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Introduction OO  scernSsee

GEothermies
e Since 70s the Geneva Basin is a key area in the Swiss Plateau for GECOS
active subsurface exploration (0&G 60s — 80s then Fundamental Geothermal Energy
Physics LHC 70s — 80s and since late 90s later Geothermal) S
e Exploration activities are driven by the Geneva Industrial Services heatsiore
(SIG) and the Canton in synergy with UNIGE and local s s
service/consultancy providers and lately by CERN FUTURE _
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Content Q@ SCCER S So

e Why should we be interested about subsurface geology ? GEothermies
— General context & the FCC project GECOS

Geothermal Energy
Chance of Success

e Geological time & the evolution of the geological
landscape through time heanre
— From Carboniferous to Quaternary

e What next ?
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Why should we be interested about subsurface geology ?

GENERAL CONTEXT & THE FCC PROJECT
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FCC TRAJECTORY in the orographic context
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Top Molasse

Mandallaz

Top Cretaceous limestones
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FCC interval of intrest
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PERIOD / Epoch / Age | Synthetic log Major events | Reservoirs | Seal | SR
; Sin Pleistocene
QUATERNARY |- - glaciation L]
Z Sy Plio - Miocene
____ tectonic ;
w o '
. S 7 pine  —— | -
'C\ID i Oligocene e orogenyand ‘b Moscariello, 2019
= - = foredeep ] -:| I
' g development o FCC tunnel focus on the “150 -
= [ ' 250 m” deep range which is too
» _ Eocene\ Eo— X e deep for typical shallow
r 3 Barremian L hydro&geology (<100 m) but too
g Hauterivian I [ shallow for current geothermal
= Valanginian . >
L € I exploration effort (> 500 m)
o Berriasian
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Geology of the Geneva Basin and neighbouring France

GEOLOGICAL TIME & THE EVOLUTION OF THE
GEOLOGICAL LANDSCAPE THROUGH TIME
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GENEVA BASIN BORNES PLATEAU
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Tectonic map of the Alps iz

S.M. Schmid, B. Fugenschuh, E. Kissling and R. Schuster
Graphics : S. Lauer

Various units:
i Pilo-Flelstocene (Po-plan, Pannonan basin)

2 Tacsury covar in general (Mclusse, Rhine Geaben, infrarscntane bosine)

F Cligo-Miozene post-4ecionic covr on Ligurian Alps and Agennine)
- Gosau beds (Late Cretaceous 1o Palecg Ao
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Austroalpine Nappes:
Northern Calcareous Alps and (Upper )
- Juvavic nappes (Mesozoic cover)
- Trolian nappes (Mesazol: covert
- Bavaran nappes (NGsazoi: cover|
"

graphic base of Tholan rappes)

Upper Austroalpine basemnent nappes:
!_J Mesazoks cover of Upper Austroalpine basement nappes

DeBuzug-Gurkia napgs syssm
{Tonale seres, Stenach nappe, basement of Drauzug, Gurktal nappe, Geaz Paleazok)

Otatal-Bundschuh rappe sysiem
- {Otztal and Bum&ﬁw;l

Koraipa Welz high pressure nappe system
| {Schneebergzug, Milstatt. Waiz, Saudipe-Koralpe crystaline unks)
21| Siwetty-Seckau nappe system
| {Campo-Sasverea-Siveatta nappes, Qi g, Seckau, Vg Nappas)
Lower Austroalpin nappes.

T Lownr Acstroapins napoes (£, Err-Berming nagpes, Radstitter Tausm, Wectas! nappe)
% Nappes derved from Margna-Sesia fragment {(Margra-Sela, Sesa Dent Blanche nappes)

Penninic nappes:

Upper Penninic nappes (Pledmont-Liguria ocean):
- South-Pernivic ophioktes. Bundnerschisfer or Schistes Lustrés,
Nigpos Supbrmutys des Priokws, Helmnthad fiysch and Mstret médungs

Middie Penninic nappes (Briangonnais terrane):

- Sadimentary caver of Mddie Panninic basement nappes

- Mdde Perninic basement nappes.

A Deswchut Middle Panvinic cower rappas ("Sub-Briwgoaneais® snd Brigngonmis’)
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lanr Punnisic sappes (Vilsis ccean):
T Tortory fysch sawing Lower Perrini; accretiansry prism (Cheval Noir Flysch)
u Nortn-Pennisic ophioltas and B4 {inchating fyscn)

Sub-Penninic nappes (distal European margin):

- MGS020K Cover of SUD-PRNninic basemaent nappes (inckading cover of “Gotthand Massir™)
MNon-ecioghic Sub-Perninic basement nappes (ncluding *Gotthard Massif”)

| Eckogiic Sub-Penniic basament unis

Northern Alpine foreland and Helvetic nappes:
- Hetvetic and Utraheheic rappes linchating Combeynot and Tavetsch "Mossés™)

| Deformad and pa - Teriary cover
of the narthem Alpiee fomland (inclusing the Jura uomf
| Undeformed pre-Tertiary cover of the Northem Alpme forstand
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Geological cross section at the crustal scale — Western Switzerland
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Carbonifere Supérieur (300 millions d’année
Depots continenteaux, fluviatiles, lacustres (charbon,
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Late Carboniferous landscape in Switzerland;
equatorial river systems, generated from ancient
Variscan mountains in the south.

Wet alluvial plains with lakes and
marshes were a common feature of
the landscape 300 million years ago.
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Eastern Kentucky, USA
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Hydrocarbons occurrence
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Typell Lower Jurassic ~ Permo-Carb
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Upper Jurassic (150 million years)
Shallow marine deposits: reef limestone, lagoon
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Thecosmilia sp.
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Upper Jurassic coral reefs today
Fort I'Ecluse, 1225 AD
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Crétacé inferieur (132 — 96 millions'é’années)

Dépbts marins peux profonds: calcaire@g?gfég calcaires et ma
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| 132 — 96 MiIn — Lower Cretaceous
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dalites »: sediments formed under
influence of tides in coastal areas.

Persian Gulf

Molasses
010 Gréssctroltiues
ok, mameu dola R

~100 Calcaires urgoniens auct

2 JUrgonien jaune auct

Formation de la
Chambotte inérieure.
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U E

~20 Calcaires de Tabalcon
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formations
Iithologiques
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- % Late Upper Cretaceous: An extensive
o carbonate platform.
This interval in the geological history of the
Geneva Basin is known as the “Urgonian”.
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Section through a carbonate platform
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40 MIn — Eocene:
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formations
Iithologiques

24 Calcaires 4 entroques
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Saléve “siderolithic sandstone”: with
different colors (ochre, yellow and
white), it was mined for several
centuries from the 5th century
onwards for a variety of uses
(weapons, tools, mortar, house
plaster and glass).

Little is known about its origins, but
it is likely to have been deposited by
large aeolian dunes.

Today, very little remains at the
surface but...
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Karst at the top “g
Cretaceous Imst

Exemples form the Rumilly Basin
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PERIOD / Epoch / Age | Synthetic log

KARST sy |

Oligocene

Something to avoid

CENOZOIC

Eocene

Barremian
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Valanginian

=
o
Ll
=
=
[N
o
()

Berriasian

Water inrush through the end wall of the Pasar Rakyat station box from a network of karst features
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Oligocene - Miocene (28 - 12 million years)
Continental (fluvial and Iacustrlne)\and coastal deposits: conglomerates,
sandstone, clay (Molasse)
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28 MiIn - Oligocene
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Aare Massif Thrust front Swiss Molasse Basin Jura Mountains
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Strati- |zones

lithostratigraph
arapry [0 st " ererbeamall  The Molasse

9.7 Ma
o
f =
E5|vme

I—BiO- N Molasse Basin s

OsSM )
Upper Nickel ppm
Freshwater o 200 aoo

Molasse o

GEO0-01

100—1.500 m

OSM =200
Upper
Marine
Molasse

100—1.300 m ao0o0

g
GRAY
MOLASSE

600

IQwer Mlocepe middle  |upper

[ Riverandlake [ Lacustrine carbonate
Il Vud B Gypsum

[ sand [ Mesozoic substratum

USM
. Lower
MP28 Freshwater

Molasse 1000

100—4.000 m

Chattian

1200

GENEVA BASIN

Oligocene upper

RED MOLASSE , )
1400 The literature credits de

Saussure (1779-1796) with
introducing the word Molasse.

lower
Rupelia]

Key B freshwater limestone Studer (1825) and Merian |
marl _ (1836, 1838) defined the |

sandstone (continental) . . i .

— —| sandstone (marine) stratigraphic succession that is |
E—! conglomerate still used today. |
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http://plongeesanssel.com/reposoir--ge-.html

)

traces of quarrying are clearly visible:
from the digging of a dividing line to
the cutting striations.

_\;‘Iasse outcrops,/at the bottom of
Lbc Léman (Reposoir)
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Wolhusen (Kleine Emme River), UFM

é’tacked fluvial sandstone interbedded with fINQo\d,pI,ailn shal‘es
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THE ICE AGE
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Chronostratigraphy

In the Geneva basin and neighboring
France, only two major glaciations
are recorded
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Chronostratigraphy

In the Geneva basin and neighboring
France, only two major glaciations
are recorded
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Drumlin field
Retreating Kettle
glacier lake

Recessional
end moraine

Karnes

Ground moraine

[#swissuniversity.ch

End moraine

Avoidincorrect exposures by taking meterreadings before

Cm

Grain Si;




Improving the understanding of the geology Geneva basin and neighbouring France

WHAT’S NEXT ?
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FAULTS AND FOLDING IN THE GENEVA REGION
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Clerc and Moscariello, 2020

3D Geological
model

2=\ UNIVERSITE

[#swissuniversity.ch %29 DE GENEVE



~ The result of the in

|
» \'\\\ W

- processes linked to:t

>

fo 3
2Baa
IRy

4

. ; ; ¢ UNIVERSITE
[#swissuniversity.ch DE GENEVE




Partie méridionale
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Continuous effort to improve the geological model
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Conclusions

e The knowledge of the 300 mIn years-old subsurface geology of the Geneva Basin has
tremendously improved over the last 10 years.

e This provides a great benefit for the design and execution of large infrastructures
such as the FCC.

e Still, areas of high geological uncertainties exist and will be addressed by further
investigations aiming at improving the reliability of our subsurface geological model.
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