked and w

ashed by w
ave action in the 

glacial lake, occurs w
ithin the area covered by silt and clay deposits, as sm

all hum
m

ocks and 
ridges rising above 79 m

 asl elevation. D
eG

eer m
oraines in the CB

V
 (Fig. 10) indicate the 

positions in the C
B

V
 of a glacier as it retreated in a high-standing sea (G

oldthw
ait Sea). 
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Locally, organic deposits have in-filled topographic depressions and poorly drained areas 

(sw
am

ps). These deposits are generally <2 m
 thick and consist of peat and m

inor sand and silt. 
R

ecent alluvial sand and gravel, are m
ainly confined to river and brook valleys. Potholes found 

near the K
ey A

nacon m
ine (Fig. 10), and the presence of extensive glaciofluvial deposits, 

indicate that trem
endous am

ounts of m
eltw

ater flow
ed over the area during deglaciation. 

  
In steep V

-shaped valleys, and on the m
ountains and ridges, frost shattering and a lack of thick 

till deposits have resulted in a layer of bouldery colluvium
 or rock veneer w

ith sm
all patches of 

thin basal till. C
olluvium

 is generally angular and com
posed of m

aterial from
 underlying bedrock 

or bedrock in an upslope direction. It is com
m

on for >1 m
 of colluvium

 to overlie basal till. 
Seam

an (1985a) attributed the presence of tors, sorted polygons, and colluvial blankets to the early 
em

ergence of the highest elevations as nunataks during deglaciation. They also m
ay be relict 

features from
 the Pre-Late W

isconsinan that w
ere preserved under a cold-based ice m

ass in the 
highlands during the last glaciation of the area. 
  

D
uring the H

olocene, after retreat of glacial ice, landscape m
odification included the incision 

of m
odern stream

s, deposition of alluvium
, slope processes (colluvial deposits), soil profile 

developm
ent, and the form

ation of organic deposits (peat, m
uck etc.) in w

et and low
 lying areas. 

Soils throughout northern N
ew

 B
runsw

ick are podzolic and generally consist of a leached w
hite 

to grey A
e horizon over a reddish brow

n B
f horizon and a transitional B

C
 horizon. D

epth to the 
B

C
 transition averages about 40 cm

 below
 the base of the forest floor (hum

us). Texturally, soils 
vary from

 silty/clayey to sandy/gravelly depending on the nature of the underlying parent 
m

aterial. 

R
E

G
IO

N
A

L
 C

L
A

ST
 PR

O
V

E
N

A
N

C
E

 
 

A
 strong correlation exists betw

een the lithology of clasts in till and the underlying bedrock. 
C

last provenance studies indicate that tills are locally derived and typically transported in a 
generally easterly direction in m

ost parts of the area. There w
as m

inor glacial transport by north, 
northeastw

ard, and southeastw
ard flow

ing ice. G
lacial transport w

as typically a few
 hundred 

m
eters to a m

axim
um

 of approxim
ately 2 km

, w
ith som

e clasts transported up to 15 to 20 km
 in 

an east-northeast or east-southeast direction. In m
ost cases, m

aterial from
 the underlying bedrock 

m
akes up >75 percent of pebbles in the till; in till overlying areally extensive bedrock units this 

Figure approaches 100 percent. U
sually <20 percent of the clasts are transported from

 bedrock 
sources located up-ice. Ideally, the num

ber of pebbles from
 a particular bedrock unit should be 

zero in till up-ice from
 w

here the unit occurs, increase up to 100 percent across its area of 
occurrence and persist for approxim

ately 1 to 2 km
 dow

n-ice of its outcrop boundary (e.g. Shilts 
1976; Finck and Stea 1995). In northern N

ew
 B

runsw
ick, quartzite can persist as pebbles in till for 

m
uch longer distances dow

n-ice from
 their bedrock source. Shale and lim

estone break apart easily 
during glacial transport and are rarely found in tills dow

n-ice. V
ein-quartz is rare to non-existent in 

till overlying Silurian-D
evonian rocks, but can constitute up to 10 percent of the pebbles in tills 

underlain by Cam
brian–O

rdovician rocks. M
any pebbles in till east of the B

M
C

 and underlain by 
C

arboniferous sedim
entary rocks are derived from

 the Tetagouche, C
alifornia Lake and 

M
iram

ichi groups, indicating eastw
ard glacial transport (Parkhill and D

ickson 1999). The 
bedrock source of som

e pebbles is difficult to ascertain, as there are sim
ilar lithologies in m

any  
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  Figure 11. D

istribution of clasts from
 D

evonian and O
rdovician intrusions and their associated 

contact aureole, in till, north-central N
ew

 B
runsw

ick. Shaded area = 5 percent; * = sites 
containing 1-4 percent. D

evonian intrusive rocks: D
M

E  = M
ount Elizabeth G

ranite, D
M

 = 
M

iram
ichi G

ranite, D
M

M
 = M

ount M
anny G

abbro, D
G = G

oodw
in lake G

abbro, D
P = Portage 

B
rook Troctolite. O

rdovician felsic intrusive rocks: O
M

E = M
eridian B

rook G
ranite, O

PD = 
Popple D

epot G
ranite. B

edrock geology after W
ilson and K

am
o 1997; van Staal and R

ogers 
2000.    
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of the underlying bedrock units (i.e. sedim
entary rocks of the G

rog B
rook, M

atapedia, C
haleurs, 

Fortin, and D
alhousie groups. 

 
Som

e till sam
ples contain only a few

 pebbles derived from
 the underlying local bedrock, 

w
hich likely reflects the fact that m

any rock units in the area are narrow
 and discontinuous due 

to faulting and folding. Till at several sites underlain by C
arboniferous sedim

entary rocks east of 
the B

M
C

 contains few
 or no C

arboniferous clasts. These C
arboniferous sedim

entary rocks 
breakdow

n rapidly during glacial transport and therefore tend to occur in the sand- and silt-sized 
fraction rather than in the pebble-size fraction of till. A

s a result of this rapid breakdow
n, till 

color can be the only indicator of the underlying bedrock geology at som
e sites. A

t a site east of 
the C

N
E deposit (Fig. 10), 1 m

 of w
eathered granitic m

aterial containing abundant granite 
pebbles overlies a dark grey locally derived basal till. The site is not near a granite intrusion and 
therefore the w

eathered granitic m
aterial likely w

as transported as an ice-thrusted sheet. A
 

sim
ilar m

ode of transport w
as suggested to explain the abnorm

ally high content of granite clasts 
in till in the southeastern B

M
C

 (Parkhill and D
oiron 1995a). 

 
Pebbles derived from

 the D
evonian M

ount Elizabeth intrusive com
plex (W

halen 1993) and other 
O

rdovician and D
evonian felsic and m

afic intrusive rocks w
est of the B

M
C

 proved m
ost effective 

for recording clast dispersal (Fig. 11). Intrusions are good point sources because they yield pebbles 
that are usually resistant to w

eathering during glacial grinding and crushing, generally coarse 
grained and visually distinct. The five percent contour of pebbles derived from

 these intrusive 
rocks and the associated contact aureole form

 a fan-shaped glacial dispersal train in an east–
northeast direction (Fig. 11). Pebbles derived from

 Silurian and D
evonian sedim

entary and 
volcanic rocks w

est of the B
M

C
 are found in tills overlying rocks of the B

M
C

, up to 10–15 km
 to 

the east. N
o pebbles having typical m

etam
orphic textures and fabrics characteristic of the highly 

deform
ed rocks of the B

M
C

 w
ere found w

est of their outcrop area. Striated clasts in till are 
relatively uncom

m
on and occur m

ainly w
here tills are thick and contain less locally derived 

bedrock. 
 

In the Edm
undston H

ighlands there are few
 indications of Laurentide pebble sized erratics in the 

till. There are, how
ever quartzite pebbles derived from

 the Silurian V
al-B

rillant Form
ation in m

any 
of the sam

ples (Fig. 9B
).  This indicates southeastw

ard (120º) dispersal of 50 km
 or m

ore from
 its 

outcrop area in the Tem
iscouata Lake area of Q

uebec (B
risebois and N

adeau 2003; Parkhill 2005). 
There is an abundance of far travelled Laurentide granite gneiss boulder erratics and other erratics 
transported from

 the C
anadian Shield throughout northw

estern N
ew

 B
runsw

ick (Rappol and 
R

ussell 1989; Parkhill 2005; Fig. 9C
). 

 
 

B
edrock m

apping carried out in conjunction w
ith till studies helped outline till lithologic 

boundaries and pinpointed source areas for the pebbles in till. Likew
ise, pebbles in till can be 

useful bedrock m
apping tools in areas of thick overburden and lim

ited bedrock outcrop. For 
exam

ple, bedrock m
apping outlined bedrock exposures of felsic intrusive and volcanic rocks 

up-ice or directly underlying till units containing a high percentage (up to 100%
) of pebbles from

 
felsic igneous bedrock sources. Pebble erratics have been found in basal till on the highest 
elevations of northern N

ew
 B

runsw
ick, including M

ount C
arleton, w

here 10 percent of the 
pebbles are derived from

 sedim
entary bedrock located farther w

est in the C
haleur U

plands 
(Parkhill 1994). Transport by an eastw

ard m
oving ice m

ass overriding the highest elevations in 
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the M
iram

ichi H
ighlands seem

s to be the only possible conclusion. N
o erratics derived from

 the 
C

anadian Shield, approxim
ately 400 km

 to the w
est have been found in the M

iram
ichi H

ighlands 
area, suggesting that Laurentide ice sheet did not reach north–central N

ew
 B

runsw
ick or that the 

ice w
as very clean (i.e. debris free) (Pronk et al. 1989). 

  
The fan-shaped dispersal train of granite-boulder and pebble erratics (Fig. 11) across the 

N
orthern M

iram
ichi H

ighlands (Parkhill and D
oiron 2003) indicates glacial transport from

 
granite plutons of up to 30 km

 in an east-northeast direction (W
halen, 1993). This fan-shaped 

train is a result of m
ultiple ice flow

 directions that affected the highlands, the unique up-ice 
source area in the higher elevations and glacial transport dow

nslope into low
land areas. The 

Strange Lake dispersal train in N
ew

foundland shares the above characteristics w
ith the M

ount 
Elizabeth Intrusive C

om
plex dispersal train except that it is the result of unidirectional glacial 

ice-flow
 and therefore has a w

ell defined ribbon-shaped dispersal pattern (B
atterson and 

Liverm
an, 2000). Long transport distances are also evident in the northern part of the B

M
C

. 
Pronk and B

urton (1988) identified a train of pebble erratics extending 25 km
 east-northeast 

dow
n-ice from

 the U
psalquitch G

abbro (van Staal and R
ogers 2000) and other gabbroic rocks 

located 5 km
 north and northeast of the R

estigouche deposit. U
nfortunately, few

 till fabrics have 
been m

easured in northern N
ew

 B
runsw

ick as the till is generally too thin for reliable fabric 
analysis. 
 

T
IL

L
 G

E
O

C
H

E
M

IST
R

Y
 

 
System

atic till sam
pling and pebble analysis at both the regional- and deposit-scale in northern 

N
ew

 B
runsw

ick are effective m
ethods for m

apping dispersal trains and determ
ining the bedrock 

source of geochem
ical anom

alies in till (Parkhill and D
oiron 2003). B

ecause of the large size of 
glacial dispersal trains relative to the area of m

ineralized subcrop, till geochem
istry and lithology 

are effective m
ethods for detecting sulphide deposits (Shilts, 1993). G

eochem
ical patterns for 

m
ost elem

ents in basal till in areas of thin drift (<2 m
 thick) correlate w

ell w
ith the geochem

ical 
com

position of local source rocks. Furtherm
ore, dispersal trains (fans and ribbons) as defined by 

the geochem
ical com

position of the <0.063 m
m

 fraction of till in the area are typically short 
(<500 m

) and narrow
 (<400 m

). Fragm
ents/clasts of m

ineralized rock cannot be detected as far 
dow

n-ice as anom
alous concentrations of ore-associated elem

ents in the fine-grained till 
com

ponent (<0.063 m
m

). This fact is related to decrease in clast size dow
n-ice due to the 

crushing and grinding action of the glacier. In north-central N
ew

 B
runsw

ick, the m
ain direction 

of glacial transport w
as east to northeast. In the eastern part of the area, the glacial transport 

direction w
as m

ore to the north-northeast. Som
e variations in transport direction have occurred 

w
here ice has shifted around topographic obstacles, such as the M

iram
ichi H

ighlands and the 
C

B
V

. Typically, bedrock sources for geochem
ically anom

alous basal till are <0.5-1 km
 up-ice, 

and locally are <200 m
 up-ice. Postglacial processes, the influence of G

lacial Lake Sevogle and 
the G

oldthw
ait Sea, and chem

ical and m
echanical rem

obilization, have redistributed elem
ents in 

the upper 1 to 2 m
 of till and other surficial sedim

ents (B
oyle 2003). 

 
Since the till is thin (generally <2 m

) and contains a high proportion of local bedrock m
aterial 

(usually >75%
), the till geochem

istry should reflect the underlying bedrock unit. A
s expected, 

basal till from
 sam

ple sites around and dow
n-ice of som

e of the m
assive-sulphide deposits 

contained anom
alous base-m

etal values. The geochem
ical anom

alies extend dow
n-ice for a few
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hundred m
eters from

 m
ineralized sources. A

s a result, dispersal trains som
etim

es are difficult to 
delineate using data for the 2 km

-spaced till sam
ples. C

lear regional geochem
ical patterns exist 

and w
hen these are com

bined w
ith the detailed studies at the H

alfm
ile Lake, R

estigouche, 
G

randroy, and C
N

E deposits, a m
odel of glacial dispersal can be developed. 

 
Ice flow

 patterns indicated by striations do not alw
ays correspond to the transport/deposition 

directions of till. Till units w
ith different transport and depositional histories can occur close 

together, separated only by a topographical feature. C
learly, m

ore than a know
ledge of striation 

chronology is required for proper assessm
ent of till geochem

ical anom
alies in glaciated areas. 

Identification of the pebble fraction in till provides the m
ost reliable inform

ation on the 
com

position and bedrock source of each till unit. A
n understanding of local bedrock geology is 

essential w
hen analyzing till pebbles. Sm

all num
bers of pebbles containing sulphide m

ineralization 
and alteration w

ere found in till sam
ples throughout the B

M
C

, indicating possible m
ineral 

occurrences nearby. These m
ineralized/altered pebbles can be useful exploration tools w

hen 
com

bined w
ith a till geochem

ical survey.  
  

A
lthough w

e w
ill not visit any in this trip, m

any exploration trenches w
ere m

apped in northern 
N

ew
 Brunsw

ick. W
ith the lack of abundant exposures they serve to record: 1) stratigraphy, type and 

thickness of glacial sedim
ents and preglacially w

eathered bedrock; 2) reliable till fabrics in thick 
sections; 3) striations on fresh unw

eathered bedrock; 4) thick till units for profile geochem
ical 

sam
pling dow

n to the bedrock/till interface; and 5) exposures of glacially sheared bedrock. A
ll these 

data 
provide 

insights 
into 

till 
transport 

distances, 
directions 

and 
vertical 

variation 
in 

till 
geochem

istry. 
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 1: B
athurst to K

edgw
ick 

 
See Figure 2 for locations, and Figure 12 for stratigraphic position of bedrock units to be 

visited. B
egin log (0.0) at intersection of R

oute 11 and R
oute 180 (V

anier B
lvd. in C

ity of 
B

athurst).  Proceed w
est on R

oute 180. The accom
panying C

D
 contains photos of m

ost of the 
sites or in the case of som

e of the bedrock types, photos of pristine outcrops or type sections that 
w

ill not be visited on this trip. A
ppendices 1 and 2 at the end of the guide explain w

hat is in the 
individual photos and is linked by the self-explanatory nam

e of the jpeg. A
ppendix 1 is for the 

bedrock geology photos listed alphabetically by Form
ation or G

roup nam
e. A

ppendix 2 deals 
w

ith the Q
uaternary geology and physiography photos listed in the order of the field trip stops 

(i.e. B
8-01 etc). 

 Increm
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te. 180 cum
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27.0 km
 

 
Stop 1: G

lacial striations and roche m
outonée trending at 097º on pillow

 basalts of the C
anoe 

Landing Lake Form
ation (C

alifornia Lake G
roup, B

athurst Supergroup). N
ote the thin layer (<1 

m
) of greenish brow

n sandy/clay/loam
 basal till typical for m

ost of northern N
ew

 B
runsw

ick. 
 29.7 km

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
56.7 km

 
 

Stop 2: V
iew

 southw
est to the site of the M

urray B
rook M

ine, w
here gold w

as recovered from
 

gossan developed over a m
assive sulphide deposit. This is one of the few

 places in the B
athurst 

M
ining C

am
p w

here a significant thickness of gossan w
as preserved. The deposit lies in the lee 

side of a hill w
here it w

as protected from
 glacial erosion from

 the dom
inantly eastw

ard and 
subsequently northeastw

ard flow
ing ice (Jacquet and B

elledune flow
 patterns). 

 
R

estigouche M
assive Sulfide D

eposit  
  

The gossan cap at the R
estigouche m

assive sulphide deposit (Fig. 10) w
as also protected from

 
glacial erosion because of its position on the dow

n-ice side (lee side) of a bedrock topographic 
high, sim

ilar to the scenario at the M
urray B

rook deposit, located approxim
ately 10 km

 to the 
east (B

oyle 1995). In contrast, a gossan cap is absent from
 the C

-4 and C
-5 zones, located 1.3 km

 
northw

est of the m
ain R

estigouche deposit, because of their occurrence on top of a hill that w
as 

exposed to intense glacial erosion. O
rientations of striations, grooves and roche m

outonnées 
(Pronk, 1986; Parkhill, 1994), together w

ith till geochem
istry and the distribution of pebble and 

boulder erratics (Parkhill and D
oiron 2003), indicate a strongly erosive glacier crossed the 

R
estigouche and M

urray B
rook (Fig. 7) area tow

ards the east (070°-115°) (Jacquet Flow
 Pattern), 

follow
ed by a northeastw

ard ice flow
 (B

elledune Flow
 Pattern). The pebble fraction of the till is 

m
ade up prim

arily of felsic volcanic and sedim
entary clasts locally derived from

 the underlying 
Tetagouche and C

alifornia Lake groups (G
ow

er 1996). In general, m
ost of the area surrounding 

the R
estigouche and M

urray B
rook area (>95%

) is covered by unconsolidated m
aterial (till, 

glaciofluvial, organic, alluvial, and colluvial deposits) or regolith (Fig. 10).  
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The Restigouche , C-4 and C-5 deposits are overlain by basal till that is highly anom

alous in Cu, 
Pb, Zn, In , Sn and A

s. Indium
, Sn, Pb, and A

s concentrations in till have narrow
, w

ell defined 
ribbon-shaped glacial dispersal patterns trending 070º, sim

ilar to glacial striations in the area. These 
anom

alies generally decrease in intensity from
 east to w

est.  A
t the C-4 and C-5 zones, fresh sulfides 

are exposed in outcrop, and glacial dispersal of base m
etals extends a greater distance dow

n-ice than 
at the m

ain Restigouche deposit. A
 Zn anom

aly (750-6300 ppm
 over an area of 1 x 1.5 km

) is 
centered on the C-4 and C-5 zones and extends dow

n-ice for approxim
ately 2 km

, as w
ell as 

dow
nslope in the up-ice direction (hydrom

orphic dispersion). The effect of glacial erosion, 
transport and dispersal of m

etal-rich debris is m
ore apparent at the C

-4 and C
-5 zones than at the 

m
ain R

estigouche deposit. The till anom
alies from

 the C
-4 and C

-5 zones are 3 km
 long and 750 m

 
w

ide and are best defined by Pb, In, Sn, and A
s in the <0.063 m

m
 fraction of basal till, w

hich is 
indicative of m

echanical dispersal. The intense glacial erosion of the exposed C-4 and C-5 zones 
probably accounts for the high percentage (10-30%

) of clasts transported from
 Silurian-D

evonian 
rock units (up-ice side of the hill) and deposited in till w

ithin the detailed study area (dow
n-ice side 

of the hill). In contrast, the Zn anom
aly in till around the m

ain Restigouche deposit is sm
aller in size 

(approxim
ately 300 m

) and of m
uch low

er concentration (300-400 ppm
 except in sam

ples directly 
over the deposit). 
 10.7 km

  
Southeast U

psalquitch R
iver  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

67.4 km
 

 0.4 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
67.8 km

 
 

Stop 3: Shallow
 gravel pit in a kam

e terrace on the righthand (north) side of the road w
ith 

several exposures of the 554-543 M
a Southeast U

psalquitch R
iver G

abbro. These are the oldest 
rocks exposed in northern N

ew
 B

runsw
ick, and presum

ably represent a rem
nant of A

valon or 
other peri-G

ondw
anan terrane. The gabbro is unconform

ably overlain by M
iddle O

rdovician 
m

afic volcanic rocks of the Sorm
any Form

ation (Fournier G
roup, B

athurst Supergroup). N
ote 

the offset in the sm
all dyke cutting across the outcrop. 

 G
lacial striations and crag and tail features on the outcrop are trending at 089º (Jacquet Flow

 
Pattern).  The outcrop also displays a w

ell-defined stoss and lee form
 in the sam

e direction. This 
rock type has a sm

all outcrop area in only one location (point source) and is very distinct and 
easily recognizable in the pebble fraction of the basal till in the area. It is one of the best 
indicators of clast dispersal and w

as identified in till sam
ples up to 25 km

 dow
n-ice (Pronk and 

B
urton 1988). The kam

e terrace w
as actively exploited for aggregate until recently and the 

deposit of coarse pebble to m
edium

-cobble size m
aterial is 2 m

 thick. M
aterial up to stone and 

boulder size are also present. 
 2.4 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

70.2 km
 

 
Stop 4: Polym

ictic conglom
erate of the Late Silurian (Ludlovian) Sim

psons Field Form
ation 

(C
haleurs G

roup), w
hich unconform

ably overlies the Sorm
any Form

ation and contains clasts of 
serpentinite and basalt sourced from

 that unit, along w
ith clasts of the late N

eoproterozoic 
Southeast U

psalquitch R
iver G

abbro. 
 

Safety: Potential rockfall hazard 
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  Figure 12. Stratigraphic location of D

ay 1 bedrock stops. Locations of colum
ns 1 to 4 are show

n 
in Figure 1; stop locations on Figure 2. C

V
G

S – C
onnecticut V

alley-G
aspé Synclinorium

; A
PA

 
– 

A
roostook-Percé 

A
nticlinorium

; 
C

B
S 

– 
C

haleur 
B

ay 
Synclinorium

; 
U

P 
– 

Southeast 
U

psalquitch R
iver G

abbro; N
M

 – N
ew

 M
ills Form

ation; SC
 – South C

harlo Form
ation. 
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Increm
ent  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

te. 180 cum
ulative 

1.0 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
71.2 km

 
 

Stop 5: LaPlante Form
ation (C

haleurs G
roup). From

 east to w
est, rocks exposed here 

com
prise 

light 
grey 

fossiliferous 
calcarenite 

or 
fine-grained 

calcareous 
sandstone; 

thinly 
interbedded light grey fossiliferous lim

estone and brow
n-w

eathered fine-grained calcarenitic 
sandstone; and m

ore thickly-bedded, light greyish green calcareous m
udstone transitional to 

calcilutite.N
ear the w

est end of the outcrop is a lam
prophyre dyke.  

Safety: Potential rockfall hazard 
 2.1 km

 
Turn left on R

estigouche M
ine road  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

73.3 km
 

0.6 km
 

Turn left at old sideroad 
0.25 km

 Park and turn around beside borrow
 pit 

 Stop 6: A
long the north w

all of the pit are som
e exposures of w

hite reefal lim
estone of the 

LaPlante Form
ation (C

haleurs G
roup). The lim

estone displays a strong foliation, possibly related 
to the nearby Portage Lakes Fault, but the reefal fram

ew
ork is preserved in places. Several 

interm
ediate to m

afic dykes occur here, and in the trenches excavated on the access road to this 
site, they are associated w

ith pyrite-chalcopyrite-m
alachite m

ineralization.    
 

B
edrock and gossan at the R

estigouche and M
urray B

rook m
ines (Fig. 10) locally are overlain 

by thin (<2 m
) sandy-clay basal till that covers m

uch of the area, but in the case of the 
R

estigouche open pit m
ine a large part of the area close to the pit w

as barren of till and the 
overburden w

as thin and very rocky. The m
ine operators required a suitable clay rich m

aterial 
(basal till) to use as an underpad for their w

aste rock. Provincial governm
ent surficial m

apping 
discovered surface exposures of clay rich till in the area of this borrow

 pit (Parkhill and D
oiron 

2003; Fig. 9D
). Trenching and pitting together w

ith engineering tests led to this site being 
deem

ed adequate for excavation and use as the underpad at the m
ine site. The sm

all valley w
here 

this till w
as deposited is parallel to the m

ain east-northeast ice-flow
 direction and the basal till in 

this pit varies in thickness from
 ±1 m

 up to 5 m
. In places there is w

eathered bedrock under the 
till w

hich is also very clay rich and is probably the source rock for the till. Striated cobble to 
boulder size m

aterial is com
m

on but not in am
ounts that prohibit the till’s use as a good source 

w
ith m

inim
al processing for its intended use. The view

 looking to the w
est from

 the R
estigouche 

M
ine road is of the northern edge of the M

iram
ichi H

ighlands (Fig. 6A
). 

 
R

eturn to R
oute 180, resum

e cum
ulative log at 73.3 km

 
 4.4 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

77.7 km
  

 
Stop 7: R

eddish m
aroon, thin-bedded, non-calcareous siltstone and fine-grained m

icaceous 
sandstone of the G

reys G
ulch Form

ation (Tobique G
roup). G

raded bedding, parallel lam
ination 

and ripple cross-lam
inations are locally developed. 

 10.2 km
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

87.9 km
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Stop 8: Light greyish green, lam
inated, w

eakly calcareous, cross-bedded, m
icaceous siltstone 

and fine-grained sandstone of the W
apske Form

ation (Tobique G
roup).  

 The basal till at this site is very thin (<1 m
), locally derived (deform

ation till) and is present 
sporadically over the outcrop area. There is a fairly w

ell developed soil profile at this site. M
uch 

of the exposure is a veneer of shattered local bedrock. N
ote the scarcity of good exposures of 

basal till at m
any of the stops along R

oute 180 and in the K
edgw

ick H
ighlands. This is typical of 

m
uch of northern N

ew
 B

runsw
ick, especially the N

orthern M
iram

ichi H
ighlands, K

edgw
ick 

H
ighlands (see Fig. 9B

) and parts of the C
haleur U

plands in the eastern part of the K
edw

ick m
ap 

sheet (N
TS 21 O

/11 on Fig. 2) and this has an effect on basal till sam
pling program

s. In m
any 

places it can take intensive searches along kilom
eter length roadside exposures to find a suitable 

sam
ple m

edium
.  The abundance of in situ shattered rock veneer, deform

ation till, and colluvium
 

m
ake strict adherence to a sam

pling grid im
practical in a till sam

pling program
. 

 3.1 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
91.0 km

 
 

Stop 9: Scenic lookout at the northern edge of the M
iram

ichi H
ighlands. O

n a clear day Squaw
 

C
ap M

ountain 45 km
 to the north is clearly visible, as is M

ont St. Joseph in the southern G
aspé 

Peninsula. The rocks outcropping at this site are W
apske Form

ation sedim
entary rocks.  

Safety: W
atch out for slippery rock surfaces on the w

ay to the vantage point. 
 14.8 km

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
105.8 km

 
 

Stop 10: This is a long section of interbedded m
afic flow

s (pillow
 basalt, m

inor pillow
 breccia 

and hyaloclastite) and greenish grey, thin-bedded siltstone and fine-grained sandstone of the 
W

apske Form
ation. M

inor light green, felsic vitric-crystal tuff is also present. The sequence is 
intruded by a few

 m
afic sills. Som

e peperitic (like pepper?) breccia occurs at contacts betw
een 

the 
m

afic 
flow

s 
and 

sedim
entary 

rocks, 
accounting 

for 
local 

incorporation 
of 

fossils 
(brachiopods) into basalt. 

 There is very little overburden at this site. It is very rocky local broken bedrock w
ith little or 

no fine m
aterial. This site is w

ithin an area w
here Pronk (1987) sam

pled B
-horizon soil at m

any 
sites because of the alm

ost total absence of suitable till to sam
ple. Parkhill (2005) in the 

K
edgw

ick area (N
TS 21 O

/11 on Fig. 2), 10 km
 to the w

est describes a “N
o Till Zone”. The no 

till zone is underlain alm
ost exclusively by rocks of the G

rog B
rook G

roup. R
appol (1986) also 

describes an area of no till and few
 preserved striated outcrops in northw

estern N
ew

 B
runsw

ick. 
It is interesting to note that there is basal till at relatively the sam

e elevation im
m

ediately 
adjacent to thes areas of no till but the sites overlie different bedrock lithology in a lot of cases. 
There are also very few

 glacial striations preserved in these areas because the rocks w
eather and 

break up so easily. 
Safety: Potential rockfall hazard 
 3.7 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

109.5 km
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Stop 11: G
ravel pit in a kam

e terrace. The m
aterial is generally poorly sorted very fine to very 

coarse gravel that is subangular to angular. There are approxim
ately 5%

 cobbles and sm
all 

boulders present, and the m
atrix is coarse to very coarse sand (Seam

an 1985b). South of R
oute 

180, the deposit is m
uch thinner (approx. 3 m

) w
ith som

e stratification evident in the upper part 
of the section and w

eathered bedrock exposed in the floor of the pit. The deposit is very locally 
derived and there has been som

e w
ashing out of the fine m

aterial. The resource has been m
ore 

actively exploited in the m
uch thicker (15-20 m

) part of the deposit on the north side of R
oute 

180 w
here it has m

ore features characteristic of a glaciofluvial ice-contact deposit.  
 1.0 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

110.5 km
 

Turn left on R
oute 385 to M

ount C
arleton Provincial Park. The road is alongside the Little 

Tobique R
iver, w

hich here flow
s to the north before beginning its southw

estw
ard course to the 

Saint John R
iver and the B

ay of Fundy.  
 

 
 

 
 

 
 

 
 9.1 km

 
Park entrance; continue south on R

oute 385  
 0.4 km

 
 

Stop 12: Thin-bedded, greenish grey, lam
inated fine-grained sandstone of the W

apske 
Form

ation. Slickensides on one bedding surface plunge about 45° to the east, but the sense of 
bedding-parallel (reverse) m

ovem
ent is tow

ard the w
est. This stop is located just w

est of the 
B

lue B
ell-M

am
ozekel Fault, w

hich is a m
ajor splay of, and runs parallel to, the R

ocky B
rook-

M
illstream

 Fault. D
isplacem

ent on the north-south trending segm
ents of these and other faults 

such as the M
cK

enzie G
ulch, is interpreted to be dom

inantly vertical.    
 R

eturn to Park entrance, turn right tow
ards visitor’s centre  

 
 

 
 

C
um

. distance
from

 visitor’s centre 
 1.2 km

 
Turn left and cross Little Tobique R

iver  
 

 
 

 
 

 
 

 
 

 
 

 
1.2 km

 
 4.8 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

6.0 km
 

 
 

Stop 13: Sedim
entary, volcanic and volcaniclastic rocks of the W

apske Form
ation. A

ll the 
rocks here are very strongly foliated, and include grey or greenish grey m

udstone (slate), and 
several irregular beds of a green, felsic fragm

ental rock. The latter appears to have been 
em

placed as subaqueous pyroclastic flow
s or redeposited volcanic debris (i.e., m

ass flow
s). They 

locally contain elongate rip-ups of underlying m
udstone. A

t the east end of the outcrop are thin 
beds of m

udstone containing abundant volcanic clasts; it is not clear w
hether this is eroded and 

redeposited debris, or sourced from
 contem

poraneous distal volcanic activity. A
 narrow

 (1.5 m
) 

unit of greenish grey porphyritic rhyolite is also present. The apparent fragm
ental nature of the 

rhyolite is a result of inhom
ogenous devitrification and chloritic alteration of relict glassy 

dom
ains.  

 Sagam
ook M

ountain, on the opposite (south) side of N
ictau Lake, is the northern end of the 

M
ount C

arleton “m
assif”. B

oth m
ountains are underlain by m

aroon to greyish brow
n porphyritic 
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rhyolite thought to have been em
placed as extrusive dom

es, and m
inor related felsic fragm

ental 
rocks.  
 

G
lacial striations on the east side of the large outcrop are trending tow

ards 112º, w
hich is 

subparallel to the large U
-shaped valley that N

ictau Lake and the Little Tobique R
iver occupy on 

the north side of the M
ount C

arleton m
assif. The striations are offset approxim

ately 15 cm
 by 

post glacial tectonic m
ovem

ent along the prom
inent cleavage in the rocks. The central part of 

this large outcrop area also has the look of a pop-up or possibly a tor. From
 this vantage point 

you can look to the south and see the tors on M
ount Sagam

ook and also the scree slopes. The 
basal till at this site is thin (< 0.5m

), greenish brow
n, and has a sandy to silty texture. 

 0.4 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

6.4 km
 

 
Stop 14: Sedim

entary and volcaniclastic rocks of the W
apske Form

ation. G
rey m

udstone 
(slate) and fine-grained sandstone at w

est end of the outcrop passes into m
udstone containing 

increasing am
ounts of volcanic detritus, presum

ed to reflect redeposition of m
aterial derived 

from
 the flanks of a subaqueous volcanic edifice. Large, irregular clasts seen in m

udstone at one 
point are interpreted as rafted pum

ice from
 an eruption occurring possibly a considerable 

distance aw
ay. Som

e of the fragm
ental, volcaniclastic or epiclastic beds display soft sedim

ent 
slum

p features, e.g., irregularity in strike and thickness, and probably reflect seism
ic instability. 

In thin section, som
e epiclastic rocks can be recognized as hyalotuffs, i.e., rew

orked felsic 
hyaloclastites, w

hich are com
m

only spatially associated w
ith felsic flow

s and dom
es in the 

Tobique region. N
ear the east end of the outcrop, volcaniclastic m

ass flow
s are interbedded w

ith 
thick beds of lam

inated feldspathic to arkosic sandstone. N
ote the thin basal till containing gravel 

to boulder size m
aterial in a fine silty m

atrix. 
 2.3 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
8.7 km

 
 Stop 15: The exposure at this site is part of a sm

all esker that extends as a peninsula to the 
south into N

ictau Lake. A
 lot of the m

aterial in the exposure is fine sand. Seam
an (1985b) 

estim
ated 50, 000 cubic m

eters of fine sand dom
inated m

aterial w
ith m

inor am
ounts of coarser 

m
aterial. Looking south is a spectacular view

 of M
ount Sagam

ook and the tors near the sum
m

it. 
M

ount Sagam
ook is likely the highest relief one can see in the province of N

ew
 B

runsw
ick. 

Y
ears ago there w

ere plans draw
n up to turn this area into a w

inter resort but decreasing funding 
levels to the Park in recent years have raised som

e concerns regarding the future of this jew
el of 

northern N
ew

 B
runsw

ick.  
 R

eturn to R
oute 180, resum

e cum
ulative log at 110.5 km

.  
 

 
 

 
 

  R
te. 180 cum

ulative 
 1.2 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

111.7 km
 

 
Stop 16: Thin-bedded, dark grey, non-calcareous m

udstone and fine-grained sandstone of the 
B

oland B
rook Form

ation (G
rog B

rook G
roup) is exposed in m

ost of this section. A
t the w

est end 
of the outcrop, calcareous beds becom

e m
ore com

m
on tow

ard the gradational contact w
ith the 

overlying Pabos Form
ation (M

atapédia G
roup). N

orm
ally, calcareous siltstones of the Pabos 

Form
ation are readily distinguished from

 the B
oland B

rook Form
ation, but here at the contact 



 
56

there is little outw
ard distinction. The W

hites B
rook Form

ation (upper part of the G
rog B

rook 
G

roup in the A
roostook-Percé A

nticlinorium
) is absent at this location. The B

oland B
rook 

Form
ation w

ill not be seen at any of the stops in the A
nticlinorium

, as the better exposures are 
not quickly or easily accessible; how

ever, this outcrop is typical of the B
oland B

rook. A
n 

excellent B
oland B

rook section is exposed on the low
er part of the U

psalquitch R
iver, but cannot 

be view
ed at this tim

e of year because of high w
ater. See jpg’s on the enclosed C

D
 for photos 

from
 this section.   

 28.0 km
  Turn left on R

oute 260 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
139.7 km

 
 1.3 km

   
 

 
Stop 17: Scenic view

 looking northw
est at the lush green farm

land of the Saint Q
uentin 

Plateau area of the C
haleur U

plands underlain m
ainly by rocks of the M

atapédia G
roup. Further 

to the northw
est are the K

edgw
ick H

ighlands, the highest parts of the Edm
undston H

ighlands 
physiograpic region. Soils and till developed on the M

atapédia G
roup are nutrient rich and 

studies have proven the increase in tree grow
th in areas underlain by these rocks versus those 

areas underlain by rocks of the G
rog B

rook and C
haleurs groups (van G

roenew
oud and 

R
uitenberg 1982). M

any of the soils here are too shallow
 for potatoes. Further to the south in the 

G
rand Falls/Florenceville area these soils produce N

ew
 B

runsw
ick’s largest agricultural cash 

crop, the ‘seed’ of the M
cC

ain food em
pire.  

 R
eturn to R

oute 180, resum
e cum

ulative log at 139.7 km
 

 2.8 km
 

End of R
oute 180, turn right on R

oute 17  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

142.5 km
 

 Increm
ent  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
te. 17 cum

ulative 
11.0 km

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
11.0 km

 
 

Stop 18: A
ctive gravel pit exposing a 10 m

 section of glaciofluvial ice-contact m
aterial in the 

“K
edgw

ick” esker (C
ooper 1986). The m

aterial has a w
ide size range from

 fine sand to coarse 
gravel and cobbles and together w

ith the high percent of fines presents a problem
 in term

s of 
usefulness (Fig. 9E). Looking at the section it is evident that there has been som

e slum
ping and 

post glacial offsets (m
icro-faulting) of the beds. B

edding has a slight southerly dip (178º) and the 
core of the esker contains m

ore coarse m
aterial w

ith a draping (overlap sequence) of finer 
m

aterial to the east and w
est flanks (C

ooper 1986). G
lacial striations reported by C

ooper (1986) 
trending at 220º and possibly indicating m

ovem
ent associated w

ith the Salm
on R

iver-Tobique 
R

iver Flow
 Pattern (Fig. 7) could not be ascertained. They m

ay be m
ore likely at 040º, sim

ilar to 
the secondary m

ovem
ent discussed earlier at the nearby Legacy deposit. 

 4.1 km
 

Turn left on R
oute 265 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

15.1 km
 

 Increm
ent  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
K

edgw
ick R

. cum
ulative 

2.7 km
 

Turn left on du M
oulin R

oad  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

2.7 km
 

 2.8 km
 

Turn left on Q
uatre M

illes R
oad  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
5.5 km
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 7.4 km
 

C
ross R

estigouche R
iver, turn right on R

apids D
epot R

oad 
 

 
 

 
 

 
 

 
12.9 km

 
 

 
 

 
N

ote, just to the south, the containm
ent structure in the alluvial terrace, protecting the 

riverbank from
 erosion. 

10.7 km
  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

23.6 km
  

 
Stop 19: G

rey, strongly cleaved, lam
inated fine-grained sandstone of the G

ounam
itz Lake 

Form
ation (Perham

 G
roup). 

 0.3 km
 

Falls B
rook and R

estigouche Fault  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
23.9 km

 
 0.3 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

24.2 km
 

 
Stop 20: Light grey, pink-brow

n w
eathered, thick-bedded fine-grained sandstone of the Tracy 

B
rook Form

ation (Fortin G
roup). G

raptolites can be found in som
e of the rubble strew

n along 
the edge of the w

oods; the age of graptolites in the Tracy B
rook straddles the Silurian-D

evonian 
boundary.  
 8.2 Turn left on C

learw
ater R

oad 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

32.4 km
 

 0.25 km
 

 
Stop 21: O

utcrop of Tem
iscouata Form

ation sandstone in the K
edw

ick river valley, show
ing 

evidence of 2 phases of glacial flow
. The first is at 155º (parallel to the m

arker) and represents 
the C

aledonia Flow
 Pattern. Second is the 122º set (G

ounam
itz Flow

 Pattern). Ice flow
 w

as from
 

the left to right in the photo.  
 R

eturn to R
apids D

epot R
oad, resum

e cum
ulative log at 32.4 km

. 
 12.1 km

 Turn right on States Lake R
oad  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

44.5 km
 

N
ote the w

ide deeply incised valley of the K
edgw

ick R
iver and the sections of alluvial 

and glaciofluvial m
aterial in riverbank exposures. 

 
0.6 km

 
C

ross K
edgw

ick R
iver and turn right on W

halens R
oad  

 
 

 
 

 
 

 
 

 
45.1 km

 
 0.1 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

45.2 km
 

 
Stop 22: G

ravel pit w
ith a 10 m

 section of stratified and terraced glaciofluvial outw
ash sand 

and gravel (C
ooper 1986). The deposit is part of an extensive area of glaciofluvial and alluvial 

sand and gravel m
aterial in the K

edgw
ick river valley. 

 0.1 km
 

Turn left  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
45.3 km

 
0.2 km

 
Turn right  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
45.5 km

 
0.2 km

 
Park vans and w

alk 300 m
 uphill  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
45.7 km
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Stop 23: Interbedded m
udstone (slate) and m

edium
-grained feldspathic sandstone of the 

Tem
iscouata Form

ation (Fortin G
roup). This stop consists of a series of roadside outcrops on a 

steep hill that provides a sw
eeping overview

 of the K
edgw

ick R
iver valley and “K

edgw
ick 

N
otch”. B

edding-cleavage relationships in the outcrops indicate the presence of a fold closure 
(syncline) partw

ay up the hill. H
ow

ever, bedding attitudes at or near the nose of the fold vary 
from

 near vertical to near horizontal, im
plying that the tectonic fold overprints a prim

ary, soft-
sedim

ent slum
p fold. Sedim

entary structures such as graded bedding and load casts indicate 
deposition as turbid flow

s, in a relatively deep-w
ater, probably seism

ically active environm
ent. 

 This stop contains m
any glacial features along this 200 m

 section of a recent clear cut road. 
Looking to the w

est up the K
edgw

ick R
iver valley is “K

edgw
ick N

otch”, a w
ide U

-shaped valley 
oriented in a southeast direction and one of the m

ost scenic areas in northern N
ew

 B
runsw

ick. 
This valley w

as a m
ain avenue for active glaciers (m

any striation sites) in the K
edgw

ick 
H

ighlands and also w
as a m

ain m
eltw

ater channel. Tw
o sets of glacial striations are preserved on 

outcrops at this stop and both sets have orientations reflecting their close proxim
ity to the 

K
edgw

ick R
iver valley. O

ne is at 095º and the other is betw
een 140º and 149º. N

o clear 
crosscutting relationship could be determ

ined but they are thought to be late features related to 
the G

ounam
itz Flow

 Pattern (Fig. 7). O
n one of the outcrops the striations are offset by post 

glacial tectonic m
ovem

ent along the prom
inent cleavage (Fig. 9A

). A
long the section the 

overburden is thin and ranges from
 colluvium

 and rock veneer to a thin basal till sm
eared on to 

the bedrock. In places this till is overlain by a sand-and-gravel dom
inated unit that could be 

interpreted as ablation till or possibly have a glaciofluvial origin. A
gain, it is easy to see w

hy 
obtaining a constant sam

ple m
edium

 is so difficult in this terrain. A
t this site and on the hills in 

the K
edgw

ick N
otch area, there are scattered quartzite stone and boulder erratics transported up 

to 75 km
 from

 the V
al-B

rillant Form
ation in G

aspésie (Fig. 9B
) and som

e granite boulders that 
are probably transported from

 the C
anadian Shield (Fig. 9C

). W
e are in the area w

here R
appol 

and R
ussell (1989) did detailed boulder counts. 

 R
eturn to intersection of R

oute 265 and du M
oulin R

oad. Proceed straight ahead (east) on du 
M

oulin R
oad. 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

88.7 km
 

 0.3 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
89.0 km

 
 Stop 24: M

edium
-bedded light grey sandstone intercalated w

ith thinner beds of dark grey 
m

udstone, W
hites B

rook Form
ation (G

rog B
rook G

roup). B
asal till here is less than 1 m

 thick 
and is clast supported (up to cobble size fragm

ents) in a sandy to clayey m
atrix. 

Safety: R
ockfall hazard 

 2.5 km
 

Turn right on R
ang 7-8 R

oad  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

91.5 km
 

 1.8 km
 

Turn left on R
oute 17  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

93.3 km
 

 0.5 km
 

O
’R

egal M
otel, K

edgw
ick, N

ew
 B

runsw
ick – end of D

ay 1  
 

 
 

 
 

 
 

93.8 km
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D
A

Y
 2: K

edgw
ick to C

am
pbellton 

 See Figure 2 for locations, and Figure 13 for stratigraphic position of bedrock units to be visited. 
B

egin log (0.0) at O
’R

egal M
otel, and proceed north on R

oute 17. 
 Increm

ent  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
oute 17 cum

ulative 
43.6  km

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
43.6 km

 
 

Stop 25: Squaw
 C

ap M
ountain scenic lookout. V

iew
 looking east tow

ards Squaw
 C

ap (on the 
right) and Slate m

ountains, m
onadnocks w

ithin the gently rolling C
haleur U

plands. The rock 
type of the m

ountains is a fine grained felsic subvolcanic intrusion. N
ote the scree slopes on 

Squaw
 C

ap. Pronk and Parkhill (1988) discovered pebble erratics from
 the G

rog B
rook G

roup in 
thin till near the sum

m
it of Slate M

ountain. The site w
as protected from

 subsequent glacial 
erosion and post glacial slope processes on the east side (dow

n-ice) side of the m
ountain. 

 3.1 km
 

Turn left on W
yers B

rook R
oad 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

46.7 km
 

 2.7 km
 

 
Stop 26: The Sellarsville Fault is exposed at this large outcrop, w

here the W
hites B

rook 
Form

ation (G
rog B

rook G
roup) on the w

est side of the fault, is em
placed over the Pabos 

Form
ation (M

atapédia G
roup) to the east. Thin-bedded calcilutite in the im

m
ediate footw

all of 
the fault m

ay actually be W
hite H

ead Form
ation, but they are not extensive and m

ost exposures 
on the east side of the fault are typical of Pabos Form

ation. H
ow

ever, a thin sliver of W
hite H

ead 
cannot be discounted. The Sellarsville Fault is characterized by dom

inantly brittle deform
ation. 

The fault is interpreted to be a late Early D
evonian or early M

iddle D
evonian structure, as 

m
ovem

ent on the fault postdates the A
cadian folding but predates late A

cadian dextral strike-slip 
faulting. N

ote the alluvial terraces along the R
estigouche and U

psalquitch river valleys. 
Safety: R

ockfall hazard 
 R

eturn to R
oute 17 

Turn left across U
psalquitch R

iver bridge; resum
e cum

ulative log at 46.7 km
 

 3.4 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
50.1 km

 
 

Stop 27: Excellent roadcut of W
hites B

rook Form
ation (G

rog B
rook G

roup). M
edium

- to 
thick (10 cm

 to > 1 m
) beds of non-calcareous, m

edium
- to coarse-grained, light greyish green 

sandstone are intercalated w
ith m

uch thinner beds (generally 2-8 cm
, rarely up to 1 m

) of dark 
grey non-calcareous shale. O

ne sequence of sandstone is about 10 m
 thick. The sandstone 

displays graded beds, parallel- and cross-lam
ination, and contains shale rip-ups, all consistent 

w
ith em

placem
ent by turbid flow

s. Locally, beds of very coarse sandstone or pebbly sandstone 
are present. In the eastern part of the outcrop, sedim

entary rocks becom
e thinner bedded, darker 

grey and m
uch m

ore calcareous, at the interpreted gradational contact w
ith the Pabos Form

ation. 
The contact has been placed about 15 m

 w
est of a 35 m

-w
ide dyke of pinkish grey felsite.      

Safety: R
ockfall hazard 
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 Figure 13. Stratigraphic location of D

ay 2 bedrock stops. Locations of colum
ns 1 to 4 are show

n 
in Figure 1; stop locations on Figure 2; abbreviations as in Figure 12. 
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1.8 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
51.9 km

 
 

Stop 28: Sm
all gravel pit in an esker trending southw

est-northeast parallel to highw
ay 17, in 

the valley betw
een Squaw

 C
ap and Slate m

ountains. The glaciofluvial ice-contact m
aterial is 

poorly sorted and has a large size range from
 silt to boulder size and the section is up to 6 m

 
thick. Finam

ore (1979) tested the m
aterial and found it to be a very m

arginal quality sub-base. 
 2.4 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

54.3 km
 

 
Stop 29: Thin- to m

edium
-bedded calcareous sedim

entary rocks of the Indian Point Form
ation 

(C
haleurs G

roup). The southern part of the outcrop is m
ainly fossiliferous, light grey to “bluish” 

grey, locally feldspathic, fine- to m
edium

-grained, parallel lam
inated calcareous sandstone 

gradational to calcarenite. The northern part is m
ainly “bluish” grey, calcareous m

udstone 
gradational to calcilutite. The transitional zone is characterized by thin bands or lenses, and one 
2-m

 bed, of light grey fossiliferous lim
estone. M

ost of the fossils present here are corals.  
 1.2 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

55.5 km
 

 
Stop 30: Large exposure of Indian Point Form

ation (C
haleurs G

roup). M
ost of the outcrop is 

m
edium

 to dark grey or “bluish” grey, m
edium

-bedded, non-calcareous to w
eakly calcareous 

m
udstone and fine-grained sandstone. Som

e beds are thicker, especially at the north end, just 
past a 1.5 m

 bed of dark grey m
udstone densely packed w

ith rugose corals. This is probably a 
m

ass flow
 as there is evidence of scouring of the underlying bed; therefore, the corals are a death 

com
m

unity transported from
 their grow

th site. C
orals are found in distinct 1-4 m

 intervals 
throughout the section, separated by non-fossiliferous intervals. B

oth rugose and colonial corals 
are present, though not together in a given bed.   
 3.8 km

 
Turn left on Evergreen R

oad  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

59.3 km
 

 4.2 km
 

Turn right on R
oute 134 

 Increm
ent  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

oute 134 cum
ulative 

3.9 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

3.9 km
 

 
Stop 31: D

ark grey, thin-bedded calcareous siltstone (rarely fine-grained sandstone) and 
calcilutite of the Pabos Form

ation (M
atapédia G

roup). The m
ore calcareous beds w

eather to a 
light brow

n colour. This outcrop is located just w
est of the Sellarsville Fault, w

here cleavage 
developm

ent is m
uch better than on the east side. Therm

al m
aturation studies (conodont colour 

alteration, vitrinite reflectance, illite crystallinity) indicate that burial depths w
ere m

uch less on 
the east side of the Sellarsville Fault, im

plying that vertical displacem
ent along the fault m

ust 
have been significant. A

 few
 diabase sills are present here. 

Safety: T
raffic hazard (narrow

 w
inding road); rockfall hazard 

 1.3 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

5.2 km
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Stop 32: Thin-bedded calcilutite and m
inor calcareous siltstone of the W

hite H
ead Form

ation 
(M

atapédia G
roup). There is alm

ost continuous outcrop betw
een stops 31 and 32, and the 

gradational Pabos-W
hite H

ead contact, characterized by a higher proportion of carbonate in the 
latter, is virtually im

perceptible. The rocks exposed here, in the low
er part of the W

hite H
ead 

Form
ation, are late A

shgillian and referred to as the B
urm

ingham
 M

em
ber in the G

aspé 
Peninsula. The strata here dip northw

est, on the east lim
b of the C

hessers B
rook Syncline. 

Safety: T
raffic hazard (narrow

 w
inding road); rockfall hazard  

 6.6 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
11.8 km

 
 

Stop 33: D
iverse lithotypes of the Pabos Form

ation (M
atapédia G

roup). This outcrop is 
situated on the w

est lim
b of the C

hessers B
rook Syncline, just below

 the W
hite H

ead contact. In 
addition to thin-bedded calcareous siltstone and calcilutite, w

hich dom
inate the Pabos, there are 

thicker beds of w
eakly to strongly calcareous sandstone, grit and coarse lithic w

acke. Som
e 

intraform
ational conglom

erate is also present in a 20 cm
 bed (calcareous siltstone clasts in a 

calcareous grit m
atrix), and at the southern end of the outcrop, thin-bedded calcareous slate 

(m
udstone). A

 few
 diabase dykes are present; sw

arm
s of sim

ilar dykes characterize the 
M

atapédia G
roup along this part of R

estigouche R
iver. The basal till is thin (<1 m

) here.   
 3.2 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

15.0 km
 

 
Stop 34: A

 very large outcrop of thin-bedded silty calcilutite and calcareous siltstone of the 
W

hite H
ead Form

ation (M
atapédia G

roup), containing abundant thin beds and lam
inae of light 

grey fine-grained sandstone. A
t the w

est end of the outcrop are a diabase dyke and associated 
sill, and a north-south striking m

inor fault w
ith dow

nthrow
 on the w

est side. A
t the east end the 

beds are folded into an anticline-syncline pair. 
Safety: R

ockfall hazard 
 0.4 km

 
B

ridge to M
atapédia, Q

uébec 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

15.4 km
 

 
 

 
 

C
ontinue eastw

ard on R
oute 134 along the south side of the R

estigouche R
iver. 

 4.0 km
 

Turn right on Flatlands R
oad  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
19.4 km

 
 4.0 km

 
Turn right on R

oute 17 
 0.3 km

 
 

Stop 35: Fossiliferous sedim
entary rocks of the Indian Point Form

ation (C
haleurs G

roup). 
Strongly calcareous siltstone or fine-grained calcarenite on the w

est side of the outcrop, is 
succeeded to the east by 4 m

 of lim
estone conglom

erate, follow
ed by interbedded light grey, 

fine-grained calcarenite and darker grey, fine-grained calcareous sandstone. The lim
estone 

conglom
erate consists of w

ell-rounded cobbles of light grey calcilutite of the W
hite H

ead 
Form

ation, indicating that the latter had locally been exhum
ed and w

as undergoing erosion by 
approxim

ately 
the 

m
iddle 

Lochkovian. 
(The 

W
hite 

H
ead 

identification 
is 

confirm
ed 

by 
A

shgillian to Llandoverian conodonts in the cobbles.) M
ore conglom

erate is exposed just to the 
east (behind the fire hall), and in the hills to the south, w

here total thickness m
ay exceed 150 m

. 
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B
ehind the fire hall a section of approxim

ately 1 to 2 m
 of greenish brow

n clast supported basal 
till w

ith a sandy/clayey/loam
y texture is exposed. 

 R
everse direction, drive north on R

te. 17 tow
ard C

am
pbellton 

 4.0 km
 

Turn right on R
oute 275  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 Increm

ent  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

R
oute 275 cum

ulative 
14.8 km

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 14.8 km

 
 

Stop 36: M
edium

 grey, thin-bedded, m
oderately calcareous siltstone of the U

psalquitch 
Form

ation. B
row

n-w
eathered calcareous lam

inae and cross-bedded irregular bands lenses of 
calcareous sandstone are typical of the U

psalquitch Form
ation. The U

psalquitch Form
ation w

as 
deposited in a slope environm

ent, and the bedform
s reflect deposition by decelerating flow

s, 
alternating w

ith norm
al hem

ipelagic sedim
entation.   

Safety: T
raffic hazard 

 2.0 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 16.8 km

 
 

Stop 37: From
 this scenic lookout in M

cK
endrick atop the C

am
pbellton H

ills physiographic 
subdivision, one can see the M

iram
ichi H

ighlands to the south, the G
aspésie to the north and 

look east tow
ards the tow

n of D
alhousie and out tow

ards the B
aie des C

haleurs. The B
aie des 

C
haleurs w

as recently designated as one of the m
ost beautiful B

ays in the w
orld. 

 5.4 km
 

Turn left on R
oute 270 (V

al d’A
m

our R
oad)  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 22.2 km
 

 Increm
ent  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

oute 270 cum
ulative 

(R
oute 270 is a busy, narrow

, and w
inding highw

ay that leads north to Sugarloaf M
ountain and 

C
am

pbellton. A
lthough there are m

any excellent outcrops w
hich form

 the type section of the V
al 

d’A
m

our Form
ation (Low

er D
evonian D

alhousie G
roup), the traffic hazard here is considered 

too extrem
e to include these exposures in the field trip). 

 8.4 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

8.4 km
  

 
Stop 38: Sugarloaf Provincial Park. Participants m

ay use this stop to use the facilities, as w
ell 

as look at som
e rock exposures (m

afic to interm
ediate volcanic rocks of the V

al d’A
m

our 
Form

ation). 
 R

eturn to R
oute 270, turn right and proceed past R

oute 11 overpass. 
0.9 km

 
Turn left at traffic lights onto B

eauvista D
rive (A

tholville)  
 

 
 

 
 

 
 

 
 

9.3 km
  

 1.1 km
 

B
eauvista D

rive ends at R
oute 134 in A

tholville; turn left 
 0.1 km

 
Park along N

B
 Trail on right side of street (beside Tae K

w
on D

o centre). C
ross 

R
ailroad tracks on north side of street and continue through bushes to the shore of the 

R
estigouche R

iver estuary. 
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Stop 39: G
rey to greenish grey, thin-bedded, calcareous to non-calcareous m

udstone and 
m

icaceous, locally cross-lam
inated fine-grained sandstone of the C

am
pbellton Form

ation. This 
section com

prises the “A
tholville beds”, from

 w
hich diverse vertebrate and invertebrate fossils 

have been recovered over the past 125 years (M
iller 1996 and M

iller et al. 2003, and references 
therein). A

m
ong the fossils found here are a very large eurypterid specim

en, and the oldest 
articulated shark rem

ains yet identified. Form
erly interpreted as a fluvial-lacustrine sequence, 

fossil assem
blages, at least in the A

tholville area, are now
 considered m

ore consistent w
ith 

lagoonal and estuarine environm
ents w

ith a m
arine connection (M

iller et al. 2003). Farther east, 
redbeds and pebble-cobble conglom

erates higher in the C
am

pbellton stratigraphy probably 
indicate that a fluvial/alluvial environm

ent evolved over tim
e. Please do not ham

m
er bedrock 

indiscrim
inately searching for fossils, as a trained eye is often needed to identify specim

ens and 
valuable m

aterial m
ay be destroyed; there is abundant loose rock on the beach that m

ay be 
exam

ined and broken. The section of overburden is slum
ped in m

uch of this section and a good 
exposure could not be found. The slum

ped m
aterial is very clayey and is probably of 

glaciom
arine origin. 

Safety: R
ailroad crossing and steep bank on w

alk dow
n to shore. 

 R
etrace route through B

eauvista D
rive to R

oute 270 (V
al d’A

m
our R

oad), and turn right. Take 
R

oute 11 (south) exit to D
alhousie and B

athurst.  
 2.8 km

 
Exit 412, C

am
pbellton 

 0.4 km
 

Turn left on Sunset D
rive at stop sign 

 0.3 km
 

Turn right on C
entennial D

rive, park near outcrop. 
 

Stop 40: Felsic volcanic and volcaniclastic rocks of the V
al d’A

m
our Form

ation (D
alhousie 

G
roup): tw

o-part stop. First, w
e w

ill look at the pink, flow
-layered rhyolite on C

entennial D
rive. 

These felsic volcanic rocks form
 the upper part of the V

al d’A
m

our Form
ation, and a sam

ple of 
rhyolite from

 this outcrop yielded a U
-Pb (zircon) age of 407.4 ± 0.7 M

a (W
ilson et al. 2004). 

The rhyolite overlies a very coarse volcanic boulder-cobble conglom
erate, w

ell-exposed around 
the corner of Sunset D

rive, along the exit ram
p from

 R
oute 11. A

s discussed in the m
ain text of 

this guidebook, the conglom
erate com

prises very w
ell-rounded andesitic boulders w

ith a 
tuffaceous-volcaniclastic m

atrix that is lithologically identical to the boulders them
selves. It is 

interpreted as an alluvial deposit of som
e sort, although it appears to lack any siliciclastic 

m
aterial (quartz or feldspar grains) in the volcaniclastic m

atrix. O
n the other hand, it cannot be a 

prim
ary volcanic deposit because of the extent of rounding of the boulders. Participants are 

encouraged to share their ow
n opinions. 

 E
nd of D

ay 2. R
eturn to Sunset D

rive, turn right and continue to intersection just past underpass. 
Turn left on R

am
say Street and continue to end of R

am
say, w

here it m
erges w

ith Salm
on B

lvd. 
at the C

ivic A
rena. Follow

 Salm
on B

lvd. alm
ost to the V

an H
orne B

ridge to Q
uébec. H

ow
ard 

Johnsons is on the left, very near the bridge ram
p.    
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D
A

Y
 3: C

am
pbellton to B

athurst 
 See Figure 2 for locations, and Figure 14 for stratigraphic position of bedrock units to be visited. 
R

eturn to R
oute 11 by retracing route along Salm

on B
lvd., R

am
say St. and Sunset D

rive, and 
begin log (0.0) at Exit 412 on R

oute 11.  Proceed south tow
ard D

alhousie and B
athurst. 

 Increm
ent  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
  R

oute 11 cum
ulative 

4.4 km
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

4.4 km
  

 
Stop 41: Scenic view

 of C
ity of C

am
pbellton, Sugarloaf M

ountain and the B
aie des C

haleurs. 
 8.8 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 13.2 km
 

 
Stop 42: B

rick-red terrestrial conglom
erate of the late early C

arboniferous B
onaventure 

Form
ation (M

abou G
roup). B

asal till approxim
ately 1 m

 thick is exposed in a section overlying 
bedrock. The till is red, has a clayey texture and contains m

any pebbles from
 the M

atapédia 
G

roup. These pebbles w
ere plucked from

 the underlying C
arboniferous conglom

erate w
here they 

are an abundant clast type. They are not an indication of glacial dispersal of 20 km
 or m

ore from
 

the closest outcrop of the M
atapédia G

roup.  
 7.9 km

 
Take Exit 391A

 for D
alhousie and Eel R

iver B
ar  

 
 

 
 

 
 

 
 

 
 

 
 

21.1 km
 

 From
 exit ram

p, proceed east on R
oute 275; distance is m

easured from
 R

oute 275 overpass on 
R

oute 11. 
 2.5 km

 
Turn right on R

oute 134 
 0.1 km

 
Turn left on Therm

al Lane to security gate at N
B

 Pow
er electrical generating station.  

 
 

Stop 43:  
 

Safety: R
ockfall hazard 

 
M

afic volcanic and fossiliferous sedim
entary rocks in the low

er part of the V
al d’A

m
our 

Form
ation (D

alhousie G
roup). These coastal exposures are the original type section of the 

D
alhousie “Form

ation”. The rocks have been studied for about 140 years, dating back to Logan 
et al. (1863), and notably including Clarke (1909), w

ho provided a detailed account of the 
stratigraphy and paleontology of the D

alhousie section, establishing it as one of the tw
o best 

representatives of the Low
er D

evonian in N
orth A

m
erica. H

ow
ard (1926) studied the associated 

igneous rocks and attem
pted to relate them

 to different volcanic source areas. H
e designated som

e 
of the m

afic volcanic rocks at the type section as the Barberie A
ndesites and Stew

art A
ndesites, 

after Barberie Cove and Stew
art Cove (Fig. 15). These geographic term

s are no longer in use, so the 
term

inology is abandoned. Except for the low
erm

ost sedim
entary unit (Bed “0” of Clarke 1909 and 

H
ow

ard 1926), w
hich is considered the top of the Indian Point Form

ation (Fig. 15), the entire 
section is now

 assigned to an as-yet undivided V
al d’A

m
our Form

ation. 
 A

bove the contact w
ith the Indian Point Form

ation, the V
al d’A

m
our section at D

alhousie 
com

prises three m
afic volcanic intervals that sandw

ich tw
o intervals of sedim

entary rock. In the  
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 Figure 14. Stratigraphic location of D

ay 3 bedrock stops. Locations of colum
ns 1 to 4 are show

n 
in Figure 1; stop locations on Figure 2; abbreviations as in Figure 12. 
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 Figure 15. G

eology of the D
alhousie coastal section (stop 43), w

ith a reproduction of Figure 1 
from

 H
ow

ard (1926) show
ing the bed num

bers assigned by C
larke (1909) to sedim

entary rocks. 
Legend: SD

IPs – Indian Point Form
ation (thin-bedded calcareous m

udstone and sandstone). V
al 

d’A
m

our Form
ation (D

V
A

): D
V

A
m

t (w
ater-lain basaltic ash and lapilli tuff); D

V
A

m
v (basaltic 

to andesitic, locally pillow
ed flow

s and related hyaloclastites); D
V

A
s (thin-bedded, fossiliferous, 

calcareous m
udstone and sandstone, and calcarenite); D

V
A

fp (felsic to interm
ediate pum

iceous 
lithic-crystal lapilli tuff, fine-grained ash tuff, and rew

orked ash beds); D
V

A
iv (m

ainly andesitic 
to dacitic flow

s); D
V

A
ft (felsic to interm

ediate lithic-crystal tuff and tuff-breccia). D
m

i – coarse-
grained analcim

e gabbro (teschenite).  
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term
inology of C

larke and H
ow

ard, these are described, in ascending order, as (1) palagonite 
tuff, basalt and basaltic tuff – 75 m

; (2) lim
estone and shale (beds 1-5; 64 m

); (3) B
arberie 

andesites (w
ith bed 6; 67 m

); (4) lim
estone and shale (beds 7-16; 63 m

); and (5) Stew
art 

andesites and B
on A

m
i “intrusive” andesites – 38 m

 (Fig. 15). Field trip stop 43 ends at the 
fourth interval (fossiliferous sedim

entary rocks). 
 Interval 1: The V

al d’A
m

our-Indian Point contact is not now
 exposed on the shore, but is easily 

seen in a large outcrop adjacent to the security fence surrounding the electrical plant (this 
outcrop w

as relatively recently excavated and not present in C
larke’s tim

e). The base of the V
al 

d’A
m

our here is a w
ell-bedded basaltic ash and lapilli tuff (“palagonite tuff”) that resem

bles 
products of phreatom

agm
atic eruptions (e.g., m

aar or tuff ring volcanoes). There are no lobes, 
tongues or blocks of m

assive lava that w
ould identify the fragm

ental rock as a hyaloclastic 
breccia or hyalotuff. The bedded tuff is identical to exposures farther w

est at the V
al d’A

m
our 

type section (on R
oute 270); how

ever, at the type section the base of the V
al d’A

m
our consists of 

basaltic flow
s, and the tuffs overlie the effusive rocks. A

t D
alhousie, the bedded tuff is overlain 

by colum
nar-jointed basalt and basaltic flow

-breccia that constitutes the rem
ainder of interval 

(1).   
 Interval 

2: 
Thin-bedded, 

calcareous, 
fossiliferous 

sedim
entary 

rocks, 
m

ainly 
fine-grained 

argillaceous calcarenite and calcilutite, gradational to calcareous siltstone and shale.  
 Interval 3: The base of interval 3 is a several m

etre-thick bed of felsic (to interm
ediate?) light 

yellow
ish-grey pyroclastic rock containing lithic fragm

ents, crystals and pum
ice fiam

m
e. This 

tuff actually com
prises m

ore than one flow
 unit; the low

er one is a thin layer of ash tuff that w
as 

evidently em
placed in a very hot state, as it has “baked” the underlying m

assive fine-grained 
sandstone at the top of interval 2. The m

ain pyroclastic bed has in turn baked the top of the ash 
layer. It w

as em
placed as a density flow

, as show
n by the m

anner in w
hich it has “w

edged” itself 
into the underlying strata. The coarsest part of this pyroclastic bed is about a m

etre above its base 
(reverse grading?), and it is 8-10 m

 thick.  
  

O
verlying the pyroclastic flow

 is a section of m
afic hyaloclastite and pillow

 breccia, passing 
upw

ard to coherent pillow
 basalt or andesite (“B

arberie andesites”). The contacts betw
een 

individual flow
 units are w

ell exposed near the northern end of this interval, and display the 
irregular, pillow

ed tops of the paleo-surface (see the C
D

 for photographs of this and other 
striking features in this section). Sim

ilarly, the contact w
ith overlying interval (4) is a pillow

ed 
paleosurface draped w

ith a 1-2 m
 layer of light grey, fossiliferous lim

estone. Pillow
ed flow

s, 
hyaloclastites, and interbedded sedim

entary rocks dem
onstrate that the depositional environm

ent 
at D

alhousie w
as subaqueous. This is in contrast to m

ost of the V
al d’A

m
our Form

ation (to the 
w

est), w
hich instead show

s evidence of subaerial em
placem

ent.  
 Interval 4: Sam

e as interval 2, except m
uch m

ore fossiliferous. B
ody fossils indicate an 

im
precise Early D

evonian age for these rocks; how
ever, a diverse assem

blage of spores suggests 
a Pragian to possibly early Em

sian age (W
ilson et al. 2004). 

 V
ans w

ill be w
aiting at the end of this section to take participants to stop 44.  
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Stop 44:  
Safety: R

ockfall hazard 
Interm

ediate to felsic volcanic rocks of the V
al d’A

m
our Form

ation. The section extends 
approxim

ately parallel to strike, but in this com
apratively restricted interval are exposed pinkish-

m
aroon felsic lithic-crystal tuff and tuff-breccia; greyish green porphyritic andesite; volcanic 

boulder conglom
erate; and interm

ediate hyaloclastite (m
onom

ict breccia of angular andesitic or 
dacitic clasts, w

ith local apparent blocks or lobes of andesite lava).  
 R

eturn to R
oute 11 (~4.5 km

) via Inch A
rran A

ve., G
oderich St. and R

enfrew
 St. and restart road 

log at D
alhousie-Eel R

iver B
ar exit (Exit 391A

), at 21.1 km
. 

 Increm
ent  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
R

oute 11 cum
ulative 

10.0 km
 Take C

harlo-B
lacklands exit (Exit 375)  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

31.1 km
 

 0.8 km
 

Turn left at end of ram
p, tow

ards R
oute 134  

0.4 km
 

Turn left on northbound ram
p, back tow

ards D
alhousie 

0.7 km
 

Turn right into clearing 
 

Stop 45: G
ood exposure, if w

ater levels perm
it, of approxim

ately 2 m
 of glaciofluvial sand 

and gravel overlying rhythm
ically layered glaciom

arine silty clay exposed in the bank of the 
C

harlo R
iver. The rhythm

ite section is approxim
ately 2 m

 thick at this site and the color varies 
from

 grey at the bottom
 to reddish-brow

n at the top w
here they have been oxidized (D

ickson 
2002). The rhythm

ites overlie a red diam
icton w

hich is probably a basal till derived from
 

C
arboniferous red sedim

entary rocks nearby. R
am

pton et al. (1984) discuss these coastal m
arine 

units and report thicknesses of up to 100 m
 of clay m

aterial in the B
athurst B

asin.  
 Proceed north on R

oute 11 to m
ake a safe turn, and return to Exit 375. Turn left at end of ram

p 
as before, tow

ards R
oute 134/C

harlo-B
lacklands.    

 1.0 km
 

Turn right on R
oute 134. 

3.0 km
 

Turn right onto gravel access road. 
0.4 km

 
Park in pit. 

 
Stop 46: G

ravel pit show
ing a 15 m

 exposure of glaciofluvial outw
ash deltaic sedim

ents (Fig. 
9F). The stratified sedim

ents have size ranges from
 m

edium
 sand to coarse cobble gravel. The 

deposit contains flat lying gravel beds overlying foresets dipping tow
ards the B

aie des C
haleurs 

at 060º. A
lternating coarse and fine layers (fining upw

ard sequences) indicate the variation in 
sedim

entation rates in the deposit. Pronk et al. (1989) suggest these deposits along the B
aie des 

C
haleurs represent a late and post glacial series of nested and pitted deltas, intim

ately associated 
w

ith offshore sedim
ents and m

ark a period of high m
eltw

ater expulsion during deglaciation. 
 R

eturn to R
oute 134, turn right. 

 1.4 km
 

Turn left on C
ook R

oad. 
0.9 km

 
C

ook R
oad ends at Point La R

oche. 
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Stop 47: Light grey nodular lim
estone and fine-grained calcareous siliciclastic rocks of the La 

V
ieille Form

ation (C
haleurs G

roup). A
t Pointe La R

oche, the La V
ieille is com

posed of 80%
 

calcareous m
udstone w

ith lim
estone nodules, and 20%

 algal, crystalline, and bioturbated 
lim

estone (Irrinki 1990). C
orals and strom

atoporoids are abundant, typical of the La V
ieille 

Form
ation.    

 R
eturn to Exit 375 on R

oute 11, take B
athurst exit, and restart R

oute 11 road log at 31.1 km
 (at 

underpass). 
 7.3 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

38.4 km
  

  
Stop 48: R

eddish pink to m
aroon felsic volcanic rocks of the B

enjam
in Form

ation (C
haleurs 

G
roup). V

olcanic species include w
elded tuff (ignim

brite) containing scattered lithic clasts, 
crystal fragm

ents and flattened pum
ice; fine- to coarse-grained lithic-crystal tuff and tuff-breccia, 

and w
ell-bedded, pebble-cobble felsic volcaniclastic rocks. The latter can probably be assigned 

to the N
ew

 M
ills Form

ation, w
hich consists of volcaniclastic rocks spatially associated w

ith the 
B

enjam
in Form

ation. 
 3.7 km

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

42.1 km
 

 
Stop 49: M

afic volcanic and interbedded sedim
entary rocks of the B

ryant Point Form
ation 

(C
haleurs G

roup). 
 25.7 km

 Take B
elledune exit, proceed east tow

ard C
haleur B

ay on Turgeon R
oad.  

 
67.8 km

 
3.8 km

 
Turn left on R

oute 134 
2.4 km

 
Turn left 

0.6 km
 

Turn right 
0.6 km

 
Turn right on w

oods road 
1.1 km

 
Park in clearing 

 
Stop 50: Large pavem

ent outcrop of the Sim
psons Field Form

ation conglom
erate w

ith 3 
directions of glacial striations preserved show

ing clear cross cutting relationships. This outcrop 
is approxim

ately 500 m
 north of the 3 striation site reported by Pronk et al. (1989) near the “O

il 
D

rum
” w

e w
ill pass on the w

ay into this stop. That outcrop has since been w
eathered to som

e 
degree and som

e of the features have been dim
inished. W

e w
ill look at both outcrops to 

com
pare. 

The m
ain trend of the large outcrop is a roche m

outonée/w
haleback stoss and lee form

 w
ith 

associated striations, grooves and classic crag and tail features, all at 096º. This is the first ice 
flow

 and represents the B
aie des C

haleurs Flow
 Pattern. Facets on the outcrop and excellent 

crosscutting relationships provide clear evidence of the second and third ice flow
s. The second 

recorded flow
 is a striation set trending at 056º (B

elledune Flow
 Pattern) and they are found 

predom
inately on the south facet of the outcrop and cut the 096º striations. Lastly, striations at 

177º cut across the 096º crag and tails and also cut the 056º striations on the highest point of the 
outcrop. The 177º striations are predom

inately found on the north facet of the outcrop. The 
inactive borrow

 pit at this site exposes less than 3 m
 of fine silty-sand and gravel and is probably  
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A
 

056° (2)177° (3) 

096° (1) 

090˚ (1) 
B

 

045˚ (2) 

180˚ (3) 

Figure 16.  A
. Stop 50.  O

utcrop show
ing 3 directions of glacial m

ovem
ent. B

. “O
il 

D
rum

” site of Pronk et al. (1989), 500 m
 south of Stop 50. 
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a part of a discontinuous unit of shallow
 w

ater m
arine sedim

ents found at this elevation near the 
coast in the C

haleur C
oastal Plain physiographic subdivision.  
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A
ppendix 1. Field Trip B

8 - Index of bedrock geology photographs on C
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aroon flow
-layered rhyolite, D

alhousie R
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iver bridge. 
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enjam
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eddish m

aroon ignim
brite 

 
B

enjam
in_Stop48b 

 
M

aroon lithic-crystal tuff 
B

olandB
rook1  

 
Thin-bedded dark grey m

udstone on low
er part of U

psalquitch R
iver. 

 
B

olandB
rook2  

 
Interbedded m

udstone &
 fine-grained sandstone, low

er part of U
psalquitch 

 
 

 
 

R
iver. 

B
olandB

rook_Stop16 
 

Thin-bedded greenish grey siltstone and fine-grained sandstone. 
B

onaventure 
 

 
Interbedded red terrestrial sandstone, siltstone &

 m
inor conglom

erate, base of   
 

 
 

 
unit on coast near D

alhousie Junction. 
B

onaventure_Stop42 
 

B
rick red lim

estone pebble-cobble conglom
erate. 

B
ryantPoint1 

 
 

H
ighly porphyritic am

ygdaloidal basalt, near B
elledune. 

B
ryantPoint2 

 
 

M
assive basalt and interbedded terrestrial volcaniclastic rocks, R

oute 11 near 
 

 
 

 
Stop 49. 

B
ryantPoint_Stop49 

 
A

m
ygdaloidal horizon at top of m

assive basalt flow
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C
am

pbellton1 
 

 
Light grey, thin- to m

edium
 bedded m

udstone and fine-grained sandstone, 
 

 
 

 
about 130 m

 above base of unit on, C
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ay near Point la N
im

, w
est of  

 
 

 
 

D
alhousie. 

C
am

pbellton2 
 

 
Interfingering thin- to m

edium
-bedded lithic-feldspathic sandstone and  
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ictic conglom

erate, 60 m
 above base of unit at C

am
pbellton, 1 km

 w
est 

 
 

 
 

of V
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orne bridge. 
C

am
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V
olcanic-cobble conglom

erate, stratigraphically highest part of unit, o n coast 
 

 
 

 
at Point la N

im
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Light grey or greenish grey thin-bedded m
udstone and fine-grained sandstone, 

 
 

 
 

very near base of unit at A
tholville fossil locality.  

FreeG
rant1 
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reenish grey, thin-bedded, non-calcareous, parallel-lam

inated fine-grained 
 

 
 

 
sandstone, R
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M
edium

 grey, thin-bedded, fine-grained sandstone w
ith brow

n-w
eathered 

 
 

 
 

calcareous lam
inae, on R
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rook near confluence w
ith SE U

psalquitch R
. 

FreeG
rant3 

 
 

Thin- to m
edium

 bedded fine-grained sandstone, on Southeast U
psalquitch 

 
 

 
 

R
iver just upstream

 from
 M

urray B
rook. 

G
ounam

itzLk 
 

 
Thin-bedded, locally cross-lam

inated, calcareous (brow
n-w

eathered) to non-
 

 
 

 
calcareous siltstone and fine-grained sandstone.  

G
ounam

itzLk_Stop19 
 

G
rey, slaty, lam

inated siltstone and fine-grained sandstone. 
G

reysG
ulch1 

 
 

R
eddish m

aroon, thin-bedded sandstone, grit and pebble conglom
erate; near 

 
 

 
 

D
alhousie R

oad, just south of R
ocky B

rook-M
illstream

 Fault. 
G

reysG
ulch2 

 
 

Interbedded m
assive basalt and red to green terrestrial sedim

entary rocks of 
 

 
 

 
M

ount M
cC

orm
ack m

em
ber, near R

oute 180 just east of stop 8. 
G

reysG
ulch_Stop7 

 
R

eddish m
aroon ripple-lam

inated siltstone and fine-grained sandstone. 
IndianPoint1 

 
 

Thin-bedded, greenish grey, m
oderately calcareous siltstone, locally cross-

 
 

 
 

bedded fine-grained sandstone, and m
inor conglom

erate lenses; upper part of 
 

 
 

 
unit betw

een R
te. 134 and R

te. 11 south of D
alhousie.  

IndianPoint2 
 

 
O

pen fold of thin-, m
edium

- and thick-bedded, calcareous, fossiliferous fine-
 

 
 

 
grained sandstone and m

udstone; R
te. 134 north of G

len Levit.  
IndianPoint3 

 
 

Light grey parallel-lam
inated sandstone and pebbly grit near base of unit south 

 
 

 
 

of V
al d’A

m
our, north of R

te. 275. 
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 IndianPoint_Stop30a 
 

D
eath bed (?) of rugose corals in dark grey m

udstone m
ass flow

. 
IndianPoint_Stop30b 

 
B

luish grey, thin- to m
edium

-bedded, fine-grained non-calcareous sandstone. 
IndianPoint_Stop30c 

 
Sam

e as Stop 30b, but containing colonial and rugose corals. 
IndianPoint_Stop35 

 
Lim

estone conglom
erate (W

hite H
ead clasts) near top of unit at G

len Levit. 
IndianPtV

aldA
m

our_Stop43 
C

ontact (at ham
m

er) betw
een Indian Point and V

al d’A
m

our form
ations, beside 

 
 

 
 

security fence at N
B

 Pow
er generating station.  

JacquetR
iver 

 
 

G
reenish grey, thin-bedded, m

oderately calcareous siltstone and fine-grained 
 

 
 

 
cross-lam

inated sandstone, D
alhousie R

oad east of SE U
psalquitch R

iver 
 

 
 

 
bridge.  

LaPlante 
 

 
W

hite reefal lim
estone, on Southeast U

psalquitch R
iver just upstream

 from
 

 
 

 
 

m
outh of M

cC
orm

ack B
rook. 

 
 

 
LaPlante_Stop5a 

 
Light grey, thick-bedded, fossiliferous, fine-grained calcarenite, containing 

 
 

 
 

corals, brachiopods, crinoids, strom
atoporoids and bryozoans(?). 

LaPlante_Stop5b 
 

A
lternating thin beds of light grey fossiliferous lim

estone, and brow
n- 

 
 

 
 

w
eathered fine-grained calcarenite. 

LaPlante_Stop6  
 

Strongly foliated w
hite reefal lim

estone. 
LaV

ieille_Stop47a 
 

Thin-bedded, light grey, calcareous m
udstone and nodular lim

estone. 
LaV

ieille_Stop47b 
 

Thin-bedded, light grey, calcareous m
udstone and nodular lim

estone. 
Lim

estonePoint1 
 

Thin-bedded, light grey calcareous siltstone and fossiliferous lim
estone, on 

 
 

 
 

R
oute 270 south of V

al d’A
m

our. 
Lim

estonePoint2 
 

Thin-bedded, light grey, calcareous fine-grained sandstone, and m
inor  

 
 

 
 

fossiliferous lim
estone, N

W
 U

psalquitch R
. upstream

 from
 U

psalquitch Forks. 
M

itchellSett 
 

 
Interbedded am

ygdaloidal basalt (left) and thin-bedded, red to green  
 

 
 

 
sedim

entary rocks, R
oute 11 near B

elledune.  
N

ew
M

ills1 
 

 
Pink, thin- to m

edium
-bedded, coarse-grained felsic volcaniclastic rocks, on 

 
 

 
 

coast of C
haleur B

ay at N
ew

 M
ills, northeast of Stop 48. 

N
ew

M
ills2 

 
 

Pink, thin- to m
edium

-bedded, coarse-grained felsic volcaniclastic rocks, on 
 

 
 

 
coast of C

haleur B
ay at N

ew
 M

ills, northeast of Stop 48. 
Pabos1  

 
 

Thin to m
edium

 beds of calcareous, greenish grey siltstone and light grey, 
 

 
 

 
calcareous, parallel-, cross- and convolute-lam

inated, fine- to m
edium

-grained 
 

 
 

 
sandstone, just east of Sellarsville Fault on R

estigouche R
iver.  

Pabos2  
 

 
Sam

e lithology as Pabos 1, but throw
n into tight folds; R

oute 17 near Stop 25. 
Pabos_Stop31 

 
 

M
edium

 to dark grey, thin-bedded calcareous siltstone and m
inor calcilutite 

 
 

 
 

(brow
n-w

eathered). 
SellarsvilleFault_Stop26 

Thick-bedded, m
edium

 to dark grey, non-calcareous sandstone of W
hites 

 
 

 
 

B
rook Form

ation (right) in fault contact w
ith thin-bedded calcareous  

 
 

 
 

sedim
entary rocks of the Pabos Form

ation, possibly som
e W

hite H
ead  

 
 

 
 

Form
ation (left). A

rrow
 indicates sense of m

ovem
ent. 

Sim
psonsField1  

 
G

reen non-calcareous sandstone, grit and conglom
erate, just w

est of Stop 4. 
Sim

psonsField2  
 

R
eddish m

aroon, thick-bedded, felsic volcanic clast-rich conglom
erate,  

 
 

 
 

southeast lim
b of M

urray B
rook A

nticline.  
Sim

psonsField_Stop4 
 

Polym
ictic conglom

erate, consisting m
ainly of m

afic volcanic clasts sourced 
 

 
 

 
from

 the Fournier G
roup. 

SouthC
harlo 

 
 

Polym
ictic conglom

erate, consisting m
ainly of (B

ryant Point) basalt clasts and 
 

 
 

 
(La V

ieille) lim
estone clasts; adjacent to N

B
 Pow

er plant at B
elledune.  

Sunnyside 
 

 
Thick-bedded m

afic ash and lapilli tuff, south of R
oute 11 near Jacquet R

iver. 
Tem

iscouata1 
 

 
G

rey, thin- to m
edium

-bedded, non-calcareous slaty siltstone and fine-grained 
 

 
 

 
sandstone; on R

apids D
epot R

oad along K
edgw

ick R
iver, northw

est of Stop 21. 
Tem

iscouata2 
 

 
Slum

p fold in thin-bedded siltstone and fine-grained sandstone. 
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 Tem
iscouata_Stop23 

 
Thin-bedded slaty siltstone and feldspathic sandstone. 

Tracybrook 
 

 
Thin-bedded, m

edium
 grey, non-calcareous, parallel- and cross-lam

inated fine-
 

 
 

 
grained sandstone 

U
psalquitch1 

 
 

Thin-bedded, greenish grey calcareous siltstone, and a few
 thicker beds of 

 
 

 
 

parallel- and cross-lam
inated fine-grained sandstone; just south of B

lack Lake 
 

 
 

 
Fault south of V

al d’A
m

our. 
U

psalquitch2 
 

 
Thin-bedded, greenish grey calcareous siltstone turbidites, just northeast of 

 
 

 
 

Saint-A
rthur. 

U
psalquitch3 

 
 

C
lose-up of U

psalquitch2, show
ing sedim

entary structures typical of  
 

 
 

 
decelerating flow

s.  
U

psalquitchG
abbro_Stop3 

C
oarse-grained plagioclase-pyroxene gabbro.  

V
aldA

m
our1 

 
 

Interm
ediate (andesitic) lithic tuff-breccia or agglom

erate, R
oute 270 just south 

 
 

 
 

of Sugarloaf M
ountain. 

V
aldA

m
our2 

 
 

B
locky m

afic fragm
ental (possible lahar) on R

oute 11 just w
est of Sugarloaf 

 
 

 
 

M
ountain. 

V
aldA

m
our3 

 
 

Thin-bedded m
afic ash and lapilli tuff (m

aar or tuff-ring deposit), R
oute 270 at 

 
 

 
 

V
al d’A

m
our. 

V
aldA

m
our4 

 
 

N
atural arch in m

assive basalt at B
onam

i Point, D
alhousie coast (Stew

art 
 

 
 

 
andesite of H

ow
ard 1926).  

V
aldA

m
our5 

 
 

G
reyish green flow

-layered aphyric andesite on D
alhousie M

ountain, southw
est 

 
 

 
 

of D
alhousie. 

V
aldA

m
our6 

 
 

Sugarloaf M
ountain, C

am
pbellton: a rem

nant volcanic neck of porphyritic, 
 

 
 

 
colum

nar-jointed dacite. 
V

aldA
m

our7 
 

 
H

ighly am
ygdaloidal flow

-top (right) in basalt along R
oute 270 at V

al  
 

 
 

 
d’A

m
our. A

m
ygdules consist of laum

ontite (zeolite). 
V

aldA
m

our_C
am

pbellton 
The V

al d’A
m

our-C
am

pbellton form
ation contact: dark plant-bearing m

udstone 
 

 
 

 
(centre) is flanked by buff felsic volcanic rocks. The m

udstone appears to have 
 

 
 

 
infilled deep fissures form

ed during subaerial exposure and w
esthering of the 

 
 

 
 

V
al d’A

m
our Form

ation, suggesting a hiatus betw
een the tw

o units.   
V

aldA
m

our_Stop40a 
 

Pink flow
-layered rhyolite in the upper part of the unit. 

V
aldA

m
our_Stop40b 

 
V

olcanic boulder-cobble conglom
erate underlying the rhyolite at Stop 40a. 

V
aldA

m
our_Stop43a 

 
Thin-bedded basaltic ash and lapilli tuff at base of D

alhousie type section 
 

 
 

 
(“palagonite tuff” of C

larke 1909 and H
ow

ard 1926). 
V

aldA
m

our_Stop43b 
 

C
ontact betw

een thick pyroclastic flow
 (light grey unit at top) and m

assive fine-
 

 
 

 
grained sandstone (brow

n-w
eathered) at bottom

.  
V

aldA
m

our_Stop43c 
 

“W
edging” of dense pyroclastic flow

 (crystal-rich light grey rock) into  
 

 
 

 
underlying unconsolidated sedim

ents. N
ote “baked” zone at contact w

ith  
 

 
 

 
sedim

entary rocks. 
V

aldA
m

our_Stop43d 
 

Pillow
 breccia and hyaloclastite. 

V
aldA

m
our_Stop43e 

 
Interface betw

een successive basalt flow
s show

s pillow
ed paleosurface of 

 
 

 
 

slightly oxidized underlying flow
. 

V
aldA

m
our_Stop43f 

 
Pillow

ed paleosurface of green basalt flow
 (at bottom

) and overlying light grey 
 

 
 

 
fossiliferous lim

estone. 
V

aldA
m

our_Stop43g 
 

Thin-bedded, fossiliferous, fine-grained calcareous rocks at B
ellevue C

ove, end 
 

 
 

 
of stop 43 section. 

V
aldA

m
our_Stop44a 

 
M

aroon, interm
ediate, m

onom
ict volcanic breccia, possibly hyaloclastic.   

V
aldA

m
our_Stop44b 

 
M

aroon, felsic to interm
ediate lithic-crystal tuff. 

W
apske  

 
 

Thin- to m
edium

 bedded, grey, quartzose, fine-grained sandstone and siltstone 
 

 
 

 
at the nose of an open fold; north side of N

ictau Lake w
est of stop 13. 
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 W
apske_M

tC
arleton 

 
Porphyritic rhyolite at the top of M

ount C
arleton. 

W
apske_Stop8  

 
G

reyish green, thin-bedded, cross-lam
inated, fine-grained sandstone. 

W
apske_Stop10 

 
Interbedded green basalt (foreground) and greenish grey, thin-bedded siltstone 

 
 

 
 

and fine-grained sandstone. 
W

apske_Stop13 
 

Felsic epiclastic rocks (redeposited pyroclastic or hyaloclastic m
aterial) 

 
 

 
 

w
ith siliciclastic m

atrix and elongate rip-ups of underlying m
udstone. 

W
apske_Stop14 

 
V

olcaniclastic m
ass flow

 sim
ilar to Stop13, i.e., redeposited pyroclastic or 

 
 

 
 

hyaloclastic deposits, in contact w
ith greenish grey slaty siltstone. 

W
estPoint 

 
 

Light grey, brow
n-w

eathered fossiliferous lim
estone, w

est side of R
oute 17 at 

 
 

 
 

G
len Levit. 

W
hiteH

ead1 
 

 
Thin-bedded, light to m

edium
 grey calcilutite, along U

psalquitch R
iver east of 

 
 

 
 

M
cK

enzie G
ulch Fault. 

W
hiteH

ead2 
 

 
Thin-bedded, dark grey silty calcilutite and dark greenish grey calcareous shale, 

 
 

 
 

near top of unit on U
psalquitch R

iver east of M
cK

enzie G
ulch Fault. 

W
hiteH

ead_Stop34 
 

Thin-bedded, dark grey silty calcilutite interbedded w
ith lam

inated calcareous 
 

 
 

 
siltstone and m

inor fine-grained sandstone.  
W

hitesbrook1 
 

 
Sedim

entary structures in thin- to m
edium

 bedded, fine- to m
edium

-grained 
 

 
 

 
sandstone. 

W
hitesbrook2 

 
 

Parallel-, cross-, and convolute lam
inations in thin- to m

edium
-bedded, fine- to 

 
 

 
 

m
edium

-grained sandstone. 
 

 
W

hitesbrook_Stop24 
 

M
edium

-bedded light grey, fine- to m
edium

-grained sandstone, intercalated 
 

 
 

 
w

ith thin-bedded, dark grey m
udstone. 

W
hitesbrook_Stop27 

 
M

edium
- to thick-bedded, non-calcareous, m

edium
- to coarse-grained, 

 
 

 
 

light greyish green sandstone, interbedded w
ith of dark grey non- 

 
 

 
 

calcareous shale. 
Y

orkLake 
 

 
G

reyish green, thin- to m
edium

-bedded, fine- to m
edium

-grained  
 

 
 

 
feldspathic sandstone and siltstone. 
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 File nam
e (stop #)  

 
 

D
escription 

 B
8-01-Striae097.jpg 

G
lacial striations and roche m

outonnée at 097º on C
anoe Landing 

Lake Form
ation pillow

 basalts. Ice flow
 w

as bottom
 to top of 

photo.  
 B

8-02-M
urrayB

rook.jpg 
Looking w

est tow
ards the M

urray B
rook M

ine. Ice flow
 w

as 
tow

ards the east. 
 B

8-03a-K
am

e.jpg 
 

 
K

am
e terrace along the U

psalquitch R
iver. 

B
8-03b-K

am
e.jpg 

 
 

K
am

e terrace along the U
psalquitch R

iver. 
B

8-03c-Striae089.jpg 
G

lacial striations and crag and tails at 089º on Southw
est 

U
psalquitch G

abbro. Ice flow
 w

as bottom
 to top of photo.  

B
8-03d-Striae089.jpg 

G
lacial striations and crag and tails at 089º on Southw

est 
U

psalquitch G
abbro. Ice flow

 w
as left to right in photo.  

 B
8-06a-C

laytillPit.jpg 
C

lose-up of clay-rich basal till in borrow
 pit near the R

estigouche 
M

ine. 
B

8-06b-C
laytillPit.jpg 

C
lay-rich basal till and w

eathered bedrock in borrow
 pit near the 

R
estigouche M

ine. 
B

8-06c-C
laytillPit.jpg 

C
lay-rich basal till and w

eathered bedrock in borrow
 pit near the 

R
estigouche M

ine. 
B

8-06d-C
laytillPit.jpg 

C
lay-rich basal till and w

eathered bedrock in borrow
 pit near the 

R
estigouche M

ine. 
B

8-06e-M
irH

ighland.jpg 
N

orthern 
m

ost 
part 

of 
the 

N
orthern 

M
iram

ichi 
H

ighlands, 
looking w

est from
 Stop 6. 

 B
8-08a-R

ockV
eneer.jpg 

R
ock veneer over W

apske Form
ation sedim

entary rocks. This is 
typical of m

uch of the “N
o Till Zone”.  

B
8-08b-B

asalTill.jpg 
Thin patch of basal till w

ithin section dom
inantly m

ade up of 
rock veneer. 

B
8-08c-M

irH
ighland.jpg 

 
Eastern M

iram
ichi H

ighlands, looking east from
 Stop 8. 

 B
8-09-M

irH
igh&

C
halU

pl.jpg 
Looking north at the C

haleur U
plands. Squaw

 C
ap and Slate 

m
ountains can be seen in the distance, approxim

ately 45 km
 

aw
ay.  

 B
8-10-ThinTill.jpg 

 
 

Thin cobbly basal till overlying W
apske Form

ation rocks. 
 B

8-11a-K
am

e.jpg 
 

 
K

am
e terrace, south of R

oute 180. 
B

8-11b-K
am

e.jpg 
K

am
e terrace, south of R

oute 180. N
ote that w

eathered bedrock 
is exposed in the bottom

 of the pit.  
B

8-11c-W
eatheredR

ock.jpg 
C

lose-up of w
eathered bedrock in bottom

 of borrow
 pit below

 
kam

e terrace, south of R
oute 180. 
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 B
8-11d-K

am
e.jpg 

 
 

Thicker part of sam
e kam

e terrace north of R
oute 180. 

 B
8-12-Sagam

ook.jpg 
Sagam

ook 
M

ountain 
and 

M
ount 

C
arleton 

Provincial 
Park 

entrance, looking w
est from

 Stop12. 
 B

8-13a-Popup.jpg 
O

utcrop of W
apske Form

ation on north side of N
ictau Lake in 

M
ount C

arleton Park. The outcrop has the look of a popup 
structure. W

hether or not the m
ovem

ent is all post glacial is 
unknow

n. 
B

8-13b-Postglacialoffset.jpg 
C

lose-up of outcrop show
ing offset glacial striations at 112º. Ice 

m
ovem

ent w
as from

 left to right. 
B

8-13c-Striae112.jpg 
C

lose-up of outcrop show
ing offset glacial striations at 112º. Ice 

m
ovem

ent w
as from

 bottom
 left to top right. 

B
8-13d-Sagam

ook.jpg 
 

Sagam
ook M

ountain, looking south-southeast from
 near Stop 13. 

B
8-13e-N

ictauLake.jpg 
N

ictau Lake, looking east from
 near Stop13. N

ote U
-shaped 

valley. 
 B

8-14-B
asalTill.jpg 

 
 

Thin poorly sorted basal till. 
 B

8-15a-Esker.jpg 
 

 
Fine sand in esker. 

B
8-15b-Sagam

ook.jpg 
 

Sagam
ook M

ountain, looking south-southw
est. 

 
 

B
8-15c-Sagam

ook.jpg 
 

Sagam
ook M

ountain, looking south-southeast. 
B

8-15d-Sagam
ookTors.jpg 

Sagam
ook M

ountain, looking south. N
ote the tors near the 

sum
m

it. 
B

8-15e-Tors&
felsenm

eer.jpg  
Tors and felsenm

eer, near the sum
m

it of M
ount C

arleton. 
 B

8-17-C
haleurU

plands.jpg 
Looking northw

est at the C
haleur U

plands and the tow
n of Saint 

Q
uentin. The Edm

undston H
ighlands can be seen far off to the 

northw
est.  

 B
8-18a-K

edgw
ickEsker.jpg 

 
K

edgw
ick esker. N

ote slum
ping of m

aterial in pit face. 
B

8-18b-K
edgw

ickEsker.jpg 
Flank of the K

edgw
ick esker. N

ote the draping of finer m
aterial 

over the coarser m
aterial in the core of the esker. 

B
8-18c-C

haleurU
plands.jpg 

Looking north at the gently rolling Saint Q
uentin Plateau, near 

Stop 18. 
 B

8-21a-Striae155&
122.jpg 

C
aledonia 

Flow
 

Pattern 
glacial 

striations 
trending 

at 
155º 

follow
ed by G

ounam
itz Flow

 Pattern glacial striations at 122º. 
Ice m

ovem
ent w

as from
 left to right (see arrow

s draw
n on 

outcrop). 
B

8-21b-Striae155&
122.jpg 

C
aledonia 

Flow
 

Pattern 
glacial 

striations 
trending 

at 
155º 

follow
ed by G

ounam
itz Flow

 Pattern glacial striations at 122º. 
Ice m

ovem
ent w

as from
 bottom

 to top. N
ote the protected dow

n-
ice side of outcrop w

here the 155º striations are preserved. 
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 B
8-22-O

utw
ash.jpg 

 
 

O
utw

ash deposit, K
edgw

ick R
iver valley. 

 B
8-23a-K

edgw
ickN

otch.jpg  
K

edgw
ick N

otch, looking w
est. K

edgw
ick H

ighlands. 
B

8-23b-K
edgw

ickN
otch.jpg  

K
edgw

ick N
otch, looking w

est. K
edgw

ick H
ighlands. 

B
8-23c-K

edgw
ickR

iver.jpg 
 

K
edgw

ick R
iver valley, looking southeast. N

ote w
ide U

-shape. 
B

8-23d-Striae145.jpg 
G

lacial striations at 145º on Tem
iscouata Form

ation sedim
entary 

rocks. Ice m
ovem

ent w
as from

 left to right. N
ote glacial erratics 

(stone size) at top of photo. 
B

8-23e-Striae095&
140.jpg 

G
lacial 

striations 
at 

095º 
(pencil) 

and 
140º 

(m
arker) 

on 
Tem

iscouata Form
ation sedim

entary rocks. Ice m
ovem

ent w
as 

from
 left to right. N

ote thin till sm
eared on outcrop. 

B
8-23f-Striae095&

140.jpg 
C

lose-up of glacial striations at 095º (pencil) and 140º (m
arker) 

on Tem
iscouata Form

ation sedim
entary rocks. Ice m

ovem
ent w

as 
from

 left to right. 
B

8-23g-G
ravel&

Till.jpg 
G

ravel dom
inated deposit (ablation till) over thin basal till at B

8-
23f. Section is 1.5 m

 thick.  
B

8-23h-G
ravel-at.jpg 

C
lose up of surface gravel dom

inated deposit containing very 
little fine m

aterial (ablation/colluvium
). 

B
8-23i-G

ravel.jpg 
C

lose up of surface gravel dom
inated deposit containing very 

little fine m
aterial (ablation/colluvium

). 
B

8-23j-Striae138offset.jpg 
G

lacial striations at 138º on Tem
iscouata Form

ation sedim
entary 

rocks. Ice m
ovem

ent w
as from

 top left to bottom
 right. M

ost of 
the surfaces on this outcrop have glacial striations present and the 
striations are offset by post glacial tectonic m

ovem
ent along the 

prom
inent cleavage. 

B
8-23k-ThinTill&

R
ock.jpg 

Thin 
till 

and 
a 

veneer 
of 

broken 
rock 

over 
Tem

iscouata 
Form

ation sedim
entary rocks. N

ote dow
nslope creep (from

 right 
to left) in upper parts of the fractured bedrock. This site is at a 
higher elevation than B

8-23a to j, and is approxim
ately 1 km

 to 
the southeast. 

B
8-23l-V

alB
rillantErratic.jpg 

B
oulder erratic at site B

8-23k glacially transported approxim
ately 

75 
km

 
in 

a 
southeasterly 

direction 
from

 
the 

V
al-B

rillant 
Form

ation in w
estern G

aspésie. 
 

 B
8-24-B

asalTill.jpg 
 

 
Thin, m

atrix supported, cobbly basal till. 
 B

8-25a-Squaw
C

ap.jpg 
Looking east tow

ards Squaw
 C

ap M
ountain. N

ote the scree 
slope. 

B
8-25b-R

estigoucheR
iv.jpg 

 
R

estigouche R
iver and Squaw

 C
ap M

ountain, looking southeast. 
 B

8-28a-Esker.jpg 
 

 
Sm

all esker in valley betw
een Squaw

 C
ap and Slate m

ountains. 
B

8-28b-SlateM
tn.jpg 

V
iew

 from
 the sum

m
it of Squaw

 C
ap M

ountain, looking to the 
northw

est at Slate M
ountain and the R

estigouche R
iver valley. 

The valley in the foreground is w
here Stop 28 esker is located. 
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 B
8-33a-ThinB

asalTill.jpg 
 

Thin, stony basal till. 
B

8-33b-R
estigoucheR

.jpg 
 

R
estigouche R

iver, looking south-southw
est. 

 B
8-34-M

atapediaR
iv.jpg 

M
atapedia R

iver valley and the tow
n of M

atapedia, Q
uebec, 

looking northw
est. 

 B
8-38-Sugarloaf.jpg 

 
 

Sugarloaf M
ountain, looking north. 

 B
8-39a-R

estigoucheR
iv.jpg 

 
R

estigouche R
iver, looking east from

 C
am

pbellton, N
B

. 
B

8-39b-R
estigoucheR

iv.jpg 
 

R
estigouche R

iver, looking w
est from

 C
am

pbellton, N
B

. 
 B

8-41a-R
edB

asalTill.jpg 
R

ed 
sandy/clay/loam

 
basal 

till, 
locally 

derived 
from

 
the 

underlying C
arboniferous B

onaventure Form
ation sedim

entary 
rocks. 

B
8-41b-B

onaventureFm
.jpg 

B
onaventure Form

ation conglom
erate containing m

any clasts of 
distal M

atapedia G
roup lim

estone clasts, the source of the 
M

atapedia G
roup pebbles found in the red till at the site.  

 B
8-43-B

aiedesC
haleurs.jpg 

B
aie des C

haleurs, looking east-northeast at the nearby D
alhousie 

G
roup type section and M

ont Saint-Joseph, Q
C

 in the distance. 
 B

8-45-gf&
m

arineseds.jpg 
C

harlo R
iver section exposing glaciofluvial sedim

ents overlying 
glaciom

arine silt and clay. The m
arine sedim

ents, in turn overlie 
a basal till w

hich is not exposed. 
 B

8-46a-O
utw

ashD
elta.jpg 

Pitted outw
ash delta along the B

aie des C
haleurs. Palaeoflow

 is 
tow

ards 060º. 
B

8-46b-O
utw

ashD
elta.jpg 

C
lose-up of fining upw

ard sequence of sand and gravel in pitted 
outw

ash delta along the B
aie des C

haleurs. Palaeoflow
 is tow

ards 
060º. 

 B
8-47-B

aiedesC
haleurs.jpg 

V
iew

 
looking 

north 
of 

the 
C

haleur 
C

oastal 
Plain 

in 
the 

foreground, H
eron Island, and the B

aie des C
haleurs. M

ont Saint-
Joseph 

(highest 
point) 

and 
the 

G
aspé 

coast 
are 

visible 
approxim

ately 20 km
  in the distance. 

 B
8-50a-3Striaesite.jpg 

Large 
pavem

ent 
outcrop 

of 
the 

Sim
psons 

Field 
Form

ation 
conglom

erate w
ith 3 directions of glacial striations preserved 

show
ing clear cross cutting relationships. The m

ain trend of the 
large outcrop is a roche m

outonée/w
haleback stoss and lee form

 
w

ith associated striations, grooves and classic crag and tail 
features, all at 096º (ice flow

 right to left). This is the first ice 
flow

 and represents the B
aie des C

haleurs Flow
 Pattern. Facets 

on the outcrop and excellent crosscutting relationships provide  
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B

8-50a-3Striaesite.jpg 
clear evidence of the second and third ice flow

s. The second 
recorded flow

 is a striation set trending at 056º (B
elledune Flow

 
Pattern) and they are found predom

inately on the south facet of 
the outcrop and cut the 096º striations. Lastly, striations at 177º 
cut across the 096º crag and tails and also cut the 056º striations 
on the highest point of the outcrop. The 177º striations are 
predom

inately found on the north facet of the outcrop. 
 B

8-50b-3Striaesite.jpg 
See above. First - 096º, ice flow

 top right to bottom
 left. Second - 

056º, ice flow
 top to bottom

. 
B

8-50c-3Striaesite.jpg 
See above. First (pencil) - 096º, ice flow

 right to left. Second - 
056º, ice flow

 top right to bottom
 left. Third (grey m

arker) - 177º, 
ice flow

 bottom
 right to top left. 

B
8-50d-3Striaesite.jpg 

See above. C
lose-up of B

8-50c. Second (w
hite m

arker) - 056º, 
ice flow

 top right to bottom
 left. Third (grey m

arker) - 177º, ice 
flow

 bottom
 right to top left. 

B
8-50e-3Striaesite.jpg 

See above. First (pencil) - 096º, ice flow
 right to left. Second - 

056º, ice flow
 top right to bottom

 left. Third (grey m
arker) - 177º, 

ice flow
 bottom

 right to top left. 
B

8-50f-O
ilD

rum
Site.jpg 

O
utcrop 

at 
“O

il 
D

rum
”, 

show
ing 

excellent 
crosscutting 

relationship. First (pencil) - 090º, ice flow
 bottom

 right to top left 
(excellent crag and tail feature). Second - 045º, ice flow

 right to 
left.  N

ote that there are no 045º striations on the dow
n-ice side 

(left side in photo) of the 090º crag and tail features. 
 B

8-C
am

pbellton.jpg 
 

 
C

ity of C
am

pbellton, N
B

 and B
aie des C

haleurs, looking east. 
 B

8-C
olluvium

overTill.jpg 
 

C
olluvium

 overlying thin basal till, K
edgw

ick H
ighlands. 

 B
8-LacB

akerFlow
.jpg 

O
utcrop of Tem

iscouata Form
ation sedim

entary rocks in the 
K

edgw
ick H

ighlands near the form
er position of the N

orthern 
M

aine – N
otre D

am
e Ice D

ivide w
ith characteristics of ice flow

 
in opposing directions (G

ounam
itz Flow

 Pattern at 103º follow
ed 

by the Lac-B
aker Flow

 Pattern at 283º). 
 B

8-LaurentideErratic.jpg 
 

Laurentide erratic, K
edgw

ick H
ighlands. 

B
8-LaurentideErratic2.jpg 

 
Laurentide erratic, K

edgw
ick H

ighlands. 
B

8-LaurentideErratic3.jpg 
 

Laurentide erratic, K
edgw

ick H
ighlands. 

 B
8-M

ountC
arleton.jpg 

 
M

ount C
arleton M

assif, looking w
est. 

B
8-M

ountC
arleton2.jpg 

Sunset on M
ount C

arleton, looking w
est from

 B
athurst Lake, in 

M
ount C

arleton Provincial Park. 
B

8-M
ountC

arletonFall.jpg 
 

M
ount C

arleton M
assif, looking w

est (autum
n). 
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 B
8-N

eotectonicsN
W

N
B

.jpg 
G

lacial striations at 305º (Lac-B
aker Flow

 Pattern) vertically 
offset approxim

ately 10 cm
 by post-glacial tectonic m

ovem
ent, 

30 km
 w

est of the city of Edm
undston (Fig. 1), in Sainte François 

de 
M

adaw
aska, 

northw
estern 

N
ew

 
B

runsw
ick. 

O
utcrop 

is 
Tem

iscouata Form
ation sedim

entary rocks. 
 B

8-R
estigoucheR

iv.jpg 
C

ontainm
ent structure in alluvial terrace on the R

estigouche 
R

iver, looking south from
 the bridge over the R

estigouche R
iver 

in the com
m

unity of K
edgw

ick R
iver, (R

oute 265 junction w
ith 

the R
apids D

epot R
oad). 

 B
8-SaintJohnR

iver1.jpg 
Looking east dow

n the Saint John R
iver at B

aker B
rook. Site is 

located approxim
ately 15 km

 w
est of the city of Edm

undston 
(Fig. 1). 

B
8-SaintJohnR

iver2.jpg 
Looking northw

est up the Saint John R
iver tow

ards the city of 
Edm

undston (Fig. 1). 
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