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ABSTRACT

Lakes are major depositional systems for 
which the related depositional processes 
have long been considered relatively simple. 
Breaking this statement, this study pre-
sents a detailed analysis of deposits in Lake 
Saint-Jean, the third largest natural lake in 
Québec. In addition to postglacial deltaic 
and coastal depositional systems fringing 
the lake, current-controlled features such as 
a large subaqueous prograding wedge and 
three sediment drifts have been identifi ed in 
its central portion based on two-dimensional 
(2-D) acoustic high-resolution subbottom 
profi les. The large subaqueous prograding 
wedge is a 4-km-long and up to 15-m-thick 
heterolithic shelf-like construction in the 
southeastern part of the lake. The three sedi-
ment drifts are 0.1–0.5-km-long and 2–5-m-
thick mud mounds distributed on the lake 
fl oor in the central portion of the lake. Dia-
tom analyses and radiocarbon dating show 
that the development of these current-con-
trolled features occurred during the lacus-
trine phase, after the disconnection with the 
postglacial marine Lafl amme Gulf at 8.5 cal. 
k.y. B.P. Depositional facies show evidence of 
recurrent bottom-current activity. Related 
deposits alternate with pelagic sedimentation 
stages characterized by the settling of mud 
and biogenic accumulations. We investigated 
the origin of bottom currents using a numeri-

cal simulation (SYMPHONIE, an oceano-
graphic model), with the aim of modeling 
wind-induced lake-scale water circulation. 
Simulations suggest that the subaqueous pro-
grading wedge and the three sediment drifts 
result from wind-induced bottom currents 
generated by storm events having wind speed 
greater than 10 m s–1. Such strong winds are 
able to signifi cantly affect sedimentation in 
the central portion of Lake Saint-Jean. The 
resulting wind-induced sedimentary features 
were integrated into a refi ned lacustrine 
depo sitional model that summarizes the evo-
lution of a group of water bodies referred to 
as “wind-driven water bodies.” This study 
applies a new tool for lake strata character-
ization and highlights the potential diffi culty 
in differentiating them from marine deposits 
in the geological record.

INTRODUCTION

Lakes are the largest depositional systems in 
the continental domain (Bohacs et al., 2003). 
The resulting deposits are intensively exploited 
by limnogeologists as archives for the recon-
struction of regional-scale paleohydrological 
patterns and related paleoclimate changes (e.g., 
Johnson, 1984; Cohen, 2003; Dearing, 2013). 
Strata that originated from lake systems account 
for a signifi cant part of sediments both in exten-
sion and compression sedimentary basins (e.g., 
Dam and Surlik, 1993; Keighley, 2008), lead-
ing to a complete integration of lake systems in 
geo dynamics investigations. As a consequence, 

lake strata have been recently recognized as a 
target for the oil and gas industry, and they 
are estimated to account for more than 20% 
of  present-day global hydrocarbon production 
(Bohacs et al., 2000). Finally, there is also a 
growing number of man-made artifi cial lakes 
of signifi cant size built for hydroelectricity and 
irrigation needs. The sedimentary evolution of 
these basins is a major concern to dam operators 
and regulators in order to prevent rapid infi lling. 
For all these reasons, deciphering the sedimen-
tary dynamics of lake systems and supplement-
ing currently used lake depositional models is of 
great importance.

Sedimentation in the central portion of lakes 
is often characterized by regularly aggrading 
low-energy pelagic muds occasionally inter-
calated by event beds such as sediment grav-
ity fl ow deposits (e.g., Girardclos et al., 2007; 
Normandeau et al., 2013) and/or beds related 
to river-derived hyperpycnal fl ows (e.g., Zavala 
et al., 2006). As a result, the lacustrine record 
has been viewed as restricted to homogeneous 
mud-rich facies associations (e.g., Bridge and 
Demicco, 2008). In opposition, over the recent 
decades, a new paradigm has emerged suggest-
ing that wind is infl uential in controlling the 
hydrodynamics of enclosed basins primarily 
through the action of geostrophic waves (e.g., 
Mortimer, 1953) and then of wind waves (e.g., 
Håkanson, 1977, 1982a, 1982b; Håkanson and 
Jansson, 1983). Subsequently, wind action 
with the emplacement of surface and bottom 
currents (e.g., Chikita, 1992), sometimes con-
nected via downwelling and upwelling during 
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