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Modeling lake level changes in Patagonia since the Late Pleistocene
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Hunger Gabriel*, Martinuzzi Vincent* and Ariztegui Daniel*
*Section of Earth & Environmental Sciences, University of Geneva, Rue des Maraichers 13, 1205 Geneva,
Switzerland

Lacustrine closed-basins are very interesting for paleoenvironmental studies. They are very sensitive
to changes in the hydrological cycle since precipitation and evaporation are the main factors
controlling their water inflow and outflow, respectively.
Previous investigations in Patagonian lakes have shown that changes in climate have substantially
modified their morphology since the late Pleistocene. Depending on the latitude large lacustrine
basins near the Andes were fragmented into smaller lakes whereas extra Andean basins showed a
substantial drop on their water levels. These lake level changes are recorded as paleoshorelines
allowing the reconstruction of much larger closed-paleolakes. Hence, they can be used to reconstruct
the hydrological cycle and in turn to understand paleoenvironmental changes since the last glaciation.
Lagunas Cari-Laufquen Grande and Chica are two closed-basins located in northeastern Patagonia,
Argentina (41° S / 69° W), in the lowermost part of the Maquinchao depression. The presence of
paleoshorelines indicate major changes in the lakes area and thus in the hydrological cycle. Some of
these paleoshorelines contain stromatolites that have been previously ascribed to the last
deglaciation. Stromatolites are very good geochemical proxies for paleoclimatic studies since they
provide us precise information on the prevalent chemical features of the lake or river where they
growth.
The focus of this study is the mapping of the exact position of the outcropping stromatolites using GPS
along with the calibration of satellite images in order to reconstruct the former size and extension of
the lake basins. A complementary study includes the sampling of the stromatolites for detailed
petrographic analyses and dating. A GIS approach will be used for the treatment and compilation of all
the geomorfological data in order to obtain a precise map and to model the hydrological budget
necessary to trigger the observed major changes in lake level as witnessed by the Late Glacial
shorelines. These data can be further compared with existing lake level records for Patagonia
providing a crucial piece to the intra and interhemispheric correlation of contemporaneous changes in
the hydrological cycle.

Late Pleistocene and Holocene stromatolites in lacustrine closed- basins of
northeastern Patagonia (Argentina)
Martinuzzi Vincent*, Hunger Gabriel* and Ariztegui Daniel*
*Section of Earth and Environmental Sciences, University of Geneva, Switzerland

Previous investigations mostly based in African lakes have shown that fossil stromatolites define
continuous shorelines that can be used to reconstruct contemporaneous lake levels in former times.
Their potential bathymetric extension commonly ranged from 0 to ~30 m water depth where microbial
communities colonize hard substrates and mineralization results from in situ carbonate precipitation.
In southernmost South America there is a clear scarcity of detailed studies of lacustrine stromatolites
particularly in regions confronted to extreme and variable environmental conditions. A series of
carbonate buildups are outcropping along well-developed paleoshorelines of present lakes CariLaufquen Grande and Chica, northeastern Patagonia. These two closed-lakes have a present
catchment area of 16’500 km2 experiencing a mean annual precipitation of ~200 mm falling primarily
during Austral winter months whereas annual temperature averages only 4 °C. Well-developed
paleoshorelines indicate that the two lakes were formerly united and much more extensive. Finegrained lacustrine deposits underlying the upper two shorelines contain diatoms and ostracodes
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suggesting deposition in the shores of a deeper, saline and alkaline lake. Previous dating of these
carbonate buildups has shown that the Laguna Cari-Laufquen high lake levels occurred during glacial
intervals triggering favorable conditions (e.g., salinity) for stromatolite growth. The size and thickness
of these bio constructions vary throughout the paleoshorelines but are commonly coalescent
occasionally forming continuous ridges. They often display a cauliflower structure with a nucleus of
various composition that dominates the catchment geology. Microscopic observations show a pseudo
columnar and rarely columnar micro lamination with interbedded micritic and organic matter laminas
without clear evidence of trapping and binding structures. These different facies and organization of
the laminae are most probably the result of changes in microbial population. A preliminary inspection
of these stromatolites under cathodoluminescence shows clear differences in the composition of the
laminae. These changes appear to be the result of differences in carbonate composition (e.g., Mg and
Mn) and/or variations in the prevalent redox conditions during their formation. These two alternatives
are both the result of environmental changes during stromatolite growth.
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Ongoing investigations comprise new precise dating of the different paleoshorelines along with
detailed petrographic and geochemical studies including ultra-high resolution elemental analyses with
µXRF as well as carbon and oxygen stable isotopes. This combined dataset will provide a model for
the formation of these lacustrine stromatolites bringing new light into the environmental conditions
prevailing during their formation and, thus, critical information for paleoclimatic reconstructions.

Influence of deposit-feeder (Holothuridae) on carbonate sediments
Vaucher Romain*, Hasler Claude-Alain**, Plotieau Thomas***, Eechkaut Igor***
* Earth and Environmental Sciences, University of Geneva, 13, rue des Maraîchers, 1211 Genève 4, Switzerland
** Carbonate Development, Shell International, Kessler Park 1, 2288 GS Rijswijk, The Netherlands
*** Marine Biology, University of Mons 6, Av. Champ de Mars 7000 Mons, Belgium
Corresponding author : vauchra0@etu.unige.ch (R.Vaucher)

Carbonate grains are more prone to be altered (micrite envelopes, grain breaking, dissolution) by the
activity of deposit-feeders than detrital minerals such as quartz. Holothurids are deposit-feeders and
some species such as H. scabra or H. forskali ingest more than 100g of sediment per day when living
on sandy substrates. The aim of our research is to study and to quantify the impact of holothurids on
carbonate and mixed carbonate-siliciclastic sediment. This project includes two distinct parts: the first
one in a coastal environment setting in Madagascar and the second one on fully controlled sands in
monitored aquariums at the marine institute of the Mons University.
Three fish farms on the south-western shore of Madagascar that produce H. scabra as a delicacy for
the Asian Market have been selected for this study. The farms consist of 3 to 4 fenced squares
(30x30m) which sit just below the intertidal zone. The Holothurids are placed here as juvenile (about
4cm long) and reach the size of 40cm after 4 to 6 months. The density of H. scabra in each fenced
square is 1 specimen per square meter. This species is not present in the vicinity of the farms since H.
scabra’s natural habit is at a deeper level. Systematic substrate sampling has been performed in the
fenced squares and around them, at specific distance from and along the shore. Petrographic analysis
has been done on the sediment and ratio between carbonate and other grains has been counted for
two grain size ranges ([0.25mm:0.5mm], [0.5mm:2mm]). The grain size ranges have been chosen
taking into account the average diameter of the digestive system of H. scabra. Preliminary results
show that the carbonate grains are two times less abundant within the fences than without for both
grain size ranges. This observation indicates that H. scabra does not only bioturbate the sediment but
also either dissolves or breaks carbonate grains.
In order to verify and try to quantify the effect of Holothuridae on carbonate grains, lab experiments
are currently ongoing. Four large connected aquariums (identical water conditions) are being used
and each contains a specific substratum in terms of composition and grain size. Seven Holothurid
specimens have been placed in each aquarium. H. scabra cannot be found in Europe therefore the
common H. forskali has been chosen for the experiment. The evolution of the sediment composition
for each aquarium is monitored every month together with the size and weight of every Holothurid.
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If the experiment confirms the observations made in the fish farms in Madagascar, the following
implications could be drawn: 1) better understanding of the influence of sediment composition on the
growth of holothurids and the feedback from these deposit-feeders to the sediment may help in
characterizing optimal substrates to be used in this specific aquaculture, 2) abnormal carbonate
content for specific grain size ranges may be used as indicator of Holothurids in fossil sediment.
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Pleistocene and Holocene coastal deposits in Southeastern Qatar
Le Cotonnec Aymeric*, Davaud Eric*, Hasler Claude-Alain**
* Département de géologie et de paléontologie, University of Geneva, Rue des maraîcher 13, CH-1205 Genève
** Carbonate Development, Shell International, Kessler Park 1, 2288 GS Rijswijk, The Netherlands

This study focuses on the sedimentological and petrographic characterization of Pleistocene
carbonate ridges in southeastern Qatar. Todays coastal plain of southeastern Qatar shows a field of
siliciclastic barchan dunes migrating over the Holocene sabkha deposits and the dolomitic limestone
Eocene substratum. Semi-cemented carbonate sands form elongated bodies parallel to the coastline,
locally flanked by uncemented coquina beaches. Theses coquina shorelines were deposited during
the Holocene due to hydrostatic rebound (J. Jameson et al., 2009) and the carbonate sand bodies
correspond to the MIS 5e highstand (J. Jameson, oral comm.).
In the northern part of the studied area, an eolianite dune complex is associated with stacked beach
deposits overlying deeply bioturbated lagoonal deposits. The other outcrop facies are mainly relics of
oolitic sand shoals. Several of these outcrops are showing foresets with a constant landward
orientation. These facies are controlled by the presence of paleo-highs in the Eocene substratum.
All the studied carbonate bodies are mainly made of well sorted oolitic grainstone. However packstone
layers rich in bioclasts often appear at the base of the outcrops. The carbonate bodies are mainly
lithified by calcitic and more rarely by aragonitic vadose and pseudophreatic cements. Oomoldic
porosity is well developed in all studied outcrops. The depositional and early diagenetic setting makes
these outcrops good analogues for ancient carbonate reservoirs.
REFERENCES
J. Jameson et al. ; 2009 « Holocene Sabkha and Coastal Systems of Qatar : Process Models for the
Interpretation of Ancient Arabian Plate Carbonate Evaporite Reservoir », IPTC 13679, 8p.

Kimmeridgian bioturbated Limestone from Jura Mountains as a field analogue
of Middle-east Hydrocarbon Reservoir
Rusillon Elme*, Aubry Nicolas*, Davaud Eric*, Caline Bruno**
* University of Geneva, Geology and Paleontology Department
** Total E&P, CSTJF Pau

The kimmerdgian formation of « Calcaires à Tubulures », known in the southern part of the French
Jura Mountains, shows many similarities with various contemporaneous hydrocarbon reservoirs from
the Middle-East. In these carbonate facies, intense bioturbation (Thalassinoïdes type) and dolomite
occurrence result in major reservoir heterogeneities. The field analogue offers continuous outcrop
providing valuable information regarding the lateral variation of the bioturbated intervals in terms of
depositional facies and diagenetic overprint.
In this context, two quarries were selected in the formation of “Calcaires à Tubulures”. The first quarry,
close to “Grand Corent” village, was investigated by Aubry (2009) who focused on bioturbation, facies
definition, Gamma-ray measurement and comparison with cores from Middle-East oil and gas
reservoir.

Posters

Lagoonal environment during the Kimmeridgian at Foncine-le-Bas (Haut Jura,
France): Sedimentological, micropaleontological and paleoenvironmental
study.
Amberg Chloé*, Samankassou Elias*
* Département de géologie et de paléontologie, University of Geneva, Rue des maraîcher 13, CH-1205 Genève

The sedimentological study of three sections near Foncine-le-Bas (Haut Jura, F.) reveals different
events of small regional regression on the carbonate platform, despite a general transgressive trend
during the upper Jurassic, which is characterized by open sea facies, marly and condensed sections.
Depending on sea level variations, the present lagoonal environment was not always connected to the
open sea. As ammonites were not available for datation, ages were evaluated thanks to faunistic
associations and/or to reference stratigraphic layers, such as the “Hardground à nérinées” and the
“Marnes à virgula”. Between the upper Oxfordian and the lower Kimmeridgian, a shallowing up
sequence with a decreasing energy can be observed. Thus, we can see a textural transition from
grainstone/packstone (shoal environment) to mudstone/wackestone (restricted lagoon) with
condensed layers displaying wave ripples in the presence of Alveosepta. Within the middle
Kimmeridgian, a slight and progressive deepening up is expressed by the increasing size of layers
and the diversification of the fauna. At the end of the sequence, a layer containing glauconite indicates
a maximum flooding surface (MFS). Then, the upper Kimmeridgian, defined by the association of the
Clypeina and Campbelliella algae, is once more a period of sea level drop where confined
environments with reductive conditions expand. Such depositional environments correspond to the
mentioned “Marnes à virgula”, reference layer which is characterized by a monospecific fauna
composed either of Everticyclammina and/or Ostrea virguliana often pyritized. Finally, a carbonate
layer displaying a high concentration of nerinean gastropods, and corresponding to the “Hardground à
nérinées”, can be observed at about 16 meters above the “Marnes à virgula”. This stratigraphic
position is quite unusual because, in accordance with different authors, this reference layer is normally
found below the “Marnes à virgula”. This nerinean layer is considered defining the limit between the
upper Kimmeridgian and the lower Tithonian, which is characterized here by a last small deepening up
trend, with a semi-restricted lagoon environment containing Campbelliella algae.
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The second quarry is next to “Drom” village and is still under investigation. A detail description of
facies has been done in order to establish a depositional model. Shallow lagoonal conditions were
predominant, with some scattered patch reefs inducing facies variations. Sequences will be defined
from bioturbation rate, facies and diagenetic evolution. It appears that maximum dolomite fronts are
related to compactional features often associated with high bioturbation rate (dolomite concentration in
burrows). In the case of Middle-East reservoirs, the model of dolomite formation involves different
stages of connexion between open marine and restricted environment, inducing mixing of hypersaline
and normal saline waters. This model seems to fit with the observations made in the “Drom” quarry,
where dolomitization is associated with bounding surfaces. This pattern needs to be confirmed by
more investigation, in order to highlight this relationship between dolomitization and depositional
cycles.
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Aschwanden Lukas*, Almqvist Bjarne Sven Gustav**, Diamond Larryn William*, Ramseyer Karl*,
Mazurek Martin*, Fallick Tony***, Donnelly Terry***
*University of Bern, Institute of Geological Sciences, Baltzerstrasse 1+3, CH-3012 Bern
(l.aschwanden@students.unibe.ch)
**ETH Zurich, Institute of Geological Sciences, Sonneggstrasse 5, CH-8092 Zurich
*** SUERC, Scottish Enterprise Technology Park, Rankine Avenue, G75 0QF East Kilbride

Deeply buried carbonate rocks of the Upper Muschelkalk aquifer (Swiss Molasse Basin) show
potential for geothermal energy exploitation and for geological storage of gas – whether permanent
storage of waste CO2 (Chevalier et al., 2010) or seasonal storage of imported methane. All of these
potential applications rely on high porosities and high permeabilities. Although drill cores from the
Upper Muschelkalk aquifer show large visible pores, very little is known about the regional distribution
and magnitude of porosity and permeability within the aquifer. It is therefore important to gain a better
understanding of the processes that create and destroy porosity, and to place these processes within
the known temperature–burial depth history of the Formation (Mazurek et al., 2006). In this context the
various minerals found within the macro-pores were analyzed using thin-section petrography and
stable isotopic investigations. This study is part of a quantitative and qualitative characterization of the
porosity and permeability of the Trigonodus Dolomite, the top unit of the Upper Muschelkalk.
The porosity of the Trigodonus Dolomite is mainly controlled by prevalent secondary dissolution of
mm- to cm-scale anhydrite nodules and macrofossils, mainly shell fragments, as well as
microporosity. The precipitation of anhydrite as nodules, the formation of microporosity in the rock
matrix and the dissolution of aragonitic shell fragments are early diagenetic processes, closely related
to dolomitization soon after initial limestone deposition. To gain information about timing and spatial
distribution of the dissolution of anhydrite nodules and thus the formation of macro-porosity, the
relative ages of the pore minerals were determined by thin-section petrography. Two different mineral
associations are present within macro-pores: either silicified anhydrite nodules or a sequence of
pyrite, kaolinite, quartz, sphalerite and calcite. The calcite filling of macro-pores is the latest phase of
pore mineralization, whereas the silicification of anhydrite nodules is considered to be the earliest
phase. Since no suitable minerals have been found for absolute age dating, the stable oxygen isotope
compositions of the various pore minerals have been used to relate precipitation events to the known
temperature–burial depth history of the Formation.
Stable oxygen isotope values of silicified anhydrite nodules range from 25.1 to 27.3 ‰ (VSMOW).
Fluid inclusions in two authigenic quartz generations in a silicified anhydrite nodule show
homogenisation temperatures of 45 -50 °C and 50 -69 °C respectively (Langer et al., 2001). Using
thin-section petrography the relative age of these two quartz generations was determined. The lower
temperature generation is assumed to be younger than the higher temperature generation. As the
homogenisation temperatures are likely to be close to trapping temperatures, these data indicate
crystal growth during cooling of the sediment stack. Considering the range of homogenisation
18
18
temperatures, the δ OVSMOW value of quartz indicates that the formation water had a δ OVSMOW value
between -5.7 and 0.9 ‰. These low values are evidence for quartz growth during uplift conditions,
probably influenced by meteoric water. Most likely this event is related to the Late Cretaceous basin
uplift and infiltration of meteoric water along structures created by the ongoing Alpine orogeny.
18

Calcite pore fillings show δ OVSMOW values of 13.9 -18.5 ‰. Based on the known temperature–burial
depth history a minimum formation temperature of 40 °C is possible whereas the maximum
18
temperature is 95 °C. Accordingly, the δ OVSMOW values of the corresponding formation fluids lie
between -11.6 and 0.7 ‰. Again, an influence of meteoric water during crystal growth is likely, as
deduced above for the quartz precipitation. Consequently, the maximum age of the calcite pore fillings
is the Eocene/Oligocene boundary, where infiltration of meteoric water was most likely.
Judging from evidence so far available, the dissolution of anhydrite nodules and the resulting
formation of macro-pores appears to have occurred during influx of meteoric water. It is most likely
related to the Late Cretaceous uplift and Eocene/Oligocene shallow burial of the sediments.
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