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The use of exploration wells in geothermal studies is often made difficult by the poor quality of borehole
TH EORY temperature observations, which cannot be corrected for the influence of the drilling process, and the
absence of proper thermal conductivity measurements. However, in many areas the density of wells is

high enough that useful information can still be extracted. Here we present a flexible inverse formalism that
allows analysing thermal parameters such as surface heat flux and basement heat production rate from
X,y exploration wells and to assess the uncertainty of subsurface thermal inference for use, for example, in
terrestrial heat flow studies and geothermal energy planning.

The model:
*layered Earth with constant thermal conductivity in each layer
olateral variation of heat generation rate

2 km of sediments

Our quantitative model is based on three-dimensional heat conduction in a horizontally stratified subsurface.
5 km of hot layer The solution is obtained using a two-dimensional Fourier cosine representation. The borehole data are
modelled using the Markov Chain Monte Carlo method. This method is very flexible and provides histograms
of the parameters of interest, including, for example, the surface heat flow or the temperature at the depth

of planned geothermal reservoir.
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K aiz T, +8—Tk LA - The West Lithuanian thermal anomaly displays a surface heat flow greater than 100 mW/m2 in a background

al East European Platform (EEP) heat flow of 50-60 m\W/m2. This makes it one of the most profound heat flow
0 0 anomalies of the EEP. It is located in an area of mainly early Palaeozoic platform sediments of thickness

0z 0z ~2 km overlying crystalline basement of Palaeoproterozoic age in western Lithuania and the Baltic Sea. The

data available comprise borehole temperatures, basement heat production rates and estimates of thermal

N-1 conductivity. The results show that the thermal anomaly can be explained by the thermal blanketing effect by

sediments overlying a basement with an excessive heat production rate
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Use a Fourier cosine representation of lateral variations in T and H:
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SURFACE HEAT PRODUCTION Use pre-calculated model impulse responses to obtain very
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Inversion algorithm: Markov Chain Monte Carlo

dCUf’ = m(pCUF)
d.,.: data vector (borehole temperatures)

p.r-- Model parameter vector (heat productions, surface temperature) 60|
m() : model-data relationship (layered Earth)

1) Calculate likelihood of current model (p_,) by comparing model predictions
to borehole data

2) Propose trial model: py,. = pg,.+ ?p W 02 04 06 08 i 2 14 16 18 2 0 200 0 200 0 200 0 200

3) Calculate likelihood of trial model (p,,,) by comparing model predictions Log-likelihood evolution Some of the 200.000 models after the burn-in and their fit to data
to borehole data

4) Draw random number 0 <u < 1
9) If u < likelihood of trial model / likelihood of current model

then replace current model with trial model

6) Goto 2)

Conclusions

1) There is no need for a mantle plume to explain the thermal
anomaly

2) Impulse response formulation of the 3D thermal model
allows for very fast forward computation

3) This allows for use of the Markov Chain inversion method,
which is very general and in principle allows for quantifi-
cation of the joint probability density distribution of the
solution to the inverse problem

4) Palaeo climate effects readily can be included

5) Borehole temperatures and basement heat generation data
should be truely integrated in the inverse algoritm
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