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Abstract 

A morphological study of the Baie des Chaleurs area, between northern New Brunswick and the Gaspe Peninsula (eastern 
Canada), leads to the identification of several types of palaeolandforms in the landscapes of the northeastern Appalachians. 
One of them, the exhumed sub-Carboniferous palaeosurface, was recognized along the shores of the Baie des Chaleurs, 
around the western part of the Carboniferous basin the Maritimes Basin - which underlies the Gulf of Saint Lawrence. 
By analyzing the conditions of its exhumation and its relationships with escarpments limiting the higher planation surfaces 
of inner Gaspesie and western New Brunswick, it was possible to identify recent deformations. These are en bloc tilting and 
uplift, flexuring, and faulting; they partly reflect the reactivation of Carboniferous or older structures. The study of 
palaeolandforms has already proved to be an appropriate method for reconstructing the morphological evolution of basement 
areas. In this paper, it is applied to the study of the evolution of an emerged pan of the eastern Canada rifted margin after the 
opening of the North Atlantic Ocean. 

I. Introduction 

Reconstructing the morphological evolution in up­
lifted basement areas, such as rifted margins, is 
generally difficult because of the removal of large 
volumes of rock by erosion. Post-orogenic sediments 
and old weathering formations that might be corre­
lated with significant stages of the morphological 
evolution are generally missing or scarce. Neverthe-

1 A contribution to IGCP 317 "'Paleoweathering Records and 
Paleosurfaces''. 

less, the study of the morphological development in 
basement areas such as the Appalachian Range 
(Gardner and Sevon, 1989) and other North Atlantic 
regions, even glaciated areas (Scotland: Godard, 
1965; Scandinavia: Gjessing, 1967; Peul vast, 1985a; 
Lidmar-Bergstrom, 1982) is a classical theme of 
geomorphology. 

The methods that can be used for such investiga­
tions include: 

(I) Identification, and dating, if possible, of palae­
olandforms - planation surfaces and differentiated 
palaeolandscapes of tectonic or denudational origin 
-; evaluation of the nature, number, geographical, 

0!69-555X/96/$15.00 © 1996 Elsevier Science B.V. All rights reserved 
SSDI 0 169-555X(95)00082-8 



6 l.·P. Peull!usr et al.j Geonwrpholbgy 16 U996J 5-32 

geometrical and chronological relationships 
(Lidmar-Bergstrom, 1 988 ). 

(2) Morphostructural analysis, which allows an 
evaluation of the respective roles of tectonics, differ­
ential erosion and drainage evolution in the morpho­
logical development. This analysis is also a source of 
data for understanding the evolution of the tectonic 
and environmental conditions of the landform devel­
opment (Peulvast, 1986). 

(3) Interpretation of minor landforms and weath­
ering products, and analysis of the relationships with 
the major (often inherited) landforms. This approach 

allows a discrimination of the features that are cor­
relative with the shaping of identified palaeoland­
forms (Peulvast, 1985a). 

(4) Reconstruction of the morphological develop­
ment, based upon use of the results of (l) and (2), 
and of other sets of data: 

( 4.1) Analysis of tectonic events (style, intensity, 
chronology, geophysical meaning) (Lidmar­
Bergstrom, 1991; Peulvast, I985b, Peulvast, 1991). 

(4.2) Evaluation of erosion rates (Clement, 1990) 
and correlation with sedimentological history of ad­
jacent areas of deposition (Poag and Sevon, 1989). 
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Fig. 1. Location map and geological sketch map. (A) 1: cross sections (see Fig. 2); 2: boxes showing the location of the main 
block-diagrams (Figs. 9, 11, 12 and 17); 3: Carlloniferous-Permian rocks of the Maritimes Basin; 4: probable minimum extent of the 
sub-Carboniferous exhumed palaeotopographies; 5: faults along which faulting may have occurred during Carboniferous or later. TI..F: 
Troisieme Lac Fault; GPF: Grand Pabos Fault; Da: Dalhousie; Ma: Miguasha; NR: New Richmond; BC: Black Cape; SE: Saint EJzear; VE: 
Val d'Espoir. (B) 1: l•lW limit of Appalachian deformation; 2: N limit of the Carlloniferous Maritimes Basin; 3: main faults; 4: Appalachian 
and Caledonian plutonic rocks; 5: Carlloniferous sediments; 6: Upper Carlloniferous-Permian sediments. l.S: Laurentian Shield; HZ: 
Humber Zone; DZ: Dunnage Zone; GZ: Gander Zone; AZ: Avalon Zone; SQN: Saint Lawrence-Quebec Nappes; GCVS: Gaspe-Con­
necticut Valley Synclinorium; AAP: Aroostook-Perce Anticlinorium; BCS: Baie des Chaleurs Synclinorium; MA: Miramichi Anticline;. 
rium; FRZ: Fundy Rift Zone; QR: Quebec Reentrant; SLP: Saint Lawrence Promontory. Compiled from different sources cited in the text. 
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(4.3) Gathering of palaeoenvironmental data. 

Such an approach to landscape analysis requires 
multidisciplinary investigations, although morpho­
logical observations (field work, construction of pro­
files and block-diagrams) should remain the first and 
main source of data. Although the observations re­
ported in the present paper correspond only to (1) 
and (2), the implications allow us to propose a 
preliminary version of (4), especially some elements 
for a morphotectonic reconstruction. 

The study area is part of the northeastern Ap­
palachians, in Quebec and New Brunswick (Canada). 
Whereas many recent studies give a precise account 
of the morphological evolution of the central Ap­
palachian Mountains (Battiau-Queney, 1989; Gard­
ner and Sevon, 1989), the structural morphology and 
the palaeolandforms of the Canadian part of the 
range have not yet been the object of thorough 
investigations. The available data remain allusive or 
general (Grant, 1989) because they were collected 
only in nearby regions (Estrie, Beauce: Birot et al., 
1983; Clement, 1990). The close surroundings of the 
Baie des Chaleurs were chosen for the first phase of 
a morphotectonic study of the mountains, plateaus 
and basins around the Saint Lawrence River and the 
Gulf of Saint Lawrence. The conjunction of several 
favorable factors justifies this choice. These factors 
are a localized and relatively weak glacial action 
(Grant, 1989), the easy identification of well-dif­
ferentiated morphostructural patterns and recogniz­
able palaeotopographies, and the presence of uncon­
formable Carboniferous conglomerates, the most re­
cent cover rocks in the region. The study is part of 
more general investigations on palaeosurfaces (IGCP 
317) and on landforms related to passive margins 
(especially around the North Atlantic). 

2. Structural and topographic outlines 

2.1. Location and relief 

Centered on 48°N and 65°30'W, the Baie des 
Chaleurs area is located south of the Saint Lawrence 
estuary, on the northwestern side of the Gulf of Saint 
Lawrence. It is 400 km inland relatively to the 
Atlantic coast of Nova Scotia (Fig. 1). In this area, 

the Appalachian Mountains gently lower ea:>l\v;,.rds 
on both sides of the Baie des Chaleurs bel\lieen the 
Gaspe Peninsula, to the north, and the New 
Brunswick plateau and lowlands, to the south. This 
shallow bay is a widened continuation of the Res­
tigouche River and extends from W to E with sinu­
ous outlines. The bay itself is 130 km long. Its width 
increases from 3 km near Campbellton to 38 km 
between Port Daniel and Miscou Island. 

On the northern side of the bay, the WSW-E!\'E 
Gaspe Peninsula is 200 km long. It appears mainly 
as a 130 km wide area of forested plateaus between 
350 m and 600 m a.s.l., surmounted to the north by a 
narrow ridge of tlat topped summits, the Shickshock 
mountains (1262 m at Mont Jacques-Canier). The 
general asymmetry of this peninsula is underlined by 
the hydrographic pattern, since the main rivers tlow 
to the south (Matapedia, Cascapedia, Bonaventure 
rivers). 

Northern New Brunswick also comprises a system 
of plateaus (300 to 600 m) in its western part, 
whereas lowlands form a peninsula and archipelago 
that taper northeastwards, east of Bathurst (Peninsule 
acadienne). The plateaus are part of the north central 
New Brunswick Highlands. The highlands extend 
along a SW-~'E direction, east of the Restigouche 
and Saint John rivers. The hydrographic system forrns 
a radial pattern around the higher ridges and summits 
(Mount Carleton, 820 m). A narrow fringe of low­
lands extends along the shore on both sides of the 
Baie des Chaleurs. 

2.2. Main geological features 

2.2.1. Part of the Appalachian range 
The Baie des Chaleurs area, which is part of the 

Acadian orogen (Devonian) (Schenck, 1978; 
Williams, 1979; Keppie, 1985), is characterized by 
thick series of sandstones, shales and mudrocks of 
Ordovician to Late Devonian age (Potter et al., 1979; 
Brisebois et al., 1991), within which several interca­
lations of more resistant rocks have a strong mor­
phostructural influence. These are mostly limestones 
(Ordovician Matapedia Group, Silurian Chaleurs 
Group, Lower Devonian Upper Gaspe Limestones) 
and volcanic rocks (Chaleurs Group). Outcrops are 
controlled by a structure of tight or open folds, 
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Fig. 2. Cross sections in the Baic des Chaleurs area. Location and explanation of abbreviations: see Fig. I. I: Bonaventure Conglomerate (Carboniferous); 2: Escuminar 
Fonnation (Upper Devonian, sandstones, mudstones, conglomerates); 3: Gaspe Sandstones (upper and mid-Devonian; sandstones, conglomerate$, mudrocks, limr.stoncs); 4: 
Upper Gaspe Limestone (Lower Devonian); 5: Chaleurs Group (Silurian-Upper Devonian; mudrocks, limestones, sandstones; basahs and other vokanic rocks: v); 6: Matapr.dia 
Group (Upper Ordovician-Lower Silurian; limestones, mudrocks, sandstones); 7: undifferentiate.d Ordovician, Carnb'rian and Pwcambrian rocks; 8: granitic intrusive rocks; 9: 
volcanic rocks. a: sub-Carboniferous surface; b: Main Surface of Gaspesie; c: intennediatc surface of uncertain origin; d: limits of the main structural units. 

00 

:-. 
~ 

~ 
t;-

~ 
~ 
!> :-

' c 
~ 

~ 
~ g 
..._ 
0\ -.... 
~ ..... 
I 

!:::; 



J .-P. Pev.h!asz era!./ Geonwrplw/ogy /6 U996i 5 - 32 9 

generally symmetric or slightly asymmerric, whith 
axes gently curved from N 35° (New Brunswick) to 
N 110° (eastern Gaspesie). These structures are ar­
ranged in a system of broad anticlinoriums and 
synclinoriums, which in rum are often separated by 
vertical faults. This is the case of the Aroosrook­
Perce Anticlinorium, which is bound by the Grande 
Riviere and Grand Pabos faults on its northern and 
southern sides (Fig. 2). 

From the north to the south. the study area com-
prises: 

The Gaspe-Connecticut Valley Synclinorium 
(GCVS), part of the Appalachian Miogeocline 
(Marillier and Verhoef, 1989) 
The Aroostook-Perce Anticlinorium (AAP; Malo, 
1987), part of the Piedmont Terrane 
The Baie des Chaleurs Synclinorium (BCS), a 
continuation of the Dunnage Terrane defined in 
Newfoundland (Rogerson, 1981) 
The Miramichi Anticlinorium (MA), part of the 
Gander Terrane that extends from central New­
foundland to New England. 

2.2.2. The Devonian-Carboniferous basin of the Baie 
des Chaleurs 

The Baie des Chaleurs and the New Brunswick 
lowlands are part of the Maritimes Basin (Marillier 
and Verhoef, 1989), which extends below the central 

and southern pans of the Gulf of Saint Lawrence, 
and in the adjoining lowlands (Prince Edward island, 
Nova Scotia, southwestern Newfoundland). Accord­
ing to Gibling et al. (1992). this basin is .. a struc­
tural and erosional renmant of a larger depocentre of 
unknown original extenr. originated in the mid-De­
vonian following the Acadian orogeny." 

The western part of the Baie des Chaicurs Car­
boniferous basin lies approximately along the axis of 
the Acadian Baie des Chaleurs Synclinorium. The 
New Brunswick Platfonn, which bounds the south­
eastern side of the bay (Peninsule acadienne), lies 
along the southeastern Hank of the Mira.·nichi Anti­
clinorium. The floor and a narrow coastal fringe of 
the bay are covered by the same detrital Carbonifer­
ous rocks that fonn the Peninsule acadienne (Syvit­
ski, 1992). In the study area, they are represented by 
the Cannes de Roches Fonnation, which may be 
Visean in age (Rust, 198 1 ). and mainly by the 
Bonaventure Fonnation, which was probably de­
posited during the mid Carboniferous (Mississippian, 
or Westphalian), and even during the Stephanian and 
Lower Pennian in eastern Peninsule acadienne 
(Pictou Group: Gibling et a!., 1 992). 

The Carboniferous rocks lie unconfom1ably on 
the folded rocks of older ages, even on the Devonian 
terrestrial conglomerates deposited in basins between 
broad regional upwards during the Acadian orogeny 

Fig. 3. Bonaventure conglomerate overlying uncouformably Cambrian-Precambrian Maquereau sandstones near Chandler. Rough bedding 
and coarse size of blocks and pebbles (fanglomerate deposit). 
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(Rust, 1981). The basal unconfonnity is often well 
exposed along the coasts of the Baie des Chaleurs, 
for instance near Miguasha, New Richmond, Port 
Daniel, Newport and Chandler (Gaspesie; Seguin, 
1976) or between Dalhousie and Pointe Verte (New 
Brunswick: Armstrong Brook). It may be a simple 
angular unconfonnity, but at many places the de­
posits were laid on strongly differentiated topogra­
phies (Fig. 3). The facies of the Carboniferous rocks 
confirm this observation. North of Gaspe, the Cannes 
de Roches Formation is composed of breccias with 
blocks of 2 to 50 em in size, conglomerates, sand­
stones and mudstones. They were deposited in semi­
arid environments, at the foot of active fault scarps, 
as a system of alluvial fans on both sides of a 
palaeovalley filled with alluvial deposits of a trunk 
river (Rust, 1981). The Bonaventure Formation, 
which interdigitates with the Cannes de Roches for­
mation in the Perce area, shows similar facies: red to 
greyish conglomerates or fanglomerates, sandstones 
and mudstones, and locally a basal layer of massive 
limestone that may be several meters thick (Alcock, 
1935; Kirkwood, 1989). 

Block lithology and palaeoflow data (Gibling et 
al., 1992) suggest that the Bonaventure conglomer­
ates and sandstones were deposited in a Carbonifer­
ous valley or elongated basin "with transverse 
marginal drainage and eastward axial palaeo flow", 
i.e., from the Appalachian orogen and from nearby 
escarpments, probably in a context of active tecton­
ics (McCutcheon and Robinson, i 987). The original 
extent and thickness of these deposits are unknown 
in the study area Small outliers located 5 to 15 km 
off the main outcrops (Saint-Elzear, Saint-Gabriel de 
Gaspe) suggest that erosion may have signillcantly 
reduced the extent. Some outcrops display thick­
nesses up to 180 m near the present limits (Perce). 
According to Ryan et al. (1991), they might have 
covered most of southeastern Gaspesie 290 Ma ago. 

By contrast with the older rocks, the Carbonifer­
ous rocks are mainly flat-lying- dips are less than 
3° or gently warped in shallow synclines whose 
axes are oriented subparallel to the Baie des Chaleurs 
axis (Syvitski, 1992). Stronger deformations, such as 
faults, were nevertheless recognized in places. Be­
cause they bear significant morphotectonic implica­
tions, an analysis of these deformations was com­
pleted. 

3. Morphological analysis 

3.1. Systems of stepped planation surfaces 

On both sides of the Baie des Chaleurs, most of 
the previously described structures are truncated by 
flat surfaces into which most landforms are inset. 
The wide dissected plateaus of central Gaspesie cor­
respond mainly to a single planation surface sur­
mounted to the north by the narrow remnants of one 
or two high surfaces in the Shickshock mountains 
(800 to 1200 m; Fig. 2). The main surface may 
correspond to the "Saint Quentin-Dorchester-High 
Valley Surface" of the Atlantic Canada (Grant, 
1989). Whereas the Shickshock mountains corre­
spond to the ophiolites and to the granitic intrusions 
that lie along the southern limit of the Taconic range, 
this main surface is restricted to the sedimentary 
rocks of the Acadian orogen. Nevertheless, residual 
hills and narrow longitudinal ridges overlook the 
plateau in places where resistant limestones and vol­
canic rocks outcrop along the strike of the eroded 
folds. This surface lowers gently southwards from 
600 m to ca. 400 m above the coastal lowlands of the 
Baie des Chaleurs, 50 to 100 km south of the 
Shickshock mountains. Its average slope angle is, 
therefore, 0.2 to 0.4%. 

No other continuous surface could be identified 
below the level of the main surface inside the Gaspe­
sian plateau. Shallow basins are excavated down to 
300 m and lower along soft Devonian mudrocks. 
These have been preserved in synclines of the 
Gaspe-Connecticut Valley Synclinorium, at the head 
of transverse rivers (Cascapedia) and around the 
eastern longitudinal rivers (York River, Malbaie 
River). Other narrow compartments may be identi­
fied below the main surface. They are limited by 
parallel faults and a few steps of irregular altitudes. 
Such features have been observed along the main 
E-W faults of southern Gaspesie (Fig. 2: V, VI) and 
above the coastal platform, e.g., above Carleton (300 
m) and in the Saint-Jogues-Huard area. Most of 
these steps are structural benches that are delimited 
by outcrops of Silurian or Ordovician limestones, 
rather than true planation surfaces. The superim­
posed river system, that is mainly transverse to 
geological structures, shows only minor adaptations 
to fault lines and outcrops of soft rocks leveled by 
the main surface. 
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The uplands of New Brunswick are more uneven. 
To the west, however, the wide SW-?-;"E Res­
tigouche corridor appears as a dissected planation 
surface that lowers gently northeastwards from 380 
m to 250 m. On both sides of the anticlinorium and 
around its northeastern end (Fig. 2: VII}, the Mi­
rarnichi Highlands also show a surface of similar 
altitudes. It is probably a continuation of the Res­
tigouche surface and may be an equivalent of the 
main surface of Gaspesie (Grant, 1989}. The sum­
mits of the upper hills, structural ridges (Mount 
Carleton) and wide granitic plateaus (Big Bald 
Mountain} bear the remnants of a higher surface 
between 600 and 800 m. It can be recognized be­
tween corridors, valleys and basins that belong to the 
main surface. The lower parts of the radial valleys 
that drain these uplands are incised in the plateaus. 

Discontinuous elements of a low surface surround 
the Baie des Chaleurs below the Gaspesie and New 
Brunswick plateaus. Limits of this surface (Fig. l) 
coincide in places with those of the present outcrops 
of Carboniferous sediments (Carleton-Maria) or 
stand several km beyond them, and more infre­
quently inside the basin (Perce). This surface is 
generally uneven and sloping, and it presents at least 

two types of topographic patterns and relation$hips 
with the inner plateaus. South of the bay, between 
Campbellton and Bathurst, it is indistinctly inset 
below the main surface, because no significant es­
carpmem overlooks it (Morvan-type: Baulig, 1970). 
It appears as a weakly dissected sloping plane that 
connects to the main surface through a steeper angie 
of slope (2.4%). The main surface is then bordered 
to the coast by a narrow terrace edged by a low cliff 
and only locally widened as a coastal plain (&l 
River). Steep residual hills or ridges overlook it in 
places (Dalhousie Hill, 120m). East of Bathurst, the 
lower surface widens considerably in the Peninsule 
acadienne, where it forms a low plateau between 60 
and 150 m. On the southern coast of Gaspesie, me 
Paspeoiac-Saint-Jogues and Maquereau areas also 
show wide and low plateaus gently sloping from the 
main surface to me sea. 

The other parts of me low surface are clearly 
limited by escarpments of variable height and steep­
ness, located 2 to 20 km from the coast. The profiles 
are generally sloping to the coast, from 180 m 
(Saint-Elzear) to 10m or less, wim straight or slightly 
concave outlines (Fig. 2: II, IV, V, VI). Flat areas 
(Miguasha, Carleton, Maria, Bonaventure) are juxta-

Fig. 4. Bonavenwre conglomerate sea cliff and raised wave-cut platform (left) near Shiga wake, SW of Port Daniel; Saint Jogues low plateau 
and Garin escarpment in the distance. 
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posed with more uneven topographies, with low hills 
or ridges (Grande Cascapedia, Paspebiac, Port 
Daniel). This type of contact with the plateaus occurs 
mainly in southern Gaspesie, where the low surface 
forms a nearly continuous fringe, with a maximum 
width (22 km) in the Bonaventure-Paspebiac salient 
of the coast. A narrow coastal terrace is often inset in 
its edge, between 10 and 15 m, at the top of the 
nearly continuous cliff that overlooks the bay (Fig. 
4). The low surface disappears to the west in the 
Restigouche-Campbelhon area, i.e., in the western 
closure of the Baie des Chaleurs basin. The mouth of 
the Restigouche River is directly incised within the 
main plateaus, which are here dissected in parallel, 
structural ridges and valleys (SW of Campbellton). 

3.2. A regional datum: exhumed sub-Carboniferous 
topographies 

Whereas no dated post-Acadian structure or de­
posit can afford dates for the main planation surface 
of Gaspesie and New Brunswick, the stratigraphic 
relationships exposed on the low surface allow a 
more precise evaluation of the nature and age of 

some regional palaeolandforms. As was mentioned 
above, this surface is not a simple planation surface. 
Parts of it clearly truncate the tilted Carboniferous 
conglomerates, e.g., near Caplan (Fig. 5), but other 
parts are developed between low cuestas of con­
glomerate and the edge of the interior plateaus. The 
topography of such pans of the low surface coin­
cides mainly with exhumed parts of the sub-Visean 
or sub-Westphalian surface. 

The width of the well identified exhumed palaeo­
surfaces is generally small - a few meters on the 
coasts (Fig. 3) to a few tens of meters. Nevertheless, 
cross-sections suggest that exposed unconformity 
surfaces extend probably on hundreds of meters and 
even on several kilometers off the present limits of 
the Carboniferous sediments. This implies that such 
surfaces form significant elements" of the present 
landscape, for instance south of Dalhousie (Fig. 2: 
VII), or in the Cascapedia reentrant. Because of the 
presence of an outlier north of Saint-Elzear, the 
outcrop of the exhumed surface could be 12 km in 
width in the Bonaventure area. Other outliers, west 
of Port Daniel and southwest of Saint-Gabriel de 
Gaspe, show widths of several kilometers as well. 

Fig. 5. Contact between the tilted Bonaventure conglomerates (right) and the folded Silurian rocks of the Chaleurs Group (center and left) 
between Caplan and Black Cape, at the southwestern end of the Robidoux-Black Cape bevelled ridge (in the distance). See also Fig. 8 for 
morphostructural setting (right-hand part). 
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Fig. 6. The Grande Cascapedia valley, the Saint Jules cuesta and quarry (!><;hind the river. right}, the Maria low surface and the Mont M:..na 
(right} and Mont Saint Joseph (left, in the distance} escarpments, as seen tQwards SW. See also Figs. 17 and 18 for the gcoiogic~l f<:4rurc>. 

Fig. 7. Exhumed palaeokarst in the Saint Jules quarry. Thin remnants qf the overlying Bonaventure conglomerates and sandstones are 
preserved near the pit and in the open cracks between the limestone karreqs. Glacial scouring is obvious on the limestone as well as on the 

conglomerate, and is partly responsible for the exhumation. Structural plaiform of Bonaventure conglomerates in the distance. 
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The nature of the exhumed sub-Carboniferous 
landfonns is not unifonn. It is possible to observe 
and analyze it at the foot of coastal cliffs and in a 
few road sections and quarries. The best exposure in 
Gaspesie was found in a quarry located on the 
western side of the lower Cascapedia valley, 2 km 
south of Saint-Jules de Cascapedia (Fig. 6). 

This quarry, at an altitude of 60 m, is located in 
the northern pan of a reentrant of the low surface 
(the Cascapedia reentrant), 3 km east of the SW-NE 
Mount Maria escarpment (240-360 m). It is exca­
vated into a layer of massive or breccia limestones of 
the Chaleurs Group (Silurian), at the foot of a north­
east facing cuesta of Bonaventure conglomerates. 
The limestones, which dip l6"'SSW, fonn a low 
monoclinal escarpment above the Cascapedia valley, 
whose floor is excavated down to 10 m or less. In 
the working face that was visible in 1992, limestone 
strata were truncated by a planar surface dipping 
lO"'S. They were covered by a very thin layer (I m or 
less) of red Bonaventure conglomerate and basal 
sandstone. Quarrying had partially removed a veneer 
of till from the bedrock surface (Fig. 7). Glacial 
scouring by ice coming from N350°, N20° and at last 
N320° (the local direction of the nearby valley) has 
partially removed the conglomerate as well, and 
exposed the underlying surface on ca. 250 m2 at the 
date of observation. This exhumed surface carries 
lapies or karren whose grooves and open joints are 
still filled with Bonaventure sandstones, as could be 
observed on the stripped surface and in the working 

section. One of these widened joints, or grikes, is 50 
em wide and 6 m deep at least. It is filled with a red 
to purple sandstone containing some small pebbles 
of quartz, similar to those of the overlying conglom­
erate. The intervening crests were partially polished 
by ice during the process of exhumation. 

Similar palaeokarstic features, caves filled with 
red clay and sandstones, were found on structural 
ridges of Silurian limestones around Port Daniel, up 
to 130 m above other exhumed parts of the sub­
Carboniferous topography. They were developed in 
protruding limestone ridges, which implies suffi­
ciently low base levels. The buried topographies 
were far from being flat. The sub-Carboniferous 
landscape around the Baie des Chaleurs was a land­
scape of strong differential erosion.• 

Flat surfaces, often gently sloping, were identified 
on several coastal sections, e.g., between Dalhousie 
and Bathurst. Some of them seem to extend on 
distances of several km, but all of them are only 
imperfect planation surfaces, possibly pediments, 
fanned around residual hills or ridges (Dalhousie: 
Fig. 2: VII) or at the foot of escarpments of tectonic 
(Malbaie: Kirkwood, 1989) or erosional origin 
(Caplan: Fig. 5). In many sites, the sub-Carbonifer­
ous topography appears as a dissected surface, with 
buried palaeochannels, gullies and structural ridges, 
hollows or furrows of metric to hectometric scales 
(Newport: Fig. 3; Black Cape: Fig. 8). Practically no 
weathering products were found at the contact be­
tween the Bonaventure fonnation and the underlying 

Fig. 8. The Black Cape (7 km SE from NR: New Richmond) outlier of Bonavenrure conglomerate (dotted area in the center of the 
block-diagram). Note its location between low ridges shaped by differential erosion into the volcanic and sedimentary rocks of the Silurian 
Chaleurs Group. 
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structures, except small pockets of moderately 
weathered material of uncertain significance (Port 
Daniel). The debris flows or torrential outflows that 
have deposited the conglomerates (Rust, 1981) have 
probably stripped and incorporated the preexisrant 
regoliths or saprolites, unless they were already thin 
or lacking. 

3.3. Relationships between the low surface. the ex­
humed sub-Carboniferous topographies, and the 
other landfonns 

3.3.1. The New Brunswick type (east of Campbell­
ton) 

Four different types of relationships may be de­
fined between the low surface that surrounds the 
Baie des Chaleurs, the exhumed sub-Carboniferous 
topographies and the plateaus. In the first, the New 
Brunswick type, the low surface corresponds mainly 
to the exhumed and tilted sub-Carboniferous surface, 
which is a true, yet incomplete, planation surface. It 
is best represented on the southern side of the Baie 
des Chaleurs between Campbellton and Bathurst. 

Cross-sections (Fig. 2: VI, VII) show that the 

exhumed planation surface is locally overlooked by 
structural ridges of Devonian sandstones or lime­
stones (Dalhousie). It probably extends southwards 
to the edge of the main surface of the New Brunswick 
Highlands, 25 to 30 km south from the coast. Its 
slope reflects the post-Carboniferous tilting and up­
lift that are responsible for younger events of plana­
tion and exhumation. The wide gap that separates 
this exhumed surface from the Highlands prevents 
any clear analysis of the geometrical and chronologi­
cal relationships between these high n"!sidual hills 
and the sub-Carboniferous surface. The nature of the 
highest surface is, therefore, not clearly established: 
it is either derived from the uplifted sub-Carbonifer­
ous surface, or has formed during a younger plana­
tion evenr. 

The sloping surfaces that form the low plateau of 
southern Gaspesie in the Saim-Jogues area (Fig. 9) 
and between Chandler and Saint-Gabriel de Gaspe 
below 200 m belong tO the same morphological type. 

3.3.2. The Sainr-Eizear-Porr Daniel rype 
This case is best represented on the s.outhem coa-;t 

of Gaspesie (Fig. 2: III, IV). The low surface mainly 

Fig. 9. The Bonavenrure-Port Daniel area. Location and horizontal scale: see Fig. 1. Numbers refer to the stratigraphy used in Fig. 2. The 
low surface corresponds mainly to the exhumed sub-Carboniferous surface. A narrow low surface is developed on the Carboniferous 
conglomerates. which are deformed and tilted towards the bay and form pans of the higher reliefs as well. 
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coincides with the exhumed sub-Carboniferous to­
pography, but it is bounded by palaeoescarpments 
that form the edge of the main planation surface. The 
presence of flat lying or weakly dipping outliers of 
Bonaventure conglomerates allows an unequivocal 
identification of the exhumed surface and an analysis 
of its morphology. 

In the Caplan-Bonaventure-Saint-Eizear area 
(Fig. 9), the low surface comprises a narrow coastal, 
substructural or planation, surface developed be­
tween 10 and 90 m on the Bonaventure conglomer­
ate, whose outcrop widens only in the Saint-Al­
phonse-de-Caplan area. The conglomerate platform 
is locally bounded northwards by a low cuesta that 
overlooks the inner part of the low surface, i.e., the 
exhumed sub-Carboniferous surface. This gently 
sloping surface truncates folded mudrocks, sand­
stones and limestones of the Chaleurs Group and of 
the underlying Matapedia Group (Upper Ordovician). 

North of Sainr-Elzear, a straight ENE-WSW es­
carpment forms the edge of the central plateau of 
Gaspesie (350-450 m). The Garin escarpment is 10 
km long and stands 160 m above a very flat part of 
the exhumed surface. It contrasts with the more 

gentle slopes that link the low surface to the plateau 
around the Bonaventure River embayment to the 
west, and in the Saint-Jogues area to the northeast 
(Fig. 10). A 45 m thick remnant of Bonaventure 
conglomerates is preserved on the exhumed surface 
and forms the Saint-Elzear butte, 1.5 km in from of 
the Garin escarpment. This escarpment is the locally 
well developed front slope of a hogback of Silurian 
limestone, on the southern side of a syncline beveled 
by the main planation surface. The Bonaventure 
River embayment is a palaeobasin excavated into the 
mudrocks that outcrop along the axis of the anticline 
located to the north. Its gently sloping northern flank 
is the backslope of another beveled hogback whose 
frontslope overlooks the Cascapedia reentrant to NW, 
and the flat lying remnants of jrs conglomeratic 
cover between New Richmond and Robidoux. 

All the escarpments described in this area are 
identified as palaeoescarpments formed by differen­
tial erosion and then partially or completely buried. 
The basal parts are either still partially buried by 
Carboniferous deposits (New Richmond-Black 
Cape) or completely exhumed (Garin). The epige­
netic valleys of the Bonaventure Rivers are incised 

Fig. 10. The Garin exhumed escarpment (to lhe left and in the distance) and t!le Saint EJzear outlier of Bonaventure conglomerate (the 
wooded butte on the right), as seen 10 NE. River Duval in lhe middle (a tributary of the Bonaventure River). The main planation surface of 
Gaspesie in lhe distance. Location: see Fig. 9. 



Fig. II. TI1e Port Daniel area. Most of the foldrd Mntcturrs shown on the bl<x·k-diaJ::ram arr de\'dopr{l in Silurian limestone;. and shales of the ('h~kvr' Group. Number> rdcr to 
the stratigraphy used in Fig. 2. Location and scale: sec Fig. I. 



Fig. 12. The Perce area. Numbers refer to the stratigraphy used in Fig. 2. Location and scale: se~ Fig. I. 



J.-P. Peulnasr et aJ. j GdJnwrphoJogy 16 /19961 5-32 19 

across a low structural ridge that surmount the ex­
humed surface east of Caplan (Fig. 9). They proba­
bly were superimposed on the Carboniferous cover. 
which in rum probably once covered most of the low 
topography. 

The Port Daniel area displays a more differenti­
ated palaeorelief below the level of the main plana­
tion surface of Gaspesie (Fig. 11 ). West and south­
west of Port Daniel. remnants of Bonaventure con­
glomerates are preserved in depressed areas exca­
vated into mudrocks and sandstones, between and 
through hogbacks of Silurian limestones. These land­
forms were shaped by differential erosion along 
folded structures of the Baie des Chaleurs Synclino­
rium, on the periphery of the Maquereau eroded 
dome. The altitude of the karstic cavities filled with 
Carboniferous deposits suggests that all the presently 
visible topography was exhumed from the Bonaven­
ture conglomerate. This explains the superimposition 
of several rivers (e.g., the Riviere de !'Ouest) through 
the sinuous hogbacks of this area. Northwards and 
northwestwards, the altitude of the hogbacks pro­
gressively rises to 300 m and more, whereas the 
relief becomes Jess and less differentiated and the 

outliers of conglomerate disappear. The tra..'lSition 
with the subhorizontal main surface of Gas¢sie 
occurs 8 to I 0 km north of the coast. 

Most outcrops of Bonaventure conglomerates dis­
play weakly inclined strata. Nevertheless. the con­
glomerate layers may have been tilted toward the 
Baie des Chaleurs. e.g .• west and north of Riviere 
Caplan. In that area, the dips of some beds reach 
20°SE on the backs1ope of the New Richmond­
Robidoux hogback (Fig. 5). The exact amount and 
the age of this deformation are not known, but such a 
disposition must be considered in any morphotec­
tonic interpretation of this morphological type. 

3.3.3. The Perce-Miguo.sfw. rype 
In this type, a narrow low surface is deveioped on 

the Carboniferous conglomerates. These are tilted 
toward the bay and also form pans of the higher 
topographies (Fig. 2: I, II, VI). 

The Perce area corresponds to the southeastern tip 
of the Gaspe Peninsula (Figs. I and 12). It belong!> to 
a part of the Aroostock-Perce Anticlinorium formed 
by a WNW-ESE asymmetric anticline with a wide 
and gently dipping southern limb and a narrow 

Fig. 13. 1be Perce buttes, as seen toNE from Cap d'Espoir. 1be Mont Blanc in the middle and Mont Sainte Anne (with overhanging walls) 
to the right Outcrops of Bonaventure conglomerates in the buttes as well as in the sea cliff (see also Fig. 12). Post-Carboniferous 
deformation is obvious. 
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northern flank. This latter is obliquely truncated 
above Malbaie by the so-called '"Faille du Troisieme 
Lac", a NW-SE dextral strike-slip fault (Kirkwood, 
1989 ). These Acadian structures are unconfonnably 
covered by wide remnants of the Carboniferous con­
glomerates. 

The relief of this area is one of the most spectacu­
lar in Gaspesie (Fig. 13). It is organized around the 
WNW-ESE Cap Blanc ridge (350-390 m), which 
bears an extension of the main surface of Gaspesie. 
This beveled and dissected ridge of Ordovician lime­
stones and mudrocks separates two triangular basins 
that open eastwards on the Maritimes Basin: the 
Cannes de Roches Basin, to the north, and the Val 
d'Espoir Basin to the south. Carboniferous conglom­
erates fonn the floors and even parts of the flanks of 
both basins between the sea level and 150 to 300 m, 
but they fonn also parts of the intervening ridge, and 
even some of its highest summits (Mont Blanc: 370 
m). 

The exhumed sub-Carboniferous surface outcrops 
only in a narrow fringe on the southern side of the 
ridge. It is tilted southwards together with the con­
glomerates, which are truncated and thinned by the 
Val d'Espoir Basin surface. The main planation sur­
face of Gaspesie, whose remnants are preserved on 
the ridge, intersects the tilted sub-Carboniferous sur­
face on the southern edge of this ridge (Fig. 2: 11). 

North of the ridge, the flat floor of the Cannes de 
Roches Basin is shaped into the Carboniferous con­
glomerates. It is also equivalent, however, in part to 
the. exhumed underlying surface that fonns the gentle 
surrounding slopes to the west and to the north 
(Barachois). On its southern side (Coin du Bane), the 
basin is abruptly bounded by the straight NW -SE 
escarpment that continues the complex Rocher 
Perce-Pic de I' Aurore-Cannes de Roches cliff. This 
escarpment of Ordovician limestones is parallel to 
the nearby Troisieme Lac fault but it appears as a 
partly exhumed unconfonnity surface. This surface is 
strongly defonned, together with the conglomerates, 
because dips between 40° and 70°NE have been 
recorded along the coast (Kirkwood, 1989). 

The eroded anticline that fonns. the ridge itself is 
covered by thick layers of Bonaventure conglomer­
ates in its easternmost part. The red conglomerates 
bury a shallow anticlinal valley or half-graben exca­
vated into mudrocks and sandstones of the Murphy 
Creek Fonnation (Cambrian). To the southwest, a 
beveled hogback of Ordovician limestones fonns the 
main part of the ridge (Fig. 12). They are defonned 
by a shallow synclinal undulation whose axis is 
parallel to the older fold axes and plunges to ESE 
(200 m on 2.5 km). On the southern slope of the Pic 
de I' Aurore, to the north, this structure is bounded by 
an E-W nonnal fault along which the conglomerates 

Fig. 14. Deformed the Pic de I' Aurore as seen to the West. The conglomerates are locally faulted 
along anE-W fault with S throw. Limestones and shales of the Matapedia Group on the northern (right) side. 
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are steeply tilted (Fig. 14). According to Kirkwood 
(1989) the Post-Acadian teCtonics responsible for 
these structures is mainly synsedimentary. It may 
explain the important thickness (up to 200 m) of me 
conglomerates preserved here. Wide buttes with 
structural inclined tops and vertical or overhanging 
hillslopes are shaped into me alternatively soft and 
hard layers of me massive conglomerates (Mont 
Sainte-Anne, 340 m; Mont Blanc: Fig. 13). They 
overlook me exhumed and dissected anticlinal 
palaeovalley. To the east, this paleovalley forms me 
site of Perce. To me west, it appears as a narrow step 
between me crest of me ridge - me limestone 
hogback - and me coastal hills of Cannes de 
Roches. The Bonaventure Island, SE of Perce, is 
anomer remnant of me conglomerates preserved 
along the same structure. 

The morphostructural pattern of me Perce area 
provides evidence for post-Carboniferous tectonic 
movements because me thickest remnants of me 
Bonaventure conglomerates are preserved near the 
top of the highest structural unit. The structure ana-

lyzed from !he geometry of me conglomerate layers 
includes two main eastwards plunging synclines 
(Malbaie, Val d'Espoir) separated by an asymmetric 
and possibly faulted W~'W-ESE anticline superim­
posed on !he Acadian Perce anticline. lts axis is 
located on me southern limb of !his old structure, 
and bifurcates to SE around me Mont Blanc-Mont 
Sainre-Anne plunging syncline (Fig. 12). Though me 
conglomerates have been deposited on an uneven 
topography, in a context of active tectonics, ir may 
be suggested mar part of this structure was fonned 
later, and even in relatively recent times. This would 
explain the paradoxical morphological location of 
the outliers. The presence of exceptionally m;:usive 
and resistant beds above softer basal beds may be a 
factor of their preservation (Mont Sainte-Anne). On 
the other hand, a recent uplift might explain why 
erosion, which is generally fast in these rocks (see 
last section of the paper) has not yet destroyed them. 
Therefore, the stepped pattern of this area would 
reflect tectonic movements, i.e., differential vertical 
movements along old Acadian or Carboniferous 

Fig. 15. The Miguasha Peninsula, Dalhousie (left) and the Restigouche mouth, as seen to WSW from the Mont Saint Joseph (580 m). The 
Carboniferous Bonaventure conglomerate underly the peninsula and the Carleton platfonn (lower left comer), as well as the low 
surroundings of Dalhousie. Main planation surface of New Brunswick in lhe distance. 
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structures and flexuring toward the Baie des Chaleurs 
and the Gulf of Saint Lawrence. These movements 
would have been followed by only minor exhuma­
tion of the sub-Carboniferous surface in uplifted and 
in lowered areas. 

A similar, yet more simple, conformation may be 
seen in southwestern Gaspesie, north of Miguasha 
(Fig. 2: VI). Here, the contact between the low 
surface - which forms part of the Miguasha penin­
sula - and the main plateau of Gaspesie (300 m or 
less in this area) is located on the northern limb of 
the Baie des Chaleurs Anticlinorium. 

The southern edge of the main plateau coincides 
with the backslope of a beveled hogback of Silurian 
volcanic rocks, above a longitudinal corridor whose 
eastern part forms the lower valley of the Riviere 
Nouvelle. The low surface, which forms the 
Miguasha Peninsula south of this valley, is underlain 
by the Bonaventure conglomerates that cover uncon­
formably the folded Devonian series preserved in the 
synclinorium. Though it clearly bevels the conglom­
erates, it rises gently westwards and northwestwards, 
i.e., toward the periclinal ends of two shallow east­
plunging synclines that form here the western end of 
the Carboniferous basin (Fig. 15). Whereas the De­
vonian substratum is excavated to the south in the 
Escuminac Bay, the Bonaventure conglomerates are 
preserved in these synclines. They form a small 
dissected plateau between 180 and 210m, with high 
cliffs (up to 80 m) above the Escuminac Bay. Two or 
locally three parallel hogbacks of underlying Devo­
nian conglomerates and sandstones separate its 
northern edge from the Riviere Nouvelle valley and 
from the main plateau of Gaspesie. These hogbacks 
and the intervening furrows are shaped into the E-W 
mor.ocline that forms the northern side of the Car­
boniferous basin and links the low surface to the 
main plateau. 

Here, and in the Perce ar~a, the preservation of an 
upstanding syncline of soft Carboniferous conglom­
erates in the flexure zone suggests that the deforma­
tion responsible for the stepped topographic pattern 
cannot be very old. 

3.3.4. The Maria-Carleton type 
In this type, which is best represented east of the 

Miguasha Peninsula, the low surface is also devel­
oped on the Carboniferous conglomerates, but it is 

separated from the main plateau by a steep escarp­
ment of tectonic origin (Fig. 2: V). 

On the western side of the Cascapedia Bay, the 
main planation surface of Gaspesie is horizontal or 
even slightly rising toward southeast and forms a 
high and tilted compartment of this surface (the 
Carleton block). Its altitude reaches 570 to 600 m, 5 
km only from the sea (Mont Saint-Joseph: Fig. I6A). 
Its edge over the Baie des Chaleurs is the steepest 
escarpment of southern Gaspesie (Fig. 17). Its direc­
tion is E-W between Robitaille and Carleton, and 
then N-S after a sharp bend (Mont Saint-Joseph 
escarpment). It loses steepness and height 7 km north 
of the bend, as the floor of the low surface rises 
northwards between it and the Mont Maria block 
(405 m), in the Riviere Verte reentrant. It is relayed 
north of Guire by a SW-NE escarpment (the Mont 
Maria or Grande Cascapedia escarpment) which dis­
appears north of Saint Jules in the northeastern clo­
sure of the Cascapedia reentrant of the low surface. 
These features correspond to the en echelon faults 
that form the southern limit of the Aroostock-Perce 
Anticlinorium and bound the limbs of its SW plung­
ing synclines of Ordovician mudrocks, sandstones 
and limestones (Gosselin, 1988). 

Between Robitaille and the Cascapedia mouth, the 
low surface is 2 to 8 km wide and forms a flat or 
gently rolling platform below 70 m. It is entirely 
underlain by Bonaventure conglomerates, though the 
sub-Carboniferous surface is exhumed at low alti­
tudes, north of discontinuous cuestas, in the Guire, 
Saint-Jules and Grande Cascapedia areas. It bevels 
the tilted conglomerates, except a low hogback that 
parallels the escarpment, I 00 to 200 m from it, from 
Robitaille to the Mont Saint-Joseph bend (Fig. 17). 
This hogback corresponds to a sharp accentuation of 
the dip of the conglomerate near the escarpmen::, up 
to 70°S. 

The conglomerate hogback is developed along the 
E-W segment of the Mont Saint-Joseph escarpment 
and along the bend, i.e., at the southern end of the 
"Carleton block", which is deeply dissected by 
rivers flowing southwards (Stewart River). This steep 
and massive part of the escarpment, which lowers to 
the west because of the lowering of the plateau, 
corresponds to the continuation of the flexure ana­
lyzed in the Miguasha area. However, no remnant of 
Carboniferous deposit is visible on the uplifted side. 
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Fig. 16. The Mont Saint Joseph(580 m). (A) As seen to ENE from Miguasha. R: Robitaille; SO: Saint Omcr; C: Carleton West; MSJ: Mont Saint Joseph; r.h: conglomerate 
hogback (Bonaventure ronglome.ratc), separated from the es,arpmcnt by a discontinuous furrow exravatcd along a.n E· W fault or flexure. (B) A~ se.cn to W hom Maria Wc~t. 
Fault escarpment wil11 more or less blunted triangular facets in the lowest part, ahovc the Petit montr~al Faull, and a stc.cp and nearly straight upper part, controlled b)· the Mont 
Saint Joseph l'ault (sec Fig. 17). 
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Fig. 17. The Carleton-Maria area. Numbers refer to the stratigraphy used in Fig. 2; location: see Fig. I. Note the fault escarpment NE of Mont Saint Joseph. MSJF: Mont Saint 
Joseph Fault; PMF: Petit Mo11treal Fault; GCF: Grande Cascapedia Fault. 
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Whereas me escarpment may derive from me strongly 
tilted and exhumed sub-Carboniferous topography 
north of Saint-Orner (Fig. 18), it becomes a trUe fault 
scarp north of Carleton.The flexure men becomes a 
fault which trends NE and N: me Petit Montreal 
Fault (Gosselin, 1988). The Petit Montreal Fault, and 
me parallel Mont Saint-Joseph Fault identified higher 
in me escarpment, are interpreted as reverse faults of 
Acadian age wim strong l\"NW dip (Gosselin, 1988). 
Nevertheless, the relationships between me fault line 
and the topography, and the strong tilting of me 
Carboniferous conglomerates near me fault, suggest 
that tectonic movements occurred during deposition 
or later. The weakness zone - mainly me Petit 
Montreal Fault - was men reactivated as a normal, 
probably vertical, fault. 

The N-S segment of me Mont Saint-Joseph es­
carpment displays a typical fault scarp morphology. 
with lO triangular facers overlooking the narrow 
undulating pediment that forms the transition wim 
the low platform (Fig. l6B). These somewhat blunted 
facers are only 100 to 150 m high because they form 
me edge of a narrow step of Silurian volcanic rocks 

that divides me escarpment in rwo parts along the 
Mont Saint-Joseph Fault. The upper part of ·the 
escarpment is sleeper as it corresponds to dle coa­
lescing headwalls of the short gullies mat dissect the 
step. Whereas mis step widens and rises northeast­
wards and finally merges with the Mont Maria 
plateau, the upper escarpment progressively lowers 
to me north and disappears 10 km north of me 
Riviere Verte reentrant, i.e., where the Mont Saint­
Joseph Fault is intersected by the WSW-ENE Grand 
Pabos strike-slip fault. 

The Mont Maria escarpment is steeper and more 
simple, because it corresponds to a single fault, the 
SW-NE Grande Cascapedia Fault. This fault is an 
old Acadian fault with an original I\.'W throw, be­
cause Silurian volcanic rocks outcrop in me north­
western compartment, whereas Ordovician mudrocks 
and limestones of the New Richmond anticline out­
crop on the southeastern side. Nevertheless, me pres­
ence of Carboniferous limestones on me eroded anti­
cline, at the foot of a 400 meter high escarpment, 
suggests either that differential erosion had exca­
vated me anticline before me deposition of me 

Fig. 18. Tectonic setting of lhe Carleton-Maria area. B: Bonaventure conglomerate; nomenclature of faults: see Fig. 17. 
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Bonaventure conglomerates, or that the fault was 
reactivated later as a normal fault with SE throw. 
This last hypothesis is not contradictory with the fU"St 
one and fits well with the observed relief. Lithologi­
cal factors may explain the steepness of the escarp­
ment because resistant volcanic rocks fonn part of 
the uplifted compartment. Indeed, the southern part 
of the scarp fonns two high and wide trapezoidal 
facets between short NW -SE valleys, whereas the 
northern part, shaped into less resistant mudrocks, 
limestones and sandstones, is strongly dissected 
around the Cascapedia valley (Fig. 17). This mor­
phology suggests relatively recent faulting, although 
no evidence of presently active tectonics was found, 
and in spite of the possibility that differential ero­
sion, including stripping of the. Carboniferous rocks, 
could exaggerate the escarpment, north of the Saint­
Jules cuesta. 

The morphotectonic pattern of the Carleton-Maria 
area corresponds to a post-Acadian pattern of 
obliquely faulted blocks whose southern tips are 
steeply flexured toward the Baie des Chaleurs 
("touches de piano": Fig. 18). The present morphol­
ogy is mainly the result of vigorous post-Carbonifer­
ous tectonic movements, although the consecutive 
exhumation of deformed palaeotopographies. from 
the Carboniferous cover may have an influence as 
well, especially on the southern end of the tilted 
blocks or "touches de piano" (systems of cuestas or 
hogbacks, narrow lowlands and exhumed tilted sur­
faces or slopes: Fig. 18). 

4. Interpretation of the stepped system of 
palaeotopographies 

4.1. The low surface: a composite topography 

In spite of its low altitude, the surface which 
surrounds the Baie des Chaleurs is generally uneven. 
In every studied case, it includes elements corre­
sponding to exhumed sub-Carboniferous landforms, 
and plains or platforms beveling the Carboniferous 
conglomerates. In places where both types of land­
forms are identified, they are often separated by low 
cuestas or hogbacks shaped by differential erosion 
into tilted structures, from a planation surface inter­
secting the beveled parts of the sub-Carboniferous 

topographies with low angles (Perce area: Fig. 2: I, 
II). This conformation. which explains the thickening 
of the preserved layer of Bonaventure conglomerates 
toward the Baie des Chaleurs, implies that the plana­
tion event occurred after slight tilting of the basin 
surroundings toward the bay. In eastern New 
Brunswick, north of Chatham. the post-Carbonifer­
ous surface truncates long NE-SW diabase dykes of 
Triassic or younger age (Potter et al., 1979). Its age 
is, therefore, post-Triassic. 

The low surface truncates some protruding parts 
of the sub-Carboniferous palaeolandscapes as well, 
and. allowed the superimposition of several rivers 
through ridges that were successively buried, possi­
bly beveled together with their unconformable cover, 
and then exhumed (Caplan and Port Daniel areas). 
Stripping of the Carboniferous sediments and ex­
humation of the underlying landforms is easy be­
cause of the poor consolidation that characterizes 
most beds of the Bonaventure formation, especially 
the basal beds. This process is actively going on, as 
suggested by observations of quick retreat of the 
coastal cliffs, with frequent rock falls prepared by 
active undercutting into soft layers. Strong fluvial 
erosion is shown by the red color of stream and sea 
water after every significant rainfall. Such an erodi­
ble character explains also the Late or post-Glacial 
formation of fine wave-cut platforms on the con­
glomerates, now raised to I 0 to 20 m, along many 
parts of the coast. 

Differential erosion and partial stripping of the 
Carboniferous cover were possible around the Baie 
des Chaleurs because the low planation surface, 
where identified, is neither connected to the present 
base level, nor horizontal. Many landforms described 
here are inset into a sloping surface that shows local 
transitions with the upper topography, i.e., the main 
surface of Gaspesie and New Brunswick (Saint­
Jogues and Chandler areas, for instance). In such 
cases, the stepped pattern is only locally wen devel­
oped, and restricted to areas where once buried 
palaeoescarpments were present and could be ex­
humed (Saint-Elzear, Fig. 9). Nevertheless, uncer­
tainties about the original thickness of the Carbonif­
erous conglomerates make it difficult to know if the 
whole difference in level between the low surface 
and the main plateau is entirely the result of exhuma­
tion or not. 
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For instance, the Saint~Elzear outlier is only 45 m 
high (altitude of the top: 260 m) whereas the nearby 
Garin escarpment is 170 m high (altitude of the top: 
390 to 450 m). This escarpment bears no evidence of 
a teetonic origin. Therefore, if exhumation is not the 
only process of its formation, the hypothesis of the 
preservation of a never buried Carboniferous escarp­
ment above a low surface restricted to the Carbonif­
erous deposits and ultimately dissected should be 
proposed. Such an hypothesis does not fit with the 
fact that the limestone outcrop edged by this escarp­
ment was beveled by the main surface of Gaspesie. 
No lower topography existed then: tbe escarpment 
was buried, and its cover was beveled by the same 
surface. Moreover, cluesfor a complete burying of 
the 150 meter high hogbacks of the nearby Pon 
Daniel area suggest that conglomerate layers of sig­
nificant thickness might bury parts of the surround­
ings of the Baie des Chaleurs. This observation is 
consistent with the maps published by Hendricks et 
al. (1993), where thick Carboniferous strata are sug­
gested to have covered the whole southeastern 
Gaspesie during maximum burial, 290 m.y. ago. 

4.2. The rru:Jin planation surface 

The main planation surface of Gaspesie and New 
Brunswick generally remains remarkably even and 
weakly sloping. Its deep dissection, however, reflects 
strong uplift, because its altitudes are 300 to 500 m 
in the close surroundings of the Baie des Chaleurs. 
The distances between the bay and the plateau are 
the smallest in places where recent uplift along faults 
or steep monoclines is inferred (Miguasha, Car­
leton-Maria, Perce). The corresponding escarpments 
are only dissected by shon valleys. River valleys that 
were superimposed on the Paleozoic structures, which 
were themselves beveled by the uplifted planation 
surface, only show minor readjustments to these 
structures. 

No post-Devonian deposit is known on the plana­
tion surface, hence it is difficult to decipher its age. 
Also, the only dated saprolite occurrences (1°Be 
inventories) do not suggest a Pre-Quaternary age for 
them (Bouchard and Pavich, 1989). In the Perce and 
Miguasha areas, this planation surface beveled reliefs 
that. provided elements to the Carboniferous sedi­
mentation, and probably the Bonaventure conglomer-

ares themselves. Therefore, it must be considered as 
a post-Carboniferous surface, and it is probably much 
younger, as it is surmounted to the nonh (Gaspesie) 
and to the south (New Brunswick) by one or perhaps 
two higher surfaces. In Gaspesie, its formation below 
these old surfaces was probably consecutive to a 
stage of asymmetric uplift along the Saint Lawrence 
rift, whose faults are the main active structures of 
this area (Adams and Basham, 1991). The excava­
tion of shallow longitudinal basins into this surface, 
along the Devonian synclines of inner Gaspe Penin­
sula, is possibly a result of the continuation of a 
moderate uplift of these regions. This should have 
happened before the en bloc uplift which caused the 
incision of narrow valleys toward the Baie des 
Chaleurs. 

4.3. Relative chronology 

Absolute ages can be proposed only for the ex­
humed elements of Sub-Carboniferous topographies. 
Only relative ages can be assigned to the other 
palaeotopographies. The stepped pattern may suggest 
two different interpretations. In the first one, it may 
be considered that the low surface is inset into the 
uplifted main surface, and that it is. therefore, 
younger, even if it incorporates exhumed sub­
Carboniferous topographies. A narrow planation sur­
face would have developed around the Baie des 
Chaleurs during or after the uplift event. The alterna­
tive view is to consider that both levels represent the 
same surface, deformed by the flexures or faults 
along which the plateaus of Gaspesie and New 
Brunswick were uplifted. Most observations suggest 
that the second interpretation is correct 

According to tbis interpretation, tbe present land­
scape evolved from a single large planation surface 
surmounted by residual ridges and hills. This hori­
zontal or gently sloping surface probably substituted 
to previous planation surfaces, beveling most Aca­
dian structures and the Carboniferous cover pre­
served in a shallow E-W syncline centered on the 
present Baie des Chaleurs {Fig. 19: 2). Uplift oc­
curred at the periphery of this syncline during "re­
cent" times, in different ways to which the mor­
phostructural types analyzed in this paper correspond 
respectively. 

Along large parts ofthe bay, the main surface was 
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4 .... ------

Fig. 19. Tentative skerch cross sections showing the main stages 
of the Landform evolution around the Baie des Chaleurs. l: 
Carboniferous (with faulting, erosion, and deposition of conglom­
erates); 2: Post-Carboniferous planation; 3: gradual uplift and 
slow degradation of the planation surface (e.g. Centtal Gaspesie); 
4: recent uplift. a: with gentle tilting towards the Baie des 
Chaleurs and subsequent exhumation of relatively wide parts of 
the sub-Carboniferous surface (and palaeoescarpments); b: along a 
normal fault (e.g. Carleton-Maria); c: along a vigourous flexure 
or monocline (e.g. Miguasha or Perce). 

tilted toward the old depressed area Consecutive 
differential erosion stripped the soft cover rocks that 
were present on the uplifted limbs of the wide 
monoclines (Fig. 19: 4a). Exhumation of the sub­
Carboniferous topographies occurred on larger widths 
as the dips are weak. A low cuesta often forms the 
edge of the preserved layers of conglomerates. It is 
then located in front of a gently rising slope which 
corresponds to an exhumed planation surface. This 
surface is either intersected at its top by the main 
surface (New Brunswick, Saint-Gabriel de Gaspe) or 
abutting against an exhumed escarpment (Saint­
Elzear). 

4.4. The nature of the limiting scarp 

Limited segments of the edge of the main plateau 
of Gaspesie were formed by strong flexuring. To this 
may be added a possible exaggeration of the result-

ing slope by exhumation of more inclined elements 
of the sub-Carboniferous topography (Figs. 19: 4b). 
The Miguasha-Saint-Omer and Saint-Jules de Cas­
cap&lia areas correspond to this structural type. The 
Perce area was formed in the same way, but the 
exhumation process remained incomplete, because 
thick outliers of well-consolidated·conglomerate are 
preserved in the uplifted part of the structure. 

Faulting of the main surface, probably along nor­
mal faults, is identified only in the Carleton-Maria 
area. It resulted in the formation of a high fault scarp 
above a part of the planation surface preserved on 
the Carboniferous conglomerates. No remnant of 
conglomerate is preserved on the uplifted block, but 
lower compartments in the uplifted plateau may rep­
resent exhumed sub-Carboniferoqs depressed areas 
(West of the Mont Saint-Joseph: Figs. 16 and 19: 
4c). In this case, and also in the flexured areas, 
partial exhumation of sub-Carboniferous topogra­
phies might occur on the low compartment or even 
in the hinge line of the monocline. This is favored by 
the weak resistance of the Carboniferous conglomer­
ates compared to most rocks of the substratum, and 
because of the multiple changes in the base level 
during the Pleistocene Glacial and Interglacial peri­
ods. 

5. Morphotectonic evolution of the Baie des 
Chaleurs area: significance and chronology 

5.1. Lowkmds and Carboniferous basin: palo.eogeo~ 
graphic coincidence or preservation related to re­
cent tectonics? 

Like ·many basement areas of Europe (Caledonian 
orogen of Scandinavia: Peulvast, l985b; Variscan 
orogen of France and middle Europe: Klein, 1990) 
and of eastern North America (Appalachians of the 
United States: Battiau-Queney, 1989), the Baie des 
Chaleurs area underwent post-orogenic tectonic 
movements that could reactivate some of its older 
structures. These vertical movements could lead to 
the classical contrast between uplifted areas submit­
ted to erosion and subsiding areas where late- or 
post-orogenic deposits were laid and ultimately pre­
served The morphostructural patterns of the study 
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area. therefore, illustrate some classical types of 
morphological contacts between a basement plateau, 
or mountain, and its sedimentary cover. 

A good geographical correspondence exists be­
tween the boundaries of the Baie des Chaleurs low­
lands and the present limits of the northwestern part 
of the Permian-Carboniferous Maritimes Basin. The 
problem is to know whether this coincidence is the 
result of recent tectonics and consecutive differential 
erosion, leading to a configuration entirely different 
from the original basin outlines, or whether it re­
mained approximately the same since Carboniferous 
times. The last interpretation could imply that differ­
ential erosion of the basin deposits is the only pro­
cess responsible for the present morphostructural 
patterns, after regional "en bloc" uplift (Grant, 
1989). It could otherwise imply that tectonic move­
ments occurred mainly along the former margins of 
the basin or of its deepest parts. The sedimentologi­
cal data exposed in the first section of this paper 
suggest that most escarpments separating the main 
topographical levels are located near the former lim­
its of the basin. Some could even belong to the 
bounding ridges and tectonic escarpments that pro­
vided the Carboniferous sediments (Cannes de 
Roches). As the morphological study proved the 
recent reactivation of parts of these structures, the 
last interpretation seems the most appropriate. It does 
not rule out, however, the possible stripping of parts 
of the sedimentary cover that could overlap the 
present Hmits. 

Like other parts of the Appalachians (Battiau­
Queney, 1989; Poag and Sevon, 1989) the study area 
was probably uplifted as a result of rifting and 
opening of the Atlantic Ocean, in relationship with 
the development of the passive margin in eastern 
Canada. The thermal history of Paleozoic sediments 
in the Anticosti and Mingan islands, in the northern 
part of the Gulf of Saint Lawrence, shows that 
post-Acadian uplift and corresponding erosion 
reached 2 to 4 km on the Laurentian platform 
(Bertrand, 1990). The Maritimes basin contains up to 
11 km of Carboniferous and Permian sediments in its 
central parts and shows signs of differential vertical 
movements in its northwestern parts. It is, therefore, 
suggested that differences in uplift amplitude, if not 
true subsidence, may account for the depressed situa­
tion of this basin, though a contribution of differen-

rial - mainly fluvial - erosion cannot be com­
pletely ruled out (Grant, 1989; Syvitski, 1992). 

Explanations of the correspondence between low­
lands and an old tectonic basin might. therefore, be 
partly geophysical. For instance, Carboniferous thin­
ning of the crust below the Maritimes Basin resulted 
in mantle underplating with mafic or ultramafic ma­
terial which still forms a lower crustal layer about 13 
km thick with high density (Marillier and Verhoef, 
1989). Moreover, according to the same authors, 
maximum calculated depths of the Moho ( 48 km) 
were recorded below some of the escarpments that 
surround the Baie des Chaleurs, north of Port Daniel 
and below the eastern side of the Mirarnichi plateau. 
On the other hand, minimal depths (36 km) charac­
terize the intervening part of the Baie des Chaleurs 
and the Peninsule acadienne. A correspondence ex­
ists between these patterns and the distribution of 
inferred recent tectonic movements in the swdy area. 
The seismic activity is presently low in the studied 
area. but several M3 to MS. 7 earthquakes were 
recorded during the twentieth century on the eastern 
side of the Miramichi Anticlinorium (Adams and 
Basham, 1991). Further investigations on the mecha­
nisms of the reactivation of Acadian structures by 
differential vertical movements should take these 
facts in account. 

52. Timing 

The present study provides no data for a precise 
timing of the post-Acadian morphotectonic evolution 
in the Baie des Chaleurs area. Nevertheless, several 
stages may be inferred, and the ages may be roughly 
bracketed. 

After active Visean, Silesian and Permian tecton­
ics, erosion and sedimentation {Fig. 19: 1). the Mar­
itimes basin and the bounding structures were beveled 
by a large planation surface. Remnants of this major 
feature have been identified on mountains and 
plateaus of many parts of Eastern Canada (Grant, 
1989). One or more planation events occurred later, 
probably after moderate vertical movements such as 
those recorded in the central Appalachians in Meso­
zoic times (Poag and Sevon, 1989). They fmally 
formed an incomplete planation surface below the 
first one, surmounted by residual hills and ridges of 
resistant rocks (Ordovician and Silurian limestones 
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and volcanic rocks. Devonian granites). No indica­
tion occurs in this area of the volumes of rocks 
removed by these long and complex planation stages, 
but the process preserved the Carboniferous and 
Pennian conglomerates in the Iate~Acadian Mar~ 

itimes Basin (Figs. 19 and 3). 
Possibly preceded by slow degradation of this 

surface, the following ·stage was characterized by 
rapid en bloc uplift of central Gaspesie and New 
Brunswick relatively to the Baie des Cbaleurs (Figs. 
I 9 and 4). These movements took place along sev~ 
eral types of tectonic structures more or less parallel 
to Acadian structures. These movements led to the 
present stepped topographic pattern. They triggered 
the . deep dissection of the uplifted plateaus, the 
nearly complete stripping of the remnants of Car­
boniferous sediments that could have been preserved 
on them, and a moderate shaping of the emerged 
parts of the lower compartment by differential er~ 
sion. Exhumation of su~Carboniferous topographies 
by fluvial, marine and possibly glacial erosion is a 
result of this shaping. 

The chronology of these events remains uncertain. 
Analogies with other parts of the Appalachians pr~ 
vide only hypotheses for further investigations with 
appropriate methods. Clues for the existence of 
mountain landscapes, possibly of Andean type with 
average relief between 3.5 and 4.5 k:m, are found in 
the central Appalachian MQ.untains for Permian and 
Trias (Slingerland and Furlong, 1989). The bulk of 
the Carboniferous-Permian sedimentation in the 
Maritimes Basin took place longitudinally from such 
mountains. The later planation history is still to be 
reconstructed. It should be based on correlations with 
the deposition history of the nearby continental shelf 
(Keen and Williams, 1989; Poag and Sevon, 1989). 
The last uplift event is possibly an equivalent of the 
quick uplift recorded in the central Appalachians and 
in the highlands of New England by Poag and Sevon 
(1989) for the Middle Miocene-Pliocene period. Its 
coincidence with cooling climates and stronger and 
stronger pulses in sea level may account for the 
correlative erosion as well. In the nearby region of 
Estrie (Clement. 1990), few data were found for a 
long lasting stability in post~retaceous times. ·A 
high surface was degraded during Oligocene, before 
a Miocene stage of uplift. As an hypothesis, such a 
reconstruction might apply to the study.area. 

6. Conclusion 

The analysis of palaeolandforrns is an appropriate 
tool for reconstructing the morphotectonic evolutiOf 
in basement areas. This is also true of forrnerl1 
glaciated environments, although it requires a preli~ 
inary evaluation of the amount of glacial erosion an£ 
modification of the pre-Glacial landscapes. The iden· 
tification of one surface at least which can be consid· 
ered as a regional datum for the study of lateJ 
movements is a necessary basis for any preciSt 
reconstruction. The study of the exhumed sub· 
Carboniferous surface of southern Gaspesie anc 
northern New Brunswick, together with the analysi: 
of morphostructural patterns, allowed such a recon· 
struction. 

According to our observations, we think that the 
present morphology of the Baie des Chaleurs are< 
may be mainly controlled by recent, possibly Late 
Cenozoic tectonic movements, though a mino1 
amount of differential erosion must be considered as 
well. As in other parts of the Appalachians (Battiau­
Queney, 1989), these movements occurred along old 
- Acadian - and possibly deep-seated structures, 
which were reactivated during epeirogenic events 
related to the evolution of the North Atlantic margin. 

The reconstruction is still incomplete, because it 
does not include precise timing. of the different stages 
and events. It is, therefore, considered as a set of 
preliminary data and hypotheses for further investi­
gations on the morphotectonic evolution of regions 
surrounding the Gulf of Saint Lawrence. 
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