Geological Survey of (¢,
Canada \\,\ ¥/

Current Research
2000-D2

Stratigraphy and structure of the

St. Lawrence Lowland in the Charlevoix
area, Quebec: relationships to impact
cratering

Y. Lemieux, A. Tremblay, and D. Lavoie

2000

[ L |
I * I gg;uargLResources gg?;%grces naturelles Canada



©Her Majesty the Queen in Right of Canada, 2000
Catalogue No. M44-2000/D2E-IN
ISBN 0-660-18045-6

Available in Canada from the
Geological Survey of Canada Bookstore website at:
http://www.nrcan.gc.ca/gsc/bookstore (Toll-free: 1-888-252-4301)

A copy of this publication is also available for reference by depository libraries across Canada through access to the
Depository Services Program’'s website http://dsp-psd.pwgsc.gc.ca. A list of these libraries can be consulted at this site or
obtained by calling the toll-free number above.

Price subject to change without notice

All requests for permission to reproduce thiswork, in whole or in part, for purposes of commercial use,
resale or redistribution shall be addressed to: Geoscience Information Division, Room 200, 601 Booth
Street, Ottawa, Ontario K1A OES.

Authors addresses

Y. Lemieux (ylemieux@NRCan.gc.ca)

A. Tremblay (ess-inrs-atremblay@NRCan.gc.ca)
INRS — Géoressources

Centre géoscientifique de Québec

Ingtitut national de la recherche scientifique
2535, boulevard Laurier

C.P. 7500

Sainte-Foy, Quebec G1V 4C7

D. Lavoie (delavoie@NRCan.gc.ca)

GSC Québec

Centre géoscientifique de Québec

Ingtitut national de la recherche scientifique
2535, boulevard Laurier

C.P. 7500

Sainte-Foy, Quebec G1V 4C7



Stratigraphy and structure of the St. Lawrence
Lowland in the Charlevoix area, Quebec:
rel ationships to impact cratering!

Y. Lemieux, A. Tremblay, and D. Lavoie
Quebec Geoscience Centre, Sainte-Foy

Lemieux, Y., Tremblay, A., and Lavoie, D., 2000: Stratigraphy and structure of the &. Lawrence
Lowland inthe Charlevoix area, Quebec: relationshipstoimpact cratering; Geological Survey of
Canada, Current Research 2000-D2, 7 p. (online; http://mww.nrcan.gc.ca/gsc/bookstore)

Abstract: The Charlevoix area, located 100 km northeast of Quebec City, was the site of a meteoritic
impact some 350 millionsyears ago. Few studies have documented the tectonic event sequence of thisarea
before and after theimpact. Somefield observations suggest that the actual fault systemsin the Charlevoix
area could have been induced during the rifting of the lapetan Ocean during Late Proterozoic and Early
Cambrian. In addition, those faults could have been reactivated during the meteorite impact and even in
Mesozoic time due to rifting of the Atlantic Ocean. However, relationships between the inferred impact
crateringwith structuresleft by thel apetan rifting and/or M esozoi c reactivation havestill to be documented.

Résumé : Larégion de Charlevoix, située &100 km au nord-est delaville de Québec, a été le site d un
impact météoritiqueil y aenviron 350 millions d’ années. Peu de travaux ont été concentrés sur I’ évolution
tectoniquedelarégionavant et apres!’impact. Certainesobservationsfaitesdansle cadre detravaux deterrain
portent acroire que les systemes de failles actuel s de cette région existaient déjalors delapériode derift de
I’ Océan | apétus au Protérozoique tardif et au Cambrien précoce. De plus, cesfailles ont probablement été
réactivées au cours de I'impact et auraient méme rejouées au Mésozoique, lors de I’ ouverture de I océan
Atlantique. Par contre, larelation entrel’ impact météoritique et les structuresliées aux deux épisodesderift
reste a étre documentée.

1 Contribution to the Appalachian Foreland and St. Lawrence Platform Architecturesin Quebec, New Brunswick and
Newfoundland NATMAP Project
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INTRODUCTION

The Charlevoix areahasbeen aregion of geological interest for
severa decades because it holds one of the few impact craters
discovered in southern Quebec. Although detailed mapping
has been done in the past (Rondot, 1989), the relationship
between observed fault systems and theimpact crater isuncer-
tain. Onthebasisof previouswork, thisstudy, whichis part of
the GSC Appalachian Foreland and Platform Architecturesin
Quebec, New Brunswick and Newfoundland NATMAP Project
initiative of the Quebec Geoscience Center, aimsto unravel and
specify the tectonic history of the Charlevoix area. In this
paper, we present preliminary datafrom fiedwork thet took place
during the summer of 1999. The main objective of thistwo-year
project isto characterize the brittle fault systems of thearea, in
order to discriminate preimpact structures from syn- and
postimpact faulting episodes. The project is aso aimed at
studying therel ationships between the Precambrian crystalline
basement and younger rocks and the lithostratigraphy of the
Paleozoic platform of the St. LawrenceLowlandsinthearea.

GEOLOGICAL SETTING

TheCharlevoix areaislocated 100 km northeast of Quebec City,
onthenorth shoreof the St. Lawrence River (Fig. 1). Thebedrock
of the area mostly consists of metamorphic rocks of the

Precambrian crystdline basement. However, dong large seg-
ments of the shoreline between Baie-St-Paul and LaMalbaie, as
well asintworriver vdleys(i.e’ Du Gouffreé and Mabaierivers),
Pdeozoic rocksof the St. Lawrence L owlandsarewell exposed
and uncomformably overlie the Grenvillian basement.

The Charlevoix areahasbeen affected by several tectonic
events of regional significance. In Late Precambrianto Early
Cambrian times, the opening of the lapetus Ocean (Pinet and
Tremblay, 1995) is recorded in Charlevoix by isolated and
discontinuous segments of the St. Lawrence Lowlands plat-
form. According to Rondot (1989), northeast-trending faults,
such as the St. Lawrence fault that extends for more than
25km along strike, aretheresult of thisrifting event. Follow-
ing theformation of theserift-related faults, thelapetan ocean
isinferred to have covered the Grenvillian basement, which
led to the deposition of siliciclastic and cal careous sediments
that form the lower part of the St. Lawrence Lowlandsin the
area. In the Quebec Appalachians, lapetan oceanic units and
adjacent continental margin rocks of the Humber Zone were
deformed and juxtaposed during plate convergencerelated to
the Taconian (Middle Ordovician) and Acadian (Middle
Devonian) orogenies (St-Julien and Hubert, 1975; Tremblay
and Pinet, 1994). Inthe Charlevoix area, the Taconian orogeny
has been coeval with the deposition of synorogenic flyschoid
units, which overlie the platformal sequence. There is no
record of Acadian-related flysch deposits. According to
available geochronological data (Rondot, 1968), a major

Annular depression N\
&
Q'§
La Malbaie QOQ’
S‘e
N
2 &
N Central uplift N . @éész
N Figure 1.
\ g
Mont des Eboul t: N\ . .
o e N Location map of the study area (dashed lines
AN N correspond to the boundary between the sub-
// zonesand thecirclesarethestructuresrelatedto
e the impact).
Baie
St-Paul &
/
/7
+




meteoritic impact occurred in thelate Devonian, and isrecorded
by abundant shatterconelocalitiesin basement and Paleozoic
rocksand by circular topographic features (?faults) that char-
acterize the Charlevoix area (Rondot 1966). Finaly, the
occurence of a Mesozoic tectonic event has been suggested
for the areaand consisted of fault reactivation (e.g. Carignan
et a., 1997) attributed to the opening of the Atlantic Ocean.

METHODOLOGY

The area covered during our fieldwork comprises the north-
ern coast of the St. Lawrence River from Baie-St-Paul to La
Malbaie, where the St. Lawrence Lowlands platform iswell
exposed (Fig. 1). Inaddition, somework inland hasbeen done
along the inferred outer rim of the crater (Fig. 1). The study
consisted of astructural analysisof fault and fracture systems
affecting the Paleozoic platform as well as the basement and
descriptions have been done to enhance the stratigraphic
framework of St. Lawrence Lowlandsin the area.

Observation and measurementsin the crystalline basement
have been concentrated on the post-Grenvillian brittle fault
systems, but Grenvillian ductile fabrics and structures were
measured. However, their analysisisbeyond the scope of this
work. Within the St. Lawrence Lowlands, planar structures
were measured, and when possible, arelative chronology of
fabrics was tentatively established.

OBSERVATIONS

Lithostratigraphy

The first formal stratigraphic framework for the Charlevoix
areawas proposed by Rondot (1972), but was later modified
by aregiona study from Bussiéres et al. (1977). This latter
framework wasreaddressed by D. Lavoieand others(D. Lavoie,
A. Tremblay, R. Bertrand, E. Asselin, G. Chi, K. Lauziére,
and C. Deblonde, unpub. confidential report to PanCanadian,
1998) in astudy of the Cambrian—Ordovician successionsin
the Quebec re-entrant. The latter framework is used for our
own study.

The Paleozoic succession in the Charlevoix consists,
upward, of 1) the Cap-aux-Oies and the Cap-aI’ Aigle formations,
2) the Black River Group, 3) the Deschambault Formation,
4) the Moulin River ‘facies’, 5) the St-Irénée and the
Lotbiniere formations, and finally 6) the ‘New’ facies
(Fig. 2). This succession can be divided into three informal
intervals(Lavoieet a., 1998). Thelower siliciclasticinterval
consists of the Cap-aux-Oies and the Cap-a1’ Aigleformations;
the Ordovician limestone succession comprises the Black
River Group, the Deschambault Formation, and the Moulin
River ‘facies' . Finally, the upper siliciclastic interval com-
prises the St-Irénée Formation and all the overlying units.

The Cap-aux-Oies Formation consists of about 27 m of
orthoquartzitewith an upper member of mixed shaly sandstone
and dolomiticlimestone(D. Lavoie, A. Tremblay, R. Bertrand,
E. Assdlin, G. Chi, K. Lauziére, and C. Deblonde, unpub.
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confidential report to PanCanadian, 1998). Where the contact
is observed, this formation unconformably overlies the
Precambrian basement. However, the Cap-aux-Oies Formation
isscarcely exposed, and wasonly observed inthe central section
of thestudy area. Rondot (1972) first attributed thisformation
to the mid-Middle Ordovician period. Later, Rondot (1989)
attributed this formation to the Cambrian, and proposed an
unconformity between Cap-aux-Oies Formation and the
overlying Cap-a-I’ Aigle Formation. Some of our field obser-
vationsconfirm the presence of such an unconformity, but the
age of the Cap-aux-Oies Formation remains uncertain

(Fig. 3).

"New Facies"

Lotbiniere

Saint-lIrénée

Moulin River
"Facies"
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200 m|[ T C e«
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Figure 2. Sratigraphy of Charlevoix (modified from D. Lavoie,
A. Tremblay, R Bertrand, E. Assdlin, G. Chi, K. Lauziére, and
C. Deblonde, unpub. confidential report to PanCanadian, 1998).
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Figure 3. Unconformity between the Cap-aux-Oies and the
Cap-a-I' Aigle formations.

The Cap-&-|’ Aigle Formation unconformably overliesthe
Cap-aux-Oies quartzite in the central Charlevoix area, and
the Precambrian basement in the northeastern and southwest-
ern parts. Theformation isroughly 17 mthick and is divided
into two units. The lower unit consists an impure arkose,
which is locally conglomeratic and contains a few shaly
interbeds. The upper unit consists of interbedded siliciclastic-
rich bioclastic limestone and sandstone units (D. Lavoie,
A. Tremblay, R. Bertrand, E. Asselin, G. Chi, K. Lauziere,
and C. Deblonde, unpub. confidential report to PanCanadian,
1998). Interestingly, this formation can reach as much as
80 m thick.

The Black River Group is rarely observed in the
Charlevoix area. It outcrops at only two localities where its
thickness ranges between 20 cm and 50 cm thick. This unit
was first proposed by Rondot (1972), but was then dropped
from the stratigraphic nomenclature by Bussiéres et al.
(1977). This term was reintroduced by Lavoie and others
(D. Lavoie, A. Tremblay, R. Bertrand, E. Asselin, G. Chi,
K. Lauziere, and C. Deblonde, unpub. confidential report to
PanCanadian, 1998), but not exactly as first described by
Rondot; the more recent study revealed afenestral-rich, limy
mudstone unit that occurs near the Cap-a-I’ Aigle marina. A
similar unit has been mapped in the Cap-aux-Oies area. Fur-
ther studies are needed to eval uate the regional occurrence of
thisunit in order to warrant aformal nomenclature.

The Deschambault Formation conformably overlies the
Cap-a|’Aigle Formation, except at two localities where it
overlies the Black River Group. As defined by Globensky
(1987) and Lavoie (1995) in southern Quebec, thisformation
is represented by coarse-grained bioclastic and intraclastic
grainstone and packstone with a diverse fauna. In the
Charlevoix area, the Deschambault Formation reaches 35 m
inaquarry inLaMalbaie area. At the northeastern end of the
study area, an unusua breccia can be seen affecting the
Deschambault Formation (Fig. 4). This breccia mainly con-
tainsbig blocks of Deschambault l[imestone units. Such afea-
ture is not common in this formation, and suggests some
syndepositional tectonic activity. This aspect is further dis-
cussed below.

The Moulin River ‘facies’ was first introduced by Belt
et al. (1979), based on significant lithological differences
between the Neuville Formation, used by Rondot (1972), and
the equivalent limestone succession in the Charlevoix area.
Further work could lead to formal designation of that unit.
Thisfaciescomformably overliesthe Deschambault Formation,
and consgts of locally wavy-bedded to more commonly planar-
bedded lime mudstone and wackestone (D. Lavoie,
A. Tremblay, R. Bertrand, E. Asselin, G. Chi, K. Lauziére,
and C. Deblonde, unpub. confidential report to PanCanadian,
1998). A few beds are highly fossiliferous (trilobites, cepha-
lopods, and brachiopods) and some shaly interbeds can be
observed at the base of thefacies. Locally, thisfaciesdisplays
synsedimentary deformation features (slumping) suggesting
sometectonic activity during itsdeposition. Belt et al. (1979)
have estimated that the M oulin River facies can reach athi ck-
ness of approximately 200 m. The maximum thicknessof this
unit observed during our work hasbeen about 175m, butitis
noteworthy that the upper contact was not observed at this
section.

The St-Irénée Formation is the lower unit of the upper
siliciclastic interval and seemingly conformably overliesthe
limestone succession. It consists of interbedded siliciclastic
rocks with planar bedded limy mudstone (D. Lavoie,
A. Tremblay, R. Bertrand, E. Asselin, G. Chi, K. Lauziére,
and C. Deblonde, unpub. confidential report to PanCanadian,
1998). This formation is easily recognizable in the field
because of its heavily slumped and brecciated nature. Such
i ntense synsedimentary deformation renderstentativethe deter-
mination of the overall unit thickness. Still, Bussiéres et al.
(1977) have suggested that the St-Irénée reaches 240 m. The
definition of the lower contact with the Moulin River faciesis
till debated. However, for the purpose of thisresearch, the con-
tact betweentheMoulin River ‘facies’ and the St-1rénée Forma:
tion was established on the basis of the abundance of mudstone.
We assume that the Moulin River facies containslessthan 10%
of mudstone. However, this contact remains quite equivocd,
and further work is needed to clarify the ambiguity.

The St-Irénée Formation is conformably overlain by the
L otbiniére Formation. Thisnoncal careousformation consists
of aternating decametre-thick packages of coarse-grained
lithic sandstone units dternating with intervals of thinly bedded

Figure 4. Synsedimentary breccia in the Deschambault
Formation.



sandstone and laminae separated by thick shaly deposits
(D. Lavoie, A. Tremblay, R. Bertrand, E. Asselin, G. Chi,
K. Lauziéere, and C. Deblonde, unpub. confidential report to
PanCanadian, 1998). Although we have not observed more
than about 50 m of thisformation, it wasinterpretedtoreacha
maximum thickness of 250 m (Belt et a., 1979). In addition,
wedid not observetheupper contact withthe New’ facies, as
introduced by Belt et al. (1979).

FAULTSSYSTEMS

Most faults of the Charlevoix area are brittle faults (Fig. 5).
They are usually normal faults characterized by downdip
motion, but strike-slip motion islocally observed. Very few
faults were observed with a reverse movement. In addition,
most of these faults crosscut the crystalline basement and its
Paleozoic cover. Evidencefor fluid circulation during faulting
isscarce as quartz and/or calcite veining has been only found
locally. Most fault planesarefilled by fault gouge, cataclastic
brecciaand microbreccia, mylolisthenite (polymictic breccia
dyke of Rondot (1989)) and/or pseudotachylite units that
have been ascribed to the impact by Rondot (1989). The
Charlevoix impact crater was first described by Rondot

Figureb. Brittle, northwest-striking fault in the Baie-St-Paul
subzone.
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Figure 6. Shatterconesin limestone.

(1966) on the basis of shattercone occurrences (Fig. 6) which
are only known inimpact structures (Melosh, 1989). Rondot
(1968) proposed that the impact occurred in the Devonian
based on the whole-rock K/Ar dating of two samples that
yielded ages ranging between 372 Ma and 335 Ma. During
this study, we attempt to precisely establish the age of the
inferred impact. Samples from the Mont des Eboulements
(i.e. the impact centre) and from the inner parts of the struc-
ture have been collected for fission tracks dating and
40Ar/39Ar analysis.

In order to obtain more consistent fault patterns, the study
area have been divided into three subzones; the Baie-St-Paul,
the St-1rénée, and the LaMalbaie subzones (Fig. 1). We also
decided to userose diagramsinstead of stereographic projec-
tionsto better illustrate consistent variations of fault trendsin
the Charlevoix area.

Baie-St-Paul subzone

Figure 7 shows arose diagram of faults, fractures, and joints
measured in the Baie-St-Paul subzone. The diagram reveals
one major trend which varies between N300 and N330 and
represents about 30% of all measurements. Field observa-
tions in this subzone suggest that faults of such orientation
represent the most recent tectonic event of the area. They
clearly crosscut an older fault systemthat variesin orientation
from north-south to northeast-southwest. At afew localities,
we have observed northwest-trending faults that are crosscut
by younger northeast-trending faults. Although such cross-
cutting relationshipswere only locally observed, it still raises
the possibility that all these faults are related to the same tec-
tonic event. Figure 5 shows a field example of one of these
major northwest-trending brittle faults.

Theyoungest rock formation (i.e. Middleto Late Ordovi-
cianMoulin River facies) iscrosscut by faultsin Bai e-St-Paul
subzone. We can therefore suggest that these faults were
either active in pre-Ordovician time and then reactivated in
post-Ordovician times, or simply occurred in post-Ordovi-
cian time. In the Baie-St-Paul subzone, there is no structural
indication showing synsedimentary faulting during the
Ordovician. There are, however, significant thickness
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Figure7. Rosediagramof planar structuresfor the Baie-S-Paul
subzone (N=116).

Figure8. Rosediagramof planar structuresfor the St-Irénée
subzone (n=390).

variations of some units of the St. Lawrence Lowlands plat-
form, suggesting some tectonic activity before or during
sedimentation.

St-Irénée subzone

The St-1rénée subzone represents the middle segment of the
area and is located between Baie-St-Paul and La Malbaie.
Figure 8 presentsthe orientation of fault and fracture systems
that were measured in the St-Irénée subzone. It shows fault
orientations that are consistent with data form the Baie-
St-Paul subzone, with a major fault system striking north-
west. Thisgroup of faultsisslightly lesscommon than in the
Baie-St-Paul subzone, asit only representsabout 20% of fault
data. However, east-trending faults are well developed inthe
St-Irénée subzone, whereas north-and northeast-trending
fault systems are more predominent than in other subzones.

Figure9. Rosediagramof planar structuresfor theLaMalbaie
subzone (n=167).

Northwest-trending faultsstill form the predominant fault
system, but they are, however, more commonly crosscut by
northeast-trending faults than in the other subzones. This
could be related to the circular structures left by the
Charlevoix impact (see Fig. 1) being more northeasterly
striking than elswherein the St-Irénée subzone and may pos-
sibly explain the predominance of northeast-striking faultsas
compared to the Baie-St-Paul and St-1rénée subzones.

La Malbaie subzone

Figure 9 presentsarose diagram for the LaMalbaie subzone.
A predominent northwest-trending fault systemisstill visible
and accounts for more than 30% of fault data. Except for the
well developed northeast-trending fault system, the rose dia-
gram shows fault orientations that are quite similar to the
Baie-St-Paul subzone. Most faults of the LaMalbaie subzone
displays normal-sense motion, but reverse faults have also
been observed locally. Several faults also show acomponent
of strike-slip motion. Asfor the Baie-St-Paul subzone, north-
west-trending faults appear to form the younger system.

The La Malbaie subzone shows a very unique feature of
the St. Lawrence Lowlands in the Charlevoix area. East of
Cap-a1’' Aigle, amajor synsedimentary breccia occursin the
Deschambault Formation (Fig. 4). This brecciais more than
2 m thick, approximately 20 m wide, and mostly contains
blocks of Deschambault limestone units. Such a breccia
attests for at least local syndepositional faulting during the
formation of the St. Lawrence platform.

DISCUSSION

One of themain objectivesof thisprojectisto better constrain
thetectonic evolution of the Charlevoix area, and to discriminate
between the fault systems related to impact cratering from
those related to older or younger tectonic events. In order to
obtain acoherent sequence of faulting events, we need to estab-
lishthe structural framework of the areabeforetheimpact. In
all three subzones, northwest-trending faults are predominant.



Wethink that most of these structures may have beeninduced
during therifting of thelapetus Ocean and subsequently reac-
tivated later on. Unfortunately, the only observation that sup-
port synsedimentary faulting in the Ordovician is the
sedimentary breccia observed in the Deschambault Formation
of the La Malbaie subzone (Fig. 4). However, we also
observed significant thickness variations of the Paleozoic
cover rocksin the Charlevoix area. Asan example, inthe Baie-
St-Paul subzone, we measured four sections of the lower lime-
stone unit (Deschambault Formation and Moulin River ‘facies’)
that varied from 188 m, 77 m, 64 m, and 37 m. Such variations
can be attributed to different subsidence rates during
synsedimentary faulting. Although that no hypothesis can be
excluded at this stage of the study, isotopic data presented by
Carignanetd. (1997) suggest thet therehasbeen Sgnificant tectonic
activity during and after the Paleozoic along the St. Lawrence
and Saguenay rift valleys. It is not excluded that tectonic
eventsof the other areas have been associated with the devel -
opment of northwest-southeast structures as seen in the
Charlevoix region.

The geometry and nature of faults related to impact
cratering inthe Charlevoix areawill haveto bedeterminedin
order to reconstruct and understand the regional tectonic evo-
[ution. The presenceof shatterconesinthe St. Lawrence Lowlands
Paleozoic rocks clearly indicates that the impact is younger
than Ordovician. Ongoing fission-track datingintheareawill
allow to decipher the low-temperature thermal history of
basement rocks, to obtain a more precise age of the impact
structure, and to enhance Rondot’ s (1989) model. Mesozoic
tectonism related to rifting of the Atlantic Ocean will also
haveto be considered in theregional tectonic sequence of the
Charlevoix area. Carignan et a. (1997) have suggested that
northwest-trending structures of the Charlevoix crater were
reactivated in the Mesozoic. Such a hypothesisis consistent
with crosscutting relations observed during our study.

Our work inthe Charlevoix areaa soincludesthe stratigraphy
of theSt. LawrenceL owlands. Rondot (1972) hasproposedthe
first stratigraphic framework for the Paleozoic cover of the
area. Thisframework wasfurther modified by Bussiereset al.
(1977) and Lavoie and others (D. Lavoie, A. Tremblay,
R. Bertrand, E. Asselin, G. Chi, K. Lauziére, and C. Deblonde,
unpub. confidential report to PanCanadian, 1998). However,
thereare still uncertainties regarding, for example, the nature
of the contact between the Cap-aux-Oies and the
Cap-aI’ Aigleformations. It may representsan unconformity
Also, the nomenclature of the Black River Group in the
Charlevoix areawould need to be readdressed.

CONCLUSION

The Charlevoix area is a region of significant geological
interest, particularly since the discovery of theimpact structure.
Previous mapping and analysis have unravelled amajor part
of the regional tectonic history of the area but relationships
between the inferred impact cratering with structures left by
the lapetan rifting or aMesozoic reactivation have still to be
determined.
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