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Introduction
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What is geothermal energy?

• Geothermal energy is the heat from the

earth

• The heat increase with depth

• Geothermal energy is exposed to the

surface as a result of Earth’s cooling

mechanism (Convection process)

• The geothermal tends to be strongest along tectonic

plate boundaries
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volcanic field plutonic type 

Egbert Jolie et., al 2021

I.S. Moeck , 2014



Geological background
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• Most of Taiwan is currently undergoing

crustal shortening

• Northern Taiwan is experiencing

extensional deformation.

Taiwanese Ministry of Science and Technology
https://www.youtube.com/watch?v=M5rnPO1h-ro&t=1s&ab_channel=sunartscience

• The TVG multi-vent volcano group

covers an area of approximately 400 km2

on the northern tip of Taiwan.

• The TVG is composed of more than 20

Quaternary-age volcanoes.



Regional geology
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Tatun Volcano Group (TVG) 



Resistivity of Earth material
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Introduction

Resistivity is one of the most

variable physical properties of

materials and has proven to be

the most useful geophysical

parameter in the search for

geothermal resources.

Mineralogy, temperature,…

affected to resistivity



Basic principle of Magnetotelluric
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Magnetotellurics (MT) is a

passive EM (electromagnetic)

geophysical method that uses

natural time variations of the

Earth's magnetic and electric

fields to measure the electrical

resistivity of the sub-surface.

Signal: ~0-10kHz



How to measure the resistivity of the Earth with MT
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ρa ➞Apparent Resistivity (Ω.m)

δ ➞ depth of penetration (m)

Ex ➞ electric field component (V/m)

Hy ➞ magnetic field components (A/m)

μ ➞ magnetic permeability of the medium 

(H/m)

f ➞ frequency (Hz)

ω ➞ angular frequency (rad/s)Maxwell’s equations:

aa

a
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Geothermal system (volcanic type conceptual

model ):

• Clay cap: smectite and illite zone low

resistivity (<10 Ωm)

• Reservoir: chlorite and epidote (related to

high-temperature mineral low resistivity but

slightly higher than clay cap (10-60 Ωm)

The main target for MT investigation

MT role in geothermal 

exploration

Johnston et al. (1992) and Cumming (2009)



Purpose
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• Understanding the TVG structural geology through the Resistivity model

• Locating the heat source and estimating the boundaries of the TGV 

geothermal system. 

• Point out the most appropriate sites to develop the geothermal power plant
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Raw MT 
data

EMPower

Create files for
Inversion

3D gird

ModEM

Plot results

3D gird

Methodologies: MT 

• ITRI data

• Computational 

Geophysical 

Research Group

• Remove noise

• Modify Sounding 

curve

Inversion

Note: A remote reference site was use in order to remove electromagnetic noise from the electromagnetic signal at each measuring station 

(Yamashita, 2013)



13

3

Results

Discontinuity
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Discontinuity
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MT and 

airborne 

magnetic 

survey 
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Current MT Airborne magnetic survey
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Current 
MT 
results 
and 
previous 
results

Current MT ITRI
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Clay cap

I: alkaline montmorillonite

I’: Smectite (with mordenite and

clinoptilolite)

II: Smectite-chlorite with laumotite

III: wairakite

Qz: Quartz

Ka: Kaolinite

Il: Illite

Lm: Laumotite, Wt: wairakite, Am:

Analcime, Ab: Albite, Ep: Epidote,

Cc: Calcite, Gy: Gypsum, Anh:

anhudrite, Py: Pyrite, Mt: Magnetite,

Hm: Hemaite



Summary 
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• Improve the MT resistivity result

• Detect a Discontinuity between Shan-chiao fault and Kan-chiao faults

• Point out 3 areas that have high potential to develop Geothermal Power plant

• Indicated the heat source with high resistivity located 5 km beneath the SW of

TVG



Current and Future work
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• Compare current MT resistivity results and ITRI (MT resistivity, airborne magnetic 

survey) results

 Plot results and export cross-sections flowing NE-SW and NW-SE directions

• Combine MT resistivity results and seismic velocity (Vp/Vs ratio) results to indicate 

the magma chamber position.
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Qixingshan main peak
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back
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Back

Time series analysis 

Frequency modulation
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Yuan et., al, 2023
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