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EXPLORATIONFOR LOW TEMPERATURE
GEOTHERMAL RESOURCES: A CASE HISTORY OF

ISLAND, CHINA
PANG ZHONG-HE, WANG Ji-YANG andZHAO-PING

Laboratoryfor Geothermics, instituteof Geology, Academia Sinica, China

SUMMARY An exploration study of the geothermal in Hainan Island of China was carried out and results
were interpreted for the potentialof its development.Themain typesof geothermal identified and the basic 
featuresof the hot spring typesarediscussed in detail.Improved was applied and resultsindicate that the
Island is rich in low geothermalresourcesand shouldbe suitablefor direct utilization schemes.

1. INTRODUCTION

Hainan Island is located in the southern part of Chinaand
is the second largest island in the country (Figure 1). The

island covers an areaof greater than and is the
major part of Hainan Province or the Hainan Special
Economic Zone (HSEZ). With the establishment of the
HSEZ and the development of the local economy,energy
shortage isbecoming more and more severeand there is an
urgent need to look for energy sources.

Having made a trip to Hainan, sampled and gathered the
availabledata,we studied the geological background, the
distribution of geothermal manifestations and the basic 
characteristics of the quantity and quality of the natural
geothermal discharges. The reservoir temperatures of the
hot springs have been estimated by geochemical

.

GEOLOGY

The general geological background and the location of the
main geothermal manifestationsare schematicallyshown
in Figure 1. Tectonically, Hainan Island is a part of the
South China Fault-Fold System. The basement is of
Paleozoic rocks consisting of intensively folded
metamorphic rocks and migmatite. The prototype of the
present-day tectonic framework was formed in the late
Paleozoic period. Continental rifting activity possibly
took place in the island during the Carboniferousperiod.
The forms of tectonic movements in the Mesozoic era
were mainly folding and faulting along the NE direction.
Large amounts of intermediate to silicic magma erupted
and many mechanically tensile "red basins" also formed
during these periods. In the Cenozoic era, a large quantity 
of tholeite erupted on the northern coast of the island and
many older faults reactivated. 

There are two major fault systems in the island, the
NE and E-W fault systems. The former can derived
accordingto the distributionof the sedimentarybasins and

the igneous rocks and the later is more obvious (see
Figure 1). The tectonic frameworkwas dominated by the
two fault systems but the tectonic history of the area can
be interpreted as the history of their activity. and

are the north and south boundary faults respectively. To
the south of there existsan old stable terrain different

from that to the north. controls the occurrence of

basaltic rocks and young basins in periods in the
areasof the Island.

3. TYPES OF GEOTHERMAL RESOURCES

Basedon thedata available and the geologicalbackground,
the resources in the island can be divided into
three types:

(1) Fissure water of deep circulation (convective) type,
which occurs to the south of

(2) Sedimentary basin (conductive) type,which is seated

beneath the thick sediments in the areas to the north of

(3) Geopressured geothermal resources, which have been
found during oil-gas exploration in the
Basin, about 30 southwest of the island.

This paper will focus only on the analyses and a
preliminary interpretationof the first type.

4. HYDROGEOCHEMISTRY

Hot springs are found in many places on the island
According to incomplete statistics,thereare more than 50
hot springs (Table 1). Estimates of the natural flow-rate
and chemical of the thermal waters were made for
32 hot springs. There are two hot springs with

higher than80°Cand themaximum discharge
temperature is 19 of the hot springs are hotter than
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Figure 1. Map of Hainan Island showing the locations of the major geothermal manifestations and their geological 

settings. 1.Cenozoic sediments; 2. Cretaceousred 3. Jurassicvolcanic rocks; 4. Paleozoic
5. Cenozoic basalt; 6. Mesozoic granite and granodiorite; 7.Paleozoic compound granite and migmatite; 8. Fault; 9. Hot
springand 10.Drillhole.

There are 18 hot springs with flow-rate higher than 1

2 have flow rates greater than 5 and the maximum
flow-rate is 14 Chemical types of the waters are

for 19 hot springs and

type for 9 springs. Total dissolved solids are less than 1
for 23 hot springs, but greater than 1 for 5 with a

maximum of 7.5 The Cl-Na type of hot springs with
high salinity are commonly found along the coastal areas

and their origin is believed to be influenced by the sea

water. The of most of the thermal waters is from 7 to
9.

All these hot springsare found to the south of the major
fault No hot springs have been recorded in the area to

the north of the fault. The reservoir rocks of the hot
springs are mostly granitesandmigmatite. The occurrence
of the springsis controlled by theNE and E-W faults and
most hot springs fall on the intersections of the two fault
systems.

composition (Figure the

water shows that it is meteoric. The water-rock exchange 

of isotopes is not intensive, which implies that the
reservoir temperature are not very high (Pang Wang,
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Figure 2. 6D versus plot for hot water and other
naturalwaters in HainanIsland
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5. GEOTHERMOMETRY
The reservoir temperatures of these hot springs are
estimated by using a calibrated geothermometer

(Pang, 1991). Results show that the most common 
reservoir temperature is and the maximum is
about 140°C provided that there is no influenceby mixing
of thermal water with shallow ground waters (see Pang et
al., 1990 for discussions on this). If the mixing effect is
taken into thereservoir could be
slightly higher than this value.

6. DISCUSSION AND CONCLUSIONS
Isotopeand geochemical methods have been very useful in
the evaluation of the genesis and the energy potential of
the geothermal resources in the area. The calibrated
chemical geothermometry yields reservoir

Based on the interpretation and analyses of all the data 
available, Hainan Island is found to be rich in low
temperaturegeothermal resources. The thermal waters
mainly of meteoric origin but some are mixtures with sea
water. The water is heated through the deep circulation of
the meteoric water. The reservoir temperature is around

with 140°C possibly the highest. Therefore,
the thermal water is suitable for direct utilizations but is
not economic farpower generation.

This energy source is especially valuable for this island 
Province, suffering from a shortage of energy, and is
suitable for direct uses. However, geothermal research and 
development on this island is still at a very low level.
Data are limited that no further evaluation could be
made on its geothermalprospects.
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For possible future geothermal studies in the area, the
geothermal resources offshore is likely to

become a promising energy some and an investigation of
this is strongly
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Table 1.Characterizationof hot springs in Hainan Island, China
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