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Participating Organizations 

The New England Intercollegiate Geological Conference (NEIGC) began in 1901 with a field trip led by William 
Morris Davis to terraces of the Westfield River in south-central Massachusetts. The conference has since met 
annually, with exceptions during World Wars I and II, and a two-year gap during 1913 and 1914. The NEIGC may 
be the oldest geological "nonorganization" in North America. The largest number of meetings has been hosted in 
Massachusetts, followed by Maine, Connecticut, New Hampshire, Vermont, and Rhode Island. The conference has 
met outside of New England, in New York, Quebec, and New Brunswick. Nonorganizational rules have been 
unofficially established and include no dues, evening papers, talks, or lectures. The sole purpose of the NE1GC is, as 
it has always been, to organize and present field trips in areas of recent geologic mapping or topical studies, as well 
as to classic localities of interest. 

The Friends of the Grenville (FOG) is a loose-knit fraternity that formally came into existence in 1972 but whose 
roots really go back to a monumental, 3000-km-long, 12-day fieldtrip in 1967 led by Hugh R. Wynne-Edwards. 
2007 is thus FOG's 40th  anniversary. Since 1970, there has been an unbroken chain of annual, September-October, 
two-day excursions that alternate between Ontario, Quebec, and New York. Like NEIGC, it is a "nonorganization" 
with no dues and no formal membership. A Friday-night gathering welcomes participants with an overview of the 
fieldtrip and a Saturday-night banquet salutes fieldtrip leaders and the participant having travelled the farthest to join 
the "Friends." It is the mixture of friendships developed over the years, the rocks and their beautiful enigmas, and 
the frank and broad discussions on their potential solutions that keep drawing FOG members back, year after year, 
rain or shine. 

The Association québécoise des Sciences de la Terre (AQUEST) was founded in 2004 to promote Geosciences in 
Quebec and, one month later, officially became the Quebec Section of the Geological Association of Canada. 
AQUEST convenes and sponsors a variety of activities and awards certificates of excellence at geosciences venues 
to foster the quality of geoscientific education and research in Quebec. Publication of an electronic newsletter 
maintains contact with formal members. The parent Geological Association of Canada (GAC) aims at facilitating 
the scientific well-being and professional development of its members, the learned discussion of geosciences in 
Canada, and the advancement, dissemination, and wise use of the geosciences in public, professional, and academic 
life. It is supportive of the entire scope of the geosciences in Canada. 
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Dedication to Dabney W. Caldwell 

Dee Caldwell at the Manicouagan impact crater, 2005 (photo by Alice Sheppard) 

Although he was born in Virginia, Dee Caldwell was from Maine. He grew up in Mount Vernon, swam in "his" 
pond there, Parker Pond, attended Kents Hill Academy, became an athlete outstanding in baseball and skiing, and 
graduated from Bowdoin College in 1949. He had decided to become a geologist prior to this when he earned a 
geology merit badge as a Boy Scout. He completed graduate studies with an M.A. from Brown University and a 
Ph.D. from Harvard University, taught geology at Wellesley College for a few years, and eventually at Boston 
University. 

It was at Boston University that Dee spent most of his career, and it was through that position as a mentor that he 
helped along many students in their careers. I met him at the BU Field Camp after my junior year in 1974, the 
summer of Watergate. With student field assistants, Dee was mapping the surficial geology of the wildlands of 
northwestern Maine for the Maine Geological Survey. The ski lodge in Rangeley was base camp for the field course 
and Dee led several field trips that made an impression on me, and certainly got me thinking about geology as a 
career. We visited the till sections at New Sharon, later to become my thesis as Dee's last Ph.D. candidate. We 
waded the South Branch Ponds Brook examining the Devonian Trout Valley Formation and hiked Katandin on 
another trip to Baxter State Park, his Ph.D. thesis field area. But it wasn't just his love of geology that turned me to 
become a field geologist; it also was his approach to life. Each evening at the lodge upon returning from the field, 
Dee and his colleagues would sit out on the roof deck to watch the sunset over gin and tonic before dinner. Even at 
a rude campground Dee could make it a special place, with stories and well prepared camp food. There was 
elegance in his style. 

His career working in Maine covered more than fifty-three years of geologic mapping, overseeing student theses, 
writing articles, professional papers, bulletins, and guidebooks, and especially leading field trips for professional 
geologists as well as the general public. He was an area compiler for the 1985 Surficial Geologic Map of Maine, 
and authored the popular Roadside Geology of Maine. Many people know Dee as the Secretary of the New England 
Intercollegiate Geological Conference, a position he relished and which he held for twenty-six years from 1969 to 
1995. Since Dee first attended the NEIGC in 1949, he led many field trips, edited three guidebooks, and organized 
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as many meetings. He was honored by the NEIGC in 2001 upon his retirement from Boston University and for his 
years of service to the Conference. 

While most of his teaching time was in Massachusetts, Maine was as deep in him as wood smoke from a 
campfire. Dee spent much of his later years at the Chesuncook Lake Boom House with his wife Marvin, in 
Township 3 Range 12, just west of Ripogenus Dam. Of course, it is where the Boston University Summer Field 
Camp was based for many years, which holds many cherished memories of former students and professional 
colleagues who would often stop by to visit. The meals Marvin and Dee prepared there for guests were sumptuous; 
home cooking, as good as it gets. No one left the Boom House wanting, and never was there a lack of solid 
companionship. 

With his passing on December 11, 2006, the geologic community of New England lost a dear mentor and friend, 
and a great contributor to our science. And although he probably would not want too much honoring and memorial, 
it is with admiration that we fondly dedicate this guidebook to him. 

In closing, the words found below are written by a poet friend about a special characteristic, one that fits Dee, 
found in his eyes, his laugh, his heart, and in his whole being. Dee, we will miss you, yet you stay with us; you still 
are that special person, the one with shine. 

In this life you are privileged to meet people of shine; you ought to be because it happens so rarely. It is not the 
temporary glow that some individuals have for many of us now, in a culture caught up on the fingers of a new type 
of hero; it is not burnish or silver plate or gold plate. It is not some electrolytic deposit of a rare metal veneer atop 
usual and common surfaces. It is a bone-deep and authentic shine coming from the inside out. It is the signal from 
the soul, part glow, part semaphore, that says, more honest than the day is long, "It's way in here where this shine 
starts." 

Cirque basins and basin pond moraines; Ktaadn, Baxter State Park, Maine (photo by D.E. Johnson) 

Tom Weddle 
Secretary, NEIGC 
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Al/B2-2 	KIRKWOOD AND LA VOIE / LA VOIE AND KIRKWOOD 

GEOLOGICAL CONTEXT OF THE NORTHERN QUÉBEC APPALACHIANS 

Regional Setting 

The regional overviews of the Appalachian basins in Canada ("Geology of the Appalachian-Caledonian Orogen 
in Canada and Greenland"; Williams, 1995) and of the adjacent Lower Paleozoic cratonic platform ("Sedimentary 
cover of the craton in Canada"; Stott and Aitken, 1993) synthesized our knowledge of these belts in the mid to late 
80's period. These volumes are still a source of invaluable information as they present the most complete and 
detailed account of the entire Paleozoic succession in eastern Canada (Fig. 1). 

Since publication of these, even with cyclic downsizing of geological activities, critical new research results 
became available and refined our understanding of these domains. In eastern Canada for example, hydrocarbon 
exploration in the mid/late 90's in the lower and middle Paleozoic successions (Cooper et al., 2001; Lavoie and 
Bourque, 2001), major deep seismic project (Lithoprobe East, Quinlan, 1998), NATMAP (Canada NATional 
geoscience MAPping program) regional mapping and thematic studies (Maritimes Basin; 1993-1998, Forelands and 
Platform; 1999-2004) and Targeted Geoscience Initiative (Red Indian Line; 2000-2003; Appalachian Energy; 2003-
2005) prompted some new research activities and resulted in improved understanding of the Canadian Appalachians 
(Lynch, 2001; Lavoie et al., 2003a; 2004; van Staal, 2005). 

Figure 1. Taconian tectonostratigraphic domains and the Silurian-Devonian basin (Gaspé Belt) of the Canadian Appalachians. 
The Taconian belts are bordered to the northwest by the St. Lawrence Platform and the Grenville orogen of the Laurentia 
craton and are locally overlain by successor basin deposits. Note the position of the Early Cambrian shallow marine 
sediments of the Oak Hill Group in southern Québec. BBL: Baie Verte Brompton Line, CH: Charlevoix area, LG: La 
Guadeloupe fault, LSVL: lower St. Lawrence Valley, O-B: Ottawa-Bonnechère Graben, SA: Saguenay Graben, W: Woburn 
fault. Tectonostratigraphic nappes of the Taconian Humber Zone are: B: Bacchus, C: Chaudière, G: Granby, HA: Humber 
Arm, HB: Hare Bay, mCC: Cap Chat mélange, ML: Mont Logan, P: Philipsburg, QP: Promontoire de Québec, R: 
Richardson, RB: Rivière Boyer, RM: Rivière Marsoui, RSA: Rivière Sainte-Anne, S: Stanbridge, SH: Sainte-Hénédine. 
Modified from Williams (1995). 

Rocks ranging from the Neoproterozoic to the end-Mesozoic are found in eastern North America. Six significant 
orogenic/deformation events are documented in the Appalachians and are related to the accretion of volcanic arcs, 
oceanic crust, microcontinents and continents to the progressively more and more composite margin of Laurentia 
(van Staal et al., 1998; van Staal, 2005). These events are 1) the late Cambrian Penobscot Phase (Cambrian oceanic 
units-Gander) and the coeval Lushs Bight Oceanic Tract-Dashwoods accretion, 2) the end-Middle Ordovician 
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Taconian Orogeny (volcanic arcs-Laurentia), 3) the Silurian Salinic Orogeny (Ganderia-Laurentia), 4) the Early - 
Middle Devonian Acadian Orogeny (Avalonia-Laurentia), 5) the end-Middle to Late Devonian Neoacadian Orogeny 
(Meguma-Laurentia), and 6) the end-Carboniferous - Permian Alleghanian Orogeny (Gondwana-Laurentia). 

In this guidebook, we only consider the Iapetan rift to the syn-Taconian Appalachian sedimentary basins, 
therefore covering a time interval ranging from the end of the Neoproterozoic to the Upper Ordovician (Fig. 1). This 
field trip guidebook presents an overview of the lower to middle Paleozoic stratigraphic architecture, 
paleogeographic scenarios and relative sea level history for the evolving sedimentary basins for the Québec part of 
the Canadian Appalachians. The field trip will provide an opportunity to examine the rift, passive margin and syn-
Taconian sequences and foreland platform of the Early Paleozoic margin of Eastern Laurentia. Visits are planned to 
key outcrops located in the Québec City area to look at the stratigraphic architecture, primary facies distribution and 
diagenetic overprint, as well as the structural imbrication of the Laurentia's continental margin, during the Taconian 
Orogeny (Fig. 2). 

Figure 2. (A) Geology of the Appalachian front in the Québec City area modified from Globensky (1987) and adapted from 
Castonguay et al. (2006). (B) Cross section along 2001 seismic line adapted from St-Julien et al. (1983) and Castonguay et 
al. (2006). Location of the 2001 seismic line on figures 2a and 4. Abbreviations: Bts, Bacchus thrust sheet; CFS, Chambly-
Fortierville Syncline; Cts, Chaudière thrust sheet; Lts, Lévis thrust sheet; PA, Pointe Aubin; PN, Plage Neuville; PQts, 
Promontoire de Québec thrust sheet; SFR, St-Flavien reservoir. 
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The shallow marine continental platform 

In southern Quebec, the St Lawrence Platform corresponds to a siliciclastic and carbonate platform having a 
maximum thickness of 1200 metres, overlain by approximately 1800 metres of foreland deposits (Figs. 3 and 4) 
(Sanford, 1993; Lavoie, 1994). 
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Figure 3. Stratigraphic framework for the Ordovician succession of the St. Lawrence Lowlands (modified from Lavoie, 1994). 
Vertical line pattern indicates non-deposition and erosion period. 

The base of the platform sequence consists of the Cambrian Potsdam Group with fluvial to shallow-marine, 
conglomeratic arkose and subarkose in its lower part (Covey Hill Fm) that unconformably overlie the Precambrian 
basement. The Covey Hill is overlain by a shallow-marine, light grey to white quartz arenite (Cairnside Fm.) (Clark, 
1972; Globensky, 1987; Salad Hersi and Lavoie, 2000a, 2000b; Salad Hersi et al., 2002a). The Potsdam Group is 
overlain by the Beekmantown Group, a Lower Ordovician carbonate platform that marks the final phase of passive 
margin sedimentation, and consisting of three stratigraphic units, the Theresa, Beauharnois, and Carillon formations 
(Bernstein, 1992; Salad Hersi et al., 2003). The top of the Beekmantown Group marks the regional Sauk - 
Tippecanoe Unconformity (Sloss, 1963) which resulted from a regional uplifting due to the westward-sweeping 
peripheral bulge that heralded the convergent phase of the Iapetus Ocean (Jacobi, 1981; Knight et al., 1991; 
Bernstein, 1992; Dix and Molgat, 1998). 

The Beekmantown unconformity is correlative with the Knox and the St. George unconformities and widely 
recognized in many parts of North America, truncating Early to Middle Ordovician strata (Sloss, 1963; Mussman 
and Read, 1986; Knight et al., 1991). The nature of the unconformity surface in the Laurentian Margin of eastern 
Canada is manifested in different morphologic expressions that include karstic, erosional, planar (paraconformable) 
boundary and angular unconformity (Desrochers, 1988; Knight et al., 1991; Dix and Molgat, 1998). 
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Figure 4. Simplified geological map of the St. Lawrence Platform in southern Quebec at the group level. Modified from 
Globensky (1987). The stratigraphic column presents the current framework for the Platform. Comments on reservoir and 
source rock potential are discussed in section 6. The seismic line MRNQ-2002 is located on the geological map. The 
reprocessed and reinterpreted data indicate significant deformation (including triangle zone) well within the previously 
assumed non-tectonized St. Lawrence Platform. From Castonguay et al. (2006). 
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Al/B2-6 	KIRKWOOD AND LA VOIE / LA VOIE AND KIRKWOOD 

The overlying Taconian foreland basin of Quebec can be viewed as a classical, under filled peripheral foreland 
basin and, following Sinclair's (1997) nomenclature, can be divided into three diachronous lithostratigraphic units: 1-
a lower argillaceous limestone-dominated unit, Il-a middle mudstone-dominated unit and Ill-an upper turbidite 
dominated unit (Fig. 3). The overlying sequence of foreland basin carbonates comprises the Chazy, Black River and 
Trenton groups (Fig. 4). Salad Hersi and Dix (1997) and Lavoie (1994, 1995) recognize eustatic marine regressions 
between the Chazy and the Black River groups and between the Black River and the Trenton groups and the 
development of local unconformities atop tectonic paleotopographic highs in the Taconian foreland basin. Regional 
facies distribution and thickness variations within the Trenton Group have been attributed to syn-sedimentary normal 
block faulting (Lavoie, 1994, 1995). The top of the Trenton Group consists of muddy limestone beds with abundant 
interbeds of shales. The increasing proportion of shale heralds the overlying regressive flysch to molasse sequence 
that is made up of the Utica, Sainte-Rosalie, Lorraine and Queenston groups (Fig. 4), commonly seen as marking the 
erosion of Appalachian nappes adjacent to the St Lawrence Lowlands. 

The middle mudstone unit (II of Fig. 3) consists of up to 1300 m of deep water siliciclastic sediments and 
hemipelagic mud of the Utica Shale. They were deposited over the carbonate units due to rapid subsidence of the 
foreland basin (Globensky, 1987). Black shale is characteristic of early flysch-phase fill along the distal flank of the 
Middle to Late Ordovician Taconian peripheral foreland basin (Bradley and Kidd, 1991). The Utica Shale is a 
diachronous unit which is older when located closest to the Appalachian front, as in the Québec City vicinity 
(Corynoides americanus-Orthogratus ruedemanni to the Climacograptus spiniferus zones) and younger to the 
southwest on the Laurentian platform, as in the Montreal region (Climacograptus pygmaeus Zone). Diachronous east 
to west progression of subsidence was coincident with the progressive westward change from carbonate-dominated 
to siliciclastic sedimentation within the foreland basin, also documented elsewhere in the Appalachian orogen 
(Ettensohn, 1991; Lehmann et al., 1995). In the Québec City area, the Utica Shale is only 30 m thick and yields 
graptolites spanning the O. ruedemanni to the C. spiniferus zones (Globensky, 1987). This unit is distinguished from 
younger facies that contain more abundant clastic beds suggesting that it was laid down prior to overthrusting of the 
thrust sheets onto the continental margin. 

The upper turbidite unit (III of Fig. 3) consists of synorogenic sediments accumulated during the Caradocian to 
early Asghillian stages of the Late Ordovician during and after the overthrusting of the external thrust sheets. It is 
dominated by thick successions of alternating sandstone and mudstone of the Sainte-Rosalie and Lorraine groups. 
The siliciclastic source was located to the south-east and debris were derived from the thrust sheets (Globensky, 
1987), representing a major reversal in the direction of sediment supply from the Laurentian shelf to more outboard 
elements of the tectonic wedge (Hiscott, 1995). The sandstones that accumulate at the toe of, and on top of the thrust 
wedge are highly immature and rich in lithic fragments with rarer volcanic detritus derived from erosion of the thrust 
wedge (Beaulieu et al., 1980; Schwab, 1986). Thrust-faulted highs generated during deposition of the middle unit 
lead to ponding of turbidite flows of the upper unit, generating thick sandstone beds overlain by thick mudstone 
drapes (Pickering and Hiscott, 1985). 

Tectonostratigraphic zones of the Appalachians 

The tectonostratigraphic domains of the evolving orogenic belt are used to divide the Appalachians into 
workable packages for geological considerations. The lower Paleozoic tectonostratigraphic domains (Williams, 
1979) include the Humber (Laurentia continental domain), Dunnage (peri-Laurentia and peri-Gondwana oceanic 
domains), Gander and Avalon (peri-Gondwana oceanic and continental domains, respectively), and Meguma (a late-
accreted peri-Gondwana continental terrane) zones (Fig. 1). These belts record the complex evolution of the 
Cambrian and Ordovician orogenies (Penobscot and Taconian; van Staal, 2005) and were affected by post-Taconian 
events that shaped up the Appalachians. Salinic, Acadian, Neoacadian and Alleghenian deformation, magmatism and 
metamorphic events affected the Taconian belts. This contribution focuses on Laurentia Humber Zone and its 
adjacent cratonic cover sequence preserved in the St. Lawrence Platform. The post-Taconian (sensu stricto) to syn-
Acadian basins developed over the various Taconian tectonostratigraphic domains (Fig. 1); the best known of these 
basins is the Gaspé Belt that is preserved in various tectonostratigraphic assemblages: the Connecticut Valley — 
Gaspé synclinorium, the Aroostook-Percé anticlinorium, and the Chaleurs Bay — Tobique and the Kearsarge — 
central Maine synclinoria (the latter being also known as the Merrimack Through). The Middle Devonian Acadian 
Orogeny is the main phase that shaped up these elements (Maio and Bourque, 1993; Williams, 1995). The 
expression of the Silurian Salinic Orogeny (Dunning et al., 1990; van Staal, 2005) varies along strike in the 
Appalachians (Waldron et al., 1998; Malo, 2001; Tremblay and Castonguay, 2002). Alleghenian deformation 
recorded in pre-Acadian units is restricted to some extensional faulting (Bourque et al., 1995). 
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Conventional and event stratigraphy 

An irregular-shaped continental margin, with recesses and salients, characterized the southern edge of Laurentia 
following the craton break-up in Neoproterozoic time (Fig. 5; Thomas, 1977, 1991). The shape of the margin played 
a significant role in the evolution of the cratonic St. Lawrence foreland platform (Stenzel et al., 1990; Lavoie 1994; 
Sharma et al., 2003). 

Figure 5. (a) The Lower Paleozoic continental margin of Laurentia with the distribution of reentrants and promontories. O-B: 
Ottawa-Bonnechère Graben, SA: Saguenay Graben. Modified from Thomas (1977). (b) General tectonostratigraphic event 
zonation of the Québec Reentrant and St. Lawrence Promontory together with the most significant tectonic events. 

Detailed information on the rift, passive margin and foreland basin evolution of the shallow marine lower 
Paleozoic continental margin platform is available for western Newfoundland (James et al., 1989) and the coeval 
slope succession is well-studied (James and Stevens, 1986; James et al., 1989; Waldron and Palmer, 2000; Palmer et 
al., 2001; Burden et al., 2001; Waldron et al., 2003). 
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The term Humber Zone (Williams, 1976) was given for the north-westernmost tectonostratigraphic domain of 
the Taconian orogenic belt (Fig. 1). First defined in western Newfoundland, this belt was later recognized and 
extended on the Canadian mainland down to the northern US segment of the Appalachians (Williams, 1978). In the 
Humber Zone, stacks of tectonic slices of Neoproterozoic basement and Lower Cambrian to Upper Ordovician rocks 
of Laurentia continental affinity (St. Lawrence Platform and coeval slope and rise sediments) are deformed and 
thrusted over the St. Lawrence cratonic platform in a thin- to thick-skinned tectonic scenario (St-Julien and Hubert, 
1975; Williams, 1978; Stockmal et al., 1998; van Staal et al., 1998; Waldron et al., 1998, 2003; Glasmacher et al., 
2003; Pincivy et al., 2003; Stockmal et al., 2004). The Humber zone is bordered to the west by the St. Lawrence 
Platform (Sanford, 1993); the map limit is the westernmost transported tectonic slices (Globensky, 1987; Waldron et 
al., 1998). This limit in southern Québec is commonly referred to as the Logan's line or as the Champlain Thrust in 
northern Vermont. Reprocessing and reinterpretation of seismic data indicate that the St. Lawrence Platform records 
significant Taconian (?) compressive deformation in southern Québec such as triangle zone and blind thrusts in the 
central segment of the St. Lawrence Platform (Fig. 4; Castonguay et al., 2003; 2006). Therefore in Québec, the 
Appalachian structural front does not coincide with Logan's line. To the east, the Humber Zone is bordered by the 
Dunnage Zone, which consists of various Cambrian (?)-Ordovician oceanic rocks; the limit consists of major faults 
that form the Baie Verte — Brompton Line (Fig. 1; Tremblay et al., 1995; van Staal, 2005). Differences in the degree 
of deformation and metamorphism led St-Julien and Hubert (1975) to divide the Taconian-deformed Laurentia 
continental rocks of the Québec Reentrant into two domains (Fig. 1): a western external domain with low 
deformation and low-grade metamorphosed rock units that passes eastward to an internal domain with higher-grade 
metamorphic grades as well as polyphase tectonic deformation (Pinet et al., 1996; Waldron et al., 1998; Castonguay 
et al., 2001; Tremblay and Castonguay, 2002). 

In the Québec Reentrant, platform rocks were marginally involved in tectonic stacking, slices of the St. 
Lawrence Platform units form a spatially restricted frontal Taconian deformation zone known as the 
"parautochthonous" or imbricated fault domain (St-Julien and Hubert, 1975; Comeau et al., 2004). This Taconian-
deformed domain is not part of the Humber Zone as it is rooted in the St. Lawrence Platform (St-Julien and Hubert, 
1975; St-Julien et al., 1983; Castonguay et al., 2006). The relative timing of obduction of oceanic seafloor units on 
the continental margin in the Québec Reentrant has been traditionally indirectly constrained by the biostratigraphic 
age of the successions that under- and overlie the accreted units of the Dunnage Zone (St-Julien and Hubert, 1975). 
Recent 40Ar/39Ar and K/Ar metamorphic ages confirm the "classic" Middle to Late Ordovician Taconian age 
(Castonguay et al., 1997; Glasmacher et al., 2003; Pincivy et al., 2003) for the ophiolite obduction on the continental 
slope margin successions. 

At the St. Lawrence Promontory in western Newfoundland, the obduction of the Bay of Island ophiolite and the 
associated Humber Arm Allochthon on the continental margin of Laurentia was long considered to be Middle 
Ordovician (Williams, 1975). This "classic" Taconian age is supported by the biostratigraphic ages of the Taconian 
flysch and of the overlying assumed post-Taconian units. In contrast, detailed geochronology, structural studies and 
industry seismic data indicate that the emplacement of oceanic domain units over the shallow segment of the 
continental margin started in Silurian (Dunning et al., 1990) and ended prior to the Viséan (Carboniferous), likely in 
Middle Devonian (Cawood, 1993; Stockmal et al., 1998, 2004; Waldron et al., 1998). The "Taconian" event near the 
St. Lawrence Promontory resulted from the emplacement of the oceanic seafloor and composite terranes on distal 
deep marine continental slope succession (van Staal et al., 1998; Waldron and van Staal, 2001). It has been proposed 
that subduction near the continental margin of Laurentia started in the latest Cambrian with the obduction of the 
Lushs Bight Oceanic Tract (Swinden et al., 1997) over the Dashwoods microcontinent (van Staal et al., 2004), the 
latter being a continental fragment lately detached from Laurentia (Waldron and van Staal, 2001). The accretion of 
the new composite terrane along the continental margin at the St. Lawrence Promontory marks the onset of the 
Taconian Orogeny there (van Staal, 2005). 

In the following sections, we will only consider the Quebec succession; interested readers on the correlation 
with Newfoundland are referred to the literature cited above. 
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THE QUEBEC REENTRANT 

In Québec, the Lower Paleozoic continental margin of Laurentia formed within the Québec Reentrant (Fig. 5) 
(Thomas, 1977, 1991). 

Rift-early drift 

Within the Grenville Province component of the re-entrant, dike swarm tholeiites yielded a 590 Ma age (Kamo 
et al., 1995). Rift-related, greenschist facies alkaline basalts and comendites of the Tibbit Hill Formation yielded a 
554 Ma age (Kumarapeli et al., 1989). Similar rift basalts are found in the Caldwell and Shickshock groups and the 
Montagne de Saint-Anselme Formation in southern Québec, Gaspé and eastern Québec, respectively. U-Pb dating of 
the volcanic rocks at the Montagne Saint-Anselme yields an age of 561 +/- 7 Ma, whereas similar basalts of the 
Shickshock Group at the Lac Matapédia (Gaspé) yield ages of 565 +/- 6 Ma and 556 +/- 5 Ma (Hodych and Cox, 
2007). A felsic phase within the Caldwell lavas have a radiometric age of 562 +/- 2 Ma. 

The shallow marine platform. The shallow marine record of the rift episode is meagre in southern Québec. In 
the St. Lawrence Platform, the Potsdam Group unconformably overlies the Precambrian basement; the lower 
formation (Covey Hill Formation) has been equivocally assigned an Early Cambrian age (Sanford, 1993) without 
supporting faunal element. At the eastern end of the Humber external domain (Fig. 1), tectonic stacks of the shallow 
marine Oak Hill Group (Charbonneau, 1980) overlie rift volcanics of the Tibbit Hill Formation (Kumarapeli et al., 
1989). In the Oak Hill Group, the Cheshire (quartz arenite) and Dunham (dolostone/limestone) formations have 
yielded Early Cambrian faunal elements (Clark, 1936; Clark and McGerrigle, 1944) (Fig. 6). 

The undated Potsdam Group is dominated by fluvial to shallow marine interbeds of locally conglomeratic 
arkose, with some subarkose in its lower part (Covey Hill Formation, Fig. 6). A thin (— 5 m), fossiliferous, dolomitic 
sandstone unit locally lies at the top of the Covey Hill Formation in SW Québec (Rivière Aux Outardes Member, 
Salad Hersi and Lavoie, 2000a). The upper part of the group is represented by shallow marine strata of the Cairnside 
Formation. The latter consists of a lower unit of light gray to creamy white quartz arenite, and an upper unit of 
quartz arenite similar to that of the lower unit but with subordinate dolomitic sandstone interbeds (Clark, 1972; 
Globensky, 1987; Salad Hersi and Lavoie, 2000b). Where the dolomitic sandstone interbeds are missing, the upper 
unit is not distinguishable from the lower unit 

The slope and rise. The Humber succession in the Québec Reentrant occurs in number of stacked structural 
nappes (Fig. 1), most of which carry their distinct stratigraphie nomenclature (St-Julien and Hubert, 1975; Lavoie, 
1997, 1998, 2002; Lebel and Kirkwood, 1998) that was only recently synthesized (Lavoie et al., 2003b) (Figs. 2 and 
6). 

At the base of the succession, a thick interval of variegated mudstone with subordinate sandstone overlies rift 
volcanics. Decimetre- to metre-thick beds of conglomerate with calcisiltite and phosphate fragments and 
resedimented oolitic grainstone beds are locally abundant (Lavoie, 1997). These lowermost units are known as the 
Sainte-Foy Formation and as the basal beds of the Saint-Roch Group. This lowermost succession is devoid of macro 
and microfauna. 

A distinctive unit of massive, pebbly green sandstone and red and green mudstone overlies the lower mudstone-
sandstone succession (Fig. 6). This predominantly coarse-grained succession forms the Saint-Nicolas Formation, the 
informal "green sandstone" unit, the Armagh Formation and the upper beds of the Caldwell Group (Lavoie, 2002; 
Lavoie et al., 2003b). The age of that unit is constrained by the presence of the inarticulate brachiopod Botsfordia 
pretiosa and the trace fossil Oldhamia curvata, both diagnostic of middle to late Early Cambrian (Sweet and 
Narbonne, 1993). Palynological study documented a late Early to early Middle Cambrian acritarch assemblage 
(Burden, 2003: Lavoie et al., 2003b). The very distinctive and time-constrained (late Early Cambrian) massive 
sandstone unit is a regional correlation unit. It has been proposed that this coarse grained unit represents the deep 
marine expression of the late Early Cambrian sea level lowstand that coincides with the end of the rift phase (Lavoie 
et al., 2003b). 
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Sea level record. The sea level history recorded by these successions can be tied with the well-studied shallow 
marine rocks of western Newfoundland, which span the Sauk I sub-sequence of the Early Cambrian (James et al., 
1989). Following the initiation (late Neoproterozoic) of spreading and eruption of basalts with associated coarse- 
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grained sedimentation (Saint-Anselme Formation, Caldwell and Shickshock groups), the ensuing relative sea level 
rise led to shallow marine carbonate-siliciclastic sedimentation on local horst structures (i.e., Dunham Formation), 
whereas in more deeper graben settings, fine- and coarse-grained sediments were deposited as proximal and distal 
submarine fans (Sainte-Foy and Armagh formations, lower beds of Saint-Roch Group, upper beds of the Caldwell 
Group) (Figs. 6 and 7a). The major sea level lowstand that coincides with the end of the rift episode (late Early 
Cambrian) is recorded in prograding shallow marine sandstone units such as the Hawke Bay (Newfoundland; Knight 
and Boyce, 1987) and Monkton (Vermont; Landing et al., 2002) formations. This event is expressed in the sandstone 
and conglomerate found in the Saint-Nicolas Formation and in the "green sandstone" unit of the Saint-Roch Group 
(Figs. 6 and 7b). 

Figure 7. (a) Interpreted paleogeographic reconstruction of Laurentia continental margin in Early Cambrian. Geographically 
restricted carbonate platforms (Forteau / Dunham) are located on rift-related horsts, whereas intervening deep grabens are 
filled by coarse- to fine-grained slope sediments (Armagh / Saint-Roch / Summerside). The thick dashed line represents the 
assumed position of the continental shelf edge. (b) Paleogeographic reconstruction in late Early Cambrian at the time of the 
"Hawke Bay event" (first major sea level lowstand) that marks the end of the rift-early drift episode. Shallow marine 
quartzite (Monkton / Hawke Bay) prograded towards the shelf break while deeper slope were fed by coarse-grained 
sediments ("green sandstone" / Irishtown) from the prograding clastic wedge. Modified from Lavoie et al. (2003b). 

The passive margin 

The shallow marine platform. In the Québec Reentrant, the oldest known passive margin shallow marine 
platform unit is the upper Middle Cambrian Corner-of-the-Beach Formation in the Percé area (Figs. 2 and 6; Kindle, 
1942; Lavoie, 2001). In southern Québec, the shallow marine carbonate platform of the Strites Pond Formation 
(Salad Hersi and Lavoie, 200la; Salad Hersi et al., 2002a; Salad Hersi et al, in press) in the Philipsburg Nappe of the 
Humber Zone yielded Upper Cambrian (lower Skullrockian) conodont fauna (Fig. 6). For both formations, facies are 
indicative of a platform margin (Lavoie, 2001; Salad Hersi and Lavoie, 2001a; Salad Hersi et al., 2002a). The 
shallow marine record of the Sauk II and III sub-sequences is best expressed in the Lower Ordovician extensive 
carbonates of the Beekmantown and Philipsburg groups of southern Québec (Globensky, 1987; Bernstein, 1992; 
Salad Hersi et al., 2002a, 2003) as well as of the Romaine Formation on Mingan Islands (Desrochers, 1988) and in 
the sub-surface of Anticosti Island (Brennan-Alpert, 2001) (Fig. 6). All these Lower Ordovician units are truncated 
by the unconformity resulting from the migration of the peripheral bulge (Knight et al., 1991; Lavoie, 1994). 

Detailed lithostratigraphy of the Beekmantown Group of southwestern Quebec has refined the field application 
of the previously proposed tripartite division of the group (i.e., Theresa, Beauharnois and Carillon formations). The 
group is a peritidal-dominated succession that accumulated on the Laurentian passive margin from Early to early 
Middle Ordovician (Salad Hersi et al., 2003); the Beekmantown is partially time-correlative with the Wallace Creek 
to Naylor Ledge strata of the Philipsburg Group, southern Quebec (Salad Hersi et al., 2002b, 2003). The platform 
evolved as a distally steepened ramp during deposition of the Theresa Formation and the lower member 
(Ogdensburg) of the Beauharnois Formation (early to middle Ibexian). By late Ibexian, the platform developed a 
pronounced margin where thrombolites flourished under high-energy conditions and consequently, a broad lagoon 
formed on the lee side of the platform margin, where low energy conditions prevailed and accumulation of burrow-
mottled dolostones of the Huntingdon Member, upper Beauharnois Formation took place. The lagoon became more 
restricted during the latest stages of the basin fill (Whiterockian), and high intertidal to supratidal sediments of the 
Carillon Formation were deposited. 

The slope and rise. The first passive margin sediments that overlie the rift-ending massive green sandstone unit 
consist of a thick succession of red, green and minor black mudstone with siliceous, feldspathic and locally 
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glauconitic sandstone with a thin interval of quartizitic sandstone, limestone conglomerate, slope dolosiltite and 
ribbon limestone at the base. This succession occurs in the Saint-Nicolas, Saint-Roch, Anse Maranda, Orignal and 
Armagh formations (Longuépée and Cousineau, 2001; Cousineau and Longuépée, 2003; Lavoie et al., 2003b; 
Longuépée and Cousineau, 2005) (Fig. 6). Palynological analyses of these units yielded late Early Cambrian to early 
Middle Cambrian fauna (Lavoie et al., 2003b). The upper meters of that Middle Cambrian interval consist of an 
informal olistromal unit formed through slumping of slope sediments (Lebel and Hubert, 1995; Lebel and Kirkwood, 
1998). 

A distinctive coarse-grained unit overlies the Middle Cambrian fine-grained dominated interval (Fig. 6). This 
unit is known as the Lauzon, Breakeyville, Saint-Damase, Grosses-Roches and Murphy Creek formations (Lavoie et 
al., 2003). This unit consists of thick, channel-fill carbonate conglomerate, feldspathic and siliceous sandstone and 
minor mudstone. Beds are commonly meter-thick and arranged in decametre-thick thinning- and fining-upward 
cycles (Lavoie, 1998). Fragments in the conglomerate consist of nearshore to platform margin limestone facies that 
indicate a high-energy platform with an oolite shoals and thrombolites rimmed-margin. Metre-sized sandstone, basalt 
fragments and basement-derived gneiss and orthoquartzite (Lavoie, 1997, 1998) are noted. Fauna in limestone 
fragments indicate erosion of Lower to early Upper Cambrian shallow marine facies (Rasetti, 1945, 1946, 1948; 
Nowlan, 2003). Palynological study of interbedded mudstone documented a faunal assemblage of Late Cambrian 
age (Lavoie et al., 2003b). 

The Upper Cambrian coarse-grained interval is overlain by a fine-grained succession of grey and black 
mudstone and subordinate sandstone (Fig. 6). The succession forms the Lauzon and Rivière-du-Loup formations and 
the upper member of the Grosses Roches Formation (Lavoie et al., 2003b). Palynological analyses of that unit 
suggest a latest Cambrian age from acritarchs (Lavoie et al., 2003b) and scolecodonts (Lavoie et al., 1998). This 
fine-grained unit is locally intercalated with a succession of highly discontinuous and massive quartz arenite beds 
(Fig. 6). These quartz arenites are medium grained with local limestone conglomerate and form the Kamouraska and 
Rosaire formations (Lavoie et al., 2003b). Interbedded mudstone yielded a latest Cambrian to earliest Ordovician 
fauna of scolecodonts, chitinozoans and acritarchs (Lavoie et al., 1998; Burden, 2003). 

The youngest passive margin unit consists of red, green and black mudstone with subordinate sandstone, ribbon 
limestone, calcarenite and limestone conglomerate. This unit comprises the Pointe de la Martinière, Lévis, Rivière-
Ouelle and Cap-des-Rosiers formations (Fig. 6). Based on graptolites and chitinozoans, this unit is Arenigian-
Darriwilian in age (Landing and Benus, 1985; Landing et al., 1986; Bernstein et al., 1992; Maletz, 1992, 2001; 
Asselin and Achab, 2004). 

Sea level record 

The passive margin history consists of two major transgressive-regressive (T-R) cycles identified as the Sauk II 
and III sub-sequences (Fig. 6). The shallow marine record of the initial Sauk II transgressive and early highstand sea 
level (Middle Cambrian) is poorly expressed in Québec (Corner-the-Beach Formation), whereas the slope record 
consists only of mudstone and sandstone (e.g., Orignal Formation and equivalent units). A sea level lowstand is 
recognized near the base of the Late Cambrian (Steptoan) succession and correlates with the end of Grand Cycle A 
(Chow and James, 1987; Cowan and James, 1993; Lavoie et al., 2003), the shallow marine record of that lower 
Upper Cambrian event is unknown in Quebec although the nature of the fragments in the widespread lower Upper 
Cambrian (Steptoan) slope limestone conglomerate unit (Breakeyville, Lauzon, Saint-Damase, Grosses-Roches and 
Murphy Creek formations) indicates the presence of this platform. These thick conglomerates correlate with the end 
of the Sauk II sub-sequence. 

The presence of pre-Upper Cambrian fragments in the conglomerate suggests that simple late highstand to 
lowstand shedding of platform margin clasts cannot be invoked. The thick olistromal unit that underlies the 
conglomerate, indicates that in late Middle-earliest Late Cambrian time, the area located around the Saguenay 
Graben (Aulacogene of Kumarapeli and Saull, 1966; Figs. 2 and 8a) suffered from tectonic instability, which 
resulted in submarine slides. These submarine slides scoured the slope, creating new and enhancing old submarine 
canyons that retrograded and cut into the adjacent platform. This tectonically triggered erosion of the continental 
margin ended in basement rocks with erosion of the entire carbonate, clastic and volcanic succession deposited 
during and after the rift episode. The local tectonic instability was coeval with the significant sea level lowstand that 
marks the end of the Sauk II sub-sequence. 
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The exact cause for the reactivation of the Saguenay Graben is still unclear, however, the first accretionary 
events recorded in circum Iapetus terranes occurred in Late Cambrian. This is relatively well documented by the 
Penobscotian Phase in the units of the peri-Gondwana Gander terrane (Neuman, 1967) and possibly in the obduction 
of the peri-Laurentia Bushs Bight Oceanic Tract over the Dashwoods microcontinent (van Staal et al., 2004). The 
latter accretion occurred in the neighbourhood of Laurentia and could be the trigger for the late Cambrian tectonic 
activity in the Quebec Reentrant. 

At the onset of the Sauk III sub-sequence (Fig. 6), a sea level highstand is recorded in the Grand Cycle C and is 
dated late Steptoan. No shallow marine carbonate platform of that age is known in the Québec Reentrant, with only a 
fine-grained siliciclastic slope record (Rivière-du-Loup Formation and equivalents units). This highstand was 
followed by another sea level lowstand in latest Cambrian (early Skullrockian); in southern Québec, the platform 
carbonates of the Strites Pond Formation are dated latest Cambrian (Skullrockian); this unit is capped by an erosive 
subaerial unconformity, which separates it from the outer shelf facies of the upper Tremadocian Wallace Creek 
Formation (Salad Hersi and Lavoie, 200la; Salad Hersi et al., 2002a). The coeval slope recorded that event in the 
local shedding of clean quartz sands and subordinate limestone conglomerates o the Kamouraska Formation. 

Figure 8. (a) Interpreted paleogeographic reconstruction of Laurentia continental margin in mid Late Cambrian (Skullrockian). 
Lateral relationship between the Cairnside and Strites Pond formations is discussed in Salad Hersi et al. (2002a, 2002b). The 
thickest succession of the Upper Cambrian conglomerates (Saint-Damase and correlative units) with older basement and 
platform rocks are found in the Lower St. Lawrence Valley, near the Saguenay Graben (SA), see text for details. The two 
cartoons illustrate the depositional settings and lateral platform slope relationships in Middle-Late Cambrian. Port au Port / 
Cow Head / Northern Head groups in Western Newfoundland (modified from James et al., 1989) and Potsdam-Philipsburg / 
Trois-Pistoles groups in southern Québec. Not to scale. (b) Interpreted paleogeographic reconstruction of Laurentia 
continental margin in Early Ordovician (Arenigian). The lateral relationship between the Theresa and Wallace Creek 
formations are discussed in Salad Hersi et al. (2002a, 2003). 
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The Early Ordovician was marked by craton-wide transgression leading to the deposition of the Romaine 
Formation on Mingan and Anticosti islands (Desrochers, 1988; Brennan-Alpert, 2001) and the Beekmantown Group 
in southern Québec and eastern Ontario (Bernstein, 1992; Salad Hersi et al., 2002b, 2003) (Fig. 6 and 8b). Two T-R 
depositional cycles are recognized and separated by the mid-Arenigian Theresa — Beauharnois formations contact 
(Salad Hersi et al., 2003; Dix and Salad Hersi, 2004). The first cycle is upper Tremadocian to mid-Arenigian 
whereas the second one is mid-Arenigian to Darriwilian in age (Dix and Salad Hersi, 2004). Tectonic instability 
associated with the Ottawa — Bonnechère Graben has been proposed to explain the diachronism with the 
Newfoundland succession (James et al., 1989) in the sea level fluctuations, conversely imprecise biostratigraphic 
data could also be envisaged to explain the discrepancies (Dix and Salad Hersi, 2004). In the Québec Reentrant, the 
slope record consists of the fine-grained facies of the Rivière Ouelle Formation (and equivalent units) and indicates 
transgressive to highstand sedimentation (Lavoie et al., 2003b). 

A regional sea-level scenario for the Lower Paleozoic rift and passive margin 

The proposed Newfoundland-Quebec correlation allows the recognition of four distinctive major sea level 
lowstands (Fig. 9): 

1) A late Early Cambrian event ("Hawke Bay event") expressed by massive sandstones and conglomerates. This 
event coincides with the end of the rift stage and marks the upper limit of the Sauk I subsequence, 

2) An early-mid Upper Cambrian event (Steptoan-Sunwaptan) expressed in limestone conglomerates on the slope. 
Coeval tectonic instability is indirectly documented along the Saguenay Graben in the Québec Reentrant. This event 
marks the end of the Sauk II subsequence, 

3) A latest Cambrian event (early Skullrockian) represented by local limestone conglomerates and coarse-grained 
clastics. This event occurs within the Sauk III subsequence but marks the end of the Cambrian Grand Cycle C, 

4) a) In western Newfoundland, a sea level lowstand at the Tremadocian — Arenigian boundary represented by 
more limestone conglomerates, and b) in southern Québec — eastern Ontario, a slightly younger sea level lowstand in 
mid-Arenigian expressed in the major limestone conglomerate of the Levis Formation. Diachronism is related to 
tectonic instability of the Ottawa — Bonnechère Graben (Dix and Salad Hersi, 2004). 

The stratigraphic record indicates that tectonism was sporadically active in the Quebec Reentrant from Late 
Cambrian to Early Ordovician (Lavoie et al., 2001, 2003b; Dix and Salad Hersi, 2004). Evidence for such instability 
is invariably associated with the two failed aulacogenes in the Quebec Reentrant, the Ottawa — Bonnechère and the 
Saguenay grabens. It is possible that the Late Cambrian obduction of the Lushs Bight Oceanic Tract over the 
Dashwoods microcontinent (van Staal et al., 2004) triggered this tectonic instability in the Quebec Reentrant. 

The Taconian foreland basin 

The building of the marine passive margin successions along the eastern seaboard of Laurentia was stopped by 
emergence and sub-aerial exposure of the platform in earliest Middle Ordovician. The resulting unconformity is 
known as the St. George (Newfoundland; Knight et al., 1991), the Romaine (Anticosti; Desrochers, 1988), the 
Beekmantown (southern Québec; Dykstra and Longman, 1995; Salad Hersi et al., 2003), the intra-Philipsburg 
(southern Québec — Vermont; Knight et al., 1991), and the Knox (east U.S.A.; Read, 1989) groups. This 
unconformity coincides with the limit between Sloss' (1963) Sauk and Tippecanoe sequences and marks the 
inception of the foreland basin at Laurentia continental margin (Fig. 2). The evolution of the foreland basin became 
strongly diachronic along the continental margin, this suggests that the reentrant-promontory morphology played a 
key role in the evolution of the continental margin of Laurentia at that time (Lavoie, 1994). 

Platform succession. The inception of the foreland basin and increased tectonic subsidence in the Québec 
Reentrant was marked by a significant change in the St. Lawrence platform (Sanford, 1993). Siliciclastic units 
covered the unconformity (Globensky, 1987; Desrochers, 1988; Salad Hersi and Dix, 1997). The depositional 
environment later became favourable to carbonate production (Mingan Formation and Ottawa, Chazy, Black River 
and Trenton groups; Desrochers, 1988; Sanford, 1993; Lavoie, 1994; Sharma et al., 2003). These carbonates were 
deposited on a ramp affected by synsedimentary extensional faults (Lavoie, 1994; Lemieux et al., 2003), with the 
successions recording progressive deepening upward conditions (Fig. 10). 
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Figure 9. Chronostratigraphic correlation for selected units of the rift passive margin successions along the entire Canadian 
segment of Laurentia. The four major sea level lowstands discussed in text (dark shaded bands) are identified (1 to 3) and the 
slightly diachronous 4a and 4b. The sea level curve is from James et al. (1989); the curve applies well to the Québec 
succession prior to the Early Ordovician. The dashed line displays the Quebec Reentrant departure from the James et al. 
(1989) curve. Correlation with Cambrian Grand Cycles is shown. MH PT : March Point Fm., Berry HD: Berry Head Fm., 
Agua: Aguathuna Fm., SB: Shallow Bay Fm., GP: Green Point Fm., DP: Downes Point Mbr., TC: Tuckers Cove Fm., SI: 
Stearing Island Mbr., FC: Factory Cove Mbr., MP: Martin Point Mbr., BP: Broom Point Mbr., SP: St. Pauls Mbr., Summ: 
Summerside Fm., Irish: Irishtown Fm., Covey H: Covey Hill Fm., CHE: Cheshire Fm., DU: Dunham Fm., Strites P: Strites 
Pond Fm., Wal Cr: Wallace Creek Fm., MC: Morgan's Corner Fm., Hast Cr: Hasting Creek Fm., Naylor L: Naylor Ledge 
Fm., MSA: Montagne de Saint-Anselme Fm., Orig: Orignal Fm., St.Dama: Saint-Damase Fm., RDL: Rivière-du-Loup Fm., 
Kamour: Kamouraska Fm, L.C.: Lévis Formation conglomerate. Modified from Lavoie et al. (2003b). 
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Figure 10. Middle to Late Ordovician foreland shelf-to-slope stratigraphic framework and in the Quebec Reentrant, a westward 
progressive foundering (Macasty / Utica / Billings) of shallow marine settings occurred in Late Ordovician time (Caradocian 
/ Ashgillian). Taconian flysch sedimentation on the slope was initiated in early Darriwilian time. Shallow marine framework 
derived from Sanford (1993), Lavoie (1994) and Sharma et al. (2003). Not to scale. The eustatic sea level curve of Ross and 
Ross (1988) indicates that in the Québec Reentrant successions locally record some eustatic events (latest Darriwilian 
lowstand, early Caradocian highstand, early Ashgillian highstand) in a tectonically active basin. F: relative sea level fall, R: 
relative sea level rise. T-R cycles are discussed in text. 

The Middle Ordovician Chazy and Black River groups in southern Quebec are relatively thin units that are 
dominated by muddy carbonates carrying a foramol-like faunal assemblage dominated by corals, stromatoporoids 
and green algae (Guilbeault and Mamet, 1976; Lavoie, 1995; Salad Hersi, 1997; Salad Hersi and Lavoie, 200lb). 
The overlying upper Middle to lower Upper Ordovician Trenton Group is primarily a deep marine fine-grained unit, 
however, the base of the group (the Deschambault Formation) is a coarse-grained calcarenite unit that is phosphate-
rich and characteristically displays a bryomol-like fauna dominated by bryozoans, crinoids and a total lack of green 
algae (Guilbeault and Mamet, 1976; Lavoie, 1995; Lavoie and Asselin, 1998). Similar transition from warm-water 
like to cool-water like in the early Late Ordovician is recorded along the entire segment of the eastern Laurentia 
margin that was located south of the 10-15°S of paleolatitude (Pope and Read, 1997; Pope and Harris, 2004; Cherns 
and Wheeley, 2007). 
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The carbonate sedimentation was shut down diachronically in a westerly direction, with the sedimentation of 
deep marine shales and overlying Taconian flysch and final molasses (Sanford, 1993; Lavoie, 1994; Sharma et al., 
2003) (Fig. 10). In the Québec Reentrant, the carbonate sedimentation lasted from Darriwilian to late Caradocian. 

Slope and rise succession. In eastern Québec, the units that overlie the last passive margin slope deposits 
consists of green flysch sandstone with subordinate mudstone, calcarenite, lithic conglomerate and chert of the 
uppermost Arenigian to lowermost Caradocian Tourelle, Neckwick, Des Landes and Dubuc formations (Biron, 
1974; Hiscott, 1978; Slivitzky et al., 1991; Bloechl, 1996; Prave et al., 2000) (Fig. 10). In southern Québec (Fig. 10), 
Darriwilian sediments are predominantly fine-grained calcareous sediments with subordinate flysch sandstone and 
limestone conglomerate. These units are known as the Ville de Québec (Slivitzky and St-Julien, 1987) or Citadelle 
(Globendsky, 1985; Gayot, 2002), the Bourret (Clark and Globensky, 1973) and Bulstrode (St-Julien and Hubert, 
1975) formations. 

Peculiar mélanges are widely distributed and are interpreted to be roughly coeval with these Middle Ordovician 
units (Fig. 10). The best exposed of these mélanges is the Cap Chat Mélange in the Gaspé Peninsula (Cousineau, 
1998). This mélange consists of broken units of the adjacent formations, in particular, centimetre to kilometre-sized 
blocks of the Rivière Quelle, Tourelle and Des Landes formations (Arenigian to Darriwilian) in a muddy to sandy 
matrix (Cousineau, 1998), although current research suggests a more significant tectonic imprint than previously 
recognized (N. Pinet, pers. comm., 2007). In southern Québec (Fig. 10), chaotic units described as polymictic 
conglomerate (Citadelle Formation; Osborne, 1956), olistostrome (Drummondville Olistostrome; Slivitzky and St-
Julien, 1987) and the tectonosedimentary Rivière Etchemin and Pointe-Aubin mélanges (Lebel and Kirkwood, 1998; 
Comeau et al., 2004, respectively) are exposed. These chaotic units in southern Québec differ from the Cap Chat 
Mélange; they are composed of small to large-sized blocks of the various lithologies found in the shallow and deep 
marine passive margin and foreland basin succession (Early to Middle Ordovician). The age of the matrix is locally 
known to be Middle Ordovician (Globensky, 1978). 

Syn-orogenic sedimentation lasted until the latest Caradocian in the Gaspé Peninsula. Upper Ordovician coarse 
and fine-grained flysch is known as the Cloridorme Formation (Enos, 1969; Prave et al., 2000) (Fig. 10). The 
Cloridorme Formation is coeval with the flysch of the Lorraine and Sainte-Rosalie formations on the St. Lawrence 
Platform (Globensky, 1987) (Fig. 10). The upper member of the Cloridorme Formation is time correlative (C. 
spiniferus) with the Garin Formation (Malo, 1988) of southern Gaspé and with the Long Point Group (Williams, 
1979; Barnes et al, 1981) in western Newfoundland. The Garin and Long Point overlie a depositional hiatus at the 
top of the allochthons and supports the westward diachronism of Taconian events (Fig. 11). 

The evolution of the rift and passive margin episodes was primarily controlled by eustacy with tectonism only 
recognized at proximity of failed rift grabens (Ottawa — Bonnechère and Saguenay grabens). Differences are 
recorded at the onset of closure of the Humber Seaway (Waldron and van Staal, 2001), a sea arm of the Iapetus 
Ocean that separates the Dashwoods microcontinent from Laurentia. This is first noted by the slightly diachronic 
migration of the peripheral bulge on the continental margin (Knight et al., 1991). These differences are clearly 
expressed in the timing of various tectono-sedimentary events (Fig. 10). This diachronic evolution suggests that the 
overriding control on development and evolution of depositional successions was tectonic. The Middle to Late 
Ordovician eustatic sea level curve of Ross and Ross (1988) suggests three transgressive — regressive (T-R) events in 
that period (Darriwilian to end-Ashgillian) corresponding to Sloss's (1963) Tippecanoe I Sub-sequence (Fig. 10). 
These T-R cycles are: 1) Darriwilian, 2) Caradocian and 3) Ashgillian (Fig. 10). Glacio-eustatic processes controlled 
the last one of these cycles (Brenchley et al., 1994; Gibbs et al., 1997; Lavoie and Asselin, 1998). 

The Darriwilian record in the Québec Reentrant suggests the presence of an overall transgressive-regressive 
cycle, which starts at the Sauk-Tippecanoe unconformity and ends in an unconformity that separates the Chazy and 
Black River groups (Salad Hersi and Lavoie, 2001b; Dix, 2003) (Fig. 10). This suggests that the Darriwilian 
succession in the Québec-Ontario shallow foreland recorded a sea level eustatic signal. The Caradocian and 
Ashgillian T-R eustatic cycles are imperfectly recorded in the Québec succession; the transition from carbonate ramp 
(Trenton Group) to deep marine sediments (Utica) and flysch (Sainte-Rosalie) records tectonically-driven deeper 
marine conditions (Lavoie, 1994; Lavoie and Asselin, 1998) (Fig. 10). Dix (2003) documented that the eustatic 
signal can still be detected. 

Detailed sedimentologic analyses are unavailable for the deeper marine successions preserved in the Taconian 
Allochthons. The lateral variation in time and nature of Middle-Upper Ordovician Mélanges in the Québec Reentrant 
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and St. Lawrence Promontory reflects foreland-propagating compression and local exhumation and erosion of 
different segments of the foreland and passive margin facies. The propagation of compressive deformation and 
stacking can form epidermal depositional basins fed by the exposed succession at the top of the structural stack 
(Stockmal et al., 2003). The mid-Darriwilian Cape Cormorant in western Newfoundland represents one of these 
proximal tectonic epidermal basin (Stenzel et al., 1990; Waldron et al., 1993). In the Quebec Reentrant, the 
Darriwilian Cap Chat Mélange formed far away from the shelf break as it only consists of cannibalized coeval to 
slightly older deep marine units. The Darriwilian chaotic units in southern Québec formed closer to the shelf break 
as suggested by the nature of the fragments (Comeau et al., 2004). These epidermal basins reached the shelf in 
Caradocian; this resulted in the Lacolle Breccia, for which a facies correlation with the Darriwilian Cape Cormorant 
Conglomerate has been proposed (Lavoie, 1994). 

S. Quebec 	N. Gaspe 	S. Gaspé 
J 	 Ternis- 

New Brunswick couata 

Platform ► 	• 	Slope  

Figure 11. Stratigraphie relationships between Taconian foreland shelf and flysch and the succeeding post-Taconian basins. Note 
that the time hiatus (vertical hatched areas) increases northwesterly from the St. Lawrence Promontory and adjacent 
outboards settings of the Québec Reentrant (Témiscouata, southern Gaspé, northern New Brunswick) towards the more inner 
part of the Québec Reentrant (northern Gaspé, southern Québec). 
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PETROLEUM GEOLOGY 

St. Lawrence Platform 

The Lower Paleozoic St. Lawrence carbonate platform was initially tested for hydrocarbons in the late 50's-
70's. Gas shows were reported in most of the wells in both passive margin (Beekmantown Group) and foreland basin 
(Trenton Group) carbonates. However, these first exploration efforts failed to encounter economic accumulations. 
Extensive organic matter studies resulted in detailed maturity map of the St. Lawrence Platform and in the 
recognition of source rock potential of the Utica Shale (Bertrand, 1991). In the 1990's, a new round of exploration 
targeted the deep autochthon below the Taconian Nappes again without significant success. All these previous 
exploration campaigns tested faulted structural highs and unconformity-bounded Lower Ordovician units. Current 
exploration activities focus on hydrothermal dolostones (Lower and Middle Ordovician) (Lavoie et al., 2005). In the 
early 2000's, various gas discoveries have been reported, although without volume and potential production values; 
these discoveries are reported in the Beekmantown and Trenton groups. The first significant exploration success 
occurred in early 2007, when Talisman Energy reported from their second exploration well, significant natural gas 
flows up to 4.5 mmcf/d from hydrothermally-dolomitized intervals of the Trenton-Black River. Moreover, the shale 
gas potential of the Utica Shale is currently under aggressive technical evaluation. 

Source Rocks. Over the years, little oil has been recovered. A 46.9°API oil has been reported in a hole north of 
Montréal. Detailed organic matter petrography and Rock Eval analysis have shown that the Upper Ordovician Utica 
Shales has a potential for gas (Bertrand, 1991). The formation contains Type II kerogen and a small amount of Type 
I. The best Total Organic Carbon (TOC) values range from 1.0 to 3.0wt% and Hydrogen Index (HI) up to 150. The 
Utica Shale is a facies equivalent of the Middle Ordovician Black Cove Formation in Newfoundland, the Upper 
Ordovician Macasty Formation on Anticosti Island and the Upper Ordovician Pointe Bleue Formation (TOC: up to 
15.5% and HI up to 633) in the Lac Saint-Jean outlier. Other potential source rocks with poor potential include the 
upper Trenton Group and shales of the Lorraine Group. 

Maturation and generation. Maturation increases southerly in the St. Lawrence Platform and three maturation 
domains are proposed. The Quebec City area is the least mature sector (Bertrand, 1991). A significant maturation 
jump is noted at the Appalachian structural front. Studies of wells show that maturation positively correlates with 
depth. The Utica Shale is in the upper part of the condensate zone in the northernmost sector of the St. Lawrence 
Platform. Elsewhere, the Utica Shale is within the condensate to dry gas zones. Maturation of the source rock 
resulted from burial of the succession and preceded the formation of the Chambly-Fortierville syncline. Hydrocarbon 
generation occurred before the emplacement of the Taconian allochthons over the platform. Geochemical data 
indicate that Utica Shale has generated its entire hydrocarbon. 

Migration and accumulation. From geochemical and maturation data, most of the hydrocarbons derived from 
the Utica Shale were generated just before the Late Ordovician Taconian Orogeny (Bertrand et al., 2003). The 
presence of thermogenic gas in the Pointe-du-Lac Quaternary reservoir indicates that the Utica Shale still has locally 
some potential to generate gas (St. Antoine and Héroux, 1993). Recent gas shows in the St. Lawrence Platform 
(Dundee, Bécancour, Batiscan, Gentilly) argue for an up-dip (southeast to northwest) and vertical (along some of the 
extensional faults) migration of hydrocarbons of the Upper Ordovician Utica Shale towards Lower and Middle 
Ordovician carbonate reservoirs. Detailed petrographic study of the Beekmantown dolostones indicates a liquid 
hydrocarbon migration event after chemical compaction and a later phase of gas migration. There is no absolute age 
data on hydrocarbon migrations. 

Reservoir facies. A first target consists of shallow water, intertidal to shallow subtidal facies of the Lower 
Ordovician (upper Tremadocian-Arenigian) Beekmantown Group (Chi et al., 2000; Bertrand et al., 2003a; Lavoie et 
al., 2005). Depositional facies include peritidal dolostones and marine limestones. Facies are arranged in m-thick 
shallowing-upward cycles. The upper beds are locally karsted as result of sub-aerial exposure at the Sauk-
Tippecanoe sequence boundary. Porous potential reservoir units only formed where dissolution and secondary 
dolomitization / brecciation occurred. The late secondary dolomitization is of hydrothermal origin. Pore coating 
bitumen and methane inclusions in late quartz cement indicates 2 pulses of hydrocarbon migration. 

A second target is the Upper Ordovician (lower Caradocian) Trenton and Black River groups. The favourable 
facies are shallow subtidal clean bioclastic and oolitic limestones (e.g., Deschambault Formation). Potential reservoir 
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development is associated with hydrothermal dissolution and dolomitization. Proximity to extensional faults is a 
prerequisite for development of secondary porosity. A major gas discovery in the Trenton-Black River groups has 
recently been publicized. 

Secondary targets consist of the Cambrian and Middle Ordovician basal sandstone units that overly the 
Precambrian and Sauk-Tippecanoe unconformities, respectively. These nearshore sands are locally porous and gas 
shows are reported. Finally, most of the wells that intercepted the Upper Ordovician flysch sandstones on the 
southern flank of the Chambly-Fortierville syncline have generated various amounts of gas. 

Porosity and Permeability. Dolostones of the Beekmantown Group contain vuggy, moldic, intercrystalline and 
fracture porosities. Multiple events of dolomitization are known (early, late burial and hydrothermal; Chi et al., 
2000). Measured porosities in the Beekmantown is highly variable and can even reach 17% in the deeply, allochthon 
buried successions. The limestones of the Trenton Group are locally fractured, although current interest lies in the 
potential presence of hydrothei 	rial dolostones in that unit. No porosity/permeability values for the Trenton and basal 
sandstones are available. Recent tests report gas flows up to 4.5 MMcf/d. 

Traps and seals. The St. Lawrence Platform strata form a broad monocline with no fold closure. In the target 
zone (Lower to Middle Ordovician succession), extensional faults are the most likely traps for reservoirs. The top of 
the Beekmantown Group is marked by the Sauk-Tippecanoe sequences boundary that, if not breached by faults, 
could have acted as a seal. The Utica Shale could have not only provided hydrocarbons but also likely sealed off the 
underlying Trenton Group. Diagenetic seals produced by lateral transition from porous hydrothermal dolostones to 
tight carbonates are expected in the Beekmantown and Trenton groups. Finally, compressional structural elements 
such as triangle zone and duplexes are locally documented along the SE limb of the Chambly-Fortierville syncline 
(Castonguay et al., 2006). 

Exploration plays. The actual play concept for exploration in the St. Lawrence platform is derived from the 
model of fault-controlled hydrothermal dolomitization that has proven highly successful in coeval rocks in eastern 
USA (e.g., Albion-Scipio in Michigan Basin; Fingers Lake area in Appalachian Basin of New York) (Smith 2006). 
Detailed petrographic and geochemical studies in the Beekmantown Group have revealed the presence of late saddle 
dolomite in both field and well samples. Reprocessed seismic profiles have documented the presence of still untested 
fault-bounded platform sags. Movement along these faults is assumed to have taken place during the early Taconian 
foreland basin development (e.g., Chazy to Trenton) as suggested by thickness increases on the downthrown block. 
The recent significant discovery that has been announced in March 2007 indicates that the Upper Ordovician 
hydrothermal dolomite play extends from New York and Ontario into southern Quebec. 

As in many places in North America, the potential of shale gas to produce economic volume of natural gas is 
currently a major field of investigation in southern Quebec. A large number of companies are technically evaluating 
the potential of the Upper Ordovician Utica Shales in southern Quebec. 

Secondary types of conventional play consist of the Cambrian to Middle Ordovician porous sandstone units that 
are structurally put in favourable contact with the Upper Ordovician Utica Shale. Finally, compressive structural 
plays involving deep marine impure Upper Ordovician flysch sands at the Appalachian structural front are 
considered. 

Appalachian H umber Zone 

The Saint-Flavien gas field was drilled in 1972 by Shell Canada on the seismic identification of a foothill-style 
major anticline (Béland and Morin, 2000; Bertrand et al., 2003a). Over its production life, the field produced 5.7 Bcf 
of gas. The Humber Zone of the Appalachians is the least explored domain in Quebec. Presence of natural gas and 
viable reservoirs is documented in other exploration wells (Parke) and in shallow water wells; surface oil seeps are 
locally reported. Following the 1995 oil discovery in the Humber Zone of Newfoundland (Cooper et al., 1995), some 
exploration efforts were carried in this belt. Current exploration targets consist of imbricated shallow marine 
platform slabs (the Saint-Flavien model; Bertrand et al., 2003a) and coarse-grained thick channel-fill successions in 
submarine fans. 
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Exploration history/Discoveries to date. The oldest report of surface seeping oil in the Humber Zone of 
Quebec goes back to 1958 with notice of soaking oil in a gravel pit in the Montmagny area. Most of the early 
hydrocarbon exploration in Quebec focussed on the St. Lawrence Platform and on the Gaspé Belt. The Lower 
Paleozoic Appalachians did not receive significant attention until a late 1960's exploration seismic survey by Shell 
Canada on a foothill-style concept. This led to the successful drilling of the Saint-Flavien gas field. Few other 
exploration wells have been drilled in the Humber Zone of Quebec, most of which did encounter gas shows. Of 
interest are three holes drilled in the Rivière du Loup area (Parke wells), which documented a significant porous 
reservoir unit (water-filled). This reservoir unit is currently evaluated for underground gas storage. Finally, some 
shallow water wells in the eastern Quebec stroked natural gas in fractured deep marine clastic unit. 

Source Rocks. Liquid hydrocarbon fluid inclusions have been reported in fracture-filling quartz cements in 
Cambrian - Lower Ordovician coarse-grained submarine fan deposits, methane inclusions are more common (Chi et 
al., 2000). Source for these hydrocarbons is uncertain. A detailed isotopic analysis of the gas in the Saint-Flavien gas 
field points to a thermogenic origin with emplacement following the maximum burial (St. Antoine and Héroux, 
1993). At the Appalachian structural front, the best-known source rock is the Upper Ordovician Utica Shale with 
TOC values reaching 3wt% and HI up to 154 (Bertrand, 1991). The organic matter is of Type I/II algal origin. The 
more or less coeval black shales of the Ruisseau Isabelle Mélange in Gaspé have TOC values up to 3.6wt% (Roy, 
2004). Recent study of Lower Ordovician Rivière Ouelle Formation indicates that relatively thick shale intervals 
have a fair source rock potential (TOC up to 1.6wt%; Bertrand et al., 2003b). These potential source rocks are too 
mature to generate extracts for geochemical analysis; they are assumed to have had a fair gas potential. However, 
facies correlative Lower Ordovician shales in western Newfoundland have sourced the oil reservoirs there (Fowler et 
al., 1995). 

Maturation and generation. Surface maturity data indicate a northeasterly decrease from the US border 
(sterile; reflectance (Ro) of kergonens > 3%) towards Quebec City (oil window — condensate; Ro = 1.3%) (Bertrand, 
1991). Conversely, a general north-easterly increase is noted from the Quebec City area towards the Gaspé Peninsula 
(dry gas to sterile; Ro > 2%) (Chi et al., 2000). In the few wells that were studied, a depth related maturation increase 
is observed. Evidence for transported burial maturation is indicated by significant maturity jumps from one tectonic 
slice to the other and at the transition between the St. Lawrence Platform and the Appalachian basin. The presence of 
units with lower maturity values in the lower nappes of the structural stack is a likely scenario. The available burial 
history scenarios indicate that the Utica Shale entered in the oil window during in Late Ordovician; these source 
rocks were significantly buried beneath syn-orogenic Taconian flysch, it is only in the Quebec City area that the 
shales are still in the dry gas zone. 

Migration and accumulation. Migration of hydrocarbons in the Appalachian basin is documented. In the 
Saint-Flavien gas field, the gas accumulation formed after maximum burial and is assumed to be late Taconian in age 
(Bertrand et al., 2003a). Combined fluid inclusions and organic matter maturation studies show a strong correlation 
between type of hydrocarbon inclusions (oil, methane), homogenization temperature of aqueous inclusions and Ro 
of autochthonous organic matter (Chi et al., 2000). This suggests that in most cases, some migration occurred during 
or near maximum burial. Late fractures commonly host hydrocarbon fluid inclusions in diagenetic phases (silica, 
calcite), solid petroleum residue (impsonite) and gas shows; this supports a late tectonic scenario of migration 
through fractures. 

Reservoir facies. The main target reservoir consists of fractured intervals in tectonic slices of shallow water, 
intertidal to shallow subtidal facies of the Beauharnois Formation (Beekmantown Group) (Bertrand et al., 2003a). 
Depositional facies include peritidal dolostones and various open marine limestones. Evidence for local episodic 
subaerial exposure and carbonate dissolution is minor. Reservoirs formed where burial and hydrothermal 
dolomitization formed thick intervals that were preferentially fractured during tectonic emplacement (Bertrand et al., 
2003a). The calcite-cemented fractures were later (post or late emplacement) dissolved forming the reservoir. The 
lateral and vertical distribution of the reservoir is highly variable and compartmentalization occurred through 
faulting. 

Secondary target reservoirs are found in the thick Cambrian-Lower Ordovician coarse-grained submarine fan 
deposits. The "green sandstone" unit of the Saint-Roch Group (Lower Cambrian) is typified by open secondary 
porosity (water-filled in the Parke wells) related to significant dissolution of feldspars. The Kamouraska Formation 
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quartz arenite (Lower Ordovician) is characterized by bitumen that coats both primary pore space as well as open 
late fractures (gas shows in shallow water wells in eastern Québec and hydrocarbon inclusions in late silica cement). 

Other potential targets are hydrothermal dolostones in tectonic slices of the Middle Ordovician carbonate 
platform facies (Black River and Trenton groups equivalents), thick sand sheets in passive margin (Upper Cambrian 
Saint-Damase Formation) and flysch (Middle Ordovician Tourelle Formation) submarine fans. 

Porosity and Permeability. In the Saint-Flavien gas field (Béland and Morin, 2000), the Beauharnois reservoir 
has porosity (fracture and minor intercrystalline) ranging between of 2.8% to 15% (average of 6%). Permeability 
varies between of 0.1 mD to 70 mD (average of 4 mD) in a 3.5 m average pay zone at 1500m. DST in Parke wells 
suggest local high permeability in the Cambrian sandstone. 

Traps and seals. The Saint-Flavien gas field is hosted in a large open anticline cut by secondary extensional 
and reverse faults that provide excellent closures (Bertrand et al., 2003; Castonguay et al., 2006). The presence of 
hydrothermal dolomites suggests that diagenetic seals are also likely in tectonic slices of platform facies (Bertrand et 
al., 2003). Late-Middle to Upper Ordovician shales of the flysch succession could likely form good stratigraphic 
seals above various carbonate reservoirs. Deep coarse-grained submarine fans are also involved in fold and thrust 
structural traps; deep marine shales (locally potential source rocks) likely provided impermeable caps. 

Exploration plays. At the Appalachian structural front, current exploration play is focussed on the Saint-
Flavien model: fault-imbricated tectonic slices of the shallow marine Ordovician dolomitized (hydrothermal?) 
platform (Beekmantown / Black River-Trenton groups). Recent seismic acquisition program by the MRNQ in Gaspé 
indicates the presence of such imbricated platform units with roll-over anticlines and duplexes at relatively shallow 
depth (l sec). Either Lower (Rivière Ouelle Formation) or Upper Ordovician (Utica and Ruisseau Isabelle shales) 
source rocks fed the potential reservoirs. In Gaspé, surface maturation of the deep marine allochthons in the Humber 
Zone is high; no information on the maturity level of the intercalated platform slices is available. In the hypothesis of 
transported maturation, this type of play is still viable. 

A secondary exploration play occurs in the passive margin submarine fans. Thick successions of very coarse-
grained facies are known in the Lower St. Lawrence Valley. Significant secondary porosity through either 
dissolution of metastable aluminosilicates or fractures is documented. The succession is stratigraphically and 
structurally interstratified within potential source rocks that could also provide excellent seals. The fold and thrust 
belt tectonic scenario provides multiple tectonic traps that are imaged in recent seismic surveys. 
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FRIDAY FIELD TRIP 

In the Québec City area, rocks of the Appalachian Humber Zone lie in tectonic contact with rocks of the 
undeformed St. Lawrence Platform (Fig. 12). The geology in this area has been subdivided into three tectonic zones, 
namely the autochthonous, parautochthonous and allochthonous domains (St-Julien, 1979). The autochthonous 
Cambrian to Ordovician siliciclastic and carbonate platform shelf sediments of the St Lawrence Platform are 
tectonically overlain by rocks of the parautochthonous domain which consists of moderately deformed and 
imbricated strata originally deposited on the shelf or outer shelf. To the southeast, the allochthonous domain, also 
known as the external part of the Humber Zone, comprises tectonically transported strata originally deposited on the 
continental shelf edge, slope or rise. The allochthonous domain is divided into five thrust sheets or nappes each 
displaying distinct sedimentary units, internal stratigraphy, and characteristic structural style (St-Julien, 1995). These 
are, from northwest to southeast, the Promontoire de Québec, Pointe-de-Levy, Bacchus, Rivière Boyer and 
Chaudière nappes. According to St-Julien (1995), the emplacement of the allochthonous thrust sheets occurred 
through progressive accretion and forward stacking over the Cambro-Ordovician sedimentary prism during the 
Upper Ordovician Taconian orogeny. Consequently, the uppermost Chaudière Nappe comprises the oldest and 
farthest-travelled rocks, whereas the lowest structural unit, the Promontoire de Québec Nappe, is made up of the 
most proximal and least-transported strata. 

Figure 12: Location of stops. Appalachian trip near Québec City 

OUTER SHELF AND SLOPE SEQUENCES 

Geological Context 

During the Friday field trip we will visit outcrops that expose different parts of the outer shelf of the passive 
margin sequence as well as the foreland basin flysch sequence. The first stops are located along the walls of Old 
Québec (Fig. 12). These outcrops expose different parts of the Promontoire de Québec thrust sheet, made up of rocks 
of the Upper Ordovician (Caradocian) Citadelle Formation, the outer shelf equivalent of the Black River Group. 

The following stop is located within the Pointe de Levy slice and consists of exposure of the Lower Ordovician 
Lévis Formation conglomerates that are interpreted as proximal slope deposits (Lavoie et al., 2003b). The next two 
stops are located in the parautochthonous zone and expose the turbiditic rocks of the Late Ordovician foreland basin 
and finally the last stop will allow us to examine the base of the succession, lower Cambrian end-of-rift clastic 
sediment. 
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STOPS 1 to 7. The Promontoire de Québec thrust sheet 

Rocks of the Promontoire de Québec thrust sheet were folded and thrust over the autochthonous platform during 
the Taconian orogeny (St-Julien, 1995) (Figs. 1 and 12). Structurally, the Promontoire de Québec thrust sheet 
represents the lowest thrust unit of the allochthonous zone. It is structurally overlain by the Pointe de Levy and 
Sainte-Pétronille slices as well as the Chaudière thrust sheet. To the south the Foulon fault separates the Promontoire 
de Québec thrust sheet from the Chaudière thrust sheet. 

The Promontoire de Québec thrust sheet is made up entirely of rocks of the Citadelle Formation that has been 
divided into two units, a first unit consisting of alternating limestone and mudshale and a second unit that includes 
different levels of mélange type rocks and olistostromes. The first unit of the Citadelle Formation is made up of 
argillaceous limestone and mudshale, and more rarely sandstone and siltstone, dolomitic limestone and pyrite-
bearing black shale. The argillaceous limestones are massive and frequently contain bitumen. The overall thickness 
of this unit is estimated at 900 meters along the section that runs parallel to Champlain boulevard (St-Julien, 1995). 
The second unit of the Citadelle Formation includes conglomerates, olistostromes, mélange type rocks and debris 
layers that can be found at different levels throughout the formation. Numerous discontinuous lenses of 30 cm to 5 m 
thick limestone conglomerates can be observed in the north-east part of the thrust sheet, along Saint-Vallier, Côte 
d'Abraham et Arago-ouest streets, as well as in the underground parking at Place d'Youville, suggesting that these 
conglomerates are indeed interlayered with the massive argillaceous limestones of the first unit. Variably sized 
(from 2 to 10 cm) subrounded to round calcarous limestone, bioclastic limestone calcarous sandstone and limestone 
clasts are cimented by a calcarous matrix. Some clasts are in fact larger fragments of massive argillaceous limestone 
up to 1.5 meters in size and typical of unit 1 of the Citadelle Formation. Olistostromal layers represent the main 
facies of the second unit of the Citadelle Formation. These layers are made up of different lithotypes of variable size, 
from a few cm to a few meters in length. This facies is recognized mostly along Côte de la Montagne and Côte 
Dinan, as well as along Sault au Matelot, Sous le Cap, Dambourgès and de la Canoterie streets. Outcrops from Côte 
de la Montagne to Côte-du-Colonel-Dambourgès consist of the same stratigraphic layer whereas those along De la 
Canoterie street and Côte Dinan are stratigraphically lower, suggesting indeed that there are at least two separate 
layers of olistostromes in the Citadelle Formation (Gayot, 2002). The olistostromal layers can be followed for more 
than a couple hundred meters and their thickness is estimated at approximately 15 meters. Contacts between unit 1 
and unit 2 can be either conformable, unconformable or faulted. Numerous field evidence such as soft-sediment 
deformation features, syn-sedimentary faults and dragged bedding along fault planes suggests that rocks of the 
Citadelle Formation were deposited in an extensional basin on the outer shelf in the immediate foreland of advancing 
nappes. Thus, the outer shelf was dissected by extensional faults defining local topographic highs from which were 
shed debris flows into fault-bounded basins. Tectonic instability and subsidence of the outer shelf are attributed to 
flexural extension of the North-American margin during the Taconian orogeny (Kirkwood et al., 2000). 

The Québec Promontory thrust sheet is characterized by regional NNE-SSW trending anticlines and synclines 
(Fig. 13). A well-developed, steeply-dipping first-phase cleavage (S1) and local folds (F1) are observed throughout 
the thrust sheet. Fold axes strike N 185°, parallel to the regional NNE-trending folds and plunge 45° towards the 
SSW. Along the escarpment next to the Champlain boulevard, the stratification is oriented towards the SE near the 
Gare Maritime, becoming nearly vertical below the Citadel and plunging toward the NW in the Du Petit Champlain 
street sector. Many faults occur within the Promontoire de Québec thrust sheet. Major NNE trending thrust faults, 
such as the Logan's fault are mainly present to the north. Low-angle thrust faults cut through the steeply-dipping, 
overturned limbs of the regional anticlines and synclines and can be observed mainly along the southern part of the 
thrust sheet along Champlain boulevard. Numerous normal faults also occur within the thrust sheet. They consist of 
a set of regularly oriented and continuous NE-trending subvertical faults. Two other sets of small scale normal faults 
are also present throughout the thrust sheet. Although their orientation is quite variable along both limbs of the 
regional syncline, they consistently trend NW and SE when restored to their original orientation after unfolding of 
the strata. These faults are in fact high angle normal faults that developed early on during deposition of the Citadelle 
Formation in the foreland basin (Kirkwood et al., 2000). 
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Figure 13. Geological map of the Promontoire de Québec Thrust Sheet (from Gayot, 2002). 

Fracture sets and veins were studied within the Promontoire de Québec thrust sheet in order to characterize the 
nature of fluids and timing of internal migration (Fig. 14). Four distinct fracture sets were recognized. The first two 
sets are almost always completely filled with calcite and/or quartz. They are oriented either N-S, with shallow to 
moderate dips or E-W, with moderate to steep dips. Their geometry, orientation, and kinematics are compatible with 
syn-tectonic normal faulting within the basin. The last two sets are oriented either NE or NW and are compatible 
with Taconian folding and thrusting. The paragenetic sequence of vein and fracture fill consists of fibrous calcite (I), 
idiomorphic calcite (II), and/or quartz crystals and/or bitumen. Hydrocarbon fluid inclusions and precipitation of 
bitumen and impsonite (Levine et al., 1991) in open fractures attest to petroleum migration within rocks of the 
Promontoire de Québec thrust sheet. Structural relationship of fracture sets in the Promontoire de Québec thrust 
sheet combined with fluid-inclusion data and isotopic composition of vein infill help constrain the P-T history of the 
basin. Results suggest that a warm (60°C), low salinity fluid of meteoric origin migrated through fracture networks 
and normal faults in the Citadelle rocks during the extensional collapse of the outer shelf in the lowermost 
Caradocian (Kirkwood et al., 2002). This fluid was progressively mixed with a warmer (150-160°C) high salinity, 
basinal fluid associated with hydrocarbon gases and fluids. P-T modelling of inclusions (Fig. 2) related to the second 
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pulse suggests a 3 to 4 km maximum burial depth for rocks of the Promontoire de Québec thrust sheet that we equate 
with thrusting of the rocks over the autochthonous margin and/or overthrusting by the Chaudière thrust sheet. 

Departure from INRS-ETE, 490 de la Couronne Québec, at 8h30 (a few underground pay parking lots are 
available within a short distance) 

STOP 1. St-Valuer St. 

➢ Itinerary: walk along the walls of the Old Québec City starting at the outcrop located on St-Vallier street 
beneath the now-removed overpass of the Dufferin-Montmorency highway. The outcrop shows the following 
features: 

• Stratigraphic sequence of the Citadelle Formation 
• Normal faults and fractures 
• Geochemistry of veins 

STOP 2. Côte Dinan 

➢ Itinerary: From St-Valuer, continue east towards Côte Dinan just below the Hôtel Dieu hospital. The outcrop 
shows the following features: 

• Stratigraphy of the Citadelle mélange unit 
• Soft sediment deformation 
• Fractures, cleavage, faults 

STOPS 3 to 7. Côte-du-Colonel-Dambourgès, Sous-le-Cap, Sault-au-Matelot and De la Montagne street and 
Champlain boulevard 

➢ Itinerary: From Côte Dinan turn right (east) along Côte de la Canoterie and follow the walls of the Old City 
along Côte-du-Colonel-Dambourgès and Sous-le-Cap street. Continue south along Sault-au-Matelot street to 
De la Montagne street. Proceed along Notre-Dame street to the east cliff below the Château Frontenac on 
Champlain boulevard. The outcrops show the following features: 

• Stratigraphy of the Citadelle Formation 
• Normal faults and fractures, Taconian thrust faults 
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Figure 14. (a) Olistostrome mélange of the Citadelle Formation. Note the soft-sediment deformation in some of the clasts. (b) 
Normal fault in the Citadelle Formation. Limestone breccia in the hanging wall of the fault. (c) Fractures, veins and small-
scale normal fault in the Citadelle argillaceous limestones. Veins contain calcite, quartz and bitumen. (d) Bedding 
perpendicular fractures and veins in the Citadelle Formation. 

STOP 8. The Pointe de Lévy thrust sheet 

Go back to pick up your vehicules and drive to the ferry wharf 
0.0 	 From the Quebec — Lévis ferry exit, take "Côte du Passage" road towards the west (towards the 

old Lévis) 
0.0 —1.0 km 	Take left at traffic light, you are now on Saint-George street 
1.0 — 2.3 km 	Take right at indicated "Cimetière" entrance, Mont Marie street 
2.3 — 2.5 km 	Parking space 

The succession at this locality is known as the Lévis Formation or Conglomerate. The conglomerate is dated 
Arenigian on the basis of graptolites and chitinozoan fauna in the muddy matrix and interbeds. The Lévis 
Conglomerate is only known in the Lévis area, elsewhere in eastern Quebec, the time correlative unit are known as 
the Rivière-Ouelle and Pointe de la Martinière formations which are dominated by a fine-grained multicoloured 
mudstone and siltstone succession with secondary sandstone, calcilutite, calcarenite and limestone conglomerate. 
Lavoie et al. (2003) have interpreted the Levis Conglomerate — Rivière-Ouelle — Pointe de la Martinière formations 
as a laterally coeval proximal to distal slope succession. This conglomerate is interpreted as the result of the sub-
aerial exposure and erosion of the Early Ordovician platform with various shallow marine limestone fragments 
deposited on the continental slope. The age of that event is constrained by the Arenig age of the matrix. Along the 
eastern margin of Laurentia, the initiation of Iapetus oceanic crust subduction and hence of the Taconian foreland 
basin is considered to occur at the Arenig (van Staal, 2005). The initiation of subduction and the resulting 
lithospheric rebound led to the migration of a tectonic peripheral bulge along the continental margin of Laurentia 
(Jacobi, 1981; Knight et al., 1991; Lavoie, 1994). Major subaerial exposure and erosion of the Early Ordovician 
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shallow marine platform is recorded from southeastern USA (Knox and Beekmantown groups: Mussman and Read, 
1986; Read, 1989) to southern Quebec (Beekmantown and Philipsburg groups: Lavoie, 1994; Salad Hersi et al., 
2002; 2003) up to western Newfoundland (St. George Group: James et al., 1989; Knight et al, 1991). From that 
erosion, coeval major limestone conglomerates were deposited on the continental slope (James and Stevens, 1986; 
James et al., 1989; Lavoie, 1997; Lavoie et al., 2003; Salad Hersi et al., 2003). 

These Arenig conglomerates mark the end of the passive margin and the inception of the Taconian foreland 
basin along the continental margin of Laurentia. It is noteworthy that this transition is coeval with the Sauk — 
Tippecanoe sequences boundary for the cratonic successions (Sloss, 1963). 

Outcrops 

We will examine two outcrops at this locality; the first one is immediately behind the main cemetery building (a 
small cliff) whereas the second one is adjacent to the easternmost apartment building that you see on the cliff to the 
north of the parking lot. In both cases, these are private properties and we ask you to act accordingly. 

The first outcrop is a 6 meter-wide cliff face that exposes a limestone conglomerate. The conglomerate consists 
of crudely-bedded conglomerates with beds ranging from 50 cm up to 2 meters in thickness (Fig. 15a). Thinner 
conglomerate beds with interbedded fine-grained sandstone to siltstone/mudstone beds are seen near the stratigraphic 
top of the succession. The conglomerate is commonly clast-supported and the matrix is fine sand. The conglomerate 
consists of unsorted, small (mm) to large (up to 1.5 meter in diameter) limestone fragments. The large fragments are 
angular with irregular margins that testify for little traction transport and remobilization, whereas some of the small 
clasts are more sub-angular to sub-rounded. The clasts are dominated by micritic limestone with also abundant 
wackestone to packstone mollusc-rich calcarenite. Some dolomite clasts are present in subordinate number. 

The second outcrop is adjacent to the apartment building on the cliff to the north of the cemetery. There, the 
outcrop is 15 meters long by 4 meters large and includes one major block of 10 x 4 meters (Fig. 15b). This large 
block consists of micritic limestone with irregular patches of intraclastic calcarenite and calcirudite. The micritic 
limestone is a thrombolite with a growth framework that consists of a framework of cryptomicrobial material in 
particular of Renalcis and Epiphyton commonly forming layers with thin isopachous crusts of fascicular-optic calcite 
cement crust of most likely marine origin. The irregular-shaped cavities in the thrombolite are interpreted as growth 
cavities in the organic framework that are filled by material derived from the bio-mechanical erosion of the organic 
framework. These cavities are commonly metric in visible size and are characterized by abundant biota in particular 
large-sized molluscs. Locally, parts of the block are irregularly dolomitized (work in progress). The large block is 
encased in limestone and siliciclastic conglomerate similar to the one of the outcrop at the entrance of the cemetery. 
In the conglomerate, there are alternating clast- and matrix-supported layers. Clasts are dominated by micritic 
limestone some of which are clearly thrombolitic in origin, other clasts in decreasing abundance are: bioclastic and 
intraclastic calcarenite, algal laminites (locally strongly dolomitized), monogenic limestone conglomerate, sandy 
limestone and sandstone/siltstone. The clastic clasts are autochthonous and represent eroded fragments of the 
background sediments. 
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Figure 15. (a) Unsorted limestone conglomerate, the larger clasts have highly irregular margins. (b) A 10 x 4 meters thrombolite 
clast in the Lévis conglomerate. The upper contact of the clast with the conglomerate facies is marked by the dashed line. 

LUNCH 

PARAUTOCHTHONOUS SEQUENCE AND IMBRICATE FAULT ZONE 

The foreland basin sequence is well preserved within the autochthonous zone of the Quebec Appalachians 
(Lavoie, 1994). An important part of this basin can also be found within the outermost deformed zone of the 
Appalachian orogen in the Quebec parautochthonous zone. However, the presence of chaotic units within the 
parautochthonous sequence as well as the highly disrupted and imbricated nature of this zone at surface has 
complicated the stratigraphic correlations of these rocks with those of the autochthonous foreland basin. Within the 
parautochthonous zone, the observed facies differ slightly lithostratigraphically and chronostratigraphically from the 
autochthonous facies and reflect a more distal setting with respect to the autochthonous sequence. 

In the Québec City area, the parautochthonous zone is completely exposed at low tide between St-Nicolas and 
St-Antoine-de-Tilly on the south shore of the St-Lawrence river along a 15 km section (Fig. 12). The southern 
contact between the parautochthonous and the allochthonous zones, i.e., Logan's Line, occurs a few kilometers west 
of St-Nicolas and consists of a major fault zone, where rocks of the Upper Ordovician Ste-Rosalie Group flyschoid 
sequence are overthrusted by red and green shales of the Cambrian Sillery Group outcropping within the 
allochthonous Chaudière thrust sheet. A few kilometers to the northwest, the limit between the autochthonous and 
the parautochthonous zones occurs along the Aston fault which juxtaposes rocks of the Les Fonds Formation 
(Sainte-Rosalie Group) to rocks of the Nicolet Formation (Lorraine Group) (Globensky, 1987). 

Structurally, the parautochthonous zone consists of a series of steep, southeast-dipping thrust faults that display 
imbricate thrust fan geometries (Figs. 1 and 12) (St-Julien et al., 1983; Castonguay et al., 2001, 2006; Séjourné et al., 
2003). Deformation within the zone features large-scale northeast-trending, slightly overturned folds. Smaller-scale 
mesoscopic folds are upright to slightly overturned, northwesterly-verging and plunge gently to the northeast or to 
the southwest. In cross-section, thrusts affect progressively older rocks as the main decollement surface cuts down to 
deeper stratigraphic levels (St-Julien et al., 1983). At the outcrop to be visited, the rocks of the parautochthonous 
zone consist essentially of typical Upper Ordovician flysch of the foreland basin. 
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STOP 9. St-Nicolas — Pointe-Aubin 

0.0 km 
0.0 — 0.2 km 
0.2-1,5km 
1.5-4.0km 
4.0 — 23.4 km 
23.4-27.3 km 
27.3-36.6km 
36.6-37.4km 

Depart from the cemetery parking lot, Mont Marie street 
Take Saint-George street, straight ahead 
At the traffic light, turn left on Alphonse-Desjardins street 
Take Highway 20 west, towards Quebec City / Montréal 
Take exit # 305, St. Nicolas 
Take road # 171 North, up to the intersection with highway #132 
Take Highway #132 west (left), up to intersection "Côte de Pointe Aubin" 
St. Lawrence River shore outcrop 

Outcropping rocks of the parautochthonous zone in the Québec City area are included within the Les Fonds 
Formation. The stratigraphie succession of the Les Fonds Formation can best be described in the Pointe Aubin area 
where a variety of lithological assemblages crop out in the core of a southeast-dipping and southwest-plunging 
syncline (Fig. 16). Thrust faults occur along both limbs of the syncline. In the axial zone of the syncline the 
stratigraphie succession of the Les Fonds Formation is rather well exposed and consists mainly of mudstone and 
fine- to coarse-grained sandstone with less abundant fine-grained limestone, conglomerate and chaotic units. 

Figure 16. Geological map at Pointe-Aubin (from Comeau et al., 2004). 

The main lithologic assemblage of the Les Fonds Formation cropping out at Pointe Aubin consists of mudstone 
and very fine grained sandstone interbedded with thin- to thick-bedded sandstones and more rare chaotic units. 
Lithologic assemblage A of figure 16 consists of a 50 meters thick chaotic zone of bituminous mudstone blocks set 
in a shale matrix. Bituminous mudstone blocks vary in size from 1 m to more than 100 m in length and from 1 m to 
about 10 m in thickness and are aligned on both limbs of the syncline. This interval of meter-scale blocks is in fact 
interbedded within the flyschic sequence and is folded around the syncline (Fig. 17a). The overlying lithologic 
assemblage B is composed of 75 meters of thick coarse sandstone beds (0.25 m to 1 m) alternating with shale 
(Fig.17). Lithologic assemblage B is overlain by the turbiditic facies of assemblage C that fines upward into a 700 m 
thick succession of lithic sandstone beds (2 to 40 cm thick), shale and silty sandstone. Within the Les Fonds 
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Formation, sandstone beds are more abundant in the lower half of the section (Beaulieu et al., 1980). Thickness of 
sandstone beds and size of the detrital fraction also diminishes towards the upper half of the section. This fining 
upward section suggests episodic tectonic activity in the basin at the time of deposition of the Les Fonds Formation. 

Based on graptolite data (Riva, 1972; Walters et al., 1982), the age of the stratigraphic units within the Les 
Fonds Formation is Late Ordovician. Most of the graptolites collected from the mudstones (assemblage C) of the Les 
Fonds Formation along the section belong to the Caradocian C. spiniferus Zone (Riva, 1972; Walters, 1979; Walter 
et al., 1982). However, graptolites collected in the chaotic units and thrust slices belong to the N. gracilis, C. 
americanus, O. ruedemanni and C. spiniferus zones (St-Julien, 1968; Riva, 1972; Walters, 1979; Walters et al., 
1982). 

Figure 17. (a) Interbedded olistostrome zone within the flyschoid sequence of Les Fonds Formation; (b) Close up view of the 
olistostrome unit. A perpendicular cleavage is recognized. The GPS receptor is used as scale; (c) Aerial photography of the 
tectonosomes' triaxial geometry at the Pointe Aubin. (d) Folded tectonosome, area identified by the box on 17c. The 
backpack and the geologist hammer are used as scale. 

Values of reflectance equivalent to that of vitrinite in the Pointe Aubin syncline are below 1.35% and indicate 
that rocks of the Les Fonds Formation are in the lower half of the mature zone. Such a low degree of maturation is 
very rarely observed in the St. Lawrence Lowlands and in the foreland basin sequence. Analyses in the Les Fonds 
Formation 7 kin west of the Pointe Aubin section in the parautochthonous zone along the St. Lawrence shore, 
display reflectance values 0.2 to 0.3% higher (Héroux and Bertrand, 1991). This lower level of thermal maturation 
indicates that the Pointe Aubin section is near the top of the parautochthonous structural pile. Spatial variation of 
reflectance values in the Pointe Aubin successions shows a rather clear relationship with the syncline. Low values of 
reflectance are observed in the vicinity of the axis whereas highest reflectance values are found on both limbs of the 
syncline, at the base of the structural succession. This relationship indicates that the folding of the synclinal structure 
postdate the thermal maturation of those successions (pre-tectonic thermal maturation of Taylor et al. 1998). 
Maximum thermal maturation of the parautochthonous zone is thus presumably due to sedimentary and/or tectonic 
burial. 
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STOP 10. St-Nicolas — Pointe-Aubin 

The northern limb of the Pointe Aubin syncline consists of a 10-20 m wide fault zone made up of a series of 
tectonically juxtaposed thrust slices, including distinct lithological facies and blocks of variable size and lithology, 
such as green silicified siltstone, bituminous mudstone, dolomitic limestone and red shale with calcarenite interbeds 
(Fig. 16). St-Julien (1968) included these fault slices in his polygenic chaotic unit and Globensky et al. (1993) later 
assigned them to the Pointe Aubin Formation. In outcrop, individual fault slices consist of tightly folded beds and 
sometimes highly fractured competent beds displaying internal continuity. The fault slices are of variable size, 
ranging from a few meters to a few hundred of meters in length along-strike (Fig. 17c), and are affected by faults and 
fractures fragmenting them into smaller blocks, with precise shapes, sharp outlines, and an evident triaxial geometry. 
All fault blocks have a common trend and a strong bed-parallel preferred orientation. The finer-grained matrix 
surrounding the blocks is tectonized and displays a scaly texture occurring in small cm- to tens-cm thick corridors 
that are parallel to the preferred alignment of the blocks. Large blocks can be lozenge-shaped, highly fractured with 
numerous conjugate fault planes and disposed within 10-20 meters wide corridors parallel to thrust faults. Thrust 
faults with down-dip striae can be recognized along the margins of the blocks. Strata within the blocks are 
occasionally tightly folded with axial traces parallel to the regional cleavage. 

Disruption, imbrication and thrusting of the Taconian foreland basin sequence are responsible for the 
development of chaotic units within the turbiditic sequence of the Caradocian Les Fonds Formation (Fig. 18). These 
chaotic units have been termed olistostromes or tectonosomes on the basis of field criteria and following Pini's 
(1999) classification. Olistostromal units containing blocks of the middle mudstone (Utica Shale) and upper turbidite 
units (Ste-Rosalie Group) of the foreland basin and spanning the Caradocian N. gracilis, C. americanus, O. 
ruedemanni and C. spiniferus graptolite zones were deposited and incorporated in the Les Fonds Formation. 
Disruption of more competent beds of the flyschic sequence and fault stacking and slicing of older rock units 
occurred along major thrust faults, and now form structurally aligned corridors or tectonosomes. Graptolites and new 
chitinozoan data from both olistostromes and tectonosomes indicate older ages (early Late Ordovician) than the 
flysch units of Sainte-Rosalie Group (mid Late Ordovocian). Lithological, stratigraphie and structural criteria 
indicate that tectonosome slices are imbricated foreland basin rocks that are correlative to the Black River, Trenton, 
Utica, Sainte-Rosalie and Lorraine groups of the Laurentian platform. Thermal maturation data indicates that 
disruption of the autochthonous sequence, and folding and thrusting of the entire foreland basin sequence must have 
occurred shortly after their deposition. Contrary to what had been suggested, blocks in the olistostromes and 
tectonosomes were not derived from the allochthonous Chaudière thrust sheet, even though it presently marks the 
southern contact with parautochthonous zone. Imbrication of the foreland basin sequence must have occurred before 
emplacement of the Chaudière thrust sheet. 
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Figure 18. Structural evolution of the parautochthonous zone at Pointe Aubin. (a) Growth of tectonic wedge and deposition of 
olistostromes, (b) Incorporation of olistostromes within tectonic wedge. (c) Development of tectonosomes during regional 
folding and out-of-sequence thrusting along major thrust planes (from Comeau et al., 2004). 

0.0 km 
0.0-0.8km 
0.8-10,1 km 
10.1-29.5km 
29.5-23.4km 

Depart from St. Lawrence River shore outcrop 
Take road #132 east (left) 
Take road #171 South 
Take Highway 20 east, towards Quebec City 
Take exit Quebec City — Laporte bridge 
At the north end of the bridge, take the first exit — Champlain boulevard 

STOP 11. The Chaudière thrust sheet 

The Chaudière thrust sheet is limited to the north by Logan's Line and associated melange units and to the 
south, by the Foulon Fault (Fig. 19). Sedimentary units of the Chaudière thrust sheet form the Sillery Group which 
consists of the Sainte-Foy, the Saint-Nicolas and the Breakeyville formations. The biostratigraphic information 
suggests that the Saint-Nicolas Formation is of Early Cambrian age. The Sainte-Foy Formation tectonically underlies 
the Saint-Nicolas Formation; the former consists predominantly of variously-coloured mudstone. The Saint-Nicolas 
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Formation is divided into three units: a lower massive and coarse-grained sandstone, a middle cyclic turbidite and an 
upper red mudstone. The Breakeyville Formation consists of two units, a lower conglomerate-sandstone and an 
upper mudstone-sandstone. The Saint-Nicolas and Breakeyville formations are both characterized by fining-upward 
trends which result from initial marine lowstand followed by transgressive events. Correlation with adjacent 
stratigraphic frameworks is based on the recognition of the massive lower coarse-grained sandstone unit of the Saint-
Nicolas Formation in other successions. This unit is temporally well constrained and correlates with a major sea 
level lowstand (the Hawke Bay event) recognized along the entire continental margin of Laurentia from western 
Newfoundland to southern Quebec. This event marks the end of the initial rifting episode and the initiation of the 
passive margin. The framework also relies on correlation of the lower conglomerate of the Breakeyville with Upper 
Cambrian conglomerates in eastern Québec. 

Figure 19. Simplified geological map of the Chaudière Nappe with the location of the stop. Modified from Lebel and Kirkwood 
(1998). The stratigraphic column locates two new ages (Early Cambrian) for the Saint-Nicolas Formation based on 
acritarchs. 
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STOP 11. Ste-Foy — Pont Laporte 

At this stop, we will examine the coarse-grained facies at the base of the Saint-Nicolas Formation. This lower 
unit is characterized by massive beds of greenish coarse sandstones and conglomerates with subordinate red and 
green interbeds. The succession is cyclic (fming and thinning-upward trends) (Fig. 20a). The sandstone / 
conglomerate are mineralogically and texturally immature, they are rich in pink and flesh-coloured feldspars and 
blue quartz are locally common. Locally, small micrite clasts testify for the presence of a carbonate platform at that 
time. The beds are commonly graded with parallel laminations and dewatering pillar structures. Some open fractures 
show bitumen coatings. 

In another section of that unit, the red mudstones are typified by abundant examples of the trace fossil Oldhamia 
curvata which is a key Early Cambrian element, moreover, the brachiopod Botsfordia pretiosa is also present in 
sandstone beds and also suggest an Early Cambrian age. This massive sandstone unit at the base of the Saint-Nicolas 
Formation is correlated with the "Green Sandstones" unit of the Saint-Roch Group and represents the slope 
sedimentary record of the major sea level lowstand known as the Hawke Bay Event in Western Newfoundland 
which, there, is recorded in the slope succession by the Irishtown Formation. 

Figure 20. (a) Thick beds of immature sandstone / conglomerate at the base of the Saint-Nicolas Formation. These arkosic 
sandstone beds are also known as the "Green Sandstone" unit and mark the end of the rift episode. (b) Well-bedded 
quartzose sandstone and shale of the turbidite unit that overlies the lower massive sandstone interval. (c) Contact between 
the turbidite unit and the red mudstone unit at the top of the Saint-Nicolas Formation. 

END OF THE FRIDAY TRIP 
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SATURDAY FIELD TRIP 

The geology of the Québec City area is particularly rich and varied as it records more than 1,5 billion years of 
history of the Laurentian margin. In less than 15 km, one can visit exposures of three main geological entities, the 
Grenville orogen of the Canadian Shield, the St. Lawrence Lowlands or the St. Lawrence Platform and the 
Appalachians. The aim of this field trip is to summarize the main stratigraphic, sedimentological and structural 
characteristics of the Early Paleozoic shallow marine platform margin of Eastern Laurentia through visits of key 
outcrops located in the Québec City area. In this area, rocks of the Appalachian Humber zone lie in tectonic contact 
with rocks of the undeformed St. Lawrence platform (Fig. 21). 

Figure 21 . Location ofstnps for 5t. Lawrence platform field hip. 

THE ST. LAWRENCE PLATFORM 

Geological Context 

During this trip, we will visit outcrops that expose different parts of the Upper Ordovician St. Lawrence 
Platform. These stops will bring us to spectacular outcrops of the shallow marine platform sequence, more 
specifically the foreland basin carbonates of the Black River and Trenton groups. 

STOP 1. Introduction to St. Lawrence Platform geology 

0.0 
	

Departure Laval University — Geology Department — Pouliot Building 
0.0-6.0km 
	

Highway 740 (Autoroute Robert-Bourassa, formerly Du Vallon), North 
6.0 —17.4 km Highway 40 East (Autoroute Felix Leclerc), take exit 322 
17.4 —19.1 km Boulevard des Chutes East to Manoir Montmorency Parking lot 

STOP 2. Montmorency Falls Park 

This stop is located at the Montmorency fall, a major topographic accident that results from syn- to post-
Taconian (post-Utica) extensional movement of the Montmorency fault. The upthrown block of the fault consists of 
Grenville gneisses unconformably overlain by Middle?-Upper Ordovician platform sediments whereas the tilted 
downthrown block is overlain by Upper Ordovician platform and deep marine sediments. From the parking lot, 
cross-back the road and descend near the river. Walk north along a trail adjacent on the east side of the river for 
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approximately 300 metres up to a point of prominent Grenville gneisses outcrop in the river and descend to the 
shore. 

Section starts at the southern end of the Grenville exposures. The basement consists of felsic gneiss with strong 
E-W mineral lineations. The Precambrian surface is very irregular and the base of the overlapping sedimentary 
succession is represented by a 50 cm-thick unit of buff weathering arkosic sandstone characterized by low angle 
cross laminations. This sandstone is glauconite-rich and its exact age is unknown. This sandstone is overlain by a 60 
cm-thick fossiliferous calcirudite with sparry calcite cement (Fig. 22a). Fossils are dominated by centimetre-sized 
well rounded to heavily broken Solenopora red algae and crinoids, lithoclasts are also abundant. The calcirudite is 
devoid of sedimentary structures although poor preservation of allochems suggests an agitated marine environment. 
The calcirudite bed wedges out against the Precambrian basement and note, on the gneiss outcrop, the presence of 
abundant potholes and fractures filled with the calcirudite facies (Fig. 22b). Diagenetic analyses of the calcite cement 
indicate a complex history of marine — meteoric — marine and burial events (Ndzangou, 1997). This bed is included 
in the Pont-Rouge Formation. The calcirudite bed is overlain by the Deschambault Formation that consists of a 3 
metre-thick coarsening-upward succession (Fig. 13a) with initial (approx. 40 cm) wavy-bedded wackestone 
calcilutite with thin shale partings. This first unit still wedges out on the Grenville gneiss. This first unit is overlain 
by a 2 metre-thick interval of thin wackestone-packstone calcarenite having abundant thin partings. This second unit 
transgresses over the Precambrian knoll. The uppermost unit at that locality is a 60 cm-thick interval of thickly-
bedded grainstone calcarenite — calcirudite. The last three units are characterized by abundant crinoids, brachiopods, 
molluscs and bryozoans with the latter forming in situ growth thickets. The overall amount of lime mud significantly 
decreases upward. 

Figure 22. (a) Onlapping succession of basal sandstone (sst), Solenopora-rich calcirudite (Pont Rouge Formation) and wavy 
bedded limestone interval (Deschambault Formation) over the Grenville basement. (b) Pothole developed in Grenville gneiss 
and filled bySolenopora calcirudite. (c) Bryozoan bioherm surrounded by bryozoan and crinoid grainstone. 
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Higher beds can be observed at a very short distance to the north (approx. 20 m). There the section lacks the 
basal sandstone and Solenopora-rich calcirudite facies. A thinner coarsening-upward succession overlies the 
irregular Precambrian basement, this succession is similar to the one previously described with the exception of a 
thinner middle calcarenite interval. Of interest is the presence of two mound-shaped bioherms that are seen in the 
small cliff along the river (Fig. 22c). Note the draping of adjacent beds (bryozoan-rich packstone calcarenite — 
calcirudite) which suggest some small synoptic relief on the seafloor. These mounds consist predominantly of lime 
mud with a relatively abundant (approx 35%) well-preserved bryozoan fauna. Accessory fauna is given by crinoids, 
molluscs and few brachiopods. Polished slabs of the unit reveal the presence of pelletoidal crusts (cryptomicrobial?) 
locally surrounding and connecting the bryozoans therefore providing a bind for the structure (Ndzangou, 1997). 
Burrows are locally present; they are filled by burial calcite cement (Ndzangou, 1997). 

Go back to the parking lot along the trail. Walk to the stairs that bring you down to the lower level at the toe of 
the fall. While descending, you will see grey and greenish siltstone and mudstone with fine sandstone laminae of the 
Upper Ordovician Lotbinière Formation (Belt and Bussières, 1981). This flysch unit belongs to the Sainte-Rosalie 
Group. Flysch sedimentation records the rapid foundering of the carbonate platform as the continental margin was 
collapsing as the result of westward migration of the Taconian allochthons, this deepening-upward trend occurred at 
a time of global glacio-eustatic sea level lowering. 

At the base of the stairs, walk towards the fall (and be ready to get splashed), at a small observatory facility, to 
your right, you will see in a gully, the contact between the upper part of the platform succession (Neuville 
Formation, upper beds of the Trenton Group) and the overlying black shale of the Upper Ordovician Utica Group 
which underlies the Lotbinière Formation. Both the uppermost beds of the Trenton Group (lime mudstone calcilutite) 
and the shale of the Utica have high TOC content (between 1% and 3%, Bertrand, 1991) and can be considered as 
good hydrocarbon source rock, in particular for the black shale with high Hydrogen Index (150-250) and low 
Oxygen Index (01 of 15-30). The Utica shale is the assumed hydrocarbon source rock in the current round of 
exploration in southern Quebec, it has been recognized as the source rock for the Saint-Flavien gas field (50 km 
south of Quebec City; Bertrand et al., 2003) and its potential as a shale gas play is currently under evaluation. 

STOP 3. Château Richer 

0.0 km 
	

Departure from parking lot at the base of the fall 
0.0 — 4.2 km 
	

Highway 40 East, towards Mont Ste-Anne, exit at Church entrance at Château Richer 
4.2-4.8km 
	

At stop, turn left on Avenue Royale, turn right at Rue du Couvent 
4.8-5.0km 
	

Entrance of the Château Richer Municipal machinery parking lot 

Outcrops at this stop expose the upper part of the platform succession (Neuville Formation, upper beds of the 
Trenton Group). Rocks of the Neuville Formation consist of beds of lime mudstone calcilutite. Although the Château 
Richer area is located in the autochthonous zone of the Appalachians where the rocks are thought to be horizontally 
lying and undeformed, the exposures show imbrications and numerous faults. Fault planes are mostly subparallel to 
bedding planes although some are at higher angles to the bedding planes (Fig. 23). Fault surfaces display by both 
normal and reverse slickenlines. The geometry of the fault surfaces, fault rocks and relative chronology of 
slickenlines indicate that high-angle normal faults were reactivated by thrusting during the Taconian compressive 
event. 
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Figure 23. Structural features in the Neuville limestones, Château Richer municipal garage. (a) Reactivated normal fault. (b) 
Bedding parallel thrust fault cutting up section along a pre-existing normal fault plane. (c) Bedding parallel thrust fault. (d) 
Structural imbrications above a bedding-parallel thrust fault. 

LUNCH 

STOP 4. St-Alban — Rivière Sainte-Anne 

0.0 km 
0.0 — 34.8 km 
34.8-91. 1km 
91.1— 97. 5km 

97.5-97.6km 
97.6-100.8km 
100.8-101 km 

Take Highway 40 West, towards Quebec City — Montréal 
Take exit 139-0, highway 40 for Montréal 
Take exit #254 — Grondines — Saint Marc des Carrières 
Highway363 North, at the northern end of Saint Marc des Carrières village, take right towards St. 
Alban 
Take left at first stop 
Just before the bridge, take entrance at left 
Parking lot 

This stop is particularly significant for the superb exposure (water permitting) of the contact between the Black 
River and Trenton groups. From the parking space, cross the river using the panoramic bridge and follow the NE 
path along the escarpment for roughly 250 metres. Close to the main highway, there is a stair that brings you down 
to the continuous river outcrop. Be careful, water current is strong all year long. Walk back towards the SW to the 
lowest rock ledge (Fig. 24a). There the river makes a major west break and it is impossible to go beyond that point. 

The lowest rock ledge consists of more or less dolomitic calcarenite and calcilutite with either a wackestone to 
grainstone texture with abundant shale seams and stylolites (Fig. 24a). These are the uppermost beds of the Black 
River Group (Leray Formation). The overlying beds consists of various limestone facies of the Trenton Group, with 
first a circa 3 metre-thick succession assigned to the Sainte-Anne Formation (= the Pont Rouge Formation of the 
Montmorency stop). The lowermost bed of the Sainte-Anne Formation consists of a 15 to 20 cm-thick sandy 
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intraclastic grainstone bed that comprises various clasts of the underlying Black River beds (Fig. 24b). Over that 
lower bed, wackestone to grainstone bioclastic calcarenite dominates the rest of the Sainte-Anne Formation. The 13 
metre-thick Deschambault Formation consists of bryozoan-rich packstone to grainstone calcarenite with locally large 
cross-stratifications. Solenopora red algae which is common in the Sainte-Anne Formation is absent in the 
Deschambault beds, the latter being commonly thickly-bedded and dominated by bryozoan and crinoids (Fig. 24d). 

The contact between the Black River and the Trenton groups is nicely exposed and corresponds to a major 
sequence boundary from a major sea level lowstand. The uppermost Black River dolomitic carbonates are 
extensively weathered over a 30-50 cm-thick zone immediately below the irregular contact with the coarse-grained 
and quartz-rich calcarenite that forms a basal lag at the base of the Sainte-Anne Formation (Fig. 24b). This 
intensively altered zone is also characterized by multiple small fractures filled by geopetal sediments that are 
connected to an ancient sub-aerial exposure surface (Fig. 24c). Other evidence for subaerial exposure of the top 
Black River Group include: rillenkarrens, collapse-breccias, irregular topography of the upper surface and small 
solution-enlarged karst pits filled with laminated geopetal sediments. It is noteworthy that reported evidence of sub-
aerial exposure at the contact between the Black River and the Trenton groups are rare in southern Quebec although 
this contact for time-correlative units in eastern USA is considered to represent a major sequences boundary 
(Holland, 1993; Patzkowsky and Holland, 1993). 

Figure 24. (a) Lowest rock ledge on the Sainte-Anne River, looking north. The beds consist of the carbonates of the Black River 
Group. (b) Contact between the Black River and the Trenton groups. The hammer rests on the topmost Black River, note the 
intense alteration zone. (c) Laminated sediments filling in a cavity network connected to the exposed surface. (d) Thick 
grainstone beds of the Deschambault Formation at the Neuville quarry (20 km to the northwest). 

At this locality, we can also appreciate a critical faunal change between the Black River and the Trenton groups. 
The upper beds of the Black River Group are characterized by the presence of large stromatoporoids and corals that 
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are nicely exposed on bedding planes. Up to 15 species of Codiaceans and Dasycladaceans green algae have been 
reported from this locality (Guilbeault and Mamet, 1976). Moreover, even if not a faunal element, small beds of 
oolitic grainstone are present in the upper beds of the Black River Group. All these elements (fauna and particles) are 
common and characteristic of tropical warm-water carbonate environments, not surprisingly given the low 
paleosouthern setting of that part of Laurentia in early Late Ordovician (Scotese and McKerrow, 1991). A drastic 
turnover occurs within the Sainte-Anne Formation where all corals, stromatoporoids and green algae disappear to be 
replaced by a dominant red algae, bryozoan and crinoid faunal assemblage. Not a single oolite can be found in the 
shallow and agitated marine facies of the Sainte-Anne and Deschambault formations, Moreover, major elemental 
analysis of the carbonates has revealed a major increase of P205  content at that contact, with the Trenton facies 
showing up to 10 times the level of P205  compared to the immediately underlying Black River facies (0.03% vs 
0.3% for the Black River and Trenton, respectively; Lavoie and Asselin, 1998). All these elements were used by 
Lavoie (1995) and Lavoie and Asselin (1998) to propose that in early Late Ordovician, upwellings of deep-marine 
nutrient-rich cool to cold waters were recorded along the paleo-southeastern seaboard of Laurentia and resulted in 
the faunal and particle turnovers. 

END OF THE SATURDAY TRIP 
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Washington University, St. Louis, MO 63130, U.S.A. 

INTRODUCTION 

The Lac Piché Anorthosite is the newest member of the "CRUML belt." CRUML is an acronym (Château-
Richer, St-Urbain, Mattawa, Labrieville) for a group of distinctive andesine-bearing anorthosite bodies that are 
arranged almost linearly over a distance of 250 km northward from the outskirts of Québec City (Dymek et al., 
2001; see also a general discussion on anorthosites by Ashwal, 1992). The Lac Piché Anorthosite and its encasing 
rocks have been mapped, and a great deal of petrochemical, geophysical, and geochronological data have been 
acquired. The field trip, to be held on Friday, 5 October, 2007, will be limited to 18 participants (the capacity of the 
two vans rented for the occasion; the roads are not suitable for the family sedan). Departure will be from the 
parking lot at Pavillon Pouliot, Université Laval, at 7:00 a.m. sharp. Lunches and a detailed guidebook will be 
provided. The vans will be back at the starting point before 6:00 p.m. 

FIELD TRIP STOPS 

The field trip consists of eleven stops (Fig. 1; if the trip runs behind schedule, Stop 6 will be omitted). Lunch, 
at the spectacular Chutes (falls) de la Rivière Noire, will follow Stop 5 and will be under a roof (in case of snow). 
With the exception of Stop 1, the trip will be within the boundaries of the Forêt expérimentale Montmorency. The 
circuit within the Forêt, on poor to atrocious unpaved roads, is 52 km, with a driving time of a little under two hours. 
Taking out an hour for lunch, this leave just over half an hour per stop. Some stops will be shorter, but we hope that 
others will generate lively discussion and be longer than the allotted average. 

STOP 1. A hilltop (elev. —965 m) at a Hydro-Québec communications tower is sited on fresh and recently dated 
mangerite. An excellent sampling site. From this stop, participants will have a fine overview (if weather allows) of 
the topographic setting of the Lac Piché Anorthosite. 

STOP 2. The "Discovery Outcrop" of the Lac Piché Anorthosite. The sole roadcut exposure of the field trip. 

STOP 3. Fresh Lac Piché Anorthosite with many interesting features well exposed. A fine site for sampling 
pristine andesine anorthosite. 

STOP 4. "Tiger-striped norite" and labradorite anorthosite at the roof of the Lac Piché Anorthosite. 

STOP 5. Leuconorite and oagnite (in what resembles an Inca fortress) overlying the anorthosite. OAGN is an 
acronym for oxide-apatite gabbronorite. 

STOP 6. Mangerite in a vast exposure flush with the ground surface. 

STOP 7. Two varieties of mangerite and their consanguinous (?) relationship. 

STOP 8. Oagnite, fresh, and the more typical rotted rock. 

STOP 9. Late granite, chemically distinct from the mangerite and not related to the anorthosite. 
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STOP 10. Gabbro; along with the late granite, one of the four units in the Forêt unrelated to the anorthosite. The 
others, not seen on this field trip, are "featureless gneiss", and fine-grained gneisses and granofels (metavolcanic 
rocks?). 

STOP 11. Jotunite (hypersthene-bearing monzodiorite), which in many places in the Forêt lies between the 
anorthosite and mangerite 	a relationship commonly seen elsewhere in the CRUML belt. This stop is at a 
belvedere (lookout) which affords a fine view of the entire extent of the Lac Piché Anorthosite as well as Lac Piché 
itself (again, weather permitting). 
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LATE PLEISTOCENE GLACIATION AND DEGLACIATION IN THE BEAUCE AREA, 
FROM SAINT-GEORGES TO VALLÉE-JONCTION 

by 

William W. Shifts, Illinois State Geological Survey, Champaign, IL 61820, U.S.A. 
Olivier Caron and Michel Lamothe, Département des sciences de la Terre et de l'atmosphère, 

Université du Québec à Montréal, Montréal, QC H3C 3P8, Canada 

INTRODUCTION 

Because the Quaternary geology of Eastern Québec is unique in several aspects, including the impressive 
thickness of Late Pleistocene sediments, with their complex stratigraphy and deglaciation history, it might prove 
difficult to get enough of an overview in a one-day field trip. However, the selected four stops should provide for 
some interesting discussions on the timing and the styles of the regional glaciations (Fig. 1). The Pleistocene 
stratigraphy of the Eastern Townships—Beauce area is characterized by a three till sequence, each till being underlain 
and overlain by glaciolacustrine sediments deposited in ice-dammed lakes during the advance or retreat phases of 
each glaciation. PreHolocene nonglacial sediments of the last two interglacials have been found at Rivière Grande-
Coulée (MIS 7, Balescu et al., 2001), and Rivière des Plante (Massawippi, MIS5e, this field trip). The area we will 
visit also has a rich and pnz7ling lateglacial history, some elements of which will be discussed in the course of this 
field trip. 

Deglacial patterns in southern Quebec 

Figure 1. Regional deglaciation features in the Chaudière Valley and 
location of the field trip stops (from Gadd et al., 1972). 
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THE QUATERNARY STRATIGRAPHIC FRAMEWORK IN THE APPALACHIANS OF SOUTHERN 
QUEBEC 

The regional stratigraphie framework records three advances of the Laurentide Ice Sheet across the southeastern 
Quebec Appalachians and into northern New England (McDonald, 1967; Shilts, 1970; McDonald and Shilts, 1971). 
These glacial episodes are represented, from oldest to youngest, by the Johnville, Chaudière, and Lennoxville tills 
(Fig. 2). The description of the regional lithostratigraphy is modified herein from the synthesis of Lamothe et al. 
(1992). 

Figure 2. Quaternary lithostratigraphic framework for the Chaudière River Basin, 
modified from McDonald and Shilts (1971) and Shilts (1981). The elevated portion 
of the bedrock is a schematic representation of the Notre-Dame Mountain 
Anticlinorium as it marks the approximate limit between the St. Lawrence Lowlands 
to the West and the Appalachians to the East. A simplified stratigraphic scheme is 
shown for the Lower Chaudière Valley. 

Pre-Johnville fluvial sediments near the base of a section on Rivière Grande Coulée have very rare crystalline 
pebbles that are thought to be derived from the Precambrian Shield, over 100 km down drainage from the section. If 
it can be established beyond a doubt that these pebbles are truly Precambrian in age, they would represent a 
glaciation older than the presumed Illinoian- age Johnville Glaciation, because they are stratigraphically beneath the 
Johnville Till and Sangamon-age Massawippi Formation in this section, and there is no process other than glaciation 
that could have transported them to this location. These fluvial sediments have been dated at 189 ± 20 ka by Balescu 
et al. (2001) using luminescence. 
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Fabric measurements and the occurrence of Precambrian erratics in the overlying Johnville Till demonstrate that 
this till is a product of Laurentide ice. Following deposition of the Johnville Till, free drainage conditions toward the 
St. Lawrence River were established in the region. This event is recorded by the nonglacial fluvial sediment facies 
of the Massawippi Formation. Pollen spectra from lacustrine facies in this unit indicate the presence of a boreal 
forest in the region during the later time of deposition of the Massawippi Formation (McDonald and Shilts, 1971). 
Radiocarbon ages obtained from disseminated organic debris concentrated from lacustrine sediments of the 
Massawippi Formation throughout the Appalachian region of Quebec are beyond the limit of the method. The most 
complete facies record of the Massawippi Formation yet known from the Appalachians is exposed at several 
sections along the Rivière des Plante that will be visited in the course of this field trip. 

The Chaudière glaciation which follows the Massawippi interglacial interval is recognized as a complex event. 
During its early phase, referred to as the "Maritime Ice Cap" phase by Shilts (1981), local ice advanced from the 
east or northeast and deposited the lower portions of the Chaudière Till. In many exposures of the Chaudière Till, 
this lower till grades imperceptibly upward into a till with characteristics (fabric, composition) of tills deposited by 
Laurentide ice that flowed southward off the Canadian Shield. It is thought that this transition marks the 
displacement of `Appalachian" ice by Laurentide ice (McDonald and Shilts, 1971) or far less likely, a complex 
history of shifting ice-flow directions within an Appalachian-based ice cap (Parent, 1987). Directional and 
compositional data collected from the Chaudière Till at the Rivière des Plante and Ascot River sections, as well as 
observations made at surface localities are taken as evidence that, at the onset of the Chaudière glacial phase, an 
independent ice cap developed in the northeastern Appalachians, in Maine and/or New Brunswick. Evidence for 
southwestward ice flow some time prior to the subsequent (Lennoxville) ice advance comes also from the presence, 
at the surface, of Devonian granite erratics displaced southwest of their known outcrop (McDonald, 1967; 
McDonald and Shilts, 1971). They occur as scattered surface boulders at a number of localities outside of prominent 
late Wisconsinan southeast-trending Lennoxville dispersal trains, documented by Shilts (1973), Shilts and Smith 
(1989), and Parent (1987). 

The end of the Chaudière glaciation was marked by a short-lived retreat of Appalachian and Laurentide ice to 
the Appalachian front. Glacier ice in the St. Lawrence Valley impounded glaciolacustrine waters in the northward-
flowing Chaudière and St. François valleys, resulting in deposition of locally thick glaciolacustrine and deltaic 
sediments of the Gayhurst Formation. Only a rather unsatisfactory radiocarbon age of>20,000 yr B.P. (GSC-1137; 
McDonald and Shilts, 1971) has been obtained thus far from disseminated organic debris in the generally 
unfossiliferous sediments of the Gayhurst Formation, which is thought to be Middle Wisconsinan in age. 

The last major advance of Laurentide ice resulted in deposition of the Lennoxville Till, the surface till of the 
region. The dominant ice flow direction during the Late Wisconsinan was towards southeast, as the ice margin 
reached Long Island, New York and the coast of New England. Dispersal trains are evidence that it is this phase of 
ice flow that is at the source of most of the glacial transport in the surface till (Shilts, 1981). The retreat of 
Lennoxville glacier was from south to north in the Chaudière Valley up to St.-Georges, and several lobate ice 
margin positions have been documented for retreat (Fig. 1). Down valley from St. Georges-de-Beauce, the late 
glacial erosional record becomes increasingly complex. Indeed, a spectacular reversal of ice flow is deduced from 
hundreds of striated outcrop where northward striae are cross-cutting the Late Wisconsinan SE flow, this resulting 
from the formation of the Quebec Ice Divide, an east-northeast-trending feature that extends eastward into the state 
of Maine, where it is called the North Maine Ice Divide. Not much glacial transport towards the north seems to have 
taken place, as late glacial, northward moving ice was already loaded by dispersal trains that had been formed 
earlier. 

This Quaternary stratigraphic framework has been developed through several decades of extensive field work, 
including geophysics and geochemistry programs as well as systematic drilling and trenching by the researchers of 
the Geological Survey of Canada. An account of how this stratigraphy came into existence is found below, as a 
personal contribution by the senior leader of the field trip. Recently, a new phase of field and laboratory 
investigations has been initiated. Indeed, the Ministère de l'Environnement et du Développement Durable du 
Québec is funding a major hydrogeological program covering the entire Chaudière Valley drainage basin. Among 
other information to be produced is a drift thickness map (Fig. 3) which is the basis for a 3 D model. This is the 
subject of a PhD thesis by Olivier Caron from Université du Québec à Montréal. Also, over the last years, Michel 
Lamothe and Sanda Balescu, both from the UQAM Lux laboratory, have carried out a luminescence dating program 
aimed at assessing an absolute chronology for the stratigraphic framework. Sediments from Rivière Grande Coulée, 
Rivière des Plante, and the type section exposures of the Gayhurst Formation, as well as samples from the late 
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glacial ice-dammed lacustrine beach sediments are being analysed. Some of these results will be reported and 
discussed at the field trip. 

MpN 
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A SHORT HISTORY OF THE DEVELOPMENT OF GLACIAL STRATIGRAPHIC MODELS IN THE 
QUEBEC APPALACHIANS: A PERSONAL PERSPECTIVE - 1964-1994 

Contribution by W. W. Shills 
Illinois State Geological Survey 

As a glacial geologist with a research career spanning much of the time between the development of the first 
modern Quaternary stratigraphie models for the Quebec Appalachians to those available in present literature, I have 
a personal perspective on the historical development of Pleistocene stratigraphy in the northern Appalachians. 
Before working in Quebec, I worked in Vermont on mapping and stratigraphic research, and for that reason feel that 
I can shed some light on historical linkages among ideas developed on both sides of the international border — ideas 
that have been freely transferred back and forth for almost four decades. This account is not complete. It reflects my 
work primarily and that of my close colleagues and contemporaries. Much recent work by Bouchard, Gauthier, 
Lamothe, LaSalle, Ochietti, Parent, and their students and colleagues is not discussed here because it does not 
materially alter the general picture I am presenting in this account. Parent's 1987 thesis and papers based on it 
should be reviewed by interested readers, however, as they present a model of ice flow history that is in many ways 
at odds with that presented here, particularly with respect to interpretation of the Highland Front Moraine complex 
and the significance of the westward-trending striae in the upper St. François River valley. Likewise, I have not 
discussed the detailed erosional stratigraphic work of Genes, Kite, Lowell, and Newman in northwestern Maine, 
which, particularly in the 1980s, produced a picture of late-glacial ice flow history which is complimentary to the 
sequences developed in Quebec in the `70's. 

The 1950s and 1960s: the first modern stratigraphie models and the search for Appalachian Ice Caps 

In the 1950s, Nelson Gadd (Gadd, 1955) and Paul Karrow (Karrow, 1957), among a few others, carried out 
systematic mapping and stratigraphic studies of the central St. Lawrence lowlands of Quebec and of the 
Appalachians to the south (Gadd, 1955, 1971). Gadd concluded that there had been at least two major glacial phases 
in the St. Lawrence lowlands, deposits of which are separated by nonglacial organic beds and peat older than the 
limit of radiocarbon dating, i.e. >52,000 years B.P. He named the till of the youngest event, which he considered to 
be `classical' Wisconsin in age, the Gentilly Till, and he named the till deposited during the older phase Bécancour 
Till; the fluvial, lacustrine, and organic beds separating the two tills were referred to collectively as the St. Pierre 
beds. The original simple stratigraphy described by Gadd and Karrow in their University of Illinois Ph.D. theses on 
the Quaternary history of the St Lawrence Lowlands set the stage for development of the complex stratigraphic 
framework and glacial history that are recognized today in the Quebec Appalachians. In the early 1960s, D. P. 
Stewart and Paul MacClintock were involved in an ongoing project of the Vermont Geological Survey to map the 
glacial deposits of the state at a scale of 1:62,500, compiled at 1:250,000, and to provide a Quaternary stratigraphic 
framework for the state. This work is best represented by two important publications, one describing a stratigraphic 
model for northern Vermont (Stewart and MacClintock, 1964) and one integrating mapping and stratigraphic studies 
in one comprehensive volume, accompanied by a map (Stewart and MacClintock, 1969). 

During the latter stages of Stewart and MacClintock's work, the Geological Survey of Canada (GSC) initiated a 
similar project in the Sherbrooke area, just north of the Vermont border. On both sides of the border, numerous 
natural and artificial sections exposing deposits representing several glacial/nonglacial cycles provided an 
opportunity to begin to construct a Quaternary stratigraphic framework for the northern Appalachians, based on 
interpretations of depositional environments of various sediment facies exposed. In 1964, R. E. Behling (Behling, 
1965) carried out a detailed study of a series of well-exposed sections along Stannard Brook in northern Vermont, 
adding interpretive detail to the general stratigraphie framework published that year by Stewart and MacClintock 
(1964). 

The summer of 1964 also marked the beginning of the GSC Sherbrooke project, assigned to B. C. McDonald, a 
Canadian Ph.D. student of R. F. Flint at Yale University. Because of Flint's long-standing interest in the possibility 
of the existence of and expansion of late-glacial ice caps located in the northern highlands of New England (Flint, 
1951), McDonald's thesis was primarily designed to seek out and document evidence of northward flow from the 
hypothetical New England ice caps into southern Quebec. Flint's (and McDonald's) interest was in part driven by 
brief, sketchy reports of northward trending striae and northward dispersal of erratics in the area west of Sherbrooke 
and in the vicinity of Thetford Mines, Quebec (Clark, 1937; Cooke, 1937). Also, Robert Chalmers, in the 1890s, 
had recorded widespread, northward-trending striae in the Chaudière River valley, east of Sherbrooke (Chalmers, 
1898). Thus, McDonald expended considerable effort in analyzing directions of striae, fabric of till, and dispersal 
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patterns of distinctive erratics, eventually producing a thesis that at the time was a North American model for the 
integration of diverse quantitative data for determining ice flow history and correlating stratigraphic units 
(McDonald, 1967). 

In the summer of 1964, McDonald, having discovered several multiple till sections along Ascot River and in 
several other places near Sherbrooke, visited Stewart and MacClintock in the field in northern Vermont to review 
their key sections and to evaluate the criteria on which they based their stratigraphic interpretations. Briefly, Stewart 
and MacClintock had concluded that deposits of four glaciations were preserved in sections in northern Vermont. 
Their chief tool for stratigraphic correlation was till fabric, and neither buried soils nor datable organic material had 
been found to place the glacial deposits within a temporal framework. They found that a widespread till sheet, lying 
beneath a surface till and generally separated from it by glaciolacustrine sediments in northern Vermont, had a fabric 
trending NE-SW, in contrast to the tills above and below it, which had fabric trending consistently NW-SE, parallel 
to the regional direction of striations and consistent with the trends of major dispersal trains in northern New 
England (Flint, 1957). Stewart and MacClintock had named the surface unit with NW-SE fabric `Burlington Till' 
and the next lower unit `Shelburne Till,' with its characteristic NE-SW fabric. 

McDonald, primed by the work he observed on his brief visit to Vermont, returned to the Sherbrooke area and 
began a detailed fabric study of his best-exposed, multiple-till sections along Ascot River. He noted the same 
sequence of flow directions in successive till sheets as had Stewart and MacClintock and discovered, in addition, 
organic-rich, nonglacial (glaciolacustrine) beds beneath a thick subsurface till with the predominantly NE-SW fabric 
at its base. Though adopting till fabric as his primary correlation tool, McDonald made careful observations of the 
distribution of distinctive provenance indicators, both within tills and among surface erratics. He was able to show 
that, in addition to strongly developed SE-trending dispersal trains of ultramafic, granodioritic, and syenitic erratics, 
these erratics were also displaced as far as tens of kilometers southwest of their source outcrops. The southwestward 
dispersal patterns were severely attenuated by reworking during later southeastward flow of the last glaciation. At no 
place in the Sherbrooke map area did McDonald find any indication of the hypothetical northward flow. By the time 
he finished his thesis in 1967, McDonald had concluded, on the basis of what was and still must be regarded as 
unequivocal evidence, that glaciers had not flowed into Quebec from Vermont in late glacial time. 

Flint had originally wanted McDonald to map in the Lac Megantic area, Quebec, because of its proximity to the 
highest parts of the White Mountains of New Hampshire and Maine, where well-developed cirques marked the 
former presence of mountain glaciers. Because of the political priorities of the day, the original map area had been 
extended westward to the more densely populated Sherbrooke area by the GSC, who was funding the project. It was 
planned that McDonald would begin mapping in the Sherbrooke area, using those results for his Ph.D., and would 
then move eastward along the international boundary to the western border of Maine, always looking for evidence of 
northward ice flow into Quebec. In 1966, his thesis research completed, McDonald began mapping eastward into the 
Rivière Eaton drainage basin in the vicinity of La Patrie, Quebec. This mapping project was in support of a 
hydrogeological research project being carried out by the Quebec provincial government as a part of their research 
contribution to the International Hydrological Decade (1965-1975). In the course of this mapping, McDonald and 
his students made detailed observations of numerous multiple till sections discovered along the Eaton River and its 
tributaries (McDonald, 1969). He also recorded abundant striation and dispersal evidence of southward to 
southeastward flow of the last ice sheet, southwestward flow of the ice sheet preceding the last, but no evidence at 
all of northward flow from the White Mountains, which form the southern border of the Eaton River map area. 

When McDonald was assigned to play a significant role in "Operation Winisk," the 1967 GSC multidisciplinary 
project to map and work out Precambrian, Phanerozoic, and Pleistocene stratigraphy of the Hudson Bay Lowlands, 
the southeastern Quebec project area was turned over to the author to finish mapping the eastern part of the original 
map. This mapping of the upper Chaudière River valley was to serve as the basis for a Ph.D. dissertation at Syracuse 
University (Shilts, 1970). Like McDonald, I carefully searched the international border regions for any signs of 
northward flowing ice and systematically recorded and collected data on the numerous stratigraphic sections that 
were exposed along the Chaudière River and its tributaries. Using techniques learned from McDonald and during 
two summers (1964, 1966) mapping for the Vermont Geological Survey, I documented major ice flow directions 
and confirmed the presence of the same general depositional stratigraphy that had been described earlier by 
McDonald, MacClintock, and Stewart. As in the Sherbrooke area, no evidence was found of late-glacial ice flow 
from New England into Quebec, but westward flow from glacial centers in Maine-New Brunswick during the early 
phases of flow of the penultimate ice sheet was confirmed by fabric, westward boulder displacement from the 
Attean Quartz monzonite of Maine, and compositional disparities between the surface and lower tills. As in the 
Sherbrooke area, the later phases of flow of the penultimate ice sheet were inferred to be southeastward, from a 
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Laurentide-centered ice sheet that displaced the Appalachian ice in this part of Quebec. Abundant erosional 
evidence, in the form of multiple directions of striations on the slate outcrops typical of the region, clearly indicated 
that the last two flow events to affect the study area during the last glaciation were east and southeast, but no attempt 
was made to establish age relationships between these generally distinctly different directions. 

Perhaps the most significant discovery made in 
the course of mapping and stratigraphic studies of 
the upper Chaudière valley was the observation of a 
buried deltaic facies of the glaciolacustrine deposits 
that separated the surface till, with provenance 
indicating southeastward glacier flow, from a 
subsurface till with fabric and provenance indicating, 
as in the northern Vermont -Sherbrooke-Eaton River 
area, west-southwestward flow followed by 
southeastward flow. The delta was exposed in a 
borrow pit excavated for a short-lived hydroelectric 
dam across the Chaudière River in Gayhurst 
Township. Several natural exposures and drilling to 
bedrock at the dam site indicated that the delta was 
built by an ancestral Chaudière River, prograding 
northward into the south end of a glacially dammed 
lake with a surface at 1300' (400 m) in the Chaudière 
valley (Fig. 4). Because of the strong relief in the 
area, it was concluded that the only possible outlets 
for a glacially dammed lake at this altitude were 
northeastward through the Famine and Daaquam 
River valleys, which follow a structural depression in 
front of the La Guadeloupe thrust fault and possibly 
through two smaller valleys at about the same 
altitude just to the south (Figure 4). This drainage 
ultimately spilled into the upper reaches of the St. 
John River (McDonald and Shilts, 1971). The 
altitudinal constraint imposed by the deltaic deposits 
on the inferred level of this interstadial, ice-dammed 
lake provided for the first time some concrete 
evidence of probable configuration and location of 
ice fronts immediately prior to the main late 
Wisconsin readvance to the Wisconsin maximum 
limit in New York and New England. The 
paleogeography and interpretation of the sequence of 
glacial events in the Quebec Appalachians has come 
to be hung on the "hook" provided by the exposures 
of the overridden delta and associated glacial and 
nonglacial sediments encountered in sections and 
boreholes at and near the Gayhurst dam site. 

Figure 4. The maximum extent of Mid-Wisconsin Glacial Lake Gayhurst and associated deltas and outlets. As the normal 
drainage is from the International Border towards the St. Lawrence River, any ice expansion across the St. Lawrence Valley, 
and into the Appalachians would have created ice-dammed lakes, during each glacial advance and northward retreat (Shilts, 
1981). 

The 1970s: stratigraphic synthesis and rediscovery of evidence of northward ice flow 

In 1971, McDonald and Shilts synthesized their stratigraphic observations from the Eaton, St. François 
(Sherbrooke area), and Chaudière River valleys in a paper that gave formal names and interpretations to the units 
they had identified (McDonald and Shilts, 1971). In the same paper, they presented compositional evidence for 
southeastward flow of the last Wisconsin, Lennoxville glacier, southwestward flow for at least some phase of the 
earlier, Chaudière glacier, and southeastward flow of the early Wisconsin or Illinoian, Johnville glacier. Their 
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evidence did not indicate any late-glacial northward flow from New England. In the same paper, they presented 
paleogeographic reconstruction of the main phases for interstadial Glacial Lake Gayhurst, into which were deposited 
several facies of the Gayhurst Formation, which separates Lennoxville Till from the earlier Chaudière Till. They 
further suggested that the lake was confluent across a low col at La Guadeloupe within the St. François and 
Chaudière drainage basins. The various nonglacial, organic-rich sediment facies overlying Johnville Till were 
collectively named the Massawippi Formation and were correlated with all or part of the St. Pierre beds. The picture 
of depositional stratigraphy presented by McDonald and Shilts in 1971 has persisted more-or-less intact to the 
present day with some minor modifications as noted later. It should be emphasized that it grew from and was 
strongly influenced by a stratigraphic model worked out by Stewart and MacClintock and their colleagues in the 
early 60s, a model that was subjected to some criticism by other New England workers at the time it was proposed. 

In 1971, however, an important discovery was made that added a wealth of detail to the understanding of events 
that occurred during the last glaciation and vindicated in an unexpected way Flint's original ideas about the 
importance of the evidence of northward-flowing ice in Quebec. Robert Lamarche of the Ministère de l'Énergie et 
des Ressources of Quebec, while mapping bedrock in the Thetford Mines region, noticed that a widely dispersed, 
unequivocal set of striations indicating northward flow was superimposed on striations indicating southeastwardly 
flow. He invited McDonald and the author to look at the evidence with him, and we agreed that there could be no 
doubt that the last ice movement in the area between Thetford Mines and St. Georges-de-Beauce, to the east, was 
northward, as first suggested by Chalmers (1898) in the 1890s. As a result of Lamarche's work (Lamarche, 1971, 
1974), McDonald and Shilts, with Gadd's help, prepared a map and paper describing the regional pattern and timing 
of reversal of glacial flow for the first time (Gadd et al., 1972). In this paper, it was suggested that an independent 
Appalachian ice cap, formed when ice south of the Appalachian front was cut off from its Laurentide source, was 
isolated south of the St. Lawrence River as a result of redirection of late glacial ice flow down the St. Lawrence 
River and estuary. 

With these observations was born the concept of "erosional stratigraphy," the technique of reconstructing by 
intercomparison among hundreds of bedrock outcrops a complex series of glacial flow events from cross-cutting 
relationships of striations on individual outcrops. Erosional stratigraphy differs from conventional stratigraphy in 
that individual flow events do not necessarily leave behind recognizable glacial sediments, so that the number of 
erosional events may far exceed the number of depositional events that can be easily recognized. Erosional events 
may reflect internal rearrangements or shifting of ice flow centers within a continuous ice sheet, and not necessarily 
flow direction changes associated with retreat, readvance, or reconstitution of ice sheets. 

The 1980s: Mineral exploration and Quaternary stratigraphy 

In 1985, 1:50,000-scale mapping and stratigraphic studies of the glacial geology of the lower Chaudière and 
Etchemin River valleys were undertaken in support of placer gold exploration research. The areas mapped joined the 
already mapped Lac Megantic area (Shilts, 1981), and extended northward from that area for 45' of latitude along 
the Maine border and westward almost to Quebec City. In this area, detailed striation measurements were made on 
over 900 outcrops in an attempt to understand the paleogeographic implications of the erosional stratigraphy 
originally described by Lamarche (1971, 1974) and later by Lortie (1977). In the middle Chaudière-Etchemin 
valleys, it was possible to map seven distinct striation events or phases, from oldest to youngest: (1) southwestward, 
(2) southeastward (135° + 5°), (3) east-southeastward (100° + 10°), (4) southeastward (135° + 10°), (5) northward 
(000° + 10°), (6) northwestward (340° + 10°) or northeastward (030° ± 15°), and (7) east-southeastward (090-1 10°). 
Most of these phases are documented by hundreds of multiple-striation outcrops, and the first stop on this field trip 
will provide an opportunity to observe and discuss the age and extent of these erosional phases. Systematic mapping 
of the erosional stratigraphy in this area and adjacent areas in Maine and Quebec has added rich detail to the general 
picture provided by the depositional stratigraphy that was established almost 4 decades ago. It has provided insights 
into the disintegration style of this sector of the Laurentide Ice Sheet (LIS) by providing details of the reversal of 
flow and eventual isolation of an Appalachian ice cap caused by calving of the ice sheet in the lower St. Lawrence 
estuary as glacioeustatic sea level rose, forming a reentrant in the ice front. Finally, it documents the significance of 
parts or all of the Highland Front Moraine (Gadd, 1964) as the terminal deposit of a readvancing LIS just before it 
retreated north of Quebec City, allowing the Champlain Sea to flood the upper St. Lawrence, Lake Champlain, and 
lower Ottawa River valleys. 

During the latest phase of mapping in the lower Chaudière Valley, a unique and complete Quaternary sequence 
of sediments was discovered along Rivière des Plante, northeast of Beauceville, Quebec. In three of four sections 
found along a half-kilometer reach of Rivière des Plante, in situ organic beds, correlative with the Massawippi 
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Formation (McDonald and Shilts, 1971) were found above Johnville Till and beneath compositionally distinct 
outcrops of Chaudière and Lennoxville Till in sections exposed by flooding in 1988 and 1989. These sections are 
thoroughly described in the notes accompanying the field trip guide. In the course of this program, a systematic 
drilling project was carried out during which 42 boreholes were cored. Lithologic logs and geochemistry of the 
glacial sediments in these boreholes have been used to document a model for the surface concentration of gold in the 
Rivière Gilbert placer as well as for the other placer regions of Southeastern Québec (see LaSalle, 1980 for a 
detailed list of sites; Shilts and Smith, 1988). The lack of discontinuity between the gold-bearing regolith and the 
sediments related to the advance of the Johnville glacier would suggest that the lithostratigraphic sequence shown on 
Fig. 2 may indeed sum the entire Quaternary history for this region. 

In summary, as a result of the research carried out in Southern Quebec over the past 40 years, the stratigraphic 
picture of the Quaternary of the Vermont and Quebec Appalachians has been enriched and enhanced by new studies 
of organic beds from well-exposed sections in the Chaudière Valley and by detailed reconstruction of erosional 
stratigraphy. The modern picture is like a color photograph of the old "black and white" stratigraphy of the 1960s — 
same picture, better focus and richer detail. 

THE FIELD TRIP: FROM ST. GEORGES TO VALLÉE JONCTION 

The list of stops comprises a) a striated bedrock exposure in St. Georges-de-Beauce, b) a buried mid-Wisconsin 
subaqueous outwash fan along the west bank of the Chaudière River Valley, just a few km south of St. Georges, c) 
the spectacular Rivière des Plante sections with the last-interglacial Massawippi sequence, and d) a late glacial 
subaqueous outwash fan at Vallée-Jonction, representing the last evidence of active ice in this part of the Chaudière 
Valley. 

ROAD LOG 

Kilometer 
0.0 	Starting from Auberge Benedict Arnold at 18255, boulevard Lacroix, St-Georges de Beauce, Québec, 

G5Y 5B8, turn right on Highway 173 
5.0 	Turn right at red light, and park near the Canadian Tire store, (500 rue 107, St. Georges de Beauce, G5Y 

8K1); the outcrop is near the southwest corner of the store, at the south side of an open field. 

STOP 1. St. Georges-de-Beauce multiple striation site (30 MINUTES) 

More than 900 bedrock outcrops, ornamented with glacial striations, have been examined in the Chaudière 
Valley over the past 20 years, and more that 3/4  of these outcrops have sets of striae recording at least two discrete 
and distinct directions of glacial flow. This particular outcrop was selected for the field trip from among the 
hundreds studied because it is easily accessible and because it records not only the major southeastward to eastward 
flow directions of the main Lennoxville glaciation, but also the northward flow associated with the formation of the 
Quebec Ice Divide, an east-northeast-trending feature that lies about 10-15 km south of this site. Additionally, this 
outcrop of the Devonian Famine Formation comprises relatively rare bedrock lithologies for this part of the 
Appalachians and lies at the leading edge of a major thrust fault. The outcrop, itself, is composed of fossiliferous 
limestone of Devonian age, lying conformably on an arenaceous pebble conglomerate. This cratonic material was 
caught up along the leading edge of the northwestward-verging La Guadeloupe thrust fault, which marks a major 
contact between two terranes and is traceable in Quebec from Lac Memphremagog on the Quebec/Vermont border, 
northeastward to Lac Frontière on the Quebec/Maine border, a distance of over 260 km (160 miles). In several 
places along its trace, it forms the lowest point between major drainage basins, and the valley of the Rivière Famine, 
which joins the Chaudière at this point, lies in a depression in front of the fault for its entire length. In Ste Justine, 
Quebec, about 30 km to the northeast, drainage in the valley is directed eastward via Rivière Daquaam into the St 
Jean River from an imperceptible divide on the valley floor. The divide separates the Famine and Daquaam 
drainages which are both underfit streams lying in the same valley, the south side of which is formed by the face of 
the La Guadeloupe fault. The significance of the valley is that it served as a major outlet to Glacial Lake Gayhurst, 
as well as earlier and later glacial lakes, any time a Laurentide Ice Sheet advanced into the Appalachians, blocking 
northward flowing drainage of the southern tributaries of the St. Lawrence River. There is further discussion of 
Glacial Lake Gayhurst at stops 2 and 4. 

This outcrop, which has relatively unweathered, glacially polished facets, carries two prominent sets of 
striations. On its north-facing side, it carries the main, regional southeasterly set, 120 degrees (regional range is 
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normally 100-120, depending on outcrop shape), formed during the Lennoxville glaciation. The second set, which 
relates to the late glacial reversal of flow, also during the Lennoxville glaciation, is oriented at 010 degrees, marking 
northward flow from the late glacial Quebec Ice Divide. Uneroded `tails' of rock on the lee side of pebbles in the 
conglomerate and lack of the 010 striae on the north-facing side of the outcrop confirm both the sense and relative 
ages of the two phases of ice flow. This sequence is repeated on literally hundreds of other outcrops north of the ice 
divide in this region. 

Merging data from hundreds of outcrops like this one has led to the development of a regional erosional 
stratigraphy. At each striation site, a chronological identifier was assigned to each direction encountered, whether or 
not direction and age relationships were unequivocal. However, the large number of outcrops that bear multiple 
striations with clear directional indicators and unequivocal age relationships make the relative age determinations 
very reliable. It was noted that in this region, as in the Sherbrooke area, there was very little evidence of even minor 
deflections of flow by either large-scale or small-scale topography. Although instances of as much as 90° of flow 
deflection were noted on individual outcrops, these instances were extremely rare, occurring on less than 1 percent 
of the outcrops examined. 

There are seven distinct striation events or phases documented from this area, and they are, from oldest to 
youngest: (1) southwestward, (2) southeastward (135° + 5°), (3) east-southeastward (100° + 10°), (4) southeastward 
(135° + 10°), (5) northward (000° + 10°), (6) northwestward (340° ± 10°) or northeastward (030° ± 15°), and (7) 
east-southeastward (090-110'). The sites where striations corresponding to each of these phases were recorded are 
shown on Figures 5 through 14. 

The least common striation direction in the Chaudière-Etchemin region is southwestward (phase 1). Because of 
its rarity and because it is found in one case on a surface protected from younger southeastward striating events, it is 
believed that the southwestward glacial direction may represent ice flow associated with till deposited during the 
early phase of Chaudière glaciation. Any glacial striae that might be preserved from older glacial events (Johnville 
glaciation), would be either deeply buried and inaccessible or not easily resolvable, due to the difficulty of observing 
clear, cross-cutting relationships and the likelihood that they would have azimuths similar to those of striations cut 
during the later late-Chaudière and Lennoxville glaciations. 

The southeastward directions can be divided into four groups: phase 2 early southeastward (135° + 10°); phase 
3 east-southeastward at 100° (+ 15°); phase 4 later southeastward at 130° (+ 5°) and phase 7 southeastward 
readvance. This fourth southeastward set of striae (phase 7) is thought to have formed when Laurentide ice 
readvanced to the Highland Front Moraine position and up the Chaudière Valley during a late glacial pulse (Biais, 
1989; Shilts and Blais, 1989). It postdates the various sets of striae formed during the northward flow phase of 
remnant Appalachian ice (see Bouchard et al., 1987; Lortie and Martineau, 1987). North of a line approximating the 
Highland Front Moraine System, a southeastward flow phase, probably associated with the readvance, seems to 
have erased much evidence of northward flow. Based on cross-cutting relationships, the southeastward striae both 
precede and postdate the 100°, phase 3 flow. If not a product of an early Lennoxville local phase of flow, the earlier 
southeastward phase may date from the Laurentide (latest) phase of Chaudière glaciation. It has been identified only 
south of the Quebec Ice Divide (see below), suggesting that the post 100° southeastward and various northward 
flows have largely erased it or made it hard to recognize north of the ice divide. The divide, being a late glacial 
feature, obviously could have no significance in delimiting an earlier flow phase. The later southeastward striae 
(phase 4) may represent ice flow from the earliest position of the Quebec Ice Divide, near the Appalachian front 
south of the St. Lawrence River. The ice divide eventually migrated southward to the St. Georges area, at which 
point it provided a symmetrical equilibrium profile for the remnant ice cap. 
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