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Introduction
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Aim of the study

o Before measurements: understanding the thermal regime of
the West African Craton;

o After measurements: understanding the temperature
perturbations in the upper part of the boreholes

o to what extent are the temperature perturbations related to
climatic changes?

o what are the causes of the local temperature variations in
nearby boreholes? (site effects)

o is the ground surface temperature history related to the African
monsoon changes and the Sahel droughts? (regional effects)
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Previous heat-flow measurements in West Africa

West African Craton (WAC)
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Temperature History
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Temperature History
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GST inversion (Mareschal and Beltrami, 1992)

Temperature difference (°C)

1700 1800 1900 2000
Year

Francis Lucazeau , Frédérique Rolandone EGU Vienna, 22-27 April 2012

Heat-Flow and Subsurface Temperature History in Eastern Senegal (West Africa)



Temperature History
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Close-up during the period 1900-2010

1.5 1
J Group 1
OG 1 Group 2
S 1 4
c
o _
9 _
£
ESS _
v ]
3
+© 0.5
o _
o
E -
k9] j
o4 7
1900 1920 1940 1960 1980 2000
- Year

Francis Lucazeau , Frédérique Rolandone EGU Vienna, 22-27 April 2012

Heat-Flow and Subsurface Temperature History in Eastern Senegal (West Africa)



Temperature History
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Comparison with global air temperature record
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Temperature History
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Comparison with nearby air temperature record
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Site effects
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Site effects

Lateritisation of the Saraya granite (Ndiaye, 1994)

Laterite shield

LK
KRR
R4 = - Local — Saprolithe
s = 00 == = = = _ - —<irculation

OOXX
R

Water level (rain season)
Water level (dry season)

—~ Granitic sand

30m

R s i
"_:o_‘, .2 .-, Regional flow- /' OO0

0 o o =

Granite

s Lucazeau , Frédérique Rolandone EGU Vienn 2-27 April 2012

Heat-Flow and Subsurface Temperature History in Eastern Senegal (West Africa)



Site effects
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1D Finite Differences Model
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o 1D transient resolution of the heat equation ()
o Finite differences resolution (2500 x 0.1 m

cells / time step = 0.0833 years)
o five parameters: V, (20-30m), V}, (20-30m),

A1 (0-30m), qo and Ts (including climatic

fluctuations)
o Monte Carlo inversion QO=7‘:((%))_:ZF((§))
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Site effects
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Site effects

o A . A A A
50 4
—
£ 100 A
-
e
-
o
[}
A 150
—e— 1050
o 1059
conduction
2004 — 0.02my
—— 0l0my
— 015my
— 020my
250 T T T T T
29.5 30.0 305 31.0 315 32.0
Temperature(°C)

Lucazeau , Fr

low and Subsurface Temperatur

ue Rolandone

History in Eastern Senegal (West Africa)




Site effects
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Heat-Flow

Site effects
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Site effects
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Temperature History S Regional effects Conclusions

The semi-arid transition and desertification of Sahel
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Regional effects
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Borehole temperatures (Chapman and Pollack, 1974) and
GST (Huang et al., 2000) from Niger
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Regional effects
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Regional effects
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GST from Mali (this study)
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Regional effects
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Human influence? (Data from United Nations Environmental Programme)
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Regional effects
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Regional effects

‘omom

Temperature change in 2080-2099 (ipcc, 2007)
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Conclusions

@ The boreholes record a recent surface temperature increase
since mid-twentieth century, but nothing important before

o This increase is also recorded by nearby meteorological
stations (Tambacounda, Kedougou)

o The ground surface temperature history is locally perturbed
because of the alteration zone (upper 30 meters)

@ The temperature increase is correlated to the increase of
cropping and herding in the Sahel and to the decrease of
rainfall

o But similar temperature changes are also infered from the arid
zone of the Adrar in northern Mali, which is not (or less)
affected by these changes
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