
ABSTRACT

Dolomites in Lower and Middle Ordovician and Lower Silurian carbonates in Anticosti and Gaspé, respectively, are 
documented petrographically and geochemically to originate from early replacement and later void-filling phases, both
derived from high temperature brines. These dolomite-rich intervals are interpreted as hydrothermal dolomites that formed
during the early phases of foreland basin development along the continental margin of Laurentia; the Ordovician examples
are related to the Taconian Orogeny whereas the Lower Silurian one is associated with the Salinic Orogeny.

The dolomitization of the Lower and Middle Ordovician carbonates on Anticosti platform occurred shortly after the
demise of shallow marine carbonate sedimentation in early Late Ordovician, at a time of significant increase of subsidence
rates and associated higher geothermal gradients along the entire continental margin of Laurentia. Two geochemically 
different fluids are documented; the differences could be related to more pronounced rock-water interactions for the Lower
Ordovician carbonates. The dolomitization of the Lower Silurian carbonates on Gaspé Peninsula is demonstrated to be an
early event, pre-Late Silurian, which occurred during a significant magmatic period and likely high geothermal gradients.
The Lower Silurian hydrothermal dolomites record significant exchanges between the high temperature fluid and the mafic
to ultramafic basement that supplied large volumes of Mg+2 needed for this regional alteration. 

This paper illustrates the tectonic link between active foreland basin and hydrothermal dolomite. Moreover, the 
efficiency of fault-controlled circulation related to upward thermal convection of dolomitizing fluids is possibly enhanced
at times of significant magmatic and thermal episodes along the continental convergent margins. 

RÉSUMÉ

Les dolomies dans les successions de l’Ordovicien inférieur et médian d’Anticosti et du Silurien inférieur de la Gaspésie
sont démontrées pétrographiquement et géochimiquement comme originant de remplacement précoce et de remplissage
ultérieur de cavités à partir de fluides salins de haute température. Ces intervalles riches en dolomites sont interprétés
comme des dolomies hydrothermales qui se sont formées lors des phases précoces des épisodes de bassin d’avant-pays sur
la marge continentale de Laurentia; les cas de l’Ordovicien étant reliés à l’Orogénie Taconienne et le cas Silurien inférieur
est associé à l’Orogénie Salinique.

La dolomitisation des carbonates ordoviciens inférieur et médian de la plate-forme d’Anticosti s’est produite peu de
temps après la fin de la sédimentation carbonatée au début de l’Ordovicien tardif, lors d’une période d’augmentation 
significative des taux de subsidence et des gradients géothermiques associés et ce tout le long de l’ancienne marge 
continentale de Laurentia. Deux fluides géochimiquement distincts sont documentés, les différences sont associées à des
interactions roche-eau plus prononcées pour les dolomies de l’Ordovicien inférieur. La dolomitisation des carbonates du
Silurien inférieur de la péninsule gaspésienne est démontrée comme un événement précoce, pré-Silurien supérieur, qui
s’est produit durant une période d’importantes activités magmatiques et de gradients géothermiques possiblement élevés.
Les dolomies hydrothermales du Silurien inférieur ont enregistré des échanges significatifs entre les fluides de haute 
température et le sous-bassement mafique et ultramafique, source des grands volumes de Mg+2 nécessaires pour cette
altération régionale.

Ce papier documente encore plus le lien tectonique entre les bassins d’avant-pays actifs et les dolomies hydrothermales,
de plus l’efficacité de la circulation de fluides de dolomitisation le long de failles par convection thermique est possiblement
accrue lors d’épisodes magmatiques d’importance le long des marges continentales convergentes.
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INTRODUCTION

A large number of world-class hydrocarbon reservoirs are
hosted by hydrothermal dolomites (HTD) of all ages (Davies
and Smith, 2006). Given the economic importance of dolomite
reservoirs and the need for improved exploration models,
debates are ongoing between workers who are persuaded by the
fault-controlled hydrothermal dolomitization process as pre-
sented in the summary paper by Davies and Smith (2006) and
those who question this model. Timing of dolomitization,
nature and origin of the fluid(s), the source of Mg+2 for the
large volume of dolomite, the ambient conditions during
dolomitization and the driving mechanism for fluid circulation
still are controversial topics (Machel and Lonnee, 2002;
Lonnee and Machel, 2006; Davies and Smith, 2006). Most
workers who accept the hydrothermal dolomitization model of
Davies and Smith (2006) agree that dolomitization is linked
with early (i.e. shortly after inception of burial) episodic,
transtensional to extensional faulting and most commonly is
associated with the foreland basin stage of a shallow continen-
tal margin. This is based on the distribution of dolomite bodies
as interpreted from field and core studies and from interpreta-
tion of seismic data. However, the regionally higher geother-
mal gradient associated with increased subsidence rates and
magmatic events at the leading edge of the convergent margin
is commonly overlooked as a possible critical element for
enhancing or even forcing circulation of the high temperature
fluids recorded by the hydrothermal dolomite.

In the last few years, a significant number of Paleozoic
interpreted hydrothermal dolomites in eastern Canada have
been reported (Cooper et al., 2001; Lavoie and Chi, 2001; Chi
et al., 2001; Lavoie and Morin, 2004; Lavoie et al., 2005;
Lavoie, 2006; Lavoie and Chi, 2006a, 2006b; Knight et al.,
2007; Molgat, 2007; Azmy et al., 2008, 2009, Conliffe et al.,
2009; Lavoie et al., 2009, 2010a). The dolomitization of the
limestone is interpreted to be fault-controlled and, based on
petrographic, geochemical and seismic evidence, this event
occurred shortly after the onset of burial of the host rock in a
foreland basin setting. In eastern Canada, the Lower and
Middle Ordovician examples (Anticosti Island) have been
related to tectonic activity in the Taconian foreland basin
(Lavoie, 1997, 1998; Lavoie et al., 2005, Lavoie and Chi,
2006a), whereas the Lower Silurian examples (Gaspé
Peninsula and northern New Brunswick) have been correlated
with the initiation of the Salinic foreland basin (Lavoie and
Morin, 2004; Lavoie and Chi, 2006b). Other interpreted HTD
occurrences in eastern Québec (Lavoie et al., 2009) include the
Lower Devonian example (West Point Formation; Lavoie et al.,
2010a), which has been linked with the Salinic foreland basin
(Lavoie, 2006), and the Lower Devonian example (Upper
Gaspé Limestones), which has been correlated with the
Acadian foreland basin (Lavoie, 2006). 

In this contribution, the spatial and temporal links between
hydrothermal alteration of the carbonate successions and
major tectono-thermal events are presented for the Paleozoic
successions of eastern Québec. The paper will focus on 

the best known HTD examples that are hosted by the Lower
and Middle Ordovician and Lower Silurian rocks (Lavoie and
Chi, 2001; Lavoie and Morin, 2004; Lavoie et al., 2005;
Lavoie and Chi, 2006a, 2006b; Lavoie et al., 2009). For these
examples, a description of the continental margin setting is
presented as well as new petrographic and geochemical data
for both the Middle Ordovician and Lower Silurian examples.
Based on tectono-thermal analysis and on geochemical attrib-
utes of the hydrothermal dolomite (published and herein pre-
sented), we argue that the fault-controlled upward migration
of huge volumes of dolomitizing fluids was enhanced by the
regional elevated geothermal gradients associated with the
tectonically- and magmatically-active continental margin of
Laurentia. 

GEOLOGICAL SETTING

The successions considered in this contribution occur in two
distinct geological domains of eastern Canada: 1) the
St. Lawrence Platform (sensu Sanford, 1993); and 2) the Gaspé
Belt (sensu Bourque et al., 1995, 2001). 

THE ST. LAWRENCE PLATFORM

In eastern Canada, the area covered by the St. Lawrence Platform
stretches from southern Québec to western Newfoundland
(Fig. 1). The preserved succession consists of Cambrian to low-
ermost Silurian sediments (Fig. 1) that were deposited along
the shallow continental shelf of Laurentia after the Late
Proterozoic break-up of Rodinia. These mixed siliciclastic-car-
bonate deposits record the evolution of the margin, from a) the
initial rift (latest Proterozoic to Early Cambrian) to b) a passive
margin (from Early Cambrian to Early Ordovician) that
evolved into c) a tectonically active foreland basin related to
the docking of oceanic and/or island arc domains against the
Laurentian margin (Middle to Late Ordovician) with the pre-
served stratigraphic record that ended in d) a successor basin
(Late Ordovician to Early Silurian) after the main Taconian
accretion event (Sanford, 1993; Lavoie, 2008). 

The St. Lawrence Platform succession preserved on
Anticosti Island (Figs. 1 and 2) consists of carbonate-domi-
nated facies of Early Ordovician (Arenigian) to Early Silurian
(Llandoverian) age. The description here will be limited to the
Lower and Middle Ordovician carbonates; readers interested in
the overlying succession are referred to Long (2007). The basal
unit of the succession is the Lower Ordovician (Arenigian)
Romaine Formation, which unconformably overlies
Grenvillian metamorphic basement. It consists of eustatically
controlled subtidal to peritidal, third- to fifth-order shallow-
ing-upward cycles deposited in a passive-margin setting. The
end of Romaine Formation sedimentation was followed by
subaerial exposure correlated with the regional Sauk-
Tippecanoe sequence-bounding unconformity (Desrochers,
1985; Desrochers and James, 1988; Desrochers et al., in
press). Along the continental margin of Laurentia, the devel-
opment of this unconformity was enhanced by the transit of a
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Fig. 1. Simplified geological map of eastern Canada showing the location of the St. Lawrence Platform and the Gaspé Belt and with general
representative stratigraphic successions for the Anticosti Island and Gaspé Peninsula. The Romaine and Mingan formations (Ordovician Anticosti)
and Sayabec and La Vieille formations (Silurian Gaspé) are positioned in the stratigraphy as well as the significant volcanic units, which include:
the Pointe aux Trembles (PaT), Restigouche (R), Benjamin (B), Bryan Point (BP), Lac Mckay (LM), Black Cape (BC), Lyall (L) and Baldwin 
(Ba). BBL is for Baie Verte – Brompton line; St.F and GH locate the Saint-Flavien gas field and Garden Hill oil field in Lower Ordovician dolomites
in southern Québec and western Newfoundland, respectively. Cross-sections 1 and 2 are illustrated on Figures 2 and 3, respectively. White 
star on Anticosti is the location of seismic line A71-203e shown in Figure 2. Geological map modified from Lavoie et al. (2003). Vertical sections
not to scale.



tectonic peripheral bulge on the margin (Jacobi, 1981; Knight
et al., 1991). Important lateral thickness and facies changes
are present within the upper part of the Romaine Formation
and can be linked with foreland basin faulting (Fig. 2; Lavoie,

1997, 1998; Lynch, 2000; Lavoie et al., 2005; Bordet et al.,
2006; Desrochers et al., in press). Increasingly more evidence
has been gathered in favour of foreland basin onset before the
Sauk-Tippecanoe break in eastern Canada (Salad Hersi and
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Fig. 2. Top: Part of seismic line A71-203e in eastern Anticosti (white star of Fig. 1) that is tied to the Shell et al. Chaloupe #1 well (Lynch, 2000).
Significant reflectors are identified. Some of the extensional faults that cut through the platform and die out in the Macasty seem connected to old,
high-angle faults in the Precambrian basement (arrows). The Chaloupe well was drilled in the centre of a sag delimited by extensional faults. The
Macasty flat lying reflector overlies the sag. This suggests that the collapse occurred before sedimentation of the Macasty shales. Bottom: Cross-
section 1 on Figure 1; the gently southwest-dipping Anticosti platform consists of Lower Ordovician to Lower Silurian facies. This sketch is based
on extensive seismic data and some well information. Extensional faults are documented to affect only the Ordovician succession and largely do
not extend into the Silurian section. Modified from Castonguay et al. (2005).



Dix, 2006; Dix and Al Rodhan, 2006; Knight et al., 2007;
Salad Hersi et al., 2007; Lavoie et al., in press a). 

The overlying succession was deposited in an active
Taconian foreland basin (Desrochers, 1985; Lavoie, 1994) with
a significant increase in subsidence (Long, 2007). The
sequence-bounding unconformity is overlain by the Middle
Ordovician (Darriwilian-lower Caradocian) Mingan Formation
(sensu Desrochers, 1985) which consists of a basal transgres-
sive sandstone unit overlain by various peritidal to open marine
subtidal carbonate facies. The Mingan Formation recorded a
tectonically-controlled sea level rise which eventually led to
drowning of the carbonate ramp at the end of the Middle
Ordovician (Desrochers, 1985). The Mingan Formation is
overlain by the Upper Ordovician Macasty Shale, which
recorded the highest subsidence rate in the Anticosti basin
(Long, 2007; Chi et al., in press).

From recent seismic and drill hole information, the succes-
sion can be described as a gently southwesterly-dipping homo-
cline (Fig. 2) affected by several normal faults. Seismic
interpretations indicate that these faults affect only the lower
part of the succession (pre-Upper Ordovician) and do not reach
the surface (Fig. 2; Lynch, 2000; Bordet et al., 2006, this issue). 

Based on organic matter reflectance data and basin model-
ling (Bertrand, 1987, 1990), the burial of the Romaine
Formation to the east of the major extensional Jupiter fault
(Lynch, 2000; Lynch and Grist, 2002; Lavoie et al., 2005)
reached a maximum of 4.4 km. Thermal modelling suggests
that the maximum burial temperatures at the base of the suc-
cession have not exceeded 115º–125°C for that part of the
island (Bertrand, 1990; Chi et al., in press). 

THE GASPÉ BELT

The Gaspé Belt extends from Gaspé Peninsula to New
Brunswick, Maine and southern Québec (Figs. 1 and 3). The
succession preserved in the Gaspé Belt consists of Upper
Ordovician to Middle Devonian rocks (Fig. 3) that were
deposited after the Taconian Orogeny (Lavoie, 2008). The suc-
cession is dominated by siliciclastic and volcanic rocks with
facies-distinctive carbonate intervals (Bourque et al., 2001).
Significant tectonic activity resumed near the end of the Early
Silurian (Bourque et al., 2001; Lavoie and Morin, 2004; Lavoie,
2008) with the docking of terranes of Pan-African affinity (the
leading Ganderia and trailing Avalonia microcontinents; van
Staal, 2005). The Silurian accretion through NW-oriented sub-
duction of Ganderia (Salinic Orogeny) and the continued
oblique (strike-slip) convergence of Avalonia until its accretion
near the end of the Early Devonian resulted in a long lasting
foreland basin history for the Gaspé Belt in eastern Québec
(Kirkwood et al., 2004; van Staal, 2005; Pinet et al., 2008). 

Increasing evidence indicates that the Gaspé Belt was an
active foreland basin shortly after the end of the Taconian
Orogeny (Kirkwood et al., 2004). Extensional faults were
active in Early Silurian (late Llandoverian) and affected the
slightly younger Wenlockian carbonate ramp from northern
Gaspé to northern New Brunswick (Lavoie et al., 1992;

Bourque et al., 2001; Lavoie and Chi, 2006b). Field observa-
tions and seismic data in northern Gaspé show that the
Shickshock Sud fault, an Acadian (Middle Devonian) dextral
strike-slip fault, had an earlier extensional history (Morin and
Laliberté, 2002; Sacks et al., 2003; Desaulniers, 2005).
Pervasively dolomitized sections of the Lower Silurian carbon-
ates are associated with this fault in northern Gaspé (Lavoie
and Chi, 2001; Lavoie and Morin, 2004) and with interpreted
early extensional faults in northern New Brunswick (Bertrand
and Malo, 2004; Lavoie and Chi, 2006b). Coeval with these
Silurian-Devonian tectonic events, a significant volume of vol-
canic material erupted and is preserved at various localities in
the Gaspé Belt at surface (Laurent and Bélanger, 1984; David
et al., 1985; Bédard, 1986; Doyon, 1988; Wilson, 1992; Dostal
et al., 1993; Bourque et al., 2001; Wilson et al., 2004) and in
the subsurface (Pinet et al., 2005, 2008).

The Lower Silurian carbonates (Sayabec and La Vieille for-
mations) represent the oldest shallow water limestones in the
Paleozoic succession of the northern segment of the
Appalachian orogen (Bourque et al., 1986; Lavoie et al., 1992).
Their sedimentation coincided with the end of the first shal-
lowing phase that followed the late Middle Ordovician
Taconian Orogeny (Bourque et al., 2001; Bourque, 2001). The
Lower Silurian carbonates formed a gently south-dipping ramp
and consisted of four parallel depositional belts (Lavoie et al.,
1992). These are, from nearshore to offshore: 1) a wide periti-
dal mud flat dominated by microbial communities (laminites,
stromatolites, thrombolites); 2) a narrow rim of small bioherms
built by a consortium of skeletal metazoans (corals, bryozoans,
stromatoporoids), skeletal calcareous algae and microbial com-
munities; 3) a well-sorted lime sand belt and; 4) a deeper water
nodular mud belt. Significant volumes of Lower Silurian
(Llandoverian to Wenlockian) mafic volcanic units are largely
coeval with the construction of the carbonate ramp. These are
found in northern New Brunswick (Wilson et al., 2004; Pinet et
al., 2005, 2008), southern Gaspé Peninsula (Bourque et al.,
2001; Pinet et al., 2005, 2008) and in the Témiscouata (David
et al., 1985) regions.

The southern limb of the Lac Matapédia syncline, the area
from where Sayabec Formation samples originate (Fig. 3), is in
the oil window (Ro between 1.0 and 1.3%; Roy, 2004, 2008)
and therefore, never experienced burial temperatures in excess
of roughly 150°C. The samples of the La Vieille Formation in
northern New Brunswick (Lavoie and Chi, 2006b) are from
sections characterized by significantly higher thermal matura-
tion with Ro values of the dry gas zone (between 1.8 and 2.2%,
Bertrand and Malo, 2004) and, therefore, have likely experi-
enced higher maximum temperatures.

METHODS

The values reported herein for fluid inclusions microthermo-
metric data as well as oxygen and carbon isotopic ratios come
from Lavoie and Chi (2001; Sayabec Formation), Lavoie and
Morin (2004; Sayabec Formation), Lavoie et al. (2005;
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Fig. 3. Geological map of the Acadian Gaspé belt, at the group level (Modified from Bourque et al., 2001). The stars locate the position of three
areas with significant hydrothermal dolomites in the Lower Silurian carbonates. 1) Lac Matapédia Syncline, 2) the Ruisseau Isabelle section and
3) the Elmtree Inlier area. VB locates the seismic line shown at the bottom. Ellipses locate areas with significant Llandoverian-Wenlockian volcanic
units; PaT is for Pointe aux Trembles Formation (Llandoverian; David and Gariepy, 1990), R is for Restigouche volcanics (Wenlockian?) and BP
is for Bryan Point Formation (Wenlockian; Walker et al., 1993). Bottom: the VB seismic line is a composite of 4 lines that illustrate the general tec-
tonic style for the Acadian Gaspé Belt. The Lower Silurian succession is involved in duplexes and other compressive deformation features in the
subsurface. The dashed line is the interpreted top reflector of the Sayabec-La Vieille formations seismostratigraphic interval. Modified from Morin
and Laliberté (2002).



Romaine Formation) and Lavoie and Chi (2006b; La Vieille
Formation). The acquisition of new data for fluid inclusions
and stable isotopic ratios for the Mingan (samples from the
Shell et al. Chaloupe well, Figs. 1 and 2) and Sayabec (samples
form the Lac Matapédia syncline; Fig. 3) formations follow the
same analytical procedures presented in those papers. The new
carbon (δ13CPDB) and oxygen (δ18OPDB) stable isotopes analyses
were performed at the Delta Lab of GSC-Québec with a data
precision better than ± 0.1‰. This contribution also reports
some new 87Sr/86Sr ratios and concentrations of Sr for the
Romaine and Mingan formations. The samples for strontium
analyses come from wells identified in Lavoie et al. (2005); the
analyses were carried out at the AURIF laboratory at Memorial
University of Newfoundland. The 87Sr/86Sr precision is better
than 0.000037 with an accuracy better than 0.000068. The NBS
987 standard reference material was used for calibration of the
measured 87Sr/86Sr ratios and its average value was 0.710250 
± 0.000028 based on 6 measurements. 

HYDROTHERMAL DOLOMITES IN

ORDOVICIAN FORELAND BASINS

In eastern North America, Middle to Upper Ordovician HTD
are oil and gas reservoir rocks in the Michigan (Hurley and
Budros, 1990) and in the Appalachian (Smith, 2006) basins and
in southern Ontario (Carter et al., 1996; Molgat, 2007). Oil
production from the Lower Ordovician strata in western
Newfoundland (Garden Hill field; Cooper et al., 2001) has
been documented and historical production of natural gas from
Lower Ordovician in southern Québec is known (Saint-Flavien
field; Bertrand et al., 2003) (Fig. 1). Lower and Middle
Ordovician HTD occurrences, with locally significant amounts
of hydrocarbon, have been documented in the St. Lawrence
platform of Anticosti Island (Chi et al., 2001; Lavoie et al.,
2005, 2009; Lavoie and Chi, 2006a; Chi et al, in press) and
southern Québec (Chi et al., 2000; Lavoie et al, 2009) as well
as in the Lower Ordovician of New York (Slater et al., 2007).
Therefore, from western Newfoundland to the Appalachian
Basin in eastern USA, hydrothermal alteration of Lower to
Upper Ordovician successions has generated significant fault-
controlled, regional masses of dolomites.

LOWER ORDOVICIAN ROMAINE FORMATION, 
ANTICOSTI ISLAND

Petrographic and geochemical data from the Romaine
Formation that support hydrothermal dolomitization have been
reported in Lavoie et al. (2005). Average microthermometric
data [homogenization temperature (Th) and salinity] for fluid
inclusions (FI) in the Romaine Formation are presented in
Table 1. The new 87Sr/86Sr ratios and Sr concentration values
for the dolomite phases in the Romaine Formation are pre-
sented in Table 2. Individual dolomite and calcite samples with
paired FI Th and δ18OPDB data are listed in Table 3. 

As discussed in Lavoie et al. (2005), the FI Th values for a
significant number of matrix replacement dolomite RD3 and
RD4 as well as those for the pore-filling saddle dolomite (PD1
and PD2) that formed later in the paragenetic succession are
higher than the maximum burial temperature (115–125°C)
experienced by the Romaine Formation (Fig. 4), especially in
the eastern half of the island, arguing for hydrothermal alter-
ation of the rock unit. 

Figures 5 and 6 present the interpreted δ18OSMOW values of
the diagenetic fluids responsible for the various dolomite and
late (post-dolomite) calcite phases based on their δ18OPDB ratios
and FI Th values of individual analyses (Table 3). The early
replacement dolomite (RD2; Fig. 5) and late pore-filling calcite
(PC2; Fig. 6) are both derived from a brine (20.4 to 24.2 and 16
to 31 wt% NaClequiv. for RD2 and PC2, respectively; Lavoie et
al., 2005) that originated from an evolved marine precursor as
suggested by the δ18OSMOW ratio of the replacement / precipi-
tating fluid (between –1 to –5‰; Figs. 5 and 6). The later
replacement dolomite (RD3) as well as the pore-filling saddle
dolomite (PD1 and PD2) record the presence of a heavy iso-
tope-enriched (δ18OSMOW between +2 to +6‰; Fig. 5) and very
saline (17.0 to 26.5 wt% NaClequiv.; Table 1) fluid. All the
dolomites (RD2, RD3, PD1 and PD2) of the Romaine
Formation are characterized by 87Sr/86Sr ratios (0.709142 to
0.712862; Table 2 and Fig. 7) that are higher than those of
Early Ordovician marine seawater (0.7087 to 0.7089; Shields et
al., 2003; Fig. 7); some of them are in fact more radiogenic than
any value for the Phanerozoic oceans. Because no significant
siliciclastic unit is present below the Romaine Formation, the
high radiogenic isotope ratios suggest that the dolomitizing
brines had profound interactions with the underlying
Grenvillian basement. The δ13CPDB ratios of the Romaine
Formation dolomites correlate well with the proposed values
for the Arenig seawater (–3.0 to +0.3; Shields et al., 2003;
Fig. 7), suggesting that Lower Ordovician carbonates sourced
the HCO3

- for dolomite replacement or precipitation. The inter-
pretation derived from the δ18OSMOW and 87Sr/86Sr values of the
dolomitization fluids further strengthen the interpretation of
Lavoie et al. (2005) that dolomitization of the Romaine
Formation proceeded from high temperature brines that signif-
icantly interacted with basement units.

MIDDLE ORDOVICIAN MINGAN FORMATION, 
ANTICOSTI ISLAND

The Middle Ordovician Mingan Formation recently became
the prime target for the hydrothermal dolomite play in Anticosti
Island (Lynch, 2000; Lavoie et al., 2009). The depositional
facies of studied samples for the Mingan Formation are repre-
sented by subtidal bioclastic and intraclastic wackestone to
grainstone, and no peritidal facies were noted (Chi et al., 2001).
The available data set (thin sections, FI microthermometric
data, oxygen and carbon stable isotopes, strontium isotope
ratios and Sr content) is less abundant than for the Romaine
Formation.
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Microthermometric data from fluid inclusions [homoge-
nization temperature (Th) and salinity] for replacement
dolomites are presented in Table 1. The δ18OPDB and δ13CPDB
ratios as well as the 87Sr/86Sr ratios and Sr concentration values
are presented in Table 2, while individual dolomite samples
with paired FI Th and δ18OPDB data are listed in Table 3.

The paragenetic succession, based on limited thin sections
from core indicates that early and later replacement dolomites
are present in the unit (Figs. 8 and 9). The Mingan Formation
is characterized by initial calcite cementation that commonly
fills most of available primary pore space. Based on our lim-
ited data set, replacement dolomitization was initiated before
onset of stylolitization and continued afterwards. The replace-
ment dolomites share petrographic similarities with the
Romaine Formation replacement phases, including sub-mm
(0.01 to 0.15 mm) crystals of planar-e type (Sibley and Greg,
1987), dull reddish to non-luminescence under CL, and low
iron content (Fig. 8 a to d). In some samples, post-stylolite
replacement dolomite (M-RD3) fills irregular stringers that cut
through the depositional facies (Fig. 8e, f). Locally, sphalerite
and barite are observed as the last diagenetic phases postdat-
ing late calcite and dolomite cements. Saddle dolomite, either
as a replacement phase or as pore-filling cement, was not
observed in core thin sections, although examination of thin
sections from cuttings allowed identification of some fragments
of this specific dolomite.

The calculated salinities of fluid inclusions within replace-
ment dolomites of the Mingan Formation indicate alteration by
highly saline brines (22.8 to 24.7 wt% NaCl equiv.; Table 1). The
FI Th values of replacement dolomites (83° to 128°C) closely
match those of replacement dolomites of the Romaine

Table 2. Oxygen and Carbon isotope ratios and 87Sr/86Sr and Sr concentrations for the Mingan and Romaine formations.

Table 3. Paired Th and δ18O values 
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Formation (Table 1), suggesting similar thermal conditions for
the replacement of the limestone host. This observation further
argues for the hydrothermal nature of the dolomitizing fluids,
as the Mingan Formation was certainly buried less deeply than
the Romaine Formation. The plot of paired FI Th and δ18OPDB
data (Fig. 5) indicates that the interstitial brines responsible for
dolomitization of the Mingan Formation were heavy isotope-
enriched fluids (δ18OSMOW of +4 to +5‰), similar to those
responsible for the late replacement and saddle dolomites in the
Romaine Formation. The 87Sr/86Sr ratios for the replacement
dolomites for the Mingan Formation (0.708815 to 0.709034;

Table 2) are less radiogenic than the replacement dolomites in
the Romaine Formation (Fig. 7), but are more radiogenic than
the interpreted Darriwilian seawater (0.7082 to 0.7086; Shields
et al., 2003; Fig. 7). Still, the limited available data set could
indicate that the fluids were derived from the Arenig seawater
(Fig. 7). The δ13CPDB ratios of the Mingan Formation dolomites
plot at the heavy end of the Darriwilian marine values (–2.5‰
to +1.8‰; Shields et al., 2003; Fig. 7) and are enriched in
heavy isotopes compared to Arenigian marine values (Fig. 7);
this suggests that most of the HCO3

- for replacement dolomite
in the Mingan Formation was recycled from the precursor
marine carbonates.

SHALLOW BURIAL HIGH TEMPERATURE ALTERATION

EVENTS IN ORDOVICIAN CARBONATES

Dolomitized zones are invariably associated with a well-devel-
oped fracture network (Lavoie, 1997, 1998; Lynch, 2000; Chi et
al., 2001), and significantly dolomitized intervals in both units

Fig. 4. Summary of paragenetic succession for the Romaine
Formation (progressively younger towards the bottom) with FI Th values.
RD is for replacement dolomite, PC and PD are for pore-filling calcite and
dolomite, respectively. The arrow outlines the progressive increase in 
FI Th values. Modified from Lavoie et al. (2005).

Fig. 5. Temperature (Th) of fluid inclusions versus δ18O dolomite of spe-
cific diagenetic phases. The lines represent δ18Ofluid-SMOW values that are
expected from combined temperatures and oxygen isotopic ratios of
dolomites. The equilibrium lines were constructed from the equation 103

ln α = 3.2 X 102 T-2 - 3.3 (Land, 1983). Values for the Romaine
Formation are RD-2, RD-3, PD-1 and PD-2 fields, values for the Mingan
Formation are M-RD2 and M-RD3 (pale shaded field), finally the values
for the Sayabec Formation (Silurian dolomite) are part of the dark-
shaded field. The Romaine Formation RD-2 field likely records marine
fluid (δ18O fluid-SMOW of –4 to –3‰) whereas Romaine Formation RD-3,
PD-1 and PD-2 as well as the M-RD2 + M-RD3 field of the Mingan
Formation suggest isotopically heavy fluids (δ18O fluid-SMOW of +1 to
+6‰). Finally, the Silurian values are anomalously enriched in heavy
isotopes (δ18O fluid-SMOW of +8 to +10‰). Data in Table 3. The bars 1 and
2 (lower right) provide the ranges of assumed sea water δ18OSMOW
composition in 1: Arenig time (–9 to –5.4‰) and 2: Darriwilian time 
(–8.6 to –5‰) (Shields et al., 2003).
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are found in cores drilled in fault-delineated seismic sags (Fig. 2;
Lynch, 2000). From core observations and for both the Romaine
and Mingan formations, extensional faults and fractures were
critical in the circulation of the high temperature saline fluids
(Lavoie, 1997, 1998). From seismic data, the sags on top of the
Middle Ordovician carbonate succession are filled by the fault-
sealing, Upper Ordovician Macasty Shale that immediately over-
lies the Mingan Formation; the former unit is usually not cut by
the faults (Fig. 2; Lynch, 2000; Lavoie et al., 2009). Hence, it can
be interpreted that the high temperature, fault-focussed fluid
event that resulted in the replacement dolomite in the Mingan
Formation occurred early in the burial history of that unit. 

Chi et al. (2001) and Lavoie and Chi (2006a) proposed that
the significant differences in 87Sr/86Sr and Sr concentration val-
ues for the replacement dolomites between the Romaine and
Mingan formations could be related to two different fluid sys-
tems: one that circulated deep into the basement, became

Fig. 6. Temperature (Th) of fluid inclusions versus δ18Ocalcite compo-
sition of late pore filling calcite cement of the Romaine Formation (stars
symbols - PC2) and also reported values for La Vieille Formation early,
high temperature calcite cements (dots; Lavoie and Chi, 2006b). The
lines represent δ18Ofluid-SMOW values that are expected from combined
temperatures and oxygen isotopic ratios of calcites. The equilibrium
lines were constructed from equation of Friedman and O’Neil (1977).
Values for PC-2 are slightly enriched in heavy isotopes compared to
Arenigian sea water (the shaded field; –9 to –5.4‰, Shields et al.,
2003). For comparison, the Lower Silurian La Vieille Formation early
calcite cement (intimately associated with early dolomite; see Lavoie
and Chi, 2006b) is derived from a significantly heavy isotope fluid.
Romaine Formation data in Table 3.

Fig. 7 (right column). Scatter diagram presenting 87Sr/86Sr values
for the Romaine and Mingan Formations versus A) absolute Sr content
in specific dolomites, B) δ18OPDB of dolomite phases and C) δ13CPDB of
dolomite phases. Data in Table 2. See text for details. For all graphs, the
fields for late Arenig and Darriwilian seawater (1 and 2, respectively) are
shown by the shaded boxes (Shields et al., 2003). 
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enriched in 87Sr, and ascended along faults; and another one
that moved laterally towards the faults along the strata.
Although both fluids may have originated from Arenigian sea
water, the former has experienced more fluid-rock interactions

than the latter and is consequently enriched in 87Sr and depleted
in Sr content. The first fluid dominated in the dolomitization of
the Romaine Formation, whereas the second was volumetri-
cally more important in the Mingan Formation.

Fig. 8. Dolomites in the Mingan Formation. A) Photomicrograph in transmitted light of early replacement (darker M-RD1) and later replacement
(M-RD2) dolomites. Sample CHA-4. B) Close up of A) showing replacement dolomites M-RD1 and M-RD2. C) Photomicrograph in transmitted light
of dolomite M-RD3 that replaces a biomicrite matrix. Sample CHA-6. D) Same as C but under cathodoluminescence. Replacement dolomite 
M-RD3 is very dull luminescent (darker zones) whereas the surrounding matrix is slightly more luminescent. E) Photomicrograph in transmitted
light of a “corridor” filled with replacement dolomite M-RD3. The dolomite seam cuts through a fractured (calcite-filled) Girvanella-rich (Gi) bioclastic
packstone. Sample 4151 NACP well. F) Photomicrograph under cathodoluminescence of a dolomite “corridor” (outlined by arrow) filled by M-RD3
replacement dolomite. The dolomite is luminescent-zoned. Sample 4167 NACP well.
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HIGH TEMPERATURE FLUID CIRCULATION

IN TACONIAN FORELAND BASIN

Most eastern North American researchers have selected the
major faunal and sedimentologic break in the early Middle
Ordovician (Whiterockian) as the expression of the transition
from passive margin to foreland basin (James et al., 1989; Read,
1989; Knight et al., 1991; Lavoie, 1994). This major break,
which is slightly diachronous westerly (Knight et al., 1991;
Salad Hersi et al., 2007; Lavoie et al., in press a) coincides with
the migration of a peripheral bulge on the continental margin
(Jacobi, 1981) and it correlates with the major Sauk-Tippecanoe
unconformity in intracratonic basins (Sloss, 1963).

Increasingly abundant evidence indicates that near the end
of the Early Ordovician, before the passage of the peripheral
bulge, the continental margin was locally characterized by sig-
nificant to subtle extensional collapse of the margin as
expressed in sudden deepening recorded in the facies architec-
ture and in anomalous thickness variations of units (Lavoie,
1997, 1998; Salad Hersi and Dix, 2006; Dix and Al Rohdan,
2006; Lavoie et al., 2005; Salad Hersi et al., 2007). Therefore,
it seems likely that an active tectonic setting was developed at
least in the late stages of the deposition of the Romaine
Formation, so that the upper part of the formation should be
considered a foreland-basin deposit (Lavoie et al., in press a).

The Middle to Upper Ordovician Taconian Orogeny is inter-
preted to have resulted from the accretion on the continental

margin of Laurentia of several discontinuous Ordovician vol-
canic arcs, along a SE-dipping (present-day coordinates) sub-
duction zone (Pinet and Tremblay, 1995; van Staal, 2005). As
the collision of the lithospheric plates proceeded, flexural exten-
sion from the subduction resulted in the reactivation of some old
(rift-related?) Precambrian faults along the continental margin
(Fig. 2) and the formation of new faults in the Lower Paleozoic
sedimentary pile (e.g. O’Brien et al., 1999). The spatial link
between structures in the Precambrian basement and faults in
the Lower Paleozoic succession can be seen on a number of
seismic lines on Anticosti (Fig. 2 and Lynch, 2000). Such a rela-
tionship is also documented in the Appalachian Basin to the
south (Smith, 2006). These extensional faults may have pro-
vided the main conduits for high temperature saline fluids that
were expelled from deeper in the basin; they could also have
served as recharge zones for cooler and younger marine fluids
to descend into the basement to be chemically altered and
heated and eventually, to ascend. 

The upward circulation of the dolomitizing fluids was
enhanced by an increase of the geothermal gradient that was
associated with the significant increase in subsidence rates that
is documented in the Upper Ordovician succession on Anticosti
Island (Long, 2007). The conclusions of this rock thickness -
time interval analysis is supported by Apatite Fission Track data
(Lynch and Grist, 2002) which also indicate rapid burial and
significant increase of geothermal gradients in Late Ordovician
time followed by a general decrease of both rates in Silurian.

Fig. 9. Summary of the paragenetic succession in the Mingan Formation as recognized from detailed conventional and cathodoluminescence
petrography.
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SILURIAN FORELAND BASIN

There are few examples of hydrocarbon production from
Silurian hydrothermal dolomites in North America; one exam-
ple is the Silurian Wristen Group in Texas (Davies and Smith,
2006). The outcrop of Lower Silurian HTD in northern Gaspé
is characterized by a significant amount of bitumen that fills
secondary pore space which makes up to 25–30% of rock vol-
ume (Lavoie and Morin, 2004; Lavoie and Chi, 2006b). In the
absence of any significant amount of organic matter in those
limestone facies (TOC below 0.1%; Bertrand and Malo, 2001,
2004; Roy, 2004, 2008), the pore-filling bitumen cannot realis-
tically be related to forced maturation of organic matter-rich
intervals in the succession (Davies and Smith, 2006). The
quarry outcrop of the Sayabec Formation on the southern limb
of the Lac Matapédia syncline (Fig. 3; Lavoie and Morin,
2004) is interpreted as part of a locally exhumed oil field
(Lavoie et al., 2009).

There are no new conventional or cathodoluminescence pet-
rographic data reported here and readers are referred to the
cited literature for detailed description of the diagenetic phases
for the Gaspé Belt Lower Silurian HTD. Fluid inclusion
microthermometric data (Th and salinity) and δ18OPDB and
δ13CPDB ratios for diagenetic phases in the Lower Silurian
examples are discussed in Lavoie and Chi (2001), Lavoie and
Morin (2004) and Lavoie and Chi (2006b). The average FI
microthermometric data for the Sayabec Formation saddle
dolomite from Lavoie and Chi (2001) are listed in Table 1,
which also contains new FI data for dolomite and calcite
cements for the Sayabec Formation at the Lac Matapédia syn-
cline (Lavoie and Morin, 2004). Paired FI Th and δ18OPDB data
from individual analysis are reported in Table 3.

The published and new data for the Lower Silurian
dolomites are characterized by very saline fluid inclusions (>21
wt% NaClequiv.; Table 1). The new FI Th data from dolomites in
the Sayabec Formation at the Lac Matapédia syncline (142 to
218°C; Table 1) fall in the same range of high temperatures as
those reported from the same unit in central Gaspé (114 to
194°C, Ruisseau Isabelle section; Lavoie and Chi, 2001).
These new values are significantly higher than the maximum
burial thermal conditions recorded by organic matter in the
non-dolomitized limestone facies at that specific section (Ro of
1.3%, ≈ 130° to 150°C; Roy, 2004, 2008). Paired FI Th and
δ18OPDB values are used to reconstruct the δ18OSMOW ratio of the
fluid responsible for the matrix dolomite (Fig. 4). The data
indicate that a very heavy isotope-enriched fluid (δ18OSMOW of
+8 to +10‰) was responsible for the dolomitization. High-tem-
perature calcite cements are found with matrix and saddle
dolomite in the La Vieille Formation of New Brunswick, the
calcite was documented to have precipitated from a fluid with
δ18OSMOW ratio of +2 to +3‰ (Fig. 5; Lavoie and Chi, 2006b). 

The very high δ18OSMOW ratios of the fluid responsible for the
replacement dolomite could suggest either the presence of some
exotic fluids or a significant enrichment of marine-derived fluid
from pronounced interactions with evaporative-derived brines.

Evaporite deposits are currently unknown in eastern Canada in
the Paleozoic section until the Carboniferous, well after the
early dolomitization of the Lower Silurian carbonates (see
below). The Sayabec and La Vieille formations stratigraphically
overlie significant Ordovician ultramafic to mafic basements
with a few hundreds of meters of predominantly coarse-grained
clastic sediments between the basement and the Silurian car-
bonate platform (Lavoie and Morin, 2004; Lavoie and Chi,
2006b). Basaltic rocks of arc and MORB affinities are charac-
terized by heavy whole-rock δ18OSMOW ratios (+5 to +10‰;
Harmon and Hoefs, 1984). It is proposed that high temperature
fluids not only gained their Mg+2 charge from these mafic units
(Lavoie and Morin, 2004; Lavoie and Chi, 2006b; Lavoie et al.,
2010b), but also obtained the anomalous high δ18OSMOW ratios
by significant interactions with the mafic rocks.

Important new FI microthermometric data from late calcite
cements from the Sayabec Formation in the Lac Matapédia syn-
cline are reported (Table 1). The fluid inclusions in the host cal-
cite are non-saline and as such, mark a major shift from the
earlier dolomite. The calcite cement post-dated both the
hydrothermal dolomitization and the significant hydrocarbon
charge in the secondary pore space (Lavoie and Morin, 2004).
From the strongly-zoned luminescence characteristic of the
cement itself, its presence on scalloped or corroded post-
dolomite surfaces, and its characteristic narrow range of
δ18OPDB and wide scatter of δ13CPDB ratios, Lavoie and Morin
(2004) provisionally interpreted this calcite as a meteoric calcite
cement related to the Late Silurian sub-aerial exposure of part of
the Lower Silurian succession (Lavoie and Bourque, 1993). A
similar interpretation, based on petrographic and geochemical
data, was proposed for late calcite cement in the La Vieille
Formation of New Brunswick (Lavoie and Chi, 2006b). For the
La Vieille and Sayabec formations (Lavoie and Chi, 2006b and
Table 1, respectively), the FI Th values for this calcite cement
are highly erratic (from one-phase liquid inclusions or likely
below 50°C up to 178°C). In both examples, calcite-hosting FI
are either one-phase liquid or contain an anomalously large
bubble that is commonly interpreted to reflect heterogeneous
trapping in the meteoric vadose zone (Barker and Halley, 1988)
and, consequently, do not yield reliable Th values.

SHALLOW BURIAL HIGH TEMPERATURE ALTERATION

EVENTS IN SILURIAN CARBONATES

Active faulting in the early stages of the burial history of a car-
bonate host is commonly seen as the most critical prerequisite
for significant hydrothermal alteration of a limestone unit
(Davies and Smith, 2006). The Lower Silurian succession
belongs to a folded and faulted belt (Fig. 3) and the subtle
expression of sags is not unequivocally recognized even after
flattening of the Lower Silurian seismostratigraphic interval
(Desaulniers, 2005). However, the easily picked Lower Silurian
seismic interval (Fig. 3) is cut by numerous faults defining
zones with subtle thickness variations; a significant number of
these faults do not pierce through the top of the overlying fine-
grained Upper Silurian Saint-Léon Formation (Desaulniers,
2005). The seismic flattening also helps to document thickness
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variations of the Upper Silurian and younger units, the thicken-
ing being associated with high-angle normal faults (Desaulniers,
2005). Therefore, recent detailed work on seismic data helps to
document that significant extensional (transtensional?) faulting
occurred at the time of sedimentation of the Lower Silurian car-
bonates. The onset of extensional collapse in late Early Silurian
has also been documented from field thickness variations and
facies architecture in the Lower Silurian (Llandoverian) Burnt
Jam Brook Formation (Bourque et al., 1995, 2001) and in the
slightly younger (Wenlockian) Sayabec Formation (Lavoie,
1988). Hence, active faulting in the Early Silurian depositional
basin is documented from various field and seismic data
(Lavoie, 2008). 

The sub-aerial exposure event after the hydrothermal
dolomitization in both northern Gaspé and New Brunswick is
an important element to consider for time relationships. The
dissolution of carbonates and the precipitation of meteoric cal-
cite cement are associated with local sub-aerial exposure of the
Lower Silurian succession. The exposure could be related to: 1)
a widely-recognized Late Silurian global sea level lowstand; 2)
the Late Silurian Salinic tectonic uplift; or even 3) the com-
bined effect of both events. Whatever the cause, the result (the
Salinic unconformity) is visible at several places in the Gaspé
Belt (Lavoie and Bourque, 1993; Bourque et al., 2001; Wilson
et al., 2004), which suggests that the fault-controlled high tem-
perature dolomitization of the Lower Silurian carbonates
occurred prior to the Late Silurian, therefore shortly after onset
of burial of the limestone succession and at relatively shallow
burial depth.

MAGMATIC ACTIVITY AND HIGH GEOTHERMAL GRADIENTS

IN THE SALINIC-ACADIAN FORELAND BASIN

Early Silurian tectonism in the Gaspé Belt is related to the
accretion of the microcontinent Ganderia against Laurentia,
through a NW-dipping (present-day coordinates) subduction
plane (Wilson et al., 2004; van Staal, 2005). The presence of an
Early Silurian subduction zone is documented in central New
Brunswick by the presence of the high pressure – low temper-
ature blueschist assemblage with 40Ar/39Ar ages ranging
between 442 ± 4 and 430 ±4 Ma (Llandoverian; van Staal et al.,
1990). The lithospheric response to the subduction of the lead-
ing margin of Ganderia (the Tetagouche – Exploits back arc
basin of van Staal, 2005) resulted in the onset of extension
along reactivated Taconian faults in the Gaspé forearc basin
(Pinet et al., 2008).

In the Gaspé Belt, west of the post-Taconian composite
margin, there is little evidence of an active tectonic environ-
ment from Late Ordovician to the late Early Silurian (Bourque
et al., 2001; Kirkwood et al., 2004). The onset of synsedi-
mentary tectonic activity is recorded in the central part of the
basin by fault-controlled anomalous thickening of Lower
Silurian units (Bourque et al., 1995, 2001). 

Coeval and associated with the subduction, melting of the
down-going plate occurred and produced Lower Silurian arc
mafic volcanic units that are present in the Témiscouata region
(Fig. 3; Pointe aux Trembles Formation, David et al., 1985;

David and Gariepy, 1990). These Llandoverian andesitic tuffs
and breccias were deposited just before the sedimentation of
the regional Lower Silurian carbonate ramp facies and argue
for higher geothermal gradients at that time. In southern Gaspé
Peninsula and in northern New Brunswick, the Lower Silurian
carbonate facies are directly overlain by Wenlockian (423 ±
3 Ma; Walker et al., 1993) within-plate volcanic units (Bryan
Point and Benjamin formations and Restigouche volcanics).
The presence of volcanic units directly below and above the
Lower Silurian carbonate facies is proposed as a strong argu-
ment for high geothermal gradients at that time. These higher
gradients were also likely associated with the regional increase
in subsidence rate that followed the onset of the Salinic fore-
land basin (Bertrand and Malo, 2001; Kirkwood et al., 2004;
Desaulniers, 2005).

DISCUSSION

In eastern Canada, Lower to Middle Ordovician and Lower
Silurian hydrothermal dolomites are spatially and temporally
linked with the onset of foreland basins and associated
increase in subsidence rates and geothermal gradients.
Moreover, for the Lower Silurian succession, the carbonate
platform is intercalated between volcanic units and occurred at
a time of widespread plutonism in the Appalachians (Hepburn
et al., 1995; van Staal, 2005). It is noteworthy that other
reported examples of interpreted hydrothermal dolomites in
the Acadian foreland basin succession of Appalachian Orogen
in eastern Canada (Lower Devonian West Point Formation and
Lower Devonian Upper Gaspé Limestones; Lavoie, 2006;
Lavoie et al., 2010a) are spatially and temporally associated
with significant volumes of within-plate mafic volcanic –
magmatic units found in central and southern Gaspé Peninsula
(Bourque et al., 2001, their figures 6 and 7). In these examples,
the magmatic activity is associated with asthenospheric
upwelling after lithospheric delamination (van Staal and de
Roo, 1995; Wilson et al., 2004; Tremblay and Pinet, 2005). 

The generation and subsequent rise of magma from the
melting of a down-going plate is responsible for significant,
regional-scale upward deflection of thermal isograds in the
adjacent lithosphere away from the subduction zone itself (e.g.
Grevemeyer et al., 2005; Okubo et al., 2005). Similarly, in
extensional domains, the upwellings of the asthenosphere will
also result in a significant upward deflection of the thermal iso-
grads in the stretched and thinned crust (e.g. Thomson et al.,
2005; Behn et al., 2007). The heat flow and resulting geother-
mal gradient will increase over significant areas along the mar-
gin in either compressive or extensional domains.

Convergent continental margins and their associated, fast
subsiding foreland basins are characterized by geothermal gra-
dients that are higher than those of old passive margins they
commonly succeed (Taylor et al., 1998), a situation observed
for the lower Paleozoic succession of eastern North America
(Burden and Williams, 1995, 1996). Magmatic processes active
at convergent margins further increase regional geothermal
gradients. These high gradients can be a critical element in
enhancing and even forcing convection of large volumes of
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high temperature brines that could eventually form hydro-
thermal dolomites provided that the other elements of the 
system are present (e.g. early active faulting that cuts through
favourable porous and permeable carbonate host, source of
Mg+2 and an efficient unbreached seal; Davies and Smith,
2006). From the significant magmatic processes that take place
at a convergent margin, limestone successions deposited in fast
subsiding foreland basins could be prime targets for hydrother-
mal dolomitization. Other high temperature settings such as
rifted, young and hot crust (e.g. the Jurassic Deep Panuke field;
Wierzbicki et al., 2006) or old (post-rift) crust overlain by still
hot mantle plume could also be seen as a potential favourable
setting for hydrothermal dolomitization. However, the tectonic
environment for repetitive fault reactivation might be more
problematic, at least for the latter.

The association of hydrothermal dolomites in rapidly sub-
siding foreland basins with a record of coeval significant mag-
matic activity is not restricted to the eastern North American
region, as similar relationships are documented for (amongst
others) the Devonian-Mississippian of western Canada (Davies
and Smith, 2006), the Upper Carboniferous of Spain
(Gasparrini et al., 2006) and the Triassic of northern Italy
(Wilson et al., 1990). It is proposed that higher geothermal gra-
dients associated with the significant magmatic activity from
the inception of the active foreland basins was a critical ele-
ment in enhancing and forcing upward fault-controlled circula-
tion of hydrothermal fluids. Therefore, in the global search for
economic accumulations of hydrocarbons, foreland basins with
a long lasting history of significant magmatism especially at
the time of carbonate accumulation should be considered as
prime targets for the large hydrothermal dolomite fields.

CONCLUSIONS

Hydrothermal dolomites have been recognized and character-
ized in the Ordovician and Silurian successions from the St.
Lawrence Platform and Gaspé Belt, respectively. For both
examples, the pervasive matrix dolomite and pore-filling sad-
dle dolomite cement originated from 87Sr-enriched (Ordovician
examples), saline, high temperature fluids. Alteration of the
limestone host occurred relatively early in the burial history of
these Middle Ordovician and Silurian successions. The migra-
tion of hydrothermal alteration fluids into the limestones was
facilitated through active repetitive extensional faulting, a
common process in foreland basins (Sibson, 1990, 2000). The
accretion events in Ordovician (Taconian Orogeny) and
Silurian (Salinic Orogeny) resulted in a tectonic environment
with favourable conditions for brittle faulting in the associated
shallow foreland at the continental margin.

From the Middle to Upper Ordovician, during the deposi-
tion of the Mingan Formation carbonates and younger
Ordovician units, a SE-oriented (present-day coordinates) sub-
duction zone generated, through melting of the down-going
plate, significant explosive felsic magmas expressed in abun-
dant subaerial volcanic ash layers recorded in eastern USA

(Kolata et al., 1996). The volcanic material was deposited on a
rapidly subsiding foreland platform and was largely coeval
with the early hydrothermal alteration of the Middle
Ordovician carbonates in Québec (this paper) and in adjacent
New York (Smith, 2006) and Ohio (Sagan and Hart, 2006).
Similarly, in the late Early Silurian – early Late Silurian, the
collision of Ganderia along Laurentia generated extrusive and
intrusive intra-plate mafic magmas at the time of early
hydrothermal alteration of the Lower Silurian carbonates in the
Gaspé Belt. It is noteworthy that Lower Devonian potential
hydrothermal dolomites in the Gaspé Belt are also spatially and
temporally associated with significant magmatism of the
Acadian Orogeny (Lavoie et al., 2009; Lavoie et al., 2010a).
Magmatic activity during foreland basin stages should not be
consider as a negative-only element in the evaluation of hydro-
carbon prospectivity of a sedimentary basin, as it is the relative
timing between all the geological events that dictate the even-
tual potential of these accumulations. 
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