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Introduction

» Hungary is rich in low heat entropy geothermal resources;
> Reliability of previous data was poor,

» Earlier surveys not aimed for geothermal exploration;

» MT & gravity survey to outline potential geothermal areas;

» Data processing & integrated interpretation on going.
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Project objectives

» Find geothermal area for electricity & space heating:
— Detall exploration at potential geothermal locations;
— Outline boundaries of potential geothermal area,;

— Help to study temperature & permeability variation.
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lonosphere sources of MT field

Artist Rendition of Solar Wind
Created by: K. Endo

iy Photo Courtesy of Prof. Yohsuke Kamide Mational Geophysical Data Center
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Magnetotelluric (MT) method

Measure natural variation of EM field,;
source: ionosphere & worldwide thunderstorm activity;

Source field as vertical incident plane wave, influenced by
ground conductivity.
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Relevant geologic parameter is
not density, but density contrast

Ohserved Gravitational Acceleration

Ohbserved Gravitational Acceleration

Position

, B3

Density assumed to he z m

—3» Position

Density assumed to be equal to d,- d;

After Soc. Expl. Geophys., 1998
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Gravity method applications

> Gravity used for geological structures definition at regional scale;
> Close spacing survey provides density distribution at small scale;

> [Especially useful if integrated with more accurate geophysical
data, i.e. MT & seismic;

> Provide useful constraints for MT modeling & inversion.
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Geological map of pre-tertiary basement

[x] Subsurface geologic map of Pre-Tertiary Basement

Part of Geological Map of Hungary constructed in the Geological Institute of Hungary
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MT instrument field calibration
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Field gravity survey environment

Hungary Gravity Base Network
4145. Csakan

Y=513 961;
X= 133 820;
Elevation: 126.653 m
G =980 718.679 mgal
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Data processing

» MT data processing
Edit data

Static correction
o Remove near surface inhomogeneities (electrical property)

Terrain correction

» Gravity data processing
Upward continuation
Gravity gradient calculation

> Cooperative inversion of MT & gravity data

© 2008 KMS Technologies An EMGS/RXT company
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MT data processing: Terrain correction
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Pseudosections comparison between real data (left)
& terrain correction data (right) of Line 04 MT data.
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MT data processing: Static correction
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Gravity data processing
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Gravity gradient calculation
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Gravity modeling work flow

Wiy w1
Geological
['. AT UN Bray '3 =

< . '\" i

O ~a F

Input model

Computer response

| ]

AN N

Velocity model after

© 2008 KMS Technologies An EMGS/RXT company

data, MT result &

20



NERNESNN SV I'Y YV VYV

© 2008 KMS Technologies

Outline

ntroduction

Project objectives
Data acquisition
Data processing
Modeling & inversion
Interpretation
Conclusions

An EMGS/RXT company

21



Resistivity model & 2-D continuous media inversion
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Cooperative inversion of MT & gravity

| Build an initial model ]
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MT data processing:
Calculate residual resistivity profile
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fault interpretation
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MT/Gravity cooperative inversions :

Draw layer & fault

12000
32
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MT/Gravity cooperative inversions:
Building density model from logs
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MT/Gravity cooperative inversions:
Input gravity data & modify model interactively

Modify the model interactively until calculated
gravity field fits observed field well.
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MT/Gravity cooperative inversions:
Final geological model

RAVITY OBSERVED GRAVITY
-6.0

-8.0 —

T =

L a0 UNIT = KM

= 410 8.0

© 2008 KMS Technologies An EMGS/RXT company



Gravity data interpretation
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Depth (km)

Line A Inversion
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Line A Inversion
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Line A Inversion & mterpretatlon
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Line A inversion & interpretation
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Line A Inversion & Iinterpretation
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Log freq(Hz)
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Line B Integrated interpretation
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2-D MT inversion of Line C
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Line C integrated interpretation
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Line C integrated interpretation
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Conclusions

» |nterpreted 26 first-class (deep faults) & 8 second-class (shallow
faults) potential geothermal zones from Phase-I study;

= Anomalies buried depth between 2,000 m ~ 4,000 m;

= Conductive heat flow from magma through sediments to surface
IS main geothermal source;

= Deep fault may extend through crust & reaching mantel;

= Magma plumes rise & intrude into crust through deep fault,
bringing heat relatively close to surface.
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