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OBJECTIVESOBJECTIVES

�� investigate the investigate the petrophysicalpetrophysical, , microstructuralmicrostructural and and geomechanicalgeomechanical

properties of the properties of the ““OolitheOolithe BlancheBlanche”” formation, a deep saline aquifer in formation, a deep saline aquifer in 

the center of the Paris basin and a possible target for CO2 the center of the Paris basin and a possible target for CO2 

sequestration, and also for geothermal production,sequestration, and also for geothermal production,

�� make the link with the make the link with the sedimentosedimento--diageneticdiagenetic environment, by environment, by 

conducting an integrated study involving researchers in differenconducting an integrated study involving researchers in different fields t fields 

–– rock physics, rock physics, geomechanicsgeomechanics and and sedimentologysedimentology,,

NB: regarding the scarcity of core data available, the study is NB: regarding the scarcity of core data available, the study is focused on focused on 

field analogsfield analogs retrieved in quarries located in the southretrieved in quarries located in the south--eastern part of eastern part of 

the Paris basin, in Burgundythe Paris basin, in Burgundy..
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TheThe Oolithe Blanche formationOolithe Blanche formation

•• age: age: middle middle jurassicjurassic ((BathonianBathonian , ~, ~--166 M.y.)166 M.y.)

•• depthdepth : : 0 m to 1900 m0 m to 1900 m

•• thicknessthickness :: 70 to 80 m70 to 80 m

•• outcropsoutcrops inin thethe WesternWestern and Easternand Eastern part ofpart of thethe basinbasin

GEOLOGICAL BACKGROUNDGEOLOGICAL BACKGROUND
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3 3 quarriesquarries inin Burgundy Burgundy 
were investigatedwere investigated ::

Site A : Site A : MassangisMassangis

Site B : RaviSite B : Ravi èèresres

Site C : BierrySite C : Bierry --llèèss--
BellesBelles --FontainesFontaines

GEOLOGICAL BACKGROUNDGEOLOGICAL BACKGROUND
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Isolated platform

Epicontinental platform

Ramp (10-100 km)

165 millions years ago, Paris was looking like that165 millions years ago, Paris was looking like that

Persian Gulf

GEOLOGICAL BACKGROUNDGEOLOGICAL BACKGROUND
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Oolitic shoal
facies

Prograding oolitic
facies

SedimentologistsSedimentologists tell ustell us thatthat ……

During the depositionDuring the deposition of carbonate formations,of carbonate formations,
several facies can be identifiedseveral facies can be identified ,, dependingdepending on:on:

•• the depththe depth ofof the sea floor the sea floor 
•• the topographythe topography ofof the sea floorthe sea floor

Tide dominated
facies

GEOLOGICAL BACKGROUNDGEOLOGICAL BACKGROUND
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Prograding oolitic

Oolitic shoal

Tide dominated

Bierry-les-Belles-Fontaines quarry

The three sedimentological facies can be observedThe three sedimentological facies can be observed onon outcropsoutcrops

GEOLOGICAL BACKGROUNDGEOLOGICAL BACKGROUND



11

PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

18 blocks were retrieved

from the 3 quarries :

10 blocks ���� prograding oolitic

3 blocks ���� oolitic shoal

5 blocks ���� tide dominated
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

Core sampling methodCore sampling method

22.5 mm

25 mm

« small » samples
(ultrasonic and electrical

measurements)

« big » samples
(permeability,

mechanical tests)
80 mm

40 mm
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

List ofList of measurementsmeasurements

PorosityPorosity (triple(triple weight methodweight method ))

HgHg porosimetryporosimetry ((maxmax pressure 210pressure 210 MPaMPa))

Water permeabilityWater permeability

CapillaryCapillary imbibition testsimbibition tests

Electrical conductivityElectrical conductivity ((brine saturated samplesbrine saturated samples ))

Ultrasonic velocitiesUltrasonic velocities ((mostlymostly PP wavewave ))

Microstructure observations (Microstructure observations ( optical andoptical and SEM)SEM)

ImageImage analysisanalysis (quantification of(quantification of elementselements ))
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OolitesOolitesBioclastsBioclasts

PelletsPellets

PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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«« RimRim »» microporositymicroporosity uniform  microporosityuniform  microporosity

macroporositymacroporosity
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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various attemptsvarious attempts to modelto model the velocitythe velocity --porosity evolutionporosity evolution ……
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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analysisanalysis of Pof P wave velocity anisotropywave velocity anisotropy ……
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σr = (1/F)σf + σs
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

F : formation factor

σs : surface conductivity
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

predictionprediction of modelsof modelsmeasurementsmeasurements

PermeabilityPermeability range:range:
0.060.06 mDmD < k < 9< k < 9 mDmD
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

lookinglooking for for correlationscorrelations ……

the the idealideal case of case of 
Fontainebleau Fontainebleau sandstonesandstone

… and … and thisthis isis how how itit looks looks likelike
in carbonate rocks of thein carbonate rocks of the

Paris basinParis basin
(Delmas et al., 2010)(Delmas et al., 2010)
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

Why is it soWhy is it so ??

… because of… because of the tremendous heterogeneity and varietythe tremendous heterogeneity and variety
of microstructures in carbonate rocksof microstructures in carbonate rocks
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

ForFor ourour oolithe blancheoolithe blanche samplessamples ::
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

PredictivePredictive models ofmodels of permeabilitypermeability

1) Katz & Thompson (1986) 1) Katz & Thompson (1986) �������� percolation modelpercolation model
2) 2) GuGuééguen guen & & Dienes Dienes (1989) (1989) �������� statisticalstatistical modelmodel
3) 3D network of pipes 3) 3D network of pipes �������� numericalnumerical modelmodel

InIn eacheach case,case, thethe input data corresponds to microstructureinput data corresponds to microstructure
information information providedprovided byby mercury porosimetrymercury porosimetry
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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Tide dominated Tide dominated ++ Oolitic shoalOolitic shoal

Prograding oolitic Prograding oolitic 

PETROPHYSICAL STUDY PETROPHYSICAL STUDY 
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microstructures have amicrostructures have a strongstrong control oncontrol on fluidfluid transport !transport !
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

KeyKey parameterparameter :: thethe 3D3D connectivityconnectivity ofof microporousmicroporous oolitesoolites
�������� porepore castscasts

Calcite Calcite removed removed by by acidacid ((HClHCl))

Pores Pores impregnated with blue dyed epoxyimpregnated with blue dyed epoxy
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PETROPHYSICAL STUDY PETROPHYSICAL STUDY 

KeyKey parameterparameter :: thethe 3D3D connectivityconnectivity ofof microporousmicroporous oolitesoolites
�������� porepore castscasts
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Triaxial experiments atTriaxial experiments at
in situ conditionsin situ conditions

on on two samples withtwo samples with
contrastingcontrasting

microstructures microstructures 
Triaxial apparatus atTriaxial apparatus at ENS, ParisENS, Paris

z = 1800 mz = 1800 m

σσσσσσσσ33* = 23 * = 23 MPaMPa

Temp. = 55°CTemp. = 55°C

Work still Work still in in progress progress ……
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Description of Description of the two samplesthe two samples

BY11: BY11: quarry quarry = = BierryBierry , , faciesfacies == prograding ooliticprograding oolitic

MA04: MA04: quarryquarry == MassangisMassangis , , faciesfacies == prograding ooliticprograding oolitic

Sample 
name

Oolites 
(%)

Pellets 
(%)

Bioclasts 
(%)

cement 
(%)

porosity 
(%)

Hg poro 
peak (µm)

permeability 
(mD)

BY11 31.5 47.7 18.8 6.3 19.7 0.70 0.68

MA04 15.0 57.7 27.4 2.2 15.4 0.30 0.06

MA04:MA04:BY11:BY11:

«« uniformuniform » intra» intra --oolite oolite 
micromicro --porosityporosity

«« rimrim » micro» micro --porosityporosity
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Sample Sample BY11BY11:: Loading curvesLoading curves

«« ductileductile » type of » type of behaviourbehaviour
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Sample Sample BY11BY11: : ultrasonic velocitiesultrasonic velocities
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Sample Sample BY11BY11: : permeabilitypermeability
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

SampleSample BY11BY11: : after unloadingafter unloading

•• no no localization observedlocalization observed

•• a a slightslight barrel barrel shapeshape
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Sample Sample MA04MA04: : loading curvesloading curves

«« brittlebrittle » type of » type of behaviourbehaviour
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Sample Sample MA04MA04: : ultrasonic velocitiesultrasonic velocities
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Sample Sample MA04MA04: : permeabilitypermeability
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

SampleSample MA04MA04: : after unloadingafter unloading

XX--ray scanning shows ray scanning shows that the that the 
sample failed with sample failed with a a clear clear fracture fracture 
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Comparison Comparison of of loading curvesloading curves
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Comparison Comparison of of velocity evolutionvelocity evolution
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GEOMECHANICAL STUDY GEOMECHANICAL STUDY 

Comparison Comparison of of permeability evolutionpermeability evolution
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Conclusions

TheThe Oolithe Blanche Oolithe Blanche is is aa microporous microporous 
reservoirreservoir with with a a low permeabilitylow permeability

8 % < 8 % < porosityporosity < 24 %< 24 %
0.06 0.06 mDmD < < permeabilitypermeability < 9 < 9 mDmD

Despite Despite of of thethe complexitycomplexity of microstructures,of microstructures,
some clear some clear trends trends were found were found for for thethe

petrophysical properties petrophysical properties 

Contrasting results were obtained Contrasting results were obtained for for twotwo
samples deformed under the same samples deformed under the same conditionsconditions

in in triaxial triaxial tests, tests, showing showing a a strong strong controlcontrol
of of the the microstructures on microstructures on thethe

mechanical propertiesmechanical properties


