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ABSTRACT

The Chingshui geothermal field is the largest known productive geothermal area in Taiwan. The purpose of this paper is to

delineate this geothermal structure by integrating geophysical data and borehole information. The existence of a magma

chamber in the shallow crust and shallow intrusive igneous rock results in a high heat flow and geothermal gradient;

furthermore, the NE deep fault system within the meta-sandstones provides meteoric recharge from a higher elevation to

artesianally drive the geothermal system. There is evidence that geothermal fluid deeply circulated within the fracture zone and

was heated by a deeply located body of hot rock. The geothermal reservoir of the Chingshui geothermal field might be related

to the fracture zone of the Chingshuihsi fault. It is bounded by the C-fault in the north and Xiaonanao fault in the south. Based

on information obtained from geophysical interpretations and well logs, a 3-D geothermal conceptual model is constructed in

this study. Further, the geothermal reservoir is confined to an area that is 260 m in width, N21�W, 1.5 km in length, and has an

80� dip toward the NE. A high-temperature zone is found in the SE region of the reservoir, which is about 500 m in length; this

zone is located near the intersection of the Chingshuihsi and Xiaonanao faults. An area on the NE side of the high-temperature

zone has been recommended for the drilling of production wells for future geothermal development.
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1. INTRODUCTION

Promotion of renewable energy sources is growing

worldwide. Geothermal energy is one such energy source

and it is both relatively cheap and efficient (Fridleifsson

2001; Bertani 2005; Lund et al. 2005). The Chingshui geo-

thermal field is probably the most suitable area for generat-

ing geothermal energy in Taiwan as it is Taiwan’s largest ex-

isting productive geothermal area (Lee 1994). A reconnais-

sance survey of this field was performed by the Industrial

Technology Research Institute (ITRI) from 1973 to 1975

(Lee 1994). Further exploration was subsequently con-

ducted by the Chinese Petroleum Corporation (CPC) from

1976 to 1980. Later, a geothermal power plant was built in

this field by the National Science Council in 1981; however,

the plant was decommissioned after 11 years.

During the exploitation stage, the ITRI and CPC con-

ducted the following surveys: gravity (Lee 1994), resistivity

(Cheng and Lee 1977; Su 1978), transient electromagnetic

(Chiang and Liu 1983), and geologic (Tseng 1978; Hsiao

and Chiang 1979). Nineteen deep production wells were

drilled in a 6-km long band along the Chingshui stream, with

commercially successful wells confined to a 2-km2 area at

the SE end of this zone. The highest temperatures measured

ranged between 200�C and 220�C (Lee 1994).

Although some exploration of this field has been under-

taken in the past (Cheng and Lee 1977; Su 1978; Tseng

1978; Hsiao and Chiang 1979; Chiang and Liu 1983; Lee

1994), the structure of the geothermal reservoir is still not

well delineated; this could affect the design of new produc-

tion wells as regards their appropriate locations and bore-

hole traces. This study aims to delineate the geothermal

structure of this field by integrating geophysical data and
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borehole information. For this, geomagnetic and gravity

datasets acquired in the Ilan plain and the Chingshui area

were reprocessed and interpreted. Furthermore, additional

magnetotelluric (MT) data acquired in this study and well in-

formation were integrated to establish the geothermal con-

ceptual model for the Chingshui area.

2. HISTORICAL AND GEOLOGIC BACKGROUND

Taiwan constitutes a complex collision zone between

the Eurasian and Philippine tectonic plates. In the southern

part of Taiwan, the Eurasian Plate is being subducted be-

neath the Philippine Plate, forming the northernmost part of

the Luzon arc. This subduction zone is terminated by the col-

lision of the Philippine Plate with the continental crustal part

of the Eurasian Plate north of the Luzon arc. Part of the

Eurasian Plate continental crust was initially subducted;

however, when the subduction ceased, it became buoyant

and experienced strong uplift and erosion. This led to the

formation of Taiwan’s Central Range, resulting in high heat

flow (Lin 2000). This uplift and erosion started in northern

Taiwan and then propagated southward. In the north, the

Philippine Plate is being subducted beneath the Eurasian

Plate, leading to the formation of the Ryukyu arc. However,

on the west of the Ryukyu arc, the continental crust portion

of the Eurasian Plate has collided with and terminated this

part of the subduction zone. Some magma chambers remain

in the shallow crust. They have produced northern Taiwan’s

most recent volcanism (Lin and Yeh 2001; Chen et al. 2002;

Lin et al. 2004) and provide the heat source of the Chingshui

geothermal field (Yu and Tsai 1979; Lin and Yeh 2001).

The Slate Belt and Schist Belt in NE Taiwan can be dis-

tinguished into four blocks based on structural analysis and

stratigraphy (Lin and Yang 1999) � the Minchih Block, the

Taipingshan Block, the Suao Block, and the Nanao Block.

The Chingshui geothermal field is located in the Taiping-

shan Block, which is bounded by the Niutou fault in the west

and the Kulu fault in the east (Fig. 1). The reverse-slip faults

and normal faults in the Taipingshan Block were formed af-

ter the Penlai Orogeny since the Late Pliocene in phases 6

and 7 (Lin and Yang 1999).

As shown in Fig. 1, the Chingshui geothermal field is lo-

cated in the valley of the Chingshui stream, in northeastern

Taiwan, about 27 km SW of Ilan. It is located at the north-

eastern end of the submetamorphic zone of Taiwan. The

rocks hosting the geothermal field are likely to be of

prehnite-pumpellyite metamorphic facies (Tseng 1978; Lin

and Lin 1995). They are meta-sandstones and intercalated

slates of the Jentse Member of the Miocene Lushan For-

mation (Chiang et al. 1979; Hsiao and Chiang 1979). They
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Fig. 1. Generalized geological map of the Chingshui area. Chingshui is located in the Taipingshan Block, and the host rock in the geothermal field is

the Jentse Member of the Lushan Formation. The dominant fault system in the Taipingshan Block lies along a NE direction, whereas the NW is char-

acterized by dextral strike slipping; here the steeply dipping Chingshuihsi fault is most prominent.



comprise quartz, albite, illite, and chlorite (Yui et al. 1993).

This member is underlain by slates of the Chingshuihu

Member of the Lushan Formation in the NW and SE, and it

is in thrust fault contact with the meta-sandstones and slates

of the Suao Formation in the east.

In the middle area of Fig. 1, the competent meta-sand-

stones lie within a monocline in which fracture and de-

formation predominate. The more slate-rich formations are

in folds. Dips in the Jentse Member in this area are steep to

the SE. A set of faults and fractures orthogonally cut the se-

quence and dip at 65� to 80� to the NE (Tseng 1978). Lin and

Lin (1995) proposed that the Chingshui geothermal field

might be controlled by the Chingshuihsi fault. However, no

obvious outcrops of this fault can be found on the surface.

3. GEOMAGNETIC SURVEY IN THE ILAN PLAIN

A geomagnetic survey in the Ilan plain was performed in

1978 by Yu and Tsai (1979). Data from a total of 425 stations

were acquired. This dataset has been reprocessed in this

study to analyze possible heat sources and fluid channels of

the Chingshui geothermal field. A 300-m total magnetic in-

tensity (TMI) grid is created. Figure 2 shows magnetic

anomaly maps of the Ilan plain. An obvious WE high mag-

netic anomaly located between Ilan and Luodong can be

easily observed (Fig. 2b). Yu and Tsai (1979) interpreted

that this anomaly represents the igneous rocks of the Ryukyu

arc at depth and in turn may indicate the deep heat source for

the geothermal activity of the Chingshui area. As shown in

Fig. 2b, a low magnetic zone between Chingshui and Hanhsi

can be observed, which might be associated with the de-

struction of magnetite in the host rocks by hydrothermal

alteration.

Euler deconvolution is widely used to estimate the ap-

parent depth to a magnetic source (Reid et al. 1990; Hsu

2002; Salem and Ravat 2003). This process relates a mag-

netic field and its gradient components to the location of the

source of an anomaly, with the degree of homogeneity ex-

pressed as a “structural index.” Euler’s homogeneity rela-

tionship for magnetic data can be written in the following

form:

(1)

where (x0, y0, z0) is the position of a magnetic source whose

total field (T) is detected at (x, y, z). B is the regional mag-

netic field. N is the measure of the fall-off rate of the mag-

netic field, and it may be interpreted as the structural index

(SI). The source positions for a particular SI can be ob-

tained by inverting equation 1 over a window of data at

every grid point. A 50-m upward continuation is applied

to the total magnetic field (Fig. 2a) in order to attenuate

noise without changing the physical significance of the

data. A 4.5-km square-window is used to calculate the
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Fig. 2. Magnetic anomaly contour map of the Ilan plain. (a) Total-field magnetic anomaly produced after International Geomagnetic Reference Field

(IGRF) correction. (b) Magnetic anomaly produced after IGRF correction and reduction to the pole. An obvious WE high magnetic anomaly extend-

ing from the eastern coastline to the western edge of the Ilan plain can be observed; this anomaly might be associated with igneous intrusive rock (Yu

and Tsai 1979).

(a) (b)



Euler solutions. To identify good solutions for the loca-

tion and attributes of a structure, depth, and location un-

certainties should be restricted to a reasonable range. Fur-

thermore, good solutions should be clustered with the

corresponding structure index, which could be manually

selected. A total of 2171 and 3464 solutions are obtained

with a 15% maximum depth tolerance for fault (SI = 0) and

dyke (SI = 1), respectively. The offset between the location

of the solution and the center of the operating window

along the X and Y directions are restricted between -4.5 and

4.5 km to window the solution prior to creating the final so-

lution list.

Figure 3 shows the surface projection of the fault and

dyke solutions in the Ilan plain, and Fig. 4 shows its 3-D

view beneath the Ilan plain. Three groups of dyke solutions

can be identified, as shown in Fig. 3a, and they are labeled as

DA, DB, and DC. No dyke solution can be found in the

southern region of the Ilan plain. The shaded area clustered

with DB and DC (Figs. 3a, 4) could be related to the WE

high magnetic anomaly shown in Fig. 2b that was inter-

preted by Yu and Tsai (1979) as a thick dyke, approximately

4.7 - 7 km in width, located between Ilan and Luodong. As

shown in Fig. 3b, three groups of fault solutions can be ob-

served and are labeled as FA, FB, and FC; they have the

same NE trends as those proposed by Hsu et al. (1996) from

the macro point of view. The depths of FA and FB may be

shallower than 2 km. FC has a greater depth, down to more

than 3 km, and extends from the south of Luodong to

Chingshui.

Based on the VP and VS velocity structures and VP/VS

ratios, a sausage-like body with a low VS and high VP/VS

ratio, approximately 30 km in diameter, was found at de-

pths ranging between 20 and 100 km (Lin et al. 2004; their

Fig. 10). This might be associated with a partially molten

magma body (Lin et al. 2004). The magma propagates up-

ward within the upper brittle crust through veins and/or nar-

row conduits (Lin et al. 2004). Therefore, it is possible that

the upper part of the upward magma body has cooled to be-

low its Curie temperature to appear as the high magnetic

anomaly shown in Fig. 2. As shown in Figs. 3 and 4, we pro-

pose that the existence of the magma chamber in the shallow

crust and the intrusive igneous rock results in a high heat

flow and geothermal gradient, and the NE deep fault system

within the meta-sandstones provides meteoric recharge from

a higher elevation to artesianally drive the geothermal sys-

tem. The 3He/4He ratio of the gas samples collected in the

Chingshui geothermal field shows significant mantle input,

14% to 19%, and implies that mantle fluids may have in-

vaded the Chingshui geothermal field (Yang et al. 2005).

This confirms that the geothermal fluid had deeply circu-

lated within the fracture system and was heated by a deep hot

body of rock.

4. GRAVITY SURVEY IN CHINGSHUI AREA

A gravity survey in the Chingshui area was completed

by the ITRI in 1976 (Lee 1994), and data from a total of 636

stations were acquired. This dataset has been reprocessed to
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Fig. 3. Distribution of fault and dyke solutions based on the Euler deconvolution of the total magnetic field. The shaded-relief topography map is used

as a base map. (a) Dyke solutions � three groups of dykes can be recognized. (b) Fault solutions � three groups of faults can be recognized. The shaded

area clustered with DB and DC could be related to the WE high magnetic anomaly shown in Fig. 2b.

(a) (b)



analyze fault structures in the vicinity of Chingshui. A

200-m spacing Bouguer gravity grid (Fig. 5) is created after

full terrain correction (Tong and Guo 2007). Figure 6 shows

the residual gravity anomaly map after third-order trend re-

moval. The change in gravity is not large in this range due to

the fact that the formation in the survey area is mainly slate.

However, from the gravity maps (Figs. 5, 6) it is apparent

that the gravity on both sides of the Chingshui stream is dif-

ferent and could be related to fault activities.

Euler deconvolution is used for rapid interpretation of

gravity data. It is particularly good at delineating contacts

and rapid depth estimation (Keating 1998; Roy et al. 2000).

Before apply Euler deconvolution to the gravity data, a

500-m upward continuation is applied to the Bouguer gra-

vity grid (Fig. 5) to attenuate considerable noise and to re-

present the characteristics of the deeper structure. A 600-m
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Fig. 4. A 3-D view of fault and dyke solutions (Fig. 3) beneath the Ilan plain. The shaded area clustered with DB and DC is coincident with the WE

high magnetic anomaly shown in Fig. 2b that could be related to a thick dyke of high magnetic susceptibility. The existence of the shallow intrusive ig-

neous rock might result in a high geothermal gradient to heat the geothermal fluid circulated within the deep fractures.

Fig. 5. The shaded-relief Bouguer gravity map of the Chingshui area. The gravity on either side of the Chingshui stream is different and could be re-

lated to the fault activities.



square window is used to calculate the Euler solutions for a

fault (SI = 0). A total of 931 solutions are obtained with a

10% maximum depth tolerance. In order to at least eliminate

the worst cases, the location uncertainty is restricted to be-

low 50% prior to creating the final solution list. Figure 6

shows the distribution of the fault solutions, which are su-

perposed on the residual gravity map for interpretation.

Based on the results of Euler deconvolution together with

known adjacent geology, six faults are interpreted and la-

beled in Fig. 6. Among these faults, the Xiaonanao, Ching-

shuihsi, and Kulu faults correspond with known faults intro-

duced by Tseng (1978) and Lin and Yang (1999). The A-fault,

which might be associated with the Niutou fault (Fig. 1), has

a SW-NE trend and was offset by the B-fault and the

Chingshuihsi fault. As shown in Fig. 6, the Chingshuihsi fault

offsets the A-fault, indicating a dextral fault, and shows a

NW-SE extension along the Chingshui stream. The Ching-

shuihsi fault might also have a vertical component due to both

the value and features of the gravity anomaly on both its sides

being different (Fig. 6). The Chingshuihsi fault was offset by

the Xiaonanao fault and the C-fault in the south and north of

Chingshui, respectively, and the known geothermal field in this

region is bounded by the C-fault and the Xiaonanao fault. The

Kulu fault, when it was formed, separated the Taipingshan

Block from the original Suao Block (Lin and Yang 1999).

5. MAGNETOTELLURIC SURVEY IN THE

CHINGSHUI AREA

The magnetotelluric (MT) survey method has been suc-

cessfully used for exploring geothermal reservoirs (Uchida

et al. 2005; Ushijima et al. 2005; Wannamaker et al. 2005). It

is believed that geothermal fluid circulates in the fractures

within the meta-sandstones in the Chingshui geothermal

field (Tseng 1978; Hsiao and Chiang 1979). To delineate the

structure of the geothermal reservoir in the Chingshui area,

33 broadband magnetotelluric data points were acquired by

the ITRI in June 2006. Figure 7 shows the location map of

the MT stations. MTU-5 (Phoenix Geophysics, Toronto, Ca-

nada) was used to record the MT signals. Two orthogonal

components of the horizontal electric field and three com-

ponents of the magnetic fields induced by natural primary

sources were measured simultaneously as a function of

frequency. The magnetic field was determined using a

high-sensitivity coil with built-in preamplifiers. The electric

field was determined by measuring the voltage differences

taken over a nominal bipolar span of 50 m. The contact end-

points of the bipoles were porous pot electrodes placed in

holes about 30-cm deep in which bentonite mixed with wa-

ter was added to improve contact. Recording time for each

station was more than 72 h in order to improve the quality of

data.

A polar plot represents the variation of the surface

impedance (Zxy) as different rotations were applied to the

impedance tensor. It allows one to quickly understand the

electrical homogeneity of the ground in the survey area.

Figure 8 shows the polar diagram of Zxy for each station at

10 Hz. The polar diagrams show that most of the polariza-

tion is along the NW-SE direction, which could be related to

the major direction of the fault/fracture structure in the vi-
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Fig. 6. Color shaded-relief residual gravity map of the Chingshui area. The circle represents the fault solutions based on Euler deconvolution. Based

on quantitative analysis together with knowledge of the adjacent geology, six faults are identified. Among them, the Xiaonanao, Chingshuihsi, and

Kulu faults correspond well with the known faults.



cinity of Chingshui. Thus, the Chingshuihsi fault should be

the major structure that influences the flow of telluric cur-

rent in this area.

Where the geological structure is complicated, a 1-D

inversion of the MT data may produce an error due to lateral

variation. 2-D inversion has been widely used to interpret MT

data; it provides a more objective interpretation and is less

time-consuming than the trial-and-error approach. A common

approach to fit a 2-D MT dataset is to construct a cross section

of the area based on prior geologic knowledge and model

parameterization to solve for conductivities by least-square

inversion. In this paper, the 2-D inversion algorithm pro-

posed by Rodi and Mackie (2001), which is a nonlinear

conjugate gradient (NLCG) algorithm, is used to construct

the resistivity image of the desired transverse. The NLCG

scheme minimizes an objective function containing data

residuals and the second spatial derivatives of resistivity.

Inversions were carried out by using both TE and TM data.
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Fig. 7. MT stations in the Chingshui area. Most of the stations are restricted to the valley due to the rugged topography.

Fig. 8. Polar diagram of the MT stations at 10 Hz in the Chingshui area. Most of the polarization is in the NW-SE direction, which could be related to

the major direction of the fault/fracture structure in the vicinity of Chingshui.



A reasonable interpretation of the MT data could be

achieved based on the understanding of the resistivity of

various types of rocks in the survey area. Figure 9 shows

rock resistivities measured on the outcrops in the vicinity

of Chingshui. The resistivity of the host rock ranged from

167 to 537 �m. However, the resistivity measured on the

outcrop of the thermal alternative zone is 20 �m, which is

significantly different from the resistivity of the host rock.

Figure 10 shows the 2-D resistivity sections of profiles A

and B (Fig. 7), which best fit the measured data after 2-D in-

version; the normalized root mean square (RMS) values are

8.79 and 12.91 �m, respectively. A significant low-resis-
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Fig. 9. Production wells in the Chingshui geothermal field. The aerial photo is used as a base map. Among these, wells 17 and 18 are nonproductive.

The formation resistivities measured from the outcrops are also listed in this figure. The resistivity of the thermal alternative zone is 20 �m, which is

much lower than the resistivity of the host rock. The dashed box is used for demonstrating the 3-D view of the geothermal conceptual model shown in

Fig. 12.

Fig. 10. Resistivity section of (a) profile A and (b) profile B. The cap rock can be identified as the low-resistivity zone lying on top of the reservoir. The

desired borehole trace should be drilled vertically downward to a certain depth and then directed toward the reservoir to penetrate all possible feed

zones within the reservoir.

(a) (b)



tivity zone can be identified in Figs. 10a and b; this zone

could be related to a clay-rich cap rock in the geothermal

structure. The cap rock shown in Fig. 10a is about 1 km in

width and is found at depths ranging between 0.2 and 1 km.

The resistivity of the cap rock is about 14 �m, which is not

as low as that of many other geothermal fields that typically

have a low-resistivity cap layer of less than 5 �m. This may

be a consequence of the Chingshui geothermal field having

meta-sedimentary host rocks that are expected to be less re-

active than the volcanic rocks of other fields. This would

confirm the observation of Yui et al. (1993) that argillites

and slates from within the field remain unaltered.

The fracture zone of the Chingshuihsi fault can be inter-

preted to be an indication of lateral resistivity discontinuity,

and its dip-angle changes from steep at shallow depths to

gentle at deep depths (Fig. 10a). The cap rock of the

geothermal structure was formed on top of the geothermal

fluid channels. As shown in Fig. 10a, the width of the frac-

ture zone of the Chingshuihsi fault might change from nar-

row at deep depths to wide at shallow depths, and this fea-

ture might be associated with the flower structure of the

strike-slip fault (Fig. 10a). As shown in Fig. 10b, the geo-

thermal reservoir, approximately 1.5 km in length and dip-

ping toward the north, is bounded by the C-fault in the north

and the Xiaonanao fault in the south.

6. GEOTHERMAL CONCEPTUAL MODEL OF

CHINGSHUI GEOTHERMAL FIELD

Based on quantitative analysis of the geophysical data

together with knowledge of the geology in the Chingshui

area, Fig. 11 shows a 3-D view of the fault systems in the

vicinity of Chingshui. The geothermal reservoir, with a

NW-SE trend and about 1.5 km in length, might be associ-

ated with the fracture zone of the Chingshuihsi fault and is

bounded by the C-fault and the Xiaonanao fault in the north

and south, respectively.

Nineteen deep production wells were drilled by the CPC

in the past, and an additional 500-m borehole was drilled in

2006 by the ITRI. The well logs collected from 11 boreholes

(Table 1) are used to analyze the spatial structure of the geo-
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Table 1. Basic information on the production wells used in this study. Wells 9 and 18 were drilled twice at the same position. Well 9-2 was

abandoned due to material accumulation in the hole. Wells 17, 18-1, and 18-2 were abandoned as they were nonproductive.

Well No.
Completion

date

Well head

elevation (masl)
Hole depth (m)

Max. temp

(�C)

Max. productivity

(t/h)

Production casing

range (m)

4 1976 252.5 1505 201 114.30 539 - 1505

5 1977 269.4 2005 220 61.3 495 - 1998

9-1 1977 260.3 2074 205 68.4 490 - 2074

9-2 1977 260.3 2086 – – 508 - 2081

12 1977 260.7 2000 223 31.7 1048 - 19980

13 1977 269.5 2020 219 76.8 505 - 2015

14 1978 281.5 2003 215 42.8 947 - 2003

16 1979 272.6 3000 225 30 - 128 833 - 2993

17 1981 266.7 1848 167 – 1067 - 18310

18-1 1982 294.8 2450 239 – 769 - 4490

18-2 1982 294.8 2231 215 – –

19 1986 257.7 0901 206 48 159 - 8960

20 2006 272.6 0500 170 30 200 - 5000

Fig. 11. The geothermal conceptual model of the Chingshui area. The

geothermal reservoir might be associated with the fracture zone of the

Chingshuihsi fault, and it is bounded by the C-fault and the Xiaonanao

fault in the north and south, respectively.



thermal reservoir in detail. Figure 12a shows the 3-D bore-

hole traces and the feed zones of each borehole. Wells 17 and

18 have high temperatures, but insufficient quantity of hot

water and no obvious feed zones; this implies that these two

wells do not penetrate the feed zone in the geothermal re-

servoir. Thus, the geothermal reservoir is clustered with

feed zones, which are confined in an area 260 m in width,

N21�W, and dip 80� to the NE (Fig. 12a). This is in agree-

ment with the results of MT and gravity interpretation.

For visualizing the temperature of the geothermal re-

servoir, a 3-D grid was constructed using 24-h logging data

obtained from the temperature recovery test conducted on 11

boreholes. As shown in Fig. 12b, the iso-temperature surface

dips steeply toward the east, coinciding with the dipping

fracture zone of the Chingshuihsi fault (Fig. 10a). The high-

temperature hot water rises upward in the SE region of the

geothermal reservoir, which is located near the intersection

of the Chingshuihsi and Xiaonanao faults. Thus, the Xiao-

nanao fault might play an important role in the evolution of

the Chingshui geothermal field. In this high-temperature

zone, approximately 500 m in length, the temperature of the

geothermal fluid can reach 140�C and 160�C at depths of

200 and 600 m, respectively.

Figure 13 shows the surface projection of borehole

traces and the geothermal reservoir. It appears that all the

productive wells drilled in the past are located inside the

fracture zone (Fig. 13), and the borehole traces also lie

within the fracture zone (Fig. 12). Because the geothermal

reservoir dips to the NE, the most suitable location for drill-

ing production wells should be on the NE side of the reser-

voir, as shown in Fig. 10a. The design of a borehole trace

should be separated into two parts � vertical and directional

drilling (Fig. 10a). In other words, the trace should first be

drilled vertically downward up to a certain depth and then

directed toward the reservoir so as to penetrate all possible

feed zones within the reservoir. The shaded areas halfway up

the hill, labeled as A and B in Fig. 13, are the candidate areas

for drilling production wells in the future for geothermal de-

velopment. The main advantage of drilling wells in the pro-

posed area is the reduction in drilling risk and pressure loss

from the production well to the turbine. Area A, which lies

beside the high-temperature zone, is the most suitable area for

drilling production wells in the future since the recommended

depth in this area is 1500 m. On the other hand, the recom-

mended depth of a well in area B is greater than 2000 m ow-

ing to the greater depth of the reservoir in this area (Fig. 10b).

7. CONCLUSIONS

Based on quantitative analysis of the geomagnetic data
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Fig. 12. 3-D geothermal conceptual model of the zoomed-in area of the black dashed box in Fig. 9. (a) The reservoir is confined in an area 260 m in

width, N21�W, and it dips 80� to the NE. (b) The iso-temperature surface dips steeply toward the east, and high-temperature hot water rises upward in

the SE region of the reservoir.

(a) (b)



and velocity structure in the Ilan plain by Lin et al. (2004),

we propose that intrusive igneous rock might be related to

the upper part of the upward cooled magma body, resulting

in a WE high magnetic anomaly in the middle of the Ilan

plain. The existence of the magma chamber and the intrusive

igneous rock results in a high heat flow and geothermal gra-

dient; furthermore, the NE deep fault system within the

meta-sandstone provides a meteoric recharge from a higher

elevation to artesianally drive the geothermal system. This

confirms that the geothermal fluid had circulated deep

within the fracture zone and was heated by a deeply located

hot body of rock, which is coincident with the 3He/4He ob-

servation of Yang et al. (2005).

The fault system in the Chingshui area was interpreted

from geologic, gravity, and magnetotelluric data. The geo-

thermal reservoir might be related to the fracture zone of

the Chingshuihsi fault and is bounded by the C-fault in the

north and the Xiaonanao fault in the south. In this study, a

3-D geothermal conceptual model was constructed based

on the information collected from geophysical interpreta-

tions and well logs. The geothermal reservoir is confined

within an area 260 m in width, N21�W, and it dips 80� to-

ward NE. The iso-temperature surface steeply dips toward

the east, coinciding with the dipping fracture zone of the

Chingshuihsi fault. A high-temperature zone is found in the

SE region of the reservoir, which is about 500 m in length,

and lies near the intersection of the Chingshuihsi and

Xiaonanao faults, where the temperature of the geothermal

fluid can reach 140�C and 160�C at depths of 200 and 600 m,

respectively.

Two areas on the NE side of the geothermal reservoir are

recommended for drilling production wells for future geo-

thermal development. It is suggested that the borehole be

drilled vertically down to a certain depth and then directed

toward the reservoir to penetrate all possible feed zones

within the reservoir. Area A, which lies beside the high-

temperature zone, is most suitable for drilling production

wells, and the recommended depth in this area is 1500 m. On

the other hand, the recommended depth in area B should be

greater than 2000 m owing to the greater depth of the re-

servoir in that area.
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