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Model Temperature in Sedimentary basins
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recoverable energy resource

diagenesis history cementation/precipitation
history of source rock temperature and maturity
timing of petroleum generation/expulsion
nature and quality of the HC products
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Outline

= Heat transfer physics
= What do you need to calibrate
= Open topics
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Temperature gradients In the Parls Basm |
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Fourier's law

F=—AVT

m the heatis conducted from warm to cold

= A is the thermal conductivity
m its unit is the W/m/°C

m F is the conductive heat flux

Joseph Fourier (1768-1830)

http://fr.wikipedia.org/wiki/Joseph_Fourier
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Heat balance equation

dt

(st

- div

a=u,0,9

(PaqssacaT?a) + ps(l - ‘?-")C.ST?.;A

AbGradT’ = Iq;:L +q, + Q’oh‘

Heat variation through time +

(Convective component +

Conductive component)

= Heat sources + sedimented/eroded




Rock Conductivity A
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(after Turcotte & Schubert, 1982)
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Variations of Conductiv'ity :

with porosity
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[hermal reconstruction
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Surface Heat Flow
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Surface Heat Flux Maps
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Final Estimate of Heat Flow (mW m*-2) (Area-weighted Mean)

Bl st Boi-62 66 - 68 73-77 [ 95 - 131

B s2-60  63-65 69 - 72 78-94 [ 132- 1237

avies, J. H. (2013), Global map of solid Earth surface heat flow, Geochem. Geophys. Geosyst., 14, doi:10.1002/ ggge.20271.
http://www.mantleplumes.org/WebDocuments/Davies2013.pdf




Contributors to
Surface Heat Flow

5 -

Sediments : - - -
‘t Radiogenic contribution
m  Gamma ray API
Crust 0-5 mW/m?
m strong variations with crust
nature/age granitic : 20 to 60
m usually described as decreasing mwW/m?2
exponentially with depth : .
A= Ao exp (-z/zc) basaltic : almost 0
mW/m?

Lithospheric Mantle

m varies with age and composition of
the lithosphere

m depth of the
lithosphere/asthenosphere
boundary

Asthenospheric (limit 1300° C)
m convective mantle
m radiogenic source
m friction heat ?

mafic : 0 to 20 mW/m?2

I Moho \

peridotite : 0 m\W/m?2

[ |
ﬁ Inner earth : 30 to 40 mMW/m?2 IE@:::;JM“ )
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Heat channelling through salt
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NI
Constraining data to
boundary conditions

® Mmeasured temperatures in wells

= maturity indicators

= palaeo-thermometers
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Method

= Use the description of present temperature
regime to extrapolate in the past

= Need of a unique parameter describing the
present thermal state:
m stable through time
m Or variations being easily described

‘ Heat flow has these characteristics

il .
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Adjusting well temperatures

Depth (km)

Too Low Heat Flow

0.07
0.5

1.0

T LI I O S B B )ttty

5.0
0

L O O B B

20 40 60 80 100 120 140 160 180 200
Temperature (° C)

Too High Heat Flow

T LI O S D B O Bttty

Senol

L L O ) I

20 40 60 80 100 120 140 160 180 200
Temperature (° C)

I Innovation
/ Energy

Environment



(13 b 13 » H
correct” HF correct” gradients
0.0i” T T L L O I BB LI : O T L I L L B L B L B D R B B BRI LI BN L {:
1 K3 Eocene ] &3 Eocene
0.57 B Senol  0.57 i Senol
Seno2 Seno2
1.07 1.07]

157 ~ Albien 15 - Albien
E Bare E Bare
2.(T: Neocom 2.(T: Neocom
. Malm g Malm

3.01 Lias 3.01 Lias
35, Trias 3.5] Trias

4.0 4.0
4.5 4.5
5.0/H\“H\H\\H\\H‘\\‘\\H‘\\‘\\H“H\l 5.0/\Y\\‘\\\\‘\\\\‘Y\\\‘\\\\‘v\\\‘\Y\\‘\\\\'\v\\‘\\\\‘
0O 20 40 60 80 100 120 140 160 180 200 0 5 10 15 20 25 30 35 40 45 50
Temperature (° C) Geothermal Gradient (° C/km)

Innovation
Energy
Environment

H © IFP

2



o 5 ‘ .

b .

TEMPERATURE WINDOWS GEOHISTORY "
_—
Systen r (N | mi | ul | IC | o |p‘ E | 0 | M | -- o .

Depth (km)

LIBRA

- 400 T TYPE Nl - 80.0%

i [

1000
4 1250 °©C
| 15000 <C
1750 T
20000 ¢
250 T
250.0 'C

ARES

Lol ol al kol ol okl ol ol ol ol ol ol Sl o ool ol ol ol
FEFFEFEFEFEErEEEEEEREREEEITEE
Lol ol al kol ol okl ol ol ol ol ol ol Sl o ool ol ol ol
ol el o b el el ol i ol skl bl ]l el o ek e el el el el

Innovation
Energy
Environment

[
? I T T T I T T T I T T T I T T T I T T T I T T T I
240 200 160 129 &0 a0 0

Time (Ma) D18




2

Convective heat transfer

= the water needs to be VERY fast, more than 1m/year

= only the few cm around the highly permeable fracture
can be heated up

= |s active along open fractures

= compaction driven heat transfer needs to be taken into
account in case of rapid sedimentation
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Open topics

= How to simultaneously use geodynamic scale models
and basin scale models

m How to reconcile variable thermometers

= How to handle rapid flow of fluids that are not in
equilibrium with the rocks




Conclusions

5 -

Heat flow and conductivity are needed together
Calibrate upon present day temperatures
Extrapolate to the past with simple assumptions
Cross check with maturity parameters

Introduce lateral boundary conditions changes at a
relevant scale

Lithological variations are second order factors,
except for evaporites




