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In the actual context of rapid climate warming, it is
essential to better understand the mechanisms behind
the rapid variations of atmospheric pCO2 during
deglaciations and the impact it will have on future
climates. Studies based on climate models
demonstrated that biological productivity in the
Southern Ocean played a major role in the changes of
atmospheric CO2 over the past Glacial/Interglacial
cycles. However, a few researches have been done on
the impact of changes of biological productivity on
climatic variations, while it plays a role on the Oxygen
and Carbon cycles via photosynthesis (O2 production)
and production/sequestration of organic matter (TOC)
and CaCO3 respectively.
The objective of this thesis is to use multiple empirical
approaches combined with model outputs to better
quantify the changes of global and regional biological
productivity and to estimate their contribution on O2
and CO2 variations during the last 800 kyr, with a focus
on two deglaciations: Terminations I (18-12 kyr) and V
(435-410 kyr).

On one hand, global biological productivity will be
traced from 400 to 800 kyr through measurements of the
triple oxygen isotope composition (Δ17O) trapped in
bubbles of ice core Epica Dome C (Antarctic). For a
quantitative interpretation, results will be coupled with
outputs from vegetation and marine biogeochemical
models (ORCHIDEE and PISCES).
On the other hand, geochemical (TOC, CaCO3) and
micropaleontological (assemblage, size and mass of
coccoliths) analyses will be made on a marine sediment
core located in the Indian sector of the Southern Ocean,
that covered the last 800 kyrs. These measurements will
allow to trace sea surface conditions ([CO2aq] and fertility)
and biological pump efficiency in the past.
Finally, outputs of iLOVECLIM model run over full
deglaciations will be used to compare the data obtained
at global and regional scales and to evaluate the
contribution of marine and continental biological
productivity on atmospheric O2 and CO2 variations
throughout Glacial/Interglacial cycles. Moreover, it will
offer the opportunity to assess the veracity of climate
models on this topic
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Introduction
The processes driving erosion in geodynamic contexts
in which regional tectonics is of minor importance, such as
in oceanic islands, can be seen as a combination of
positive/negative retroactions between climate change,
isostasy or dynamic topography. The Kerguelen Islands (4850°S, 68.5-70.5°E) are of particular interest to understand
the impact of Cenozoïc climatic variations on the long-term
geomorphological evolution of emerged reliefs at midlatitudes. The archipelago is the emerged part of the vast
Kerguelen oceanic plateau and is mostly made up of
Oligocene basaltic traps (≈25 Ma) up to 1000m asl that are
cross-cut by a dense network of large and deep valleys.
Numerous plutonic complexes of various age (25-4.5 Ma)
locally intrude theses traps and cover about 15% of the main
island’s surface; the largest being located in the Rallier du
Baty peninsula (800 km2). This plutonic complex is mainly
constituted of syenites that were emplaced between ∼14 and
∼4 Ma. The cooling history of syenites from the Rallier du
Baty plutonic complex was investigated in order to identify
one or several denudation periods and to understand the
potential role of climate change on the geomorphological
evolution of the islands since the Oligocene.

Data and Methods
To understand the erosion of the area, we conducted
the first study on the Kerguelen Islands using the biotite
40Ar/39Ar
(BAr), apatite and zircon (U-Th)/He
thermochronometers (AHe and ZHe) on ∼20 samples of
plutonic rocks from the Rallier du Baty peninsula.

Results
In the southern part, the BAr ages for the various
intrusions of the complex range from 9.44 ± 0.13 Ma to
13.84 ± 0.07 Ma. These ages are identical to hightemperature crystallisation ages (U-Pb on zircon) indicating
an extremely rapid cooling between 700°C and 300°C. The
mean ZHe ages range between 7.1 ± 2.3 and 8.8 ± 1.4 and
the mean AHe ages range between 4.4 ± 0.3 Ma and 7.4 ±
0.7 Ma. The AHe ages of the southern complex are similar
to the crystallization ages of the northern part of the
complex. The mean AHe and ZHe ages in the northern part
are much younger and range from 1.4 ± 0.7 Ma to 0.8 ± 0.1
Ma

Conclusion
The Rallier du Baty intrusive complex is being exhumed
in two main phases: the first one in the south at 5 Ma and
the second one in the north at 1 Ma. Combined with thermal
modelling, local geology observations and tephrochronology
in sedimentary records, we propose a model of caldera
formation to explain the quick exhumation of syenites. The
erosion before and after the formation of the caldera is too
weak to be recorded by low temperature thermochronology.
Thus, we conclude that global erosion of the Rallier du Baty
is relatively weak since its formation, independently of the
climate evolution.
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Carpathian chain is a range forming an arc roughly
1500 km-long across Central and Eastern Europe where
volcanism experienced a migration in time from West to
East. Neogene to Quaternary volcanism in the Carpathopannonian region was related to the youngest evolutionary
stage of the Carpathian arc and the intra Carpathian area
with subduction, extension and asthenospheric upwellings.
The East Carpathian (Miocene-Pleistocene) volcanic range
is segmented into two main volcanic areas Oas Gutâi
(OG) in the north and the Calimani-Gurghiu-Harghita
(CGH). Here, we focused on CGH the southernmost and
youngest segment (160 Km), formed by several composite
volcanoes such as Seaca-Tatarca, Fancel Lapusna, Pilisca
and Ciomadùl. Those volcanoes are characterized by their
medium size (1500-1000 m relative heights) with
moderately eroded shape in the north and better preserved
in the south. The CGH segment showing respectively from
the north (Calimani) to the south (South Harghita)
different rock type ranging from basalts through basaltic
andesites to andesites and dacites.
Numerous studies were carried out in order to
constraints the CGH volcanic range history; however the
chronology of these edification still lacks of
geochronological constraints. In order to refine this
chronology we provide here the first K-Ar dating obtained
by the unspiked K-Ar technique.
This work started by dating samples coming from
Ciomadùl volcanic complex located at the southern tip of
the CGH volcanic range and constituted by a dozen of
monogenic dacitic lava domes. The dating of these young
rocks (< 300 ka) requires to work on groundmass, the
phase the cooling of which is syn-eruptive; But due to the
presence in these dacitic rocks of abundant older
xenocrysts (up to 1.5 Ma) made of K-bearing mineral
(plagioclase and/or biotite), we developed to remove them
an original preparation consisting in a double-step
separation of the groundmass. In contrary, on the other

areas of this range (Calimani, Gurghiu, North and South
Harghita), because volcanoes are older (2 – 11 Ma) and
xenocrysts impact is much lower, we opted for a single-step
separation of the groundmass.
On Ciomadùl volcanic complex, new ages performed
on groundmass are found to be younger than those
proposed on the previous K-Ar studies that worked on
whole rock. This clearly highlights the problem of dating
young volcanic event from whole rock in such context.
Results also show that the activity ranges from 704±18 ka
for peripheral part to 28±1.4 ka for the central part, with
30 ka-long quiescence periods, attesting this volcano as
dormant only. In this volcanic complex, we noticed that,
through time, lavas became more and more mafic, possibly
because of a magma storage more and more shorter
On the other areas of the segment, we obtain ages
quite comparable with previous ones but with better
uncertainties, that allow us to better constrain time range of
activity. These results allow us to observe that volcanism
showed a distinct migration in time from south of the
segment to the north: Pilisca in south Harghita Mts,
(2.05±0.04 Ma…), Varghis in North Harghita Mts
(4.60±0.07 Ma) Seaca-Tatarca in Gurghiu Mts (6.08±0.09
Ma; in progress) and Calimani Mts from 7-11 Ma according
to literature.
Acknowledge of these edifice ages will help us to constrain
the geomorphology evolution through time. For that, we
started numerical reconstruction of volcanic paleotopography in order to evaluate the impact of erosion. We
also started a morphometric study of incision process on
the overall East Carpathians area, this kind of study will
help us to better understand the impact and the erosional
dynamic and finally, to correlate the erosion rate with ages,
climatic variations.
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Introduction
Europa, a Jupiter’s icy moon, is entirely covered with
water ice. It’s surface exhibits smooth lobate plains that
cover parts of the surface (see Fig. 1), and their
morphologies and relationship with the surrounding terrains
suggest that they result from viscous liquid extrusions [1].
Furthermore, recent literature explain the emplacement of
liquid-related features, such as double ridges, lenticulae and
chaos [2] by the presence of liquid reservoirs beneath the
surface.
We model the ascent of liquid water through a dike
from a sub-surface reservoir to Europa’s surface and derive
the eruption time-scale and total extruded volume at the end
of the eruption depending on the chamber volume and
depth. We also estimate the freezing time of the sub-surface
reservoir necessary to begin an eruption. Considering
available data for density and eutectic temperature of salt
impurities recently proposed for Europa, we discuss their
effect on the cryomagma freezing time and ascent.

chamber freezes and pressurizes over time. When the stress
applied on the chamber’s walls reaches a critical value, the
walls break and the fracture may propagate to the surface.
Third, the remining fluid (that did not crystallize) flows out
at the surface through a dike or a pipe-like conduit.
This model permits us to know the necessary time for
the cryomagma to freeze enough in order to begin an
eruption. It also gives us the liquid flow behavior during the
eruption, the eruption time-scale and the total emitted
volume at the surface during a cryovolcanic event. The
results are derived in function of the chamber volume and
depth and the impurities solved in the cryomagma.

Results and conclusion
For plausible volumes and depths varying between 0.1
km3 <V< 10 km3 and 100 m <H< 10 km, the total extruded
cyolava volume ranges from 105 to 108 m3 and the time scale
of the eruptions varies from few minutes to few tens of
hours. The freezing time-scale of the cryomagma pockets
depends on the cryomagma composition: it varies between
102 to 103 years for a pure water cryomagma and from 102 to
104 years for a briny cryomagma.
We plan to use these results in order to define the
conditions and plausible location of the cryovolcanic active
areas on Europa. This could be useful for the two missions
JUICE (ESA) and Europa Clipper (NASA) that will be
launched in 2018.
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Introduction
The Mediterranean Sea is a nearly closed sea characterized
by a hydric deficit, and open to the Atlantic Ocean at the
Gibraltar Strait. It is very sensitive to climate changes of
the low latitudes through variations in the African
monsoon rainfall distribution (discharges by the Nile) and
of the high latitudes of the Northern Hemisphere, through
the exchanges with the surface North Atlantic water
and/or rainfall on the Northern Mediterranean Sea
induced by the westerlies. Several studies indicate a
significant variability of the Mediterranean overturning
circulation and formation of deep- and intermediate water
masses (LIW, EMDW, WMDW) during the Holocene and
particularly during the sapropel events. The aims of this
thesis will be to evaluate temporal variability of the
Levantine Intermediate Water (LIW) and deep-water
formation of the Mediterranean Sea (Adriatic Sea and Gulf
of Lion) and their consequences on the MOW to assess
their role in the mid-depth circulation of the NE Atlantic.

Data and Methods
Neodymium isotopic composition (εNd) of foraminifera
analysed on cores, some used for the first time, located in
the central part of the Mediterranean Sea at depth of the
LIW will be investigated, as well as cores from the main
riverine sources. The main water masses of the occidental
and oriental Mediterranean Sea are characterized by
contrasted εNd values permitting to track water masses
exchanges between both basins during sapropel deposits
of the last climatic cycles. εNd values will be analysed on
fossil planktonic foraminifera that are related to bottom
and/or pore waters εNd, due to the presence of authigenic

Fe-Mn coatings precipitated on the carbonate shells. Then,
foraminiferal εNd can be used as a tracer for past deep
oceanic circulation at a time interval where classical tracers
of the palaeoceanography cannot be used, due to the lack
of benthic foraminifera in the oriental Mediterranean Sea
during Sapropel events.

Results
The age models of all the used cores are now established
for the period from MIS5 to MIS1. On this period, the εNd
of the Adriatic See intermediate water had little variability,
between -6,75 and -5,75 ± 0,5, but higher than the modern
sea water (-7,5). South of Sardinia, the data complete the
gap of Dubois-Dauphin et al. (2017)1 on corrals and show
significant variation of εNd from -8 to -6,5 ±0,25.

Conclusion
The following analyses, in April, will allow to reconstruct
the circulation of the Mediterranean intermediate and deep
waters, with the knowledge of the εNd variation of all the
main neodymium sources in the Mediterranean Sea during
the studied period, with a focus on sapropel events 1 and
5.
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Sediment infilling in foreland basins reflect the
evolution of mountain belt. During Eocene time, a transition
from underfilled to overfilled is observed in the eastern part
of the north Pyreenan foreland, contemporaneous with the
development of the Pyrenean orogeny. Syn-orogenic
conglomerates currently termed as Poudingues de Palassou,
recorded a sudden input of clasts that may be link to the
exhumation and denudation of the mountain belt. Identify
the source(s) of deposited material, characterize the
evolution the transfer zone i.e. the fluvial systems and the
understanding of sediment dynamic production are the main
goals of this PhD project.
Previous studies on the Palassou conglomerates started
with Plaziat (1984) who studied the stratigraphy and
paleogeography of the Aquitaine basin from Late Cretaceous
to late Eocene. Later, Crochet (1991) [2] classified three
tectono-sedimentary units of the Palassou referring to their
lithologies.
Low temperature thermochronology provide an
estimation of sediment transfer time from source to sink and
allow determining the thermal history of the basin. Apatite
fission track and (U-Th)/He methods are applied on granite
boulders from the eastern part of the Aquitaine Basin.
Acquired apatite fission track ages are close to deposition
ages while (U-Th)/He ages vary from 22 to 110 Ma.
Zircon grains from detrital series and granite boulders
were dated by U/Pb method using laser ablation- ICPMS.
Such method allows to track potential sources of deposited
material.

In order to reconstruct the paleogeographic
evolution of the eastern part of the Aquitaine basin, the
identification of fluvial facies and their corresponding
depositional environment for the Palassou series is under
progress in the Corbières zone.
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The Indian Ocean is an important area to understand
the circulation of intermediate water (IW) masses. We
combined benthic foraminiferal stable isotope records
(13C and 18O), statistical analyses of benthic assemblages
and benthic foraminifera 14C were examined from marine
Core MD77-176 (14°30’5N-93°07’6E, 1375 m [1]) in order
to reconstruct changes in the source and circulation of IW
in the Bay of Bengal since the Last Glacial Maximum
(LGM).
13C and 18O analysis were performed on Cibicidoides
pachyderma, C. wuellerstorfi and Uvigerina peregrina. The 18O
values range between 1.66 to 3.61‰, with maximum values
during the LGM, a marked decrease at 12.7 ka followed by
lower values during the Holocene. Coeval variations are
observed between planktonic [1] and benthic 18O records
during the LGM, whereas inverse trends exist during the
Late Deglaciation and across the Holocene. The 13C
values vary from -0.46 to 0.54‰ and are lower during the
LGM and at 12.54 ka and 9.82 ka, and higher during the
Holocene. Changes in assemblages are in good agreement
with the geochemical records, suggesting a higher oxygen
concentration and lower nutrients contents, associated to
an oligo– to mesotrophic environment during the
Holocene.
Our results tend to prove that during the LGM, deep
and intermediate water in the BoB was dominated by
SODW with a lesser contribution of water masse from the
North Atlantic Ocean, by contrast to the Holocene. The
water conditions were changed from eutrophic to
oligotrophic in the LGM-Holocene, that could indicate
variations in the organic matter and oxygen level in the
bottom water.

In addition, radiocarbon ages for Core MD 77-176 are
performed on Hoeglundina elegans, the record of intermediate
water Δ14C at the core site MD77-176 reached a minimum
of ~-161‰ at ~16.3 kyr, and reached ~105-114‰ at 12.312.8 kyr, on average ~147‰ higher than the intermediate
water Δ14C at 13.7 kyr. Then the Δ14C records at our core
site continue to decrease during the Holocene and reach
minima (~-171‰) at the late Holocene period at 2.8 kyr.
The benthic-planktic 14C offset (B-P age) was the
differences between coexisting benthic and planktic
foraminifera ages. In core MD 77-176, the record of B-P
age drop from ~1252 to ~788 years between ~19.3
and16.3 kyr. During the YD, B-P age offset declined to a
minimum values 130 years at 12.3 kyr. Following the YD
event, B-P age keep increasing and reach a maximum value
~1194 years at the end of Holocene (2.8 kyr). These data
indicated that AAIW may have an increased influence in
the Bay of Bengal occurred during the Heinrich 1 and YD
periods. Other water masses can also be involved: glacial
southern source deep waters and Red Sea Intermediate
water during H1 and YD, respectively. During the
Holocene period, a reduction in Red Sea Intermediate
water and an increase in NADW contribution in the Bay of
Bengal correspond to negative shifts in Δ14C signal, and
also with a strong stratification during the Holocene with
the indication of B-P age offset.
[1] Marzin et al. (2013) Climate of the Past 9, 21352151.
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The
correlations
between
plate
geodynamics (e.g., dip of the subduction plan)
and surface evolution (change of topography,
deformation propagation) is an important
question in Earth science. As an example, the
formation of the Andean orogeny since Mesozoic
time is strongly controlled by the changes of the
subduction angle and the propagation of the
deformation to the foreland is quite different
along the Andean range. The present range
topography is linked to a deformation phase that
begins in the Eocene and the propagation to the
foreland in Miocene-Pliocene time. In the
southern part of the Andes, along the north part
of Chile and Argentina, the range development
and the propagation to the foreland are coupled,
whereas in the northern part of the Patagonian
Andes, structural and low temperature
thermochronological study of the thrust front and
the foreland has demonstrated decoupling
between deformation distribution along the
thrust belt since Miocene due to the variation of
the subducted plate angle.
My thesis is focused further south, in the
central-southern Argentina (~45–50 ° S), where
the Chile Triple Junction (CTJ) migrated
northward from ~54° to 46° S during the
past 14 Ma as an almost trench-parallel spreading
segment entered in subduction. The migration led
to the opening of an asthenospheric window
below Patagonia, inducing a disturbance in the
regional mantle convection and uplift. Thus,
Keyword:

deformation propagation again behaves
differently to others Andean ranges segments
according to the rate and dip of the slab
subduction.
The first phase of the study is focus on
the Andean chain, the objective is to quantify the
evolution of the Andean range with
thermochronological method, to constraints the
period of deformation in the belt. The first field
campaigns for collecting the samples in the chain
have been done and we wait for the first results.
In the second part of the study, we will interest in
the foreland tectonic evolution through the two
massif that constituted it: San Bernardo and
Deseado Massif. We will try to date the tectonics
phases by using different approaches including
structural geology and absolute dating of ore
deposits ((U-Th)/He on iron oxides) and on
calcite (U/Pb ablation).
This thesis is included in a bigger project
do in collaboration with the University of Padova
(Italia), where a PhD student start to conduct a
source-to-sink analysis of the San Jorge Basin
(structurally surrounded by the two massifs of San
Bernardo and Deseado), and a structural analysis
of the San Bernardo supposed to be a fault-and
thrust belt structure.
The aim of this project is to compare this case the
northern flat slab sector and discuss the existence
of correlations between surface processes and
deep geodynamic evolution.

Andean Chain, Patagonia, foreland, thermochronology, iron oxides, deformation
propagation.
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Introduction
Various reported geological events have shown that
landslides involving volumes from a few thousand of cubic
meters to several cubic kilometers can happen near
coastlines [1,2]. These events may lead to tsunami waves
with significant amplitude with potential important damages
to infrastructure and populations located on or near the
coast. Despite this important hazard, these events remain
poorly understood and difficult to model, leading to a very
approximated estimate of the associated hazards. While the
generation of tsunamis by a solid block has been widely
studied since the 1970s [3], more realistic modeling requires
considering the granular nature of the landslide. The collapse
of dry or immersed granular media has been widely studies
during last decades in various situations [4]. However, the
collapse of dry granular into water complicates drastically the
situation [5]. This problem is mainly due to inaccurate
modeling of generation of the initial wave. In particular, it is
necessary to finely describe the entry of the landslide in water
and the interactions that lead to the generation of the
impulse wave. We look here at the water wave generation by
the collapse of an initial vertical granular column in a smallscale laboratory experiment [6].

wave. This allows us to look at the energy transfer between
falling grains and water.

Results
Our experimental results show that the volume of the
generated leading wave is about proportional to the
volume of grains impacting the water surface, and that the
wave energy is only a few percent of the grains energy, with
thus a large dissipation both in the granular flow itself and
in the grain/fluid interactions.
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Introduction
In the region of Tahoua (Niger), which is part of the
Basin of Iullemeden, the deep multilayer aquifer system of
Continental Intercalaire - Continental Hamadien (CI-CH)
represents an essential reserve for the drinking water supply
and livestock watering, because of the poor quality and very
low flows of shallow groundwater. Despite some classical
hydrogeological studies, this system remains poorly known,
particularly with regard to the distribution of the different
water bodies and their residence/renewal times. This study,
mainly based on a geochemical and isotopic approach, aims
to improve knowledge on the CI-CH system in order to
optimize its sustainable management.

Data and Methods
Data were obtained from geological maps, and datasheets of drilling, pumping and logging test. In addition,
water samples were collected from 30 boreholes regularly
distributed over the study area (114 425 km2). Some
parameters (pH, t and EC) were measured in situ and the
samples were sent to the GEOPS laboratory where
chemical (major ions) and isotopic (stable isotopes in water,
14C, 13C) analyses were performed.

precipitation, which does not significantly contribute to
recharge. This is in agreement with groundwater "ages" (5
to 36 ka) calculated from 14C contents (1 to 57 pmC),
which are also in good agreement with piezometry (Fig. 1).

Conclusion
The deep aquifer system of CI-CH is homogeneous by
its piezometry, which is continuous on the whole studied
area. This indicates that pressures are in equilibrium
between the different layers of the system. However, the
geochemical features show noticeable differences between
the southern part, where the CH layer is present, and the
northern part, where it is absent. Thus, water exchanges
between the different layers are very limited. In all these
layers, groundwater is old (> 5ka) and was recharged under
a cooler climate than at present. Probably, it is largely
inherited from the "African Humid Period" (~15-5 ka) and
should be managed as a fossil resource.

Results
From geological cross-sections, the CH layer is
present above the CI layers in the southern part of the
region but not in the northern part. However, piezometry is
continuous over the whole region. In the northern part, the
flow lines are directed from the CI outcrops (east) to west
and in the southern part, from the CH outcrops (east) to
south-west (Fig. 1). Stable isotope contents of water (vs VSMOW) range from -8 to -7 ‰ for 18O and from -59 to 48 ‰ for 2H in the northern part (CI) and from -6 to -5 ‰
for 18O and -51 to -41 ‰ for 2H in the southern part (CH),
showing two different water masses. All these values are
much lower than those corresponding to present-day

Fig. 1: Piezometric contours of the CI-CH aquifer and 14C "ages"
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Introduction
Industrial dusts are commonly agglomerated using
empirical recipes with binders such as bentonite, while
Sludges are agglomerated into mixes. Those materials
contaminate the products, are expensive and generate
significant amounts of slag in the furnace. Achieving cold
dust agglomeration with little or no binder requires
understanding the controlling parameters in order to
predict and optimize the process behavior. This in turn
necessitates comprehensive dust characterization to base
predictions on measurable characteristics. In the present
work we collected 13 Mn-rich dusts over all the process
chain: feed fines, smelting, and refining dusts, as well as
ferromanganese alloy dust. This is the first systematic study
of dusts along the Mn-processing chain for chemical,
physical and mineralogical parameters.

tectosilicates and carbonates with volatiles, while the
refining dusts present only oxides and metal. Finally, the
Metal dust is nearly pure metal. Particle morphologies and
PSD vary from jagged, irregular particles with broad PSD
(>1 mm to <0.3 µm) to smooth and spherical with narrow
PSD (100 µm to <0.3 µm). The Metal dust is an exception
with angular particles. The Cationic Exchange Capacities
(CECs) of all samples range from 0 to 22 meq/100g.
Specific surface areas (SSAs) range from <0.1 to 27m²/g,
and seem to decrease from ore feed to Metal dust. This
may be due to the disappearance of hydrated and/or sheetbearing minerals, since a smaller grain size usually implies
an increased SSA. The zeta potential strongly varies over
the range of the tested samples. However, beside the
Gabon ore which has an Isoelectric Point (IEP) ~ 4.1, the
other IEP ranges between 2 and 2.5.

Data and Methods
Samples were analysed for their bulk chemistry, using
X-Ray Fluorescence, Combustion and Loss on Ignition
(LOI). Their mineralogy was investigated using X-Ray
Diffraction and Qemscan® characterization. Laser
granulometry was performed to obtain their Particle Size
Distribution (PSD). The Specific Surface Areas was
analyzed using the Brunauer-Emmett-Taylor (BET)
method, and the surface electrostatic properties were
observed with Cationic Exchange Capacities (CEC) and
zeta potential.

Results
X-Ray Diffraction, Qemscan® and laser granulometry
analyses show that the mineralogy, Particle Size
Distribution (PSD) and morphology evolves from complex
heterogenous to simple, homogenous along the process
chain: The mineralogy of the primary ore dusts shows
various hydroxides, oxides, carbonates, tectosilicates and
phyllosilicates. The furnace dusts contain oxides,

Conclusion
From previous studies, it is known that feed material
dusts, with intrinsic properties close to those of binders,
agglomerate better than process dusts. It may hence be
interesting to test the process dusts as additives mixed
into the feed material to fit specific agglomeration
requirements.
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Introduction
The main part of this thesis deals with solving
a problem of the Planetary Fourier Spectrometer
(PFS), an instrument on board the Mars Express
mission (European Space Agency) which generates
Mars spectras. These show noise caused by microvibrations from other instruments onboard the
satellite. These “ghosts” were removed in the past
by averaging multiple spectra. The objective now is
to remove them by blind deconvolution, meaning
the estimation at the same time of the clean Mars
spectra (which is smooth) and the vibration kernel
signal (which is sparse). This is done with an
Alternating Minimization (AM) method that
encompasses two steps, one for estimating smooth
signals and the second for estimating sparse signals.
A second part of this thesis is designing the
two algorithms and applying them to separate
geological problems for validation. In these cases
the deconvolution is not blind anymore since at
least one of the convolved signals is known,
therefore the problems are easier to solve. For the
smooth signal estimator, the Water Residence Time
(WRT) of a hydrological channel needs to be
estimated. This WRT is the impulse response curve
of the channel to an input of measured rainfall
events. The aquifer level measurements variation
caused by the rain, the output, is also known. For
the sparse signal estimator an application in
seismology is envisioned.

Data and Methods
For the WRT estimation, the direct model is
expressed in the form of an inverse problem with
regularization. The solution is itself an AM

algorithm that estimates both the WRT curve
(through a projected Newton algorithm) and also
the mean aquifer level.

Results

In the above Figure we present an estimated
WRT curve for real measurements from a site
found in Ile-de-France. Our method, AM, shows
a better reconstruction signal-to-noise ratio than
the classical method, the cross-correlation
(XCORR). An article is as of March 2018 in the
last revision stage for Computers & Geosciences.

Conclusion
The approach of using a regularized
inverse problem formulation for deconvolution
algorithms in Geoscience applications shows
promising results.
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Introduction
In the Athabasca Basin (Canada), exploration targeting
has been focused for decades on the intersection between
basement-hosted
graphitic
conductors
and
the
unconformity at the base of the Basin. Various recent
works have shown the importance of the structural control
that have acted both as channels and barriers, creating fluid
pathways and traps for fluid-rock interaction and uranium
mineralization (Abdelrazek et al., 2016; Benedicto et al.,
2017; Grare et al., 2017). Lessons learned from these
experiences show how important is the knowledge of (1)
the tectonic phases, (2) the geometry and architecture of
reactivated versus neo-formed faults, and the development
of their related fracture permeability, and (3) the fracture
infill characteristics to determine fluid phases, fluid origin,
pathways and traps in order to provide the structural guides
for exploration for high-grade mineralization beneath and
outside the Athabasca Basin.

Data and Methods
The macro- and microstructural analysis of
reactivated and mineralized zones will be performed on
different projects in order to (1) evaluate and compare the
common control parameters and variations of styles, and
(2) determine the structural footprint at different scales
from the deposit to the scale of the Athabasca region. The
work at macro scale will comprise construction of detailed
crossed-sections through mineralized fault systems using
new drill logging, specific structural data and detailed
macroscopic observations of drill cores. Microstructural,
petrographic and mineral chemical analysis will be part of
the microscale work along with geochemistry and
geochronology.
This work will be performed on three properties
owned by Orano Canada. One is locating in the southeastern part of the Athabsaca Basin, the second in the
north-eastern part, and the third in the western part, in

order to compare the deformation processes and the
mineralization at the provincial scale.

Results
Regarding the results, one or more gitological model
will be produce with paragenetic sequence, 3d model, and
the structural evolution associated.
The methodology developed during the project will
be proposed to ingrate the workflow of the exploration
campaign. The final objective is to provide the structural
guides for exploration for high-grade mineralization
beneath and outside the Athabasca Basin.

Conclusion
The work along parallel fences on selected projects,
coupled with microstructural and chronological analysis
of texture/alteration/mineralization relationships, will
constrain fracture-related permeability pathways for fluids
related to the genesis of the unconformity-type deposits
of the Athabasca region. This project will define a
workflow for the qualification of the microstructural
footprint of the mineralized zones that will be
reproducible and integrated within all exploration projects
within the next 3 years.
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During the last decades, urban growth
led to the release of a complex mixture of
contaminants in the environment. Erosion of
contaminated lands as well as urban runoff on
impervious surfaces bring these pollution to
streams and rivers. An understanding of the
global pathways of pollutants through the
different compartments at a watershed scale is
the key leading to an effective pollution
management.
In this context, my project focuses on
two types of contaminants: inorganic
pollutants such as trace metals, and organic
pollutants
with
Polycyclic
Aromatic
Hydrocarbons (PAH).
The study takes place in the Orge River
catchment (Le Pape, Ayrault, & Quantin,
2012), situated in the Essonne department
(France). This watershed presents a strong
urbanization
gradient
upstream
to
downstream, over a relatively small area (900
km2). Moreover, it integrates all types of land
use (forest, agricultural and urban) and
represents well the complex urban pressure.
The fieldwork consists in collecting water
and suspended particulate matter (SPM) at
four sampling sites placed along the river and
soil samples representative of both soil types
and land uses. Water and SPM were collected
at different periods over the year to cover
hydrological variations with high and low
waters as well as storm periods. In addition,
atmospheric deposition of contaminants is
monitored by collecting rainfall samples.
Multiple analyses were done on both
dissolved and particulate samples to measure
major and minor elements, trace metals and
lead stable isotopes, together with PAHs.
Radionuclides were also measured to

determine residence time of suspended
particulate matter in the riverine. Moreover,
PAH molecular ratios are also determined to
infer their behavior and sources.
Eight sampling campaigns have been
done from June, 2015 to January, 2017. The
results show a clear influence of urban areas
on trace metal pollution and PAH pollution
from upstream to downstream with higher
concentrations in SPM. Moreover, road
runoff is evidenced as the major lead
contamination source downstream and seems
also being a strong potential source of PAH
contamination. Furthermore, transfer time of
particles to the river is related to landuse as the
proportion of recently eroded particles
increases in urban areas. Finally, this
integrative study defines the spatial and
temporal pattern of the pollution sources and
transfer processes in the catchment.
Keywords: pollutant transfer, PAHs,
trace metals, urbanization gradient
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Introduction
The Indian Monsoon makes part of the Global
Monsoon System. Due to opposite summer and winter
temperature gradients between continent and ocean, it is
characterized by a seasonal shift of prevailing winds and
precipitations. During boreal summers, the winds blow
northeastward and carry plenty of moisture from tropical
ocean that cause strong precipitation on the Indian
Subcontinent. During winters, the wind direction reverses,
they blow from the continent to the ocean, and trigger a
dry climate. To understand the evolution of monsoon
climate in the future, it is important to improve our
understanding of the monsoon dynamics in the past. In
both the present and the past, it is well known that the
oceanographic characteristics of the Bay of Bengal (BoB),
located in the northern part of the Indian Ocean, are
determined by the monsoon activity. However, in this area,
most of the paleoclimate studies aim to reconstruct
precipitation patterns, while a very few focus on the
potential changes in wind stress. In this study, we aim to
reconstruct both, changes in precipitation and wind
patterns over the Last Glacial Maximum (25 ka), based on
coccolithophore assemblages from well-dated sedimentary
cores retrieved in the BoB. Indeed, the production pattern
of this phytoplankton group is closely related to the
dynamic (depth) of the nutricline, i.e. to the stratification vs
mixing of the upper sea water, and thus to the monsoon
dynamic.

Data and Methods
Preliminary results are based on the high-resolution
analyse of the coccolithophore assemblages observed on
the well-dated core MD77-176 (14°31’N, 93°08’E, 1375 m

water depth), located in the BoB. Coccolithophores are
important primary producers that inhabit the photic zone
with a vertical distribution depending on the amount of
light and nutrients. Therefore, when monsoonal activity
affects the depth of the mixing layer, it directly impacts
coccolithophore productivity. As an example, an increase in
wind stress results in a shallow nutricline and higher
productivity. More specifically, coccolith assemblages and
F. profunda abundances have widely been used as indicators
of Primary Productivity and particularly to monitor the
relative depth of nutricline. In this study, we used two
proxies so far:
N ratio=Rent./(Rent.+Fp) (Rent. is the upper photic
species and Fp is a lower photic species)
PP=617-[279*lg(Fp%+3)] (PP is primary productivity,
gC·m-2·yr-1)

Preliminary results and interpretations
It appears that PP significantly fluctuates over the last
25 kyrs (from 70 to 125 gC · m-2 · yr-1) with greater
magnitudes during the LGM. Interestingly, maximum PP
values are obtained during Heinrich Stadial 1 (17-15 ka) and
the Younger Dryas (13-11 ka). While minimum ones are
recorded during the BØlling/AllerØd (14 ka), which is
negative correlated with sea water oxygen isotope anomaly
from the same site. However, further investigations are
required (in the past but also in the modern oceanographic
settings) to relates this pattern to the winter and/or
summer monsoon dynamic.
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Introduction
How the volatile content influences the primordial
surface conditions of terrestrial planets and, thus, their
future geodynamic evolution is an important question to
answer.
Despite their similar sizes, the Earth and Venus have
very different surface conditions. Today, Venus’ surface
receives significantly less sunlight than the Earth due to the
albedo of its cloud cover. Thus, the distance from the Sun in
itself is an irrelevant parameter to explain Venus high surface
temperature.
Studying the thermal evolution of the Earth and Venus
starting from the magma ocean stage might help to better
understand what is the origin of these differences.

Data and Methods
We simulate the secular convective cooling of a 1-D
magma ocean (MO) in interaction with its outgassed
atmosphere. The last update of our atmospheric model
includes a true computation for the albedo accounting for
feedbacks between the evolving atmospheric composition,
the temperature and the incident stellar flux. We compare
the thermal evolution of Venus considering two endmember cases: either a thick cloud cover or no clouds.

Results
A first rapid cooling stage, where efficient MO
cooling and degassing take place, producing the
atmosphere, is followed by a second quasi steady state
where the heat flux balance is controlled by the solar flux.
The end of the rapid cooling stage (ERCS) is reached when
the mantle heat flux becomes negligible compared to the
absorbed solar flux.
Varying the initial CO2 and H2O contents and the
solar distance, it appears that the resulting surface

conditions at ERCS strongly depend on these parameters
and that water ocean's formation obeys simple scaling laws.
Clouds formation strongly increases the albedo of the
planet resulting in a strong cooling effect that might lead
to a rapid solidification of the magma ocean, in about
1Myr, and to the formation of a water ocean.

Conclusion
If a thick cloud cover develops over Venus surface during
magma ocean cooling and solidification, a primitive water
ocean has most likely be formed: as soon as the initial water
content is higher than ten percent of the current Earth
ocean mass. Venus’ proximity to the Earth, its high D/H
ratio and current planetary formation models strongly
suggest similar initial water contents for the Earth and
Venus of at least 1MEO. Thus, the Earth and Venus might
not be so different after the magma ocean phase.
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Introduction
The quality of geological reservoirs in one of the risk
factors for the future of development of subsurface
energy and gas storage and geothermal exploitation in
silicoclastic hydrological system [1]. Porosity and
permeability are important factors for the characterization
of reservoir quality. It is therefore important to better
integrate diagenetic processes and the fine stratigraphic
architecture into 3D geological models at reservoir scale
to characterize the dynamics and thermal behavior of
fluids. During this PhD, we aim to have a better
understanding of the facies, porosity and permeability
variability at different scales, and determine the influence
of the heterogeneity over the water flow in reservoirs. A
better understanding of those variabilities will limit the
geological risk during exploration.

Data and Methods
Data that will be used in this PhD comes in the form of
cuttings from geothermal wells, logged cores and outcrop
samples. Two geological rock types are studied.
Silicoclastic rock, represented by sandstones and
deposited in estuarine environments, and Dogger
(Bathonian [2]) carbonate rocks sampled in geothermal
wells (cuttings) constitutes the second rock type. They are
studied by using thin sections, SEM, laser granulometry,

XRD analysis and soon in a net-to-gross proportion and
CT scan. Then, a model will be created using samples data
in Petrel and Tough2 [3] [4].
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Introduction
The Andean volcanic arc originates from the
subduction of the oceanic Nazca plate beneath the
continental South American plate. In the northern Andes,
the Ecuadorian arc presents a large number of Quaternary
volcanoes, spread over a rather restricted surface area. The
origin of this volcanic cluster is not well understood, and
only a few chronological data older than the Holocene are
available to document its development stages. In this study,
we focused on two E-W transects across the northern and
southern terminations of the Ecuadorian arc. We present
new K-Ar geochronological data for volcanoes located on
these transects, as well as a comparison of their respective
magmatic productivity and erosion rates. These results
provide new temporal constraints for the arc development
and contribute to a better knowledge of the relationship
between the geodynamic context and volcanism in Ecuador.

Data and Methods
Around ninety lava flows and pumices were sampled in
the field to acquire new K-Ar age data. Both potassium and
argon measurements were carried out on groundmass or
glass shards in GEOPS laboratory (Orsay, France), by flame
and mass spectrometry. In addition, numerical
reconstructions of volcanoes flanks morphology before their
erosion have been performed. It allows us to estimate the
volume of emitted magmas and the amount of material
eroded by abundant precipitations and glacial-interglacial
alternating periods. Together with the radiometric data,
these volumes allow to quantify the magmatic productivity
rates of the volcanoes, as well as their erosion rates during
quiescence periods.

Results
Our new K-Ar ages show that the activity onset of the
southern termination of the arc is younger than 600 ka, and
contrasts with the 1 Ma old volcanoes located in the
northern part of Ecuador. A recent change of the slab
geometry at depth could favor partial melting of the mantle
wedge and magma genesis, and could induce a southward
migration of the volcanic activity.
The emission rates are rather similar for both
segments, ranging between 0.1 and 5.6 km3.ka-1. They do
not seem to be related neither to the geodynamic or
tectonic settings, nor to the age of the volcanoes. The
higher rates, obtained for volcanoes constructed over a
shorter period of time, probably represent sporadic
eruptive pulses, whereas lower rates calculated over longer
periods of time include quiescence phases. Finally, the
erosion rates range between 0.01 and 0.14 km3.ka-1. The
higher rates are obtained for young volcanic edifices,
whose activity ended recently, whereas the older edifices
extinct for a longer period of time display lower rates. We
propose that the former are eroded by a chemical alteration
process, while the dismantling of older volcanoes is mostly
influenced by physical processes such as glacial erosion and
rivers incision.

Conclusion
The onset of the Quaternary arc development
occurred around 1 Ma north of Ecuador, and migrated
southward, due to a geodynamic reorganization since
600 ka. Volcanic emission rates highlight that activity
pulses are separated by quiescence periods, which carved
the volcano morphology by different erosion processes
depending on the age and degree of weathering of rocks.
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Introduction
The ocean plays an important role in modulating the
amount of CO2 in the atmosphere and has been indicated
as the most likely origin of CO2 increase during the last
deglaciation [1]. In particular, the equator and the Southern
Ocean (SO) are among the main places on earth where
CO2 sinks or is released to the atmosphere [2] through the
upwelling and formation of water masses. The South East
Pacific is influenced by waters masses coming from both
the SO and the Equatorial East Pacific (Figure 1), making it
a key area to understand past changes oceanography and in
climate.
Two poorly studied issues in the area are the
distribution of deep and thermocline waters, both in
the past and the present. To help understand this issue, we
will obtain 14C dates in benthic and planktic foraminifera as
a proxy of water mass ventilation, along with a proxy to be
determine (possible oxigenation) to understand both
changes in circulation and storage of carbon in the ocean
since the last glacial period.
Another important issue in the area, especially when
using 14C as a proxy in marine cores, is having good
chronologies to improve the possibilities of correct
interpretations and correlation of the data. The active
volcanism and explosiveness in the Andes makes it a
potentially good way to improve chronologies in the area
by
obtaining
marine
reservoir
ages
using
tephrochronology [3]. This project also aims to improve
the data base in the area in order for tephrochronology to
be a more wide spread chronology tool in the region.

Figure 1 Water mass distribution in the South East Pacific and
studied cores position. AABW: Antarctic Bottom Water, UCDW:
Upper Circumpolar Deep Water, LCDW: Lower Circumpolar
Deep Water, AAIW: Antarctic Intermediate Water, ESSW:
Equatorial Subsurface Water, PDW: Pacific Deep Water.

age on land and of the foraminifera in the core results in
marine reservoir ages in the area. The 14C dating will be
done depending on the available dating material with
ARTEMIS or MICADAS instruments in individual benthic
and planktic species.

Results
So far, we have identified ten glass shard peaks in the core.
According with the stratigraphy given by δ18O in planktic
foraminifera G. bulloides five of them correspond to the
deglaciation and five to the Holocene and are fairly
consistent with nearby core MD07-3100 (41°36’S, 1609 m).
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Introduction
The objective of the scientific project CLAYCOAT CLAY
COATing in shallow marine clastic deposits to improve
ese voi uality p ediction is to establish the origin,
nature, and spatio-temporal distribution of clay
precursors in a well-constrained stratigraphic and
sedimentary framework. The first phase of this project is
the study a modern mud-rich estuary characterized by
the presence of a Turbidity Maximum Zone (TMZ, few
tens of g.l-1), the Gironde estuary (SW France).

Data and Methods
All tidal bars, point bars and mid-channel bars have been
sampled (surface sampling) from the Bay-line to the
estuary mouth along a 150 km long transect, during low
and high-river stage. Surface sands have been sampled in
trenches during low-tide slack-water, less than 6 hours
after the deposition of sandy ebb dunes. In addition, 9
boreholes were drilled with a total recovery of 50 m in
order to assess the evolution of vertical facies
associations. Within studied sands bars, fine fraction (<2
µm) is not negligible and accounts for 16 wt. % of the
sediment on average. This fine fraction is composed of
quartz, carbonate, muds and clays. The clay mineral
associations are made of kaolinite, chlorite, illite and
smectite. Optical and scanning electron microscopy show
the existence of anisopachous sand grain coats,
composed mainly of illite, smectite, a mix of smectite and
chlorite or illite and chlorite, associated with diatoms, siltsize grains, and coccolithophorids. Coats are partially
developed on most grains (10-30 % of sand grains
surface) forming ridged, bridged, drapes or clumped
textures, and rarely continuous clay drapes.

Results
In surface samples, twenty-eight percent of detrital grains
are coated, on average, along the estuary. Sand grain
coats are mainly located in heterolithic tidal bars from the
Gironde inner estuary funnel (25 % of sand grains are
coated on average) and in estuarine heterolithic point
bars from estuarine channels (34 %). Lowest percentage
is located downstream in the Gironde outer estuary
funnel (8.5 %).
Distribution of sand grain coats fits quite well with the
position of the TMZ, where most of the suspended clay
flocculate. The TMZ is centered on the estuarine channel
during low-river stage and on the Gironde estuary funnel
during high-river stage. The presence of diatoms within
clay envelopes indicates a possible role of Extracellular
Polymeric Substances (EPS) possibly produced by diatoms
in the aggregation of clay minerals around quartz. Sand
coats may also be derived from infiltration of turbid water
within sand-dominated sediment.

Conclusion
As a conclusion, detrital clay coats have been observed
around detrital grains with a mean grain size of 315 µm.
Coats have various textures and compositions, and their
distribution seem to be correlated with the TMZ position
in the estuary. Diatoms biofilms may have a key role in the
attachment of clay particles around detrital grains.
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Introduction
Particulate organic matter (POM) transported by
rivers is a mixture of carbon derived from the lithosphere
and
the biosphere
(radiocarbon-dead
POCpetro)
[1]
(radiocarbon-enriched POCbio) , and can originate from
allochthonous sources like soils, waste water and
sedimentary rocks, autochthonous production of
phytoplankton, and from in situ production from dissolved
organic matter by physico-chemical and biological
processes. The processes such as mineralization,
disaggregation and sedimentation determine the role,
behavior and fate of the POM in the aquatic ecosystem.
Available information on these sources and processes is
mostly qualitative in nature, quantities involved information
are needed to understand the role and fate of POM in the
aquatic ecosystem. Moreover, although the hydrodynamic
sorting processes at play in large river channels can
provides novel information on the dominant processes
controlling the POM[2], they have been neglected by
previous studies essentially based on suspended sediment
collected at the channel surface, mid-depth, or using depthintegrating sampling methods. In addition, human activities
such as deforestation and damming are likely to affect
greatly the source, fluxes, and fate of POM (river
metabolism) in large Chinese rivers (Zhujiang, Changjiang,
Huanghe, and Heilongjiang). The aim of this task is to
couple elemental and isotope composition of biologically
important elements (C, N, S) to probe the sources of POM
and the dominant processes regulating riverine metabolism.

Methods
The POM will be collected from river sediment depthprofile in time series to study the mode of POM transport
during fluvial processes. The C, H, N, S, O and P
abundance and ratios of would provide fundamental
information on organic matter (OC) sources and cycling in
river water. Multiple isotope signatures (13C, 14C, 15N, and

34S)

will be used to trace the sources and biogeochemical
processes that affect riverine POM along its transportation
process. It will be particularly interesting to examine the
influence of mean air temperature on the age of POCbio
along the climatic gradient formed by the four largest
Chinese rivers. 14C will be used to distinguish between
petrogenic and modern carbon.

Purposes
In this task, we want to know distribution pattern of
POC along depth profile for the four large rivers in China,
like Figure 1. Sources, fluxes and fate of POC will be
explored. We will estimate and calculate fluxes of POCbio
and POCpetro, and the age OCbio at the watershed scale.
Climate and geomorphological variability as well as human
activities that greatly affect the condition and
transportation process of POC will be investigated.

Figure 1 Transport of POC in the Mackenzie River. a,
Al/Si with river depth. b, Radiocarbon activity of POC
(Fmod) versus Al/Si for some large rivers[1].

References
[1] Hilton et al. Erosion of organic carbon in the Arctic as a
geological carbon dioxide sink. Nature, 524(7563), 84, (2015)

[2] Bouchez, et al. Source, transport and fluxes of Amazon
River particulate organic carbon: insights from river
sediment depth-profiles. Geochimica et Cosmochimica Acta
133, 280-298, (2014)

Morphometrics evidence of glacial features in martian
highlands: Dawes crater.
Axel Bouquety 1
Antoine Séjourné 1
François Costard 1
Sylvain Bouley 1
GEOPS-Géosciences Paris Sud, Université Paris-Sud, CNRS, Université Paris-Saclay, 91405 Orsay, France.

Thematics : Geomorphology
Keywords : Morphometry, Dawes, Glaciation, Valley, Mars.

Introduction
The presence of branched valleys similar to Earth [1] and phases
of clay alterations [2] show that during the Noachian (4.5 to 3.7
Ga) a hydrosphere was active on the surface of Mars with relatively
warm condition. Nevertheless, in recent years, several studies seem
to tend towards a new cold model. Firstly, a planetary geodynamic
model showed that the formation of the Tharsis dome caused the
tilting of the planet without changing its axis of rotation [3]. Thus,
the valley networks that were parallel to the equator are now in a
southern tropical strip between 0° and 45°S [3].

crater Bakhuysen valleys. When we compare trends in graphic
(A) with graphic (B), we can see that crater Bakhuysen
morphologies are similar to fluvial crater valley describe by [11].
Then the most interesting is that crater Dawes morphologies are
following the trend of the Martian glacial valleys described by
Hobbs [11] which are relatively short and wide valleys.

Data and Methods
To identify features, we used data from the Context Camera (CTX;
6 m/pixel) and to measure their geometry, we used data from
High-Resolution Stereo Camera (HRSC; 10 m/pixel) with
ArcGIS. The study area is located between 0° and 45°S where we
tried to identify patterns of the glacial procession, especially glacial
valleys and cirques. To characterize the valley, we used terrestrial
valleys parameters like the « cross-section Law », glacial U-shapes
VS V-shapes [6]; power laws [7,8]; width, length, depth, cumulative
volume, elevation and the drainage area [9,10]. To characterize
cirques, we use terrestrial cirques patterns like width, length,
3
altitudinal range and the cirque size ( √𝐿𝑊𝐻 ) [12]. Then, we
studied the statistics by relating the parameters to each other and
compared them with terrestrial and martian morphometric valley
studies to deduce the erosive agent, namely water or ice. This new
method allows us to compare all terrestrial and martian
morphometric characteristics in the same way.42 valleys and 70
cirques were identified in Dawes crater (37°7’5.387’’E;
8°59’29.441’’). Following [11] that studied of 71 valleys, we have
increased the number of parameters studied.

Morphometrics comparison
First we made a Mars/Mars comparison between [11]’s
results, Bakhuysen’s fluvial morphology [13] and ours. Then a
Earth/Mars comparison between [6,7,8,9,10,12]’s results and
ours. We compared measurements between our study and
Hobbs study (Mars/Mars comparison) (Fig. 1). Graphics (A)
shows two trends. Crater Bakhuysen morphologies are much
longer and wider than crater Dawes morphologies. Those ones

are clearly wider than longer and are generally shorter than

Conclusion
This study allows us to create a new way to characterize
Martian glacial valleys by a morphometrics analysis. In this study,
we identify 77 cirques and 42 glacial valleys in Dawes crater.
Morphologies studied have same morphometric characteristics
and trends than terrestrial cirques and glacial valleys and Mars
glacial valley. To conclude, that study strongly support glacial
erosive agent at the origin of crater Dawes morphologies.
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The isotope ratios of C and O on Mars record
important information about the past
atmosphere evolution of the planet. 13C/12C
and 18O/16O in the modern Martian
atmosphere have been measured by multiple
planetary missions. Martian meteorites are
the most important isotopic composition
indicator for the early Martian atmosphere. In
this work, a 3-D Monte Carlo Model is built
to investigate isotope fractionation of C and
O during photochemical escape. Ionosphere
and thermosphere structures for 1, 3, 10, and
20 times the present solar XUV flux,
corresponding to solar activity levels at 2.5,
3.8, and 4.1 Gyrs ago, are considered in this
model. Preliminary results show that the
fractionation factor for 18O relative to 16O is
constant ≈0.65, while that of 13C relative
to 12C varies from 0.5 to 0.8 with increasing
solar XUV flux.
To make the observed C and O isotopic
ratios consistent with the values of δ13C=46
(VPDB) and δ18O=48 (VSMOW) from
Curiosity, our model suggests that
≈40 mbar CO2 and ≈180 mbar H2O have

been lost to space due to DR-induced
photochemical escape. Such estimates are
lower limits because other important loss
mechanisms such as photodissociation,
sputtering, carbonate deposition for C, and
iron oxidation for O, are not considered.
Besides, the present C isotopic ratio in Mars
atmosphere could be dominated by the
contribution of CO2 released to the
atmosphere through volcanism or polar cap
sublimation during the period of DR-induced
escape.
Based on the D/H isotope fractionation
factor observed by Curiosity, >120 m GEL
of water could have been lost, but most of the
oxygen sink could have been iron oxidation
(e.g. through serpentinization of the crust).
Based on estimates of volcanic outgassing
rates, >400 mbar CO2 could have been
released into the atmosphere, but most
carbon loss could be due to carbonate
formation in subsurface hydrothermal. Our
results provide a preliminary estimate of the
contribution of non-thermal escape to Mars
atmosphere evolution.

