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ABSTRACT

China is rich in geothermal rseources. According to the
latest statistical data, the number ol hot springs with t
>»257 in the country is over 2 700. If the hot water
wells in basins and hot water outlets in mines werc in-
cluded, it would be well over 4 0. In recent years.
the progress in geothermal exploration and utilization
has bcen made. Geothermal resources of diflerent
types are succes{lully utibzed for diflerent purposes.
The high temperature gcothermal resources formed on
the houndnry of the plates are mainly used [or power
gencration At the same time, the low and medium tem-
perature geothermal resources formed in widespread
interplate uplifted and subsided regions are [avorable
for direct uses. This paper deals with the hasic types of
geothermal resources in China and the latest progress
regarding the exploration and utilization.

[.INTRODUCTION

China is rich in geothermal resources, which are widely
distributed. There are not only hot springs occurring at
the surface, but also a lot of thcrmal water and therm-
al brine resources in basins at depth which have been
discovered by host of drillholes. According to the latest
statistical data, the number of hot springs with temper-
alure exceeding 25C is over 2 700{S. Huang et al
1993}, IT thermal water wells and thcrmal outlets in
mines are taken into consideration, this number will he
increased well over 4 000,

Depending an the geothermo -geological setting the
geothermal resources can be divided into 3 basic types

and & subtypes. Below are some examples given in this
paper. Also described are formation characteristics of
geothermal resources of different types in China and
the latest progress in their exploration and utilization.

2. BASICTYPE OF GEOTHERMAL RESOURCES

The geothermal resources in China can be divided into
3 types and 6 subtypes as follows (S. Huang..ct al.,

1986.1993):
] . Magmatic Activity Type
Ta. Recent Volcano Subtype
T h. Reccnt Magma Subtype
[T. Uplifted Fault Type
IT a. Intermountain Basin Subtype(Iniand and
Coastal)
[I'b. Picdmont Transition Subtype
IIl. Subsided Basin Type
Illa. Sedimentary Faulted Basin Subtype
f[fh. Sedimentary Depressional Basin Subtype
In accordancc with this division, examples include
Tengcheng of Yunnan (T a), Qingshui of Yilan Coun-
ty in Taiwan{ I a), Yangbajain of Xirang (Tibet){ T b,
Daiyun of Fujian (Il a). Tangshan of Naniing (TI b},
Shanlingzi of Tianjin (Il a), Junlian {]li b) and
Huashuiwan {1l b) of Sichuan. Because of the different
geothermo—geological  background, the type of
geothermal manifestations at the surlace, intensity of
hydrothermal activity, watcr temperature, discharges
and chemical composition also show obvious differ-
€nces.

Tengechong of Yunnan and Yangbaiain of Xizang are
located in the central and western section of the
Zang—Dian High-Temperature Geothcrmal Zone,
respectively (8. Huang et al, 1981, 1986), and belong to
the Recent Volcano Subtype(I a) and the Recent
Magma Subtype (I b), respectively. Located in the
northern section of the Taiwan High—I1'empcraturc
Geothermal Zone, Qingshui of Yilan County falls un-
der Subtype I a . They appear on the plate boundary
in the Pliocene and Quarternary Volcanic Zone and
the Cenozoic tectonic mobile zone - the young
orogenic zone. The heat sources are closely related to
the recent volcanic eruption and recent magmatic intru-
sion,

Daiyun of Fujian is locatcd on the northeastern end of
Ming -Yuc Qiong Lower and Medium Temperature
Geothcrrnal Zone (Southeastern Coastal Geothermal
Zone). Tangshan of Nanjing is situated on the eastern
branch of Ningzhen Arc. Thcy belong to Coastal
Intermountain Basin Subtype(Il a) and Picdmont Tran-
sition Subtype {(II b}, respectively. The heat source con-
ditions are related to deep circulating convection of un-
dergiound water.

Shanlingzi of Tianjin located on the northern edge ol
the North China Basin falls into the Sedimentary Fault-
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ed Basin  Subtype (/I a). Bath Junlian and
Huashuiwan, located in southern and western parts of
Sichuan Basin, respectively, belong to the Sedimentary
Depressional Basin Subtype (l1b).

The geothermal resources of the I and [l types are
widely distributed in the interplate uplifted and sub-
sided arcas of tlic Earth's Crust, respectively. It is sug-
gested that tlie heat sources of the [T a, TI b subtypes
and llla subtype he related to the deep circulating con-
vection of underground water. The heat source ol the
Ilh subtype depends mainly on heat conduction under
the influence of normal geothermic gradient.

3 EXPLORATION RESULTS

The typical examples ol the geothermal rescurces of dil-
ferent types and thcir exploration results are as
lollows(Table 1)

3.1. Yangbajin Geothermal Field of Xizang (Tibet) { | b)

Yangbajain Geothermal Field is located in Yangbajain
Area of Damxung County in the Xirang Autonomous
Region. The Field is about 90 km Lhasa, the capital of
Xirang. It is the first exploratory high temperature
geothermal field belonging to a water—doiniiiatcd
hydrothermal system. Among the high temperature
geothermal fields this field is one of most Famous fields
at home and abroad due to its distinctive geological
background (Cirenda et al., 1988). Whether there is a
higher temperature geothermal reservoir is present at
depth of Yangbaiain Ficld or not. constitutes one of
the problems which has attracted good deal of atten-
tion [rom geothermal circle in China and overseas. On
the basis of anslyses of geophysical and peochemical da-
ta the localions of 3 deep wells in nothern part ofl the
field were sclected (X. Ren, 1994). One deep well
ZK 4002 has discovered a geothermal fluid with a tem-
perature ol 329.81' at depth of 2 007m.It is the first
borehole with a temperature over 300 in China En-
couraging progress has been made, thus, enabling
China to rank among the counlries the world over
which have a hydrothermal system with a temperature
in excess of 300C

3.2. Qingshui Geothermal Field of Yilan County,
Taiwan ( [ a)

Located in the westsouthcrn part of Yilan County,
Qingshui Geothermal Field has the temperature rang:
ing from 60T to 991'. It abounds inlumaroles. The
largest one is in riverbed, discharges 150 ¢/ h of
geothermal fluid. Chemical composition is HCO,-Na
type with pH 2.7(C. H., Chen. 1975). In the spring
ared, the reservoir rock consists of the epimctamorphic
slates and quartzites in the Early Miocene. The 7 pro-
duclive boreholes have been made. They produce 500
L/ h of thermal water. of which about 75 t/ h can be
transformed into steam. The maximum well depth
reaches up to 3 000m. The thermal water of 2291' was
hit. In 1981 an experimental power plant was built.
with a powcr capacity of 3 000 kw (C. H., Chen,
1994).
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3.3. Daiyun Geothermal Field of Lianjiang County,
Fujian (1T a)

This field is located in northeastern suburbs of
Lianjiang County. The exploratory work in the [ield in-
cluded geophysical and gcochcinical exploration In or-
der to determine whether the geothermal anomaly 1s
present in the study area, tempcraturc mecasurcments,
geochemical anomalies of Helium (He), Mercury (Hg)
and Polonium (Po) at shallow depth, geophysical meth-
ods of gravimetric, seismic. electric and hydrochemical
analyses, have been carried out {Y. You. 1993). On the
pasts of analyses of the geostructural. hydrogeological.
geophysical and geochemical data determination of tlic
location of tlic first geothermal well was made. The cx-
ploratory work has achieved good results, In tlic placc
where the geothcrnial wells was under way. tlic rock is
fractured, fissures and fracturcs are developed. There
are center of geothermal anomalies (t =247 ) and low
resistivity (10-30€m) mn the intersections ol 2 or 3
groups ol fissures and fractures. As a result. hoth tlic
first geothermal well (ZKL01) at the depth of 156.11m
and the second one encountered thermal water with
the tempcraturc of 62.1TC  and 64.0T and arlesian
discharges of 3 281 t/ d and 4 000 t/ d. respectively.
The pressures at both wellheads reached 300 kPa. The
hydrochemical type of thermal water of the well
(ZKLOL} is Cl-SO,- Na. The mineralization is of
663.92 mg /1. Its pH is O18.84.

The water contains Br, I, Sr, B, ctc,.

3.4. Tangshan Hot Spring of Nanjin, Jiangsu ([ b)

Tangshan Hot Spring is locatcd in the eastern part of
Nanjing. 28 km away {rom the city proper.

The hot spring arca occurs in the eastern top of the
Ningrhen Arc— Eastern Flank Reflect Arc of the
Huaiyang Epsilon Tectoinc System The reservoir rock
is fissure limestone of the Lower amd Middle
Ordovician. consisting the axis of Tangshan Anticline
to the east of the Tanglun Anticlinorium. There are
silicified limestone and breccia in the arca. At present,
about 8 sring—shallow wells. are heing exploited. Tem-
peratures of the water arc from 50.0 to 62.0C and
discharges are between 18-581/ s, The hydrochemical
composition is calcium sulphate (SO,~Ca) and the
mineralization is 1.71 g /1. Several sanatoria. hospitals,
bathrooms and a villa have becn built. In recent years.
the further cxploration in application of geological.
peochemical and geophysical methods has been carried
oui . According to the results ol geothermal explora-
tion. the first well met the thermal water of more than
1000t/ dol 57T at depth of 200 in.

3.5. Shanlingzi Geothermal Field of Tianjin (Illa)

Shanlingzi Geothermal Field of Tianiin ([l a). located
in the castern part ol Tianjin. It is one of the largest
lower and medium temperature geothermal fields ever
discovered in the country [or the present. The
geothermal reservoirs have the [ollowing
characteristics: several productive layers. relatively shal-
low depth and rather wide distribution. Alter detailed
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Iable 1. Several Examples of Geothermal Exploration and Uses in China

. Geol. o Hydrochemical Use
no. Location T™C Q. i/s pH M, g/1
Type i Type Type
Yangbajnin CI Na P 25 MW
X Is 171 330 98! 79 16-2.4 N
(Xizang) o CI-HCO,; ‘Na G 2000 m
Langjiu - e e
2 ) Ib 8 112 510 7.8 204 CI- HCO, 504 Na P 1 MW
(Xizang) o ~ ’
Naqu
3 . Ib  62-116 5 7.5 282 HCO, CI Na P 1 MW
(Xizang) R
Qingshui
4 X I 99--299 28 9.7 2.5 HCO, Na P 3 MW
(Taiwan) ’
S 1
Xiaotangshan . D 10000 m”
b 35 63 95 7.2 19 0.3 0.7 HCO, 85C, Na Ca q
{Beijing) ’ G 100 000 m
F 650 000 m?
s 2
Tangshan B 3
. Ilb 50 62 58 7.2 1.7 50, Ca
{Nanjing) F 60 000 m’
(Guquan)
_ i { Tomfe,
Yingshan
. [Ta 46 69 50 0.3-0.5 80, Na Ditlo etc.
(Hubei) )
GFB
Tanggu q
R Iita  69-75 85 1520 CI-HCO, Na D 620 000 m
(Tianjin}
o C1-80, Na D 30 000 m®
Shanlingzi 3G--50
o Tila 12-58 BO-88 16 18 CI'HCOQ, Na [ Wool Textile etc
(Tianjin) 71596
HCO, CI-Na GF
Junlian
10 Ik  52--56 40 7.7 4.4 CI-Na BT
(Sichuan)

P. Power Generation; (G. Greenhouses; S. Sanatorium; D. District Heating;

F. Fish Farming; [. Industrial Uses; B, Bathing and Sweeming.

geothermo-geological exploration (Z. Chen, 1993), the
geothermal rcservoir consists of Minghuazhen Forma-
tion {Nm) and Guantac Formation (Ng) of the Upper
Tertiary System and the geothermal reservoirs of the
Cambrian and Middle and Upper Proterozoic base-
ment rock. The geothermal reservoirs in the rock of
Fm. Nm and Fm. Ng have temperatures of 30-50T .
The temperature of peothermal reservoirs in the
carbonate rock of the Middle and Upper Proterozoic
ranges [rom 75¥C to 96C . The mineralization ol therm-
al water is generally 1.6-1.8 g/ I, which is similar to
that of the deep and shallow geothermal reservoirs.
The types of the chemical composition of the water are
mainly Cl1-80,—Na, CI-HCO,-Na and HCO,;-Cl-Na.
The geothermal reservoir in the Fujunshan Formation
of the Cambrian carbonate rock was discovered for the
first time in this area. Its buried depth is | 440-1
670m. The maximum temperature of the waler reaches
96T . The pressure at the wellhead is 23-28 m above
ground. The artesian discharging rates of the wells are
44-207 t/ h (12-58 1/s). It is of important signifi-
cance for Tianjin and even the North China as a
whole.

3.6. Junlian Hot Spring of Junlian County, Sichuan
(111a)

Junlian Hot Spring, also referred to as Xunsi Hot Spr-
ing. is located in Xunsi Xiang of Junlian County. On
the end of submerged Xungsi Nose Anticline, it occurs
in the Maokou—Qixia lumpy Lmestone of the Lower
Permian (P,m+q). Water temperatures range {rom 52
to 56T and the discharge is about 40 1/ s. The chemi-
cal composition type is sodium chlorite {C1-Na) with
a mineralization of 4.33-488 /1. One of the hot
springs in Sichuan Basin, Junlian has the highest tem-
perature and largest discharge. Some coal —exploratory
wells, of at least 2 were drilled by the Sichuan Coal
Team no. 141, and thermal water pinpointed.In recent
years, by the Sichuan Tourism-Geoogical Association
with the help lrom the Scientific Commission and the
Urban Construction Bureau and other units, the char-
acteristics and significance of Junlian Hot Spring and
karst—peological landscape have been evaluated. A reli-
able geological basis for the development and utiliza-
tion of resources menlioned above was provided (W.
Ge et al, 1989). The practice indicates that the tourist
development and sanatorium constructon began to
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take shape and the economic. social and environmental
benefit is obvious.

3.1. Huashniwan of Dayi County, Chengdu of Sichuan
(H1b)

Huashuiwan is located in Dayi County. west of
Chengdu. Sicliuan Province. There was an exploratory
well. whose original object was to seek after oil and
gas in the early 70s. but it turned out to have hit
thermal water with no oil and gas round. and then the
well was in a standing shut state.

[n 1986, Sichuan Bureau or Geology and Mineral Re-
sources maintained. that those oil and gas exploratory
wells which did not come to anything should he put to
use again in terms of exploitation of thermal water.The
[easibility of the suggestion was proved by Sichuan
Tourism -Geological Association togcther with  the
Planning Commision ol Dayi County in 1992. After
openning the well. geothermal water of over 72°C up
to 10 000t/ d at the depth of [ 800- 2 800 m was
successfully nbtainrd in 1994, The reservior rock is
karstificated [(issured limestone of the Middle Triass
(M. Chen. et al., 1993),

4. PROGRESS IN UTILIZATION

To sum up. the geothermal resources of the Type I are
mainly suited for power generation; the geothermal re-
sources of Types T and Il are suited lor developing <i-
rect uses. including district heating, industrial and agri-
cultural uses, medical treatment and tourism and drink-
mg. etc. Typical examples are as follows (Table 1).

4.1. Power Generation

As shown in Table |, Yangbajain Geothermal Power
Plant has a total generating capacity of 25 MW, hav-
ing produced more than 5+ 10*%«Wh clectricity since
1979. By the end of 1993 the annual electricity produc-
tion reached over [ *10°%kWh, indicating that
Yangbaiain Geothermal Power Plant had contributed
a great deal to the Lhasa electrified wire network. Be-
sides, Langijiu and Naqu of Xirang have the generating
capacity ! MW, respectively, Qingshui of Taiwan has 3
MW (Table 1J.A part from the above mentioned
geothermal fields, there are lots or boiling springs in
China. where the high—-temperature geothcrmal systems
are very developed.They are rich in power resources.
However, in several areas, such as Tatun of Taiwan be-
cause lower pH value (pH 2-4), so corrosion problem
is very serious, whereas in other areas temperature is
relatively lower, the power generation was is not effec-
tive or economical.

4.2. District Heating

There are many successlul cnperiencc in connection
with district healing in Beijing. Tianiin and many othcr
locations in North China. The geothermal district heat-
ing system established in Tanggu district of Tianiin
serves an area of 620 000 m’. The geothermal re-
sources of Shanlingzi Geothermal Field are utilized {or
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district hcating in an arca of about 30 000 m*as well.
Although tlic scale is still small, it saves conventional
[ucls and decreases pollution.

4.3. Industrial and Agricultural Uses

The thermal water of Shanlingzi Geothermal Field
made use of as hot! water sources [or boiler and a
wool-textile mill.lt can save 7 000t of coal, 4 000 t of
industry salt and 8 000 kWh of electricity annually (Z.
Chen, 1993). In recent years, a great progress in agricul-
tural uses of geothcrmal resources has hcen made
Rich experience was accumulated (8. Chu,(961).

4.4, Medical Treatment and 'Tourism

In reccent years, the uses of hot spring resources in the
medical treatment and tourism have rapidly hcen devel-
opped. The number ol sanatoria in China is over 200.
In mang locations like Xiaotangshan of Bejing,
Tangshan of Nanjing {(Table [),Haikou, Xinglong
Sanya, ionghai of Hainan Province, aum 15 at build-
ing hot spring  hospital,
holiday houses and recreational centre [or entertain-
ment cte.Besides, Tengchong of Yunnan and Tatun of
Taiwan are [amous for their volcanic hot spring in the
country. Dagejia, Qab and Gulu of Xizang anti
Rekeng (Calu) of Western Sichuan are wellknown for
their geyser and spouting boiling springs. Marvellous
gcothermal landscapes are abundent 1n these arcas.
They are valubale lor developing tourism and sight--see-
ing having an enormous potentiality

sanatoria, hotels,

5. CONCLUSION

As mentioned above, geothcrmal resources of Type [
belong to volcano type, the lieat source of which is usu-
ally favorable for lormation of geothermal resources
with temperatures over 150-180C. The geothermal re-
sources of the types IT and 1 belong to nonvolcano
type. There arc no special heat sources and the temper-
ature of gcothermal systems is below 130T

According to statistics by §. Muang et al. {1993}, hot
springs with temperatures of over 80°C makc up only
7-8% of the total number of hot springs in China as a
whole. Resides. hot springs with temperatures from 2=
25 to <80T make up 92 93% of the total. The flor-
mer arc principally distributed in Zang-Dian and
'Taiwan, the two High -Temperature Zones are located
on the boundaries of the platesbelonging lo Type I
The latter are in the widespread interplate uplilted and
suhsided areas as i Dian Chuan, Ming-Yue -Qiong
Lower and Medium Temperature Zones and others.
Most of the geothermal wells in the Meso- Cenozoic
sedimentary basins have thc same temperatures to
those of the latter, They belong to Type ITand (Il

Application of various geological. geophysical and
geochemical methods. in conjunction with structural an-
alyses, shallow temperature measurements. Helium,



Mercury and Polonium measurement and gravimetric,
seismic and electric exploration have achieved good re-
sults. Shanlingzi of Tianjin and Daiyun of Fujian have
rendered successful experience which is of important
significance for geothermal exploration in future.

Several examples indicate that geothermal power gener-
ation using high temperature geothermal resources.
plays an active role in developing new energy sources
of the country. The low and medium temperature
geothermal resources are favorable lor multipurpose
utilization{Table 1).

Many information and statistical data of geothermal
uses are available from the papers of Chinesg
Geothermal Association.
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