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. The Government o,f the People's Republic of China which payfj 

{!;reat attention to the energy resources research and development 

ha:; recently established the National Energy Corrmiittee as the 

nationwide special organization with responsibilities for planning, 

ctjordination and management ofresearch and development of energy 

ior the whole country. Geothermal energy, as a new source of 

cf ic f j ry , though at present has only made!up sinall part of the 

country's total energy mix,is a promising potential energ>', to 

\v}.'j r.)i tlie Government of China attaches great importance." It can 

b.; ioi'oscen that tho geothermal energy will hold more and more 

i :..,•..:,t:mt po'oitiou in a country's total ba'i an eo. 

Fol]ov;3 are a brief introduction of the distribution, deve-

lopi.-fcj'tt and multipurpose utilisation of the geothermal ener^^y 

.••*::'.cavcea in China as well ae the near future plan in- thia field. 

DlS'L'iilBUTlOliOF GKOTHi.'lil.lAL EilERGl' RESOURCES IN.Cm.IIA 

Vaki tl;'; ,i t into conr.ideration the phyr.ieo-gcographical and 

,••..'.„,,•.i c.-al CCJ.;-•'t:,'.ua;> iii (̂ liina, r-ind V\i'. uiultij-/Ur])osc Xitil.l;;at-lu;'-

i ' ' >lK'!';:i;.l V. ..ivri-, t-n: 3owf?r i:<f::poratu;:e ;ii/iiit is e e t at 'r.y."C. 

-:'i.i;J \: :.i>:\r ui.iy }...-. i-,i;ou]i>̂cl into thr^o clawaef^ ai.; folluv.';.: 



Die low temperature is 2^-60^C, medium temperature is 60-100 C 

a/iO high temperature is over 100°C ( HucUig Shangyao et al. ,1979-

BO ). 

China is rich in geothermal resources. To date, more than 

2000 locations, including hot springs, geothermal wells and geo­

thermal water in mines, have been discovered. Based on physical 

state of geothermal energy resources China has mainly natural 

hydrothermal convective systems: the gebthermal water system and 

the wet-steam system while the dry steam system is not knov/n yet. 

Tlie geopressured and hot dry rock systems remains to be investi­

gated. 

More than half of the hot springs in China are located in 

Xizahg ( Tibet ) Autonomous Region, Yunnan, Taiwan^ Guangdong and 

Fujiang Provinces, where the hot springs occur in the most large 

numbers;>.'̂ Tlot springs are apparently concentrated in 4 zones 

.Xii'-.aiig-Yunnan, Taiwan, Southeastern Coastal and Yimnan-Sichuan. 

r<-,.::t to the A zones, hot springs occur in Liaoning, Shangdong, 

Jj.hi!jgxi, JIunnan, llubei and Sichuan Provinces, each numbered over 

'.•0. Vutherraorc there are abxindant geothermal resources in the 

country's vaut plains as hidden geothermal fields and have been 

ciicountered by oil-gas wells. 

All above shov/ that the unique geological structxire of China, 

i:;.- .'/-otherinal regime of the-earth's crust and hydrogeological 

c>,.,.:ii Lions in Chin.i cti.t; favorable to tho .Conaation and diatribu-

;'iL;i of variod typca of geothonual water and steam, and has pro--

.'jM.ii natuvj'il ciuditions- for dove],opnient and utilization of geo-

i....:;,:,..! r^iwviyy roi-.ources ( Huang Shangyao ot al., 1970 ). 



larjcnt one in China. ( Jin Clien V/ei, Chou Yunshen, 1978 ), which 

rciclies the upper mantle of the earth. Its associated magmatic ac.ti-

vi ly and reinelting process have provided the excellent channel and 

pov.'crful heat- source. Therefore' the Xiz-K-ing-Yunnan Geothermal Zone 

iw of most active on the mainland of China. In this zone more 400 

Elites of active hydrothermal outcrops have been found with abundant 

hot .'jprings geysers, fumaroles and hydrothermal explosion orifices, 

l.lotit of them in Xizang are exljosed at an altitude of over 4000m. 

Among them over 100 sites have the, temperature 86-94 C which are 

higher than local boiling point ( Tong Wei et al., 1979-1980 ). At 

present the Yangbajing geotiiermai field in Xizang is under develop-

i.ient. This field is located on middle segment of Xizang-Yunnan Geo­

tiiermai Zone. A maacimxira temperature of 170 C is raearured at the 

depth of .150m. The-well head' temperature is 150°c. The-pressure i:.̂  

about 3-4 atm. . The maximiun flow rate of geotyiermal fluid is 400 

tons/hour ( Geothermal Team of Xizang Autonomous Region ). Tho bas« 

•i.oi!i]>erature calculauted' from geochemical. thermometer is- 180-230, C 

( Ai'i Keslii at ail.,1980 ). In 1977 an experimental power station 

'.. i xh tlie capacity of lUOOlcw waa built. The >vell-known Tengchong 

v-al.canic hot spring area, associated with Pliocene volcanic activil 

l r , located at the southeastern end of this zone. The; hydrothermal 

c;o'civity is very'strong. The temperature of geothermal water is, 

iix liio.ot circuiiu-J Lanous, over 96-9B''C, exceeding the local boiling 

•i,o.!Jit.''There are many geothermal manifestations, such as boiling 

-, ,'i'i.';.; cJ u.ste:.-.. and fuiii.aroles. The hydrothn.rriial alteration and 

i:,!.. ,:\'l iit.'jioii'j t.icn arc aevelo]ied. Tho well head .tejapvirature of a 

•6, 
I . . ; . . 1 •;p bcrohol^; u.i -Uiol'-'ft sido 01' Zaotong River is 96 C, Thu; 
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water-steam spouted at a height of about 15m with a discharge of 

23 'tons/hour ( Geological Bureau of Yunnan Province ) . The downhole 

teniperature at the depth of 12m reached l/15°C..The exploration and 

development of the geothermal resources is orientated to power geno-

ration. '' 

Taiwan Geothermal Zone lying in the suture line between 

Pacific Plate and Eurasian Plate is a part of Circum-Pacific Island 

Trough Belt. The ophiolite zone ia well developed along the Dachong-

i. .' 

gu geofracture belt which suggests the geofracture has already rea­

ched deeply into the upper mantle. The recent cru stal movement is 

intense on the Island, with the relatively violent Quaternary volcan 

activities and frequent earthquakes. Thereare more than 100 aei;ive 

hydrothermal sites in this region, six of them with temperature ovc; 

100 C. In the volcanic area which is near Beltou of northern end of 

Taiwan there are many fumaroles, the highest temperature of them is 

120^0.( C. H. Chen, 1970 ) . In a 1005m /deep well high-temperature 

ntoam of 294° is obtained. Owing to. the low pH value, thier deve-

Jujinent and utilization ran up against difficulties. In addition, 

111'.,' ri.servoir temperature of the Tuchang-Qingshui geothermal area 

i n the southv^est part of Yilan County is as high as 220°C'. A 1500 

\:v: turbo-generator has been installed and test run started in Octol 

l'j/7 ( Geothermal V/orld Directory, 1973-79 ) . 

'i'}je liieui"!:;:! .'iiiu lo'.virr temper atui-o goo thermal water is widely,'i"i: 

1.-...in;'Lod ul) rii.aiiiia'iid oi," Chinai in tho interior-part of the plato.. 

' In t}io upJii'U.'.i i,"»--,',';,'i.f>/;.s of th.;̂  e.Trt)i*.''i c7:-iu;t, the geo-fractuT;;-

;.>.-.i'...' J'ar;,i<'ci ii'i (ij. ' i 'xu'ciii agey undergoiiig tectinic movements after 
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tliier formation. Some of them become active only recently. In gener. 

tlioy are good channels for the movement and ascendance of deeply 

circulating ground- v/ater,which is heated by normal underground 

t(.:;..jji-;rature.At the low-lying places of the uplifted regions (usuallj, 

v;.Lieys or intermountain basins ) geothermal water occurs in form 

of hot springs. According to the concentration of hot springs in 

tliofie regions, two medium and lower geothermal zones can be prelimi­

narily divided up, namely the Southeastern Coastal Geothermal zone 

and Yunnan-Sichuan Geothennal zone ( Huang Shangyao et al.,, 1979~80. 

An Keshi and IJuang Shangyao, 1980 ) , 

Tho Southeastern Coastal Goo thermal Zone lies in the west froi.' 

LIJU tiuture line between the Eurasian Plate nnd the Pacific Plate, 

including east Jiungxi, south Hunan, Pujiang, Guangdong and Hainan 

I;3laMd. There is n o recent volcanic process in this zone, but sine-

I.lrcozoi the crustal movement lo intence and the geofractures are d-

•yi.-:i6ped. Associated neutral and acid magmatic activity formed, vole.. 

rcicl; zone of soutlieast coast and largo quantity of gramite bodieu. 

'J'};.: fiKE and NE folded zones and geofractures of different nature It;.-. 

I'U -.1 ,t(;rmod- The hot springs of medivim and lower temperataie ai-e r,-: 

ly uunccntratod in thii SouthoaiJtern Coastal Geothermal zone, 250 o.. 

thj-ii are located in Guandong and 150 in Pujiang. V/ater temperaturo 

•j*,.'::;,eij frum 40^'c to 8 0°C and sometimes over 80°C. Hot springs arc-

, . =..:rally located along the geofracture zones and on the fringe.s (,': 

V.'.,..,..-.ill ,"•'.•;-.'-.uitq bod,i";:.3. Several hot .'rpring regions.raicli â ; JJO'iipyu. 

'<•'' ,,,-;;.u;a ;tj; Gu';:....,.i(,.•:;; (s'3 O ) , DongalL-inhu, Shantou in Gua;,ig.'ion/;(;i' 

..".'••'.'.'. oii ill I-'L: jiai.̂ i; ('-j''- C) have biiiai i.:;.. i-lorod not long i.'aforaifore J:. 

lii.. i,":,:vo;-;i'irj(; j:'i.-('.i,c.n fur 'Llic- devolo])i.i>:jil of medium and lov.'c;r tc:;,-..,-;. 
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3,'ature geothermal. resources in China. 

Yunnan-Sichuan Geothermal Zone lias in the east from the sutur 

line between Indian Plate and Eurasian Platej extending from south 

to north along the active tectonic zone. The tectonic movement is 

intense there with remarkable ground deformation and frequent 

earthquakes. In this zone there are over' 100 hot spring locations, 

which are relatively concentrated along south segment. Most of them 

have a temperature of over 60°C,. somotlmea^ iip to 90°C. The hot'spri 

along north sediment of this zone are less than that of south, with 
> 
I 

the temperature below 60^0. 

In other areas, such as Yanshan, Talhangshan, Qinling, the nov 

foot of Tianshan,southeast Sichuan arid west Chaidainu basin, there 

are also a lot of hot springs, inoro or less concentratedi, extendi)... 
I 

generally along the folded and fractured; zones. The-temperature ±:y 
- i ' • 

mostly less than 60°C. Some of them ha-ve the j temperature about 

80-90°C. 

• I n t h e de'['jj:-!jr..',u-::d regionn- of the o a r t h *n c r u s t w i th Meoozoic aii 

O.oiuizoic oediificmta-ry format ions i n i n t e r i o r p a r t of the p la te ,v ;h ic i ; 

i.'i •.'.iocly de-veloijed' i n China, there^ e x i s t mcdlum-lowei' t empera tu re 

geoUvir/ual w a t e r . At 'the r e l a t i v e l y u p l i f t e d p a r t s of the bai;ement 

i n f a u l t e d d e p r e s s e d b a s i n s , t h e g e o f r a c t u r e sys tems a r e Usua l ly 

ii.ore deve loped , deep ly c i r c u l a t i n g groimdi w a t e r , h e a t e d by normal 

guu iii •.-.•rmal t e m p e r a t u r e , ac^i^ends- a long t)ic channe l s of f r a c t u r e s ano 

i o ;..'-c'...'!i'ul;a'lod: a t tlio. top of the baseiKont r o c k s , u i iua l ly forminf-; 

u.:.. Mocioji gc.'Othariii.'il roccrvoii;*:'>. I n dc-.-preci.'jed.-,baiiino \vhere the 

t--^>;(a;ic luovoi.-.cat i a coi!;j)aratively n i l d , t h e geothcrjiial v/ator-becx-: 

•'^•' -• - ^^-^^ .:::i.cnijivi^ a r e a l d i a t r i b u t i o n . b u t the tenipera ture i s -ihc 
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sjuiic as that of surrounding rocks. In Huabei, Jianhan, Sichuan,Shan 

g;riaiin, Chaidamu, Talimu and Zhungeer oil and gas-bearing basins, 

;-;eothormalv;atcr or brine have been discovered from time to time ale. 

v.'ith the oil-gas exploration.Aiaong them the Huabei (NorthChina) baa 

Viaa the best potential. Ther a:̂ e over 100 boreholes encountredv geo-

tliormal water with the temperature of 70-:90 C. Some wells of Renqii. 

Oilfield have tapped geothermal water with the temperature of over' 

100*̂ 0 and the flow rate of 4300 tone/day( Xie Jiasheng, 1978 ). At 

Zhongahan Park in Beijing a 2600 m deep well ,ha8 been drilledl. The 
o •' ' temperature of geothermal water is 69.5 C ( Geological Bureau of Dt-j 

3.1 ng ). At Wanjiamatou in Tianjing, the geothermal water from 1100-

l'K)0 m depth has a temperature of 94°C ( Geological Division of Tia. 

jing ). Leiqiong basin in south China ie also abundant in geotherm.•̂ . 

resources. In most cases, at the depth of 300-500 m, geothermal 

water with the temperature of 30-50 C can be pncountered. In Jiang-

lian and Sichuan basins, the.oil-gas exploratibn wells with the depth 

of 2000-3000 m have obtained geothermal brine . The temperature of 

tin/ highly mineralized ( 180-330 g/l ) geothermal brine is over 

bu-'}0"c. 

iJortli China is on the east margine of the Eurasian Plate. Undo? 

lia.- influence of Pacific Plate basins .of grabentype are developed, 

'rlio terrestrial heat flow is measured as- slightly over 1.5 HFU ( Get-

la. ical Instituto of Sinica:, 1978 ). Analyzing the temperatare data 

<,;.,; ll cctod from oil-gas fields, the geothermal gradient in large dc-

•p;.".;.'.:a-d baains, of China has the general tendency to decrease gradual!, 

.'.'•i.-;.; •, r:!-.:t to west. 

••:;,:':c-atl.y, the- 'rc-(':ioij.-; of doprouaod baaina in the interior p.arl 

.11- •.•.,. .pl;vvO wi'tli co;,ipara'l:ively high geothermal gradient are con£ii-• 
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dc'VL'd: 33 tlic favorable areas for the development and utilization of 

medium-lower temperature geothermal water. 

To summarize, the geothermal activity decreases regularly from 

caiit to west, along witli the weakening of recent tectonic mobility 

frou i)lateo boundaries to interior part of the plate. As a result, 

th;j /^^Thermaytjempei~atUfe^^gradielvt^and the^ density of hot spring.-: 

ai'c gradually lowered. 

CURRENT STATUS OP GEOTHERMAL ENERGY RESOURCES 

EXPIORATPION ANDi DEVELOPIJENT IN CHINA 

Hl.'jtorical Description 

Geothermal ener̂ ŷ development in China could be dated- back in 

ancient times. The- history of development and utilization of geo-

thermal energy resources in our country may be summarized in two 

atages ( Huang Shangyao et al., 1979 ). . 

Before Liberation , . 

Ancient Chinese utilized hot springs for bathing, irrigation, 

i:i.;-•;'• ical treatment and sulfur production as early as 500-600 years 

ii.C.'. Since Han Dynasty, deep wells had been drilled to withdraw 

,-.~:avLeriti,-il brino fur salt recovery. There are many accounts- in 

.„] .:xMiiclea about hot spring utilization in-medical treatment and 

:,-'.avlling overwintering. Actual development of geothermal resotircoa-, 

>io..'0-vcr, .stagnated before liberation, except the very limited con-

.'• 1 ..-uption of .some hot spring a.anatoriujno. , . 

Along v/ith de-volopmont of national economy and, progreaa of > 

:..':i:.ct̂  and tc-c"j-inol<',;;y in the fiitioa and sJ::L'io.'j, the exploratiuvi 

t <iu-."olopiiient oi" ,-ic-utheriiial re source;.-:"; vvas 'put on the agenda. 
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A lot of hydrogeological and other related investigation teams of • 

aiilerent provinces, municipalities and autonomous regions began 

to investigate thier indigeneous geothermal. resources, some explo-

rat-ion had been done at hot springs to meet the requirement of newl>j 

coiiatructed or existing sanatoriump. The process of development as a 

whole, however, was rather slow. 

Since 1970, at the suggestion of the late geologist prof. Li 
I 
I ' , 

Siguang, many provinces, municipalities and autonomous regions have 
i 

carried out geothermal prospecting, exp3rOra;ti9n and multipurpose 
• I • ^' ' ••' i 

utilization. In Beijing, Tianjing, Xian, Knnmlng and other large 
•' i 

: • 1 

cities deeply hidden geothermal reservoirs had been explored for 
.1 

i 
bathinf^j, heating, industrial processes and other purpose. At the 

s.'juiio! time, at Pengsliun of Guangdong Province, Huailai of Hebei Pro-

vii'ce, Huitan of Hunan Province, Yichuen of Jiangxi Province and Yaa 

bajihg of Xizang (Tibet) Autonomous Region, geological exploration 

woc-l: was d irected specially *to electrical powpr generation. Seven 

c::j'C-rimental geothermal power stations have been constructed succe.s-

aivcly. The number of geothi^rmal bathing houses, space heating 
i 

ay;, icriiiu and green houses utiliiiing geothermal energy increased raplo 

1-.. |(::t:."tially .^subatitutcd conventional energy resources. To date, go; 

tli-.̂-.iiiial prospecting lias been undertaken in more than 20 provinces, 

Kiiiiiicipalities and autonomous regions. In recent years, along with 

-LjiC- ;ri.igional hydrogeological mapping and prospecting, the investig;.!.-
i 

i-i\.,i of geotherm.al resources has been also started in remote border 
• • • : - ; y o r : t i . 

I 

At thio' st.iga, tlie exploration, development and utilization of 

, ::,•>;;;;:•.r;;;;il rc.'.';ouT-ci.'a advanced rapidly. Geothermal exploration Js 

i-.-.. .'aâ ,̂-d not only ni;ar the kno'̂'.ai hot spring regionr;, but al;3o in 
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plain regions, including some large cities such as Beijing, Tianjing 

Xian, Kunming and Huabei Oilfield, providing valuable experiences 

for .f̂ .-othermal prospecting in areas covered by thick sedimentary 

iuriuations with the geothermal fields of medium or lower temperature 

Such geothermal energy is suitable for direct utilization rather tha 

electrical power generation.Obvious progress.has been obtained, in th 

area of multi-stage and multi-purpose utilization of geothermal water 

In mainland of China, hilgh-tempera^ure. geothermal resources are 

distributed only in south- west border regions. Exploration, develop 

ment as well as experimental geothermal power generation are being 

carried out at Yangba-jing in Xizang Autonopious Region. Tengchim 

volcanic hot spring area) ia also under exploration. 

l.Iulti-Purpose Utilization . ' 
1 , ^ , 

I ' l ' ^ ' 

Geothermal resources are, sometimes, composite resources, which 

provide not only thermal energy but also some industrial minerals. 

Electrical Power Generation Utilizing Geothermal Energy 

The utilization of geothermal energy forolectrical power genc-

-raiion has the advantage that it requires neither conventional boil 

foaail fuel, nor hea'vy transportation and does not cause environmei. 

troubles. Rational utilization of geothermal'energy can improve in 
i 

.f-at'Lire, the energy resources distribution. Since the known geotherma , 

ii.j.ilda of higher temperature ai'e located mostly in south-west remot 

boi'dor regiona, where development conditions are rather sever, th.; 

.•̂.'-.'.t tr:-rpc'riLiL-nt.-al gautliarraal pov̂ êr stations had to be constructcu 

j.j/ aa.ijG areas of eaat (̂1-ina in the early 70s. Such as the experiri'.a 
,.......:.." ])laiit at Dongwu, Guangdong Province which.was completed In i.-
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1971. Five other ones had also been constructed successively. All 

thoae power plants utilize geothermal water of medium or even lower 

i.a.'kperature. They are operated with binary system or flash steam sy; 

tern. It has been evidenced by practice that geothermal water of low. 

or medium temperature is generally unsuitable for electrical power 

generation with present technology. In vast area of China thia type 

of geothermal fields are dominant , Only at geothermal fields of 

relatively high temperature, the power generation utilization is 

feasible. So the focal point has been later shifted to remote bordc 

regions, such ao Yangbajing of Xizang Aut;0nomous region, Tengchun o.; 

Yunnan Province and so on. In particular, the experimental power 

plant at Yangbajing is already in operation, making use of wet vapo:; 

from boreholes. The experiment seems to be successful and ia now iii 

expansion. Electriicity production utilizing geothermal energy will 

be significant for these remote border regions. 

l.),l,ffciront Industrial Processes Utilizations 

Geothermal eneviOf resources have wide applications in various 

nr:i':':chcs of j.ndustry. It can save conventional fossil fuel for hea-i,.. 

i/aa chemicals for water treatment. Nowadays, geothermal water lis ut.-

lizfid as hot water supply for boilers, tannin extraction, pape.-r-mak-

x.,>:til-j, printing and dyeing, concret components curing, leather dr̂  

i ::•:,• air conditioning etc.. Good results have been obtained in the:.. 

I'lxiloa. At Guanghua Dyeing and V/oaving lAill in Beijing, for example 

'i!:..- -iG C gao Ihoriiial vvater is used directly on calendering-dyeing 
••I I -

i..;;uj:i aes, giving an economy of steain ecterndted as 15000 tons per 

.yir..,i,- ( equivalent to 2500 ton;3 coal ) ( Yang Qilong et al., 1976 )' 
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A ce r t a in concret components p l an t i n Liaoning Province makes use of 
1 Q 

I 71 C geothermal water, attained a save in coal of about 2800 tons 

! . annually. Fuzhou Tennery utilizes 93 C geothermal water in boiler ani 
• • • ' • • : ' • 

leather-drying machines. Over 1000 tons of boal is saved every year. 
! . - I, '• 

Utjlization for Agriculture 

In rural areas of China-, geothermal energy is utilized in accor 

dance with local conditions. Some experiences have been accumulated 

in this field. Geothermal water can regu;̂ .ate; the temperature of irri 
• I • ' • ; . . 

gating water, preventing the seedling of ricê  from rotting in cool 

early spring, which ia of benifit to grain yieldl. Somewhere in Hebej 

Province, fresh or waste geothermal water from local sanatorium is 

lised to irrigate more than 800 mu rice fieldj grain yield was incre: 
• I * • • " ' < 

by 100-200 jing per mu. In Nanxiong Basin of Guangdong Province, 39 

geothermal water is used to irrigate 70 mu field, which improved lo: 

laterite soil and a grain yield of 300 jing per mu was registed ( Gi 

dong Hydrogeological Observation Station, 1972 ). In some hot sprin, 

area of Hubei Province, some station of rice seed multiplication ha 

.beoa built, and good results have been obtained. At Jingshan, Yinch 

aiid Yincheng, green houses covering an area of 3 mu have been built 

Geotiiermai vaiter saved 3000 tons of coal per year ( Tian Doufeng, 1 

6 ). At certain duck farm of Tianjing, geothermal water is utilized 

ill iaeubator.'j in.stoad of electrical heating. The save in electrici"; 

i;j about 57^^,000 kilowatt hours per year. At Xiongyue District c 

Llaaning Province ,.gooth«rmal water is used for green house heating. 

l'<-::;iuca, it Is alao used to (̂ row seedling of sweot po'tatoa. Every 

j-u.a,', some 3500 ton.',; o,f coal is saved. Geothermal v;ater is also U:J< 
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I 

in overv/intering of Some v/ater plantS:,. It in turn brings about an 

advance in pig farming. Somewhere, geotiiermai v/ater is circulated i. 

fiuhponds at winter time ( Guangdong Hydrogeological Observation 

etation, 1972, Yang Qilong et al.. 1976. -Zheng Keyan^ 1979 ). 

The Utilization of (jeothermal Water in Dayly Life 

in this field, geothermal water is .utilized for space heating, 

j'esort bathing, washing and drinking. It saves coal and manpower, r. 

duces pollution. For example, at Beljing People'a Art Press House ai 

Oliaotangshan Hot Spring Sanatorium, gepthermal water ( 58°C and5l"( 

Vt!spectively ) heating covers a floor apace of 18,000 in . Annual 

aaving of coal is estimated at 400 tons. In Beijing Renming Machino 

V/oi'ks, geothermal water is for public bathroom. This alone saves-

GOO tons of coal per year ( Zheng Keyan, 1979 ). Haikou City on Hal. 

i:..i;'ind, Guangdong Province, has some wells tapped geothermal re ser-

voir, yielding geothernial water of 35-42°C. A water tower and distr.; 

uallon system has be^n built for tov/npebnle. In Fujian Provirice, ge; 

xiitj'uial water also uaed in local public bathhouses. All these 

v./.:.i;',:ple3 show tliat beside electricity generation,' dii'ect use is an 

lUil'i'j'rOant aapect of gcothormal energy utilization, v/hich might Sf;t.;u 

la ''a.avo" little worth in o'ne case-, it plays-a gre.at ipart as a whole 

i.a aaving fossil fuel and roductlon of pollution and deserves recon;-

i:.'.-U".a'cion in deiiaely populated areas, wherever exist the eonditionu 

. i,L- {•fuotharmal reaervclr occurence., - , •• 

i. •:•'i';';j.l U're a'l U i a n t ' • 

Uaothcrr i .a l v/at i ir iiao- t h e v a l u e i n m e d i c a l -trt^atnierit b a a a u s e o;i: 

. . . ; . , ; . i, •]*.,: C i(,.i,i.)c*'i-a'^.;ra aad aj)v;f;lal choi i i ica l po i ; tpo&i t ibn . Atp'^;a;^i;: : 

- 14 -



thftre about one hundred saiiatoriums built in hot spring areas. Accor­

ding to investigations and experimentations of public health office, 

some geothermal water has obviously ctirative effect on diseases as a 

arthritis, certain skin diseaises ( psiriasia, eczema ) , intestines 

and stomach diseases as well as-early heart and artery dioeaaoB. 

Many hot spring sites are famous to tourists for there scenic beauty, 

in such areas care must be taken when drilling programme is imder 

consideration, to prevent any possible damage to natural sight. 

Recovery of Mineral 

Bromine, iodine, boron, lithium, strontium, potassium and cora-

pouriih of other elements are extracted from geothermal brino in Sichu; 

Hubei, Qinhai, Shangdong, Guizhou and other provinces, providing 

chemical and nuclear industries with raw materials. In particular, i 

Jianghan Basin of Hubei Province, the highly mineralized geothermal 

bi'ine ia utilized by a aalt-chemical plant; to produce annuall^y.more 

than 10 thouaand tons of table salt, 18.8 tons of bromine, 0.5.ton 

of iodine, 40 tons of boron, 70 tona of potassium smd 480 tona of am 

j;iOaia water (6%) ( Tian Doufong, 1978 ). Tengchun volcanic hot sprin 

produce certain amount of aulfur. 

In brief, in the field of multi- piirpoae utilization, aome expc 

ricaco.'j have been acciurmlated in regard to lower and medi\im tempera; 

/•cotJif.rmal water aa a cheap and clean substitutes for conventional 

L:;i.;)•,••/ resources. Geothermal energy will play ever increasing part'j 

uuj- iK,itioh'3 economic development, 

- 15 - . 



TENTATIVE 3̂ ]̂ 0F!Ur.lME OF GEOTHERMAL ENERGY DEVELOPMENT 

Considering the geothermal energy resourcesdistribution in our 

» 

country and current status of exploration 'and development technology 

ij toritativo programme of geothermal energy development has been forni 

lat<-d as follows: 

1, Geothermal energy reeources investigation-and asseaament. 

Thorough inveatigation of economically exploitable geothermal 

resourcea distribution and potential. Indication of proapective area, 

as the baais for overall plsinning of gepthermal energy develoj^ment i 

period 1900-2000. 

1) Compilation of geothermal reaourcea catalogue and maps of geo­

thermal energy reaourcea distribution, 

2) Inveatigation of ground temperature and heat flow, compilation 

of tho maps of ground temperature, heat flow and gradient. 

2, l,^ploration and asaessmeht of major geothermal regions, inveatig., 

tion of occurence and apatial diatribution of geothermal reservoir;; 
mechanism of thier origin and potential of reaourcea. 

1) In medium and lov̂ 'cr temperature geothermal.reglona. 

Prior development in large and medium citiea, oilfields or ind; 

trial and mining areas for direct utilization, auch as space heatin, 

hot water supply, industrial and agricultural utilization. 

2) In high temperature wet steam geothermal regions. 

Kzporirnental development on one or two selected points v/ith th 

];ii:-i:a::a of oloctrici'ty generation. 

J,) Experimental reaaai.'ch of geopressured geothermal resource .a. 

- '1) Hot, dry rock geothermal resources research. 

- 16 - • 



3, Ey.]iloration techniques. 

1) In f ra - red remote sensing. 

2) T e r r e s t r i a l heat flow mea'sureraent.. •' * 
t 

3) Electrical methods of exploration ( natural potential and audi< 
' • : • i 

frequency magnetotelluric method ). 

4) Microseismic method. 

5) Geochemical method. " , 

6) Isotop "Geochemistry method, 
' ; , • ' i - I • 

7) Numerical simulation of geothermal r e s e r v o i r s . 

8) Thermo-phy s i ca l proper t ieo meaeurementa,j( thermal conduct ivi ty 

spec i f i c hea t ) . : ' ; . . , 

9) Measurement techniques ( o f temperattire, preaaure , f lo* r a t e a. 
10) Downhole geothermal water aeunpllng equipment. 

'̂ 11)- Deep well drilling technology, including grouting and preven­

ting. •'"'!••:: ; • 
» •• '• . 

4, Development of geotiiermai reaervolrs 

1) Artificial recharge. 

2) Scale deposition. 

3) Anticorrosion. 

.< ) Long-distance, t r anspor t . . 

5) A r t i f i c i a l s t imulat ion i 

G) Environmental aspec ts . 

7) Land subsidence. , -

ri) Life p r e d i c t i o n of gcothormal f i e l d . 

!"., ',;•-• a'Ihermal energy u t i l i z a t i o n . 

1) E l e c t r i c i t y genoriition. 

Binary cycle sy:;t'--ii'. 
- 17 -



Total flow system. 

2) Other applications. 

CONCLUSION 
5 . ' " * 

In recent years, the Chinese Government attaches great importa 

to geothermal energy development, and obvious progress has been achi 

in thia field, especially in multi-purpose utilization of lower and 

medium temperature geotheirmal water, .while -the •utilization of- geo­

thermal energy for electrical power generation ia at start point. 

Since United Nations Clnference on New Sources of Energy ( Ron. 

1961 ), a series of worldwide or regional sympoaiiima on geothermal 

energy development have been held. I .believe this Seminar held by 

ESCAP will promote geothermal development in participant countries. 

Y/e arc glad to have the opportunity tpiiexqhange experiences with 

asian and pacific countries, in particular, the abundauit expeijience 

of host country — New Zealand, is very valuable for ua, 
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part 1 

PRESENT STATUS OF THE DEVELOPMENT AND 

UTILIZATION OF GEOTHE.RMAL ENERGY IN 

THE PEOPLE'S REPUBLIC OF CHINA 



Part 1 - PRESENT STATUS OF THE DEVELOPMENT AND UTILIZATION OF 
GEOTHERMAL ENERGY IN THE PEOPLE'S REPUBLIC OF CHINA 

China has abundant geothermal resources. According to China's natural 
geographic and geological conditions, and constdering the practical condi­
tions of geothermal water's comprehensive utilizations, we have defined the 
lower limits of the geothermal water' temperature to be 20°C in the north and 
25°C in the south. Based upon this criterion, China has already discovered 
nearly 2,500 thermal water points covering all of China's 30 provinces, muni­
cipalities, and autonomous regions. More than half of these are located in 
the southeastern coastal area and In parts of western China, such as Yunnan 
and Xizang (Tibet). They form two concentrated belts and most of them con­
tain thermal water over 80OC. 

The concentrated belt of the southeastern coast covers Guangdong, Fujian, 
Taiwan, Jiangxi, and southern Hunan. The province that has the most number 
of thermal water emergences is Guangdong, with more than 250 locations. Fuji­
an has more than 150 locations, and Taiwan has more than 100 locations. This 
concentrated belt has a total of more than 650 thermal water emergence loca­
tions. Quite a few of those locations have water temperatures exceeding 90OC; 
for example, 102OC at Dongshanhu ih Shantou, Guangdong; 930C at Dengwu in 
Fengshun; 980C in Fuzhou, Fujian; and 920C in Huitang, Hunan. In Zhangzhou, 
Fujian, "there is a seismic hole 265m deep at the bottom of which the tempera­
ture exceeds 120OC. In Taiwan Province, there are 103 active regions of 
thermal waters. Six of these have temperatures that exceed lOQoC^ Among 
these is the Pingdong hot spring in Gaoxiong County, which reaches water tem­
perature as high as 140OC. The Datun volcanic hot spring region's steam tem­
perature reaches 2940C In a geothermal borehole over l.OOOm deep. The south­
eastern coastal geothennal water belt isa favorable region for the developnent 
of high temperature thermal water in China. 

The Yunnan-Xizang concentrated belt covers the southwestern plateau of 
China in Xizang region and Yunnan Province. There are a total of more than 
700 thermal water emergence locations. Among these, Yunnan has more than 480 
locations and Xizang has more than 200 locations. From the northern foothills 
of the Himalays to western Yunnan, there are many thermal water fountains and 
steam fountains. Of those discovered, there are over 40 thermal water active 
regions with water temperatures higher than the local boiling points. The 
Yangbaqing geothermal field in Xizang has more than 10 geothermal boreholes 
sunk, and has yielded a steam temperature -above 150OC. The flow rate per 
well reached. 400mt/hr. Western Yunnan is the province's main region of high 
temperature thermal water with 9 locations where the temperature of the ther­
mal water exceeds the lotal boiling points. Included is the well-known Teng­
chong volcanic hot spring. Based upon temperature measurements in shallow 
boreholes, the water temperatures have reached 135bc at lOm depth, and 145°C 
at 12m. The Yunnan-Xizang concentrated belt is China's most promising region 
in developing the high enthalpy (i.e. greater than ISO^C) geothermal energy. 

In addition to the southeastern coast and the southwestern Yunnan-Xizang 
concentrated belts, there are also large numbers of hot spring emergences in 
other places of China, such as along the northern foothills of Tianshan, Qili-
anshan, Taihangshan, Luliangshan, the Wei he graben, the eastern Qinling, the 
Hebei and Rehe mountainous regions, Liaodong, the Shandong peninsula, Dabie-
shan, Ningzhenshan, western Hunan, and the eastern Guizhou heave. Among these. 



there are more emergences in Liaodong., Shandong, Sichuan, and Hubei Provinces. 
Each of these provinces has more than 50 locations. The water temperatures of 
these areas are lower than the above-mentioned concentrated belt, averaging 
between 25,-60^0. However, some of the hot springs have temperatures higher 
than 80-90OC. For example, the temperature is 930C at Jimo, Shandong; 900C in 
Zhaoyuan; 87°C at Xiongyue, Liaoning; and 96Q at Ningcheng's Reshuitang. 

Also, within the Mesozoic and Cenozoic deposit basins of China, there are 
extensive geothermal water resources. The northern China region has the great­
est potential. Because of the development ofthe Huabei Oil Field, thermal 
water with temperature above 900c has been found in many oil and gas explora­
tion boreholes. There are also many thermal water wells with temperature-
exceeding 30OC in the Beijing-Tianjin area, there are nearly 200 wells in 
Tianjin. Tianjtn's geothermal resource is extensive with its thermal anomaly 
region having an area of 590km2. Part of this is in the urban area. The core 
region of the thermal anomaly region has a geothermal temperature gradient of 
above S^C per lOOm. There are two types of geothermal water in Tianjin. One 
is the overburden thermal water^ which has a depth ofabout 700-1,200m with a 
water temperature not exceeding 550G. Another is the bedrock crevasse water, 
which has a depth of about l,200-l,800m with a water temperature of more than 
70OC. The thennal well at Wanjiamatou in Tianjin region has a withdrawal sec­
tion between 1,100-1,400m with a water temperature of as high as 940C. In addi­
tion to the northern China region, the Qionglei basin in southern China also 
has abundant geothermal water. Even at 2-3km depth, thermal brine has been 
obtained in Jianghan Basin in Sichuan (Note: should read Hubei). The mineral 
content reached 180-330g/liter. 

To summarize, from the south to the north in China^ from Changbaishan to 
Yuanshan, and from the southeastern coast to the Qinghai-Xizang Plateau, there 
are extremely extensive distribution of geothennal resources. This shows that 
China has a special and unique geological structure where the thermal eond-ition 
of the earth's crust and hydro-geological conditions are all favorable to the 
formation and distribution of various types of geothennal water and steam. This 
has created favorable natural conditions for China's development and utilization 
of gedthermai resources. 

China is one of the world's earliest countries to develop and utilize 
geothermal energy. This was recorded over two thousand years ago. But large-
scale development and utilization was only made in the last ten years. During 
the period of the 1950's and 1960's, China's geothermal resource, development 
was limited to develop hot springs for therapeutic purposes. In the 1970's, 
the emphasis of developing geothermal energy was shi-fted to the comprehensive 
use for industry and agriculture in addition to therapeutic uses. More than 
two-thirds of China's provinces, municipalities, and autonomous regions have 
now started reconnaissance surveys and exploration work for utilizing geother^ 
mal resources. Cities without thermal water emergences., such as Beijing, Tian­
jin, Xian, arid Kunming have also engaged iri the exploration and development of 
geothermal resources. 

Research work on geothennal power generation started in 1970. China's 
high temperature geothermal resources had not been developed at the time; hence, 
all the research performed dealt with the low temperature geothermal water in 
seeking geothermal power generation technology. The purpose of the research 
was to accumulate experience for future large-scale power generation by using 
the medium-and high-temperature geothennal resources. China's first small 
experimental geothermal power station was completed in October-of 1970 in Feng-
shun County of Guangdong Province. The station has a capacity of 86kw and uses 



a- single stage flashed-steam cycle system. In September of 1971, two small 
experimental geothennal power stations were built, one in Yichun, Jiangxi, and 
another in Huailai, Hebei. Both used a dual-fluid circulation system. The 
working medium was chlorethane (e2H5Cl). The capacities were respectively 50 
and 200kw. Now, there are six such small experimental power stations. Their 
types and parameters are summarized in the following table. Starting in 1976, 
China has been carrying out high temperature geothermal fluid exploration and 
development in Yangbajing, Xizang. In September, 1977, the 'first unit of the 
Yangbajing experimebtal geothermal power station began operation. The geother­
mal wet steam temperature was approximately 150OC. The station adopted the 
single-stage flashed-steam cycle and had a capacity of l,000kw. It was used 
to acquire experience in utilizing Yangbajing's geothermal fluid for power gen­
eration. It is planned that a 3,000kw unit will be iristalled in Yangbajing by 
the end of 1979, 

TABLE 1 - EXPERIMENTAL GEOTHERMAL POWER STATIONS 

Name of 
Experimental 
Geothermal 
Power Station 

Fengshun 

No.l Unit 

No. 2 Unit 

Wentang 

Huailai 

Huitang 

Yingkou 

Yangbajing 

Location 

Fengshun 
(Dengwu):, 
Suahgdong 

Yichun 
(Wentang), 
Jiangxi 

Huailai 
(Houduyao), 
Hebei 

Ningxiang 
(Huitang), 
Hunan 

Xiongyue, 
Liaoning 

Yangbajing, 
Xizang 

Thermal 
• Water 
Temp. 
(OC), 

91 . 

91 

67 

85 

92 

75-84. 

150 

Design 
Capacity 

(kw) 

86 

200 

50 

200 

300 

100 

1000 

System 
Type 

Flashed-
steam 
Cycle 

Dual 
Fluid 
Cycl e 

Dual 
Fluid 
Cycle 

Dual 
Fluid 
Cycle 

Flashed-
steam 
Cycle 

Dual 
Fluid 
Cyc1 e 

Flashed-
steam 
Cycle 

Working 
Medium 

Water 

Iso-
Butane 

Chlor-
Ethane 

Chlor-
E thane. 
Normal 
Butane 

Water 

Normal 
Butane, 
Freon 

Water 

Generating 
Date 

.1970, 10 

1971, 9 

1971. 9 

1971, 9 

1975, 10 

1977, 4 

1977, 9 

The economics of power generation using low and medium temperature geo­
thermal water is very poor, especially when using geothermal water with tem­
peratures of less than lOQOC. China's building of those experimental geother­
mal generating units in the 1970's is aimed at researching the technology and 
system for geothermal power generation. It was also based upon the principle 



that "according to the local conditions, fully utilize China's plentiful ener­
gy sources of all kinds"; a search was made for the feasibility and economics 
of the low- and medium-temperature thermal water which exists almost all over 
China. 

Fbr example, the Hydrological-Geological Team of Jiangxi Provlncei in a 
joint effort with the Research Group on Energy Sources of the Tianjin Univer­
sity experimentally researched the utilization of a hot spring water of 67°C 
in Yichun, Jiangxi. A small experimental geothential power station of 50kw 
adopting a dual-fluid circulation system was built. , The working medium was 
chlorethane. The. unit was of the axial-flow type turbine with a relative 
Internal efficiency of about .70%. Later, a unit of the radial-flow type was 
developed and built. The relative internal efficiency was increased to more 
than 80%. The condenser used low-winged spiral thread tubing iri place of 
bare tubings In order to enhance heat transfer. This almost doubled the effi­
ciency of the condenser heat transfer. There are two tube-and-shell type 
standing evaporators. These can be used in parallel or can be operated in 
series as in a two-staged evaporation type. Ofiginally, the production well 
was not art!sian. After recharging the nearby well with river water, the pro­
duction well became artisian. The head was then about 5ni, and the flow rate 
increased to 90-100mt/hr. The water temperature also increased slightly. 
This eliminated the need for a deep-well, pump. The condenser cooling water 
flowed by gravity. The topography of the mountainous region was utilized by 
building a dam, of one-meter height across the river, and the water was drawn 
through a concrete pipeline to the power station. The station had a lower 
elevation and hence obtained a head of about 3m. This eliminated the need for 
a condenser cold-water pump. Thus, in this 50kw experimental power station, 
there was very little power consumption within the plant. Only the pump for 
the chlorethane working medium required about 6-7kW. Because of these factors, 
this tiny power station which used 670C thermal water could supply power to 
the local residents continuously over the years. This also made the power 
station Independent of outside power sources for its start-up. The effluent 
thermal water -from the station was; sent to several large geothermal green­
houses, nearby hot spring sanatoriums,, and hospitals. This opened the re­
search into seed breeding arid health therapy experiments. The end effluent 
was sent to rice paddies to raise the soil temperatures, to promote early 
maturing of the crops, and to raise the yield. This enabled the full use of 
the thennal water which previously had been wasted by flowing away. 

TKe direct use of the low temperature geothermal water is more economi­
cal and is more effective. Many places in China have started experiments in 
this field. Many cotton, wool, and dyeing textile factories In Beijing, Tian­
jin, Guangdong, Yingkou have used geothermal water for cloth dyeing and wash­
ing, and for adjusting shop humidity and temperature. Not only has this 
simplified the processes and improved the working environment, but it also 
improved the cleanliness, brightness, and color of the textile product. Yin-
shan and Jingshan, two counties in Hubei, used geothermal water to establish 
two seed-breeding bases. From 1971 on, Yinshan has cultivated more than 500 
varieties of early, middle, and late rice strains. More than 100 of these 
strains have entered their fifth or sixth generation. Many of the good strains 
have gone through winter propagation in the geothermal greenhouses and raised 
its propagation coefficient, and subsequently propagated over the whole coun­
ty. The yield has reached more than 1,000 jin per mu per crop. (Note: 1 j1n= 
0.5kg, and 1 mu=0.067 hectare). These strains were welcomed by the masses. 
Hunan, Jiangxi, Liaoning, Shandong, Tianjin and many other places have used 
geothermal water to protect the floating lotus (a pig feed in southern China) 
through the winter, to help in curing concrete products. In leather-making. 



In cul t ivat ing African carp, for vegetable plant ing, seedling ra is ing, and for 
poultry incubation. Industries In Sichuan, Yunan, Guizhou, and Xhandong Prov­
inces have extracted iodine., potassium, l i th ium, sulfur and other useful ele-
fftents from geothermal waters. The Jianghan Basin in Hubei has two high tempera­
ture brine wells. On top of an annual salt production of more than 10,000 tons; 
0.5 ton of iodine, 18.8 tons of bromine, 40 tons of boron, 70 tons of potassium 
chloride, 5.8 tons of aluminum carbonate, and 480 tons of 6^ ammonium water 
were extracted from the brine every year. The use of hot springs for therapeu­
t i c purposes has a long history in China, there are over 80 hot spring sana­
toriums established by -the state alone, such as world-famous sanatoriums at 
Conghua In Guangdong, at Lushan In Jiangxi, and at Xiaotangshan In Bei j ing. 
Furthennore, the use of geothennal water ih space heating and as a hot water 
supply Is also emphasized. 

Even though the history of China's development arid u t i l i za t ion of her geo­
thermal resources is s t i l l rather l im i ted, the prospect is br ight . At present, 
our foundation In this f ie ld 1s rather weak. Our technologies in the f i e ld of 
geothennal resource exploration, evaluation and development are, as yet , unable 
to sat isfy the needs. Thus, as we continue to str ive for more data and better 
results, we must learn extensively from good foreign experience and str ive for 
assistance from our foreign colleagues In th is f i e l d , such that the so-called 
"Geothermal Flower*' In the energy f i e l d can bloom fu l l y and bear r ich f ru i t s 
at an early date in China. 
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Foreword ," 

Full utilization of geothermal resources is a strategically significant 
measure. It helps to broaden the energy sources, to accelerate the pace of 
the Four Modernizations of the capital city and shift the emphasis of the 
Party's tasks. 

> 

Geothermal resource in Beijing refers to the stored hot ground water 
within a specific depth. Since the start of planned exploration and study in 
1970, a geothermal water zone has been found in the southeastern urban region 
and 20 geothermal wells have been sunk. Many of the wells were utilized with 
good results. The exploration covered: Chaoyangmen> Tiananmen, and those 
regions east of Yongdingmen such as Hujialou, Shilibao, Shuangjing, Dajiao-
ting, and Tiantan, etc.--an area of about 50 square kilometers. 

Full utilization of geothermal resources in Beijing's construction means: 
changing the urban fuel composition, reduction of coal consumption as well as 
transportation requirements, and more importantly, reduction of environmental 
pollution. This will have significant economic benefit and political meaning 
in terms of transforming the capital into a clean modern city and improving 
the health of its residents. 

- For the sake of better management and utilization of the capital's new 
geothermal resources and to achieve a planned and orderly development;- the 
Bureau of Geology, Bureau of Planning, Bureau of Housing Administration, Muni­
cipal Unified Building and Public Utilities Bureau, and Institute of Architec­
ture Design jointly developed this plan under the unified leadership of the 
Municipal Committee. This serves as an implementation plan as-well as a ref­
erence for the leadership and planners. 



I. PRESENT STATUS OF GEOTHERMAL GEOLOGICAL WORK AND MUNICIPAL BUILDING PLAN 

1. History of Geothermal Geological Work in Beijing 

Geothermal geological work in Beijing started early in the 1950's with a 
geothermal geological exploration In the suburb Xiaotangshan, Afterwards, 
the work moved toward the urban area. Since 1970, geophysical exploration 
and reconnaissance survey by boring were systematically carried out to deter­
mine the geothermal geological structure and the thermal water distribution. 
A great amount of new results were thus obtained in the southeastern urban 
area above the 1,000m depth range, clearly defining a geothermal core region 
about 50k'm2 in area. This will provide a reliable basis for the present 
development and utilization of the geothermal water. (See attached Chart 1.) 

A. Geophysical Exploration 

1) Exploration. by-Electric Methods 

Factory No. 646 of the Ministry of Oil performed gravity and electric 
exploration work (scale 1:100,000) In urban Beijing, between 1966 and 
1970, and reported its findings. From 1970 to 1978, based upon the 
above findings, the Hydrology and Engineering Geology Team of Beijing 
Municipal Bureau of Geology explored the urban Beijing and the northwes­
tern suburb, covering a total area'of about SOOkfiî . The exploration 
was by the electric method (scale 1:50,000) in search O'f geothermal 
energy and a solution to a municipal water supply problem. A report was 
subsequently published. The report provided basic information for geo­
thermal geological exploration work, Including deductions on: the struc­
tural outline of the Beijing graben, the burial and distribution of Sini-
an subgroup dolomitic limestone and the secondary structural rift. 

2) Gravity Exploration 

In 1972, a gravity exploration (scale 1:10,000) was carried out in 
the urban area covering 220km2, producing maps on Boiiguergravity anomaly, 
gravity gradient, and residual gravity anomaly. The exploration also 
defined the extent of basalt and structural outline of the Beijing gra­
ben, thus enriching the results of geothermal geological exploration. 

3) Artificial Seismic Exploration 

Team 217 of the Bureau of Physical Exploration, the Ministry of Oil, 
and Team 10.4 of Beijing Municipal Bureau of Geology performed many con­
trollable source seismic tests during 1976 and 1977 (scale 1:50,000). 
These tests were for gas and oil as well as geothermal water in the 
nearby Fengtai area covering 70km2. The exploration uncovered the con­
vex structure of Wujiachang, The results were Important to the study 
of the thickness of the deposits and rift structure within the Beijing 
graben. 

B. Geothermal Geologieal Reconnaissance Survey and Exploration 

1) Geothermal Survey 

The Hydrology and Engineering Geology Team of Beijing Municipal Bur­
eau of Geology surveyed water temperature In shallow wells over urban 
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and neighboring suburban areas of about SOOkm^ frbm 1970 to 1976. A 
total of 1,000 wells were surveyed, and the results were used to define 
the geothermal anomaly region (now it is called "geothermal core 
region") of southeastern urban Beijing. This significant finding clearly 
pointed out the direction of geothermal exploration and boring. 

2) Geothermal Exploration and Boring 

Based upon various previous findings, the Hydrology and Engineering 
Geology Team and Team 104 of the Beijing Municipal Bureau of Geology, 
carried out exploration drilling In the geothermal core region from 1970 
to 1979 covering an area about 50km2. A total of 20 geothermal water 
wells were sunk. Part of these have already been used for industrial 
manufacturing, therapeutic bathing, arid winter heating. Final reports 
and related charts and maps on the geothennal exploration of southeast­
ern urban Beijing were prepared. The report included a comprehensive 
summary of various geothermal geological information obtained from 1970 
to 1976 and a preliminary evaluation on geothermal water. 

the achievements mentioned above on geothermal geological work pro­
vided significant Information toward the understanding of the geological 
structure and composition of deposits, and represented a breakthrough In 
the discovery of geothermal resources. But, due to certain reasons, 
there remain the following problems In the geothermal geological explora­
tion work: 

(1) The level of investigation was lower in the outlying region 
and relatively higher in the geothermal core region. This limits the 
extent of geothermal development and utilization to within the 50km2 
in the southeastern urban region. 

(2) Depths of exploration were shallow. The exploration bore­
holes reached depths only around l.OOOiti except for a few individual 
holes. The characteristics of the boundary condition Such as the 
thickness and distribution of the geothermal storage layer are not 
fully known. The condition of the geothermal resource needs further 
evaluatiori. 

(3) Lack of confirmation. The level of physical exploration Is 
relatively high In outlying regions, yet without confirmation by bore­
hole. Lithological character of geological strata, distribution and 
governing laws on geothermal storage layers, etc., await confirmation 
by boring. 

Exploration results obtained so far provide an important basis for 
both geothermal development, and planning.. The plan implementation will 
mean the expansion of the area of geothermal utilization from the south­
eastern urban area to the whole urban area, and from single-purpose use 
to multipurpose use. This will enable the geothermal energy, as an 
energy source, to contribute more benefits and become more versatile in 
the socialist construction of the capital, 

2. Characteristics and Storage Conditions of the. Geothermal Resources in 
the Southeastern Urban Beijing 

A. Geotherma 1_ Geological Environment 

The existence of geothermal resources in the southeastern urban region 
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is closely linked to the particular geological structural condition of the 
Beijing graben. 

The Beijing graben is between the Beijing Northwestern heave and the 
Daxing horst, spreading in a northeastern-southwesternly direction with a 
south-north width of about 15km. On each side of the Andingmen-Xibianmen-
Fengtai line, there are three well developed rifts, roughly parallel to 
each other. The six rifts, from north to south, are the Yamenkou rift, 
Chegongzhuang rift, Lianhuachi rift, Qianmen rift, Chongwenmen rift, and 
Nanyuan rift. Their development process is also the formation process of 
the graben. Because of the differences in the lithological characters and 
the forces acting on them at different locations, the graben has an asym­
metrical form, steeper in the north and milder in the south as shown in the 
attached profile. It also forms a local heave of the bedrock at its south­
ern flank near Hujialou. Such a heave shows up clearly in the Bouguer 
gravity anomaly map of the physical exploration, as shown in Figure 1, and 
it has been verified by boring. Otherwise, all geothermal characteristics 
gradually spread out from this region. This forms Beijing's southeastern 
urban region's geothermal core region. 

The deposit stratum in the Beijing graben is wery complex. After boring, 
uncovering, and tests in the laboratory such as rock mineral analysis, dif­
ferential thermal analysis, sporopollen analysis, and Isotope dating, etc., 
it was finally determined that the foundation rock of the graben is a Sin-
ian subgroup stratum. Successive strata above are: Jurassic, Cretaceous, 
Tertiary system strata as shown in the attached profile arid in attached 
Chart 2. The Sinian subgroup stratum forms the thermal storage stratum of 
the region, and other strata form the upper cover. 

The Sinian subgroup stratum that exists in this region is formed by the 
Jixian and Qingbaikou systems. The Wumishan formation, Hongshuizhong for­
mation, and Tieling formation are in the Jixian system. The Xiamaling for­
mation and Jingeryu formation are in the Qingbaikou system. They jointly 
form the foundation base of the graben. The depth increases gradually.from 
southeast to northwest, ranging between 392m at the No. 3 hole in the Oxy­
gen Plant, to 2,456m at the No. 20 hole in Zhongshan Park. The lithologi­
cal character of the upper part are thin siliceous and argillaceous lime­
stone, dolomite, and shale. The lower part consists mainly of thick, 
stratum-like dolomitic limestone with well-developed karst crevasses. This 
is the only geothermal storage stratum and is about 1,000m deep. 

The Jurassic system stratum is discordant over the Sinian subgroup stra­
tum. The only Jurassic stratum is the Tiaojishan formation of the mid-
Jurassic system. The formation exists to the west of Chongwenmen rift, 
with a roof depth varying from 517m, at No. 24 hole in Hujialou, to 2,101m 
at No. 20 hole in Zhongshan Park. The open thickness varies from 197m to 
398m. If is composed of medium basic volcanic rock such as andesite, vol­
canic breccia, tuff, and tuffaceous sandstone, etc. 

The Cretaceous system stratum exists in the middle section of the graben 
and is discordant over Jurassic system stratum. Depth of the roof is 
1,567m at the No. 20 hole in Zhongshan Park, and the open thickness is 
534.5m. It is composed of medium acidic volcanic rock fragments such as 
sandstone, breccia and tuffaceous mudstone. 

The Tertiary system stratum exists over the whole region. The depth in 
the west is shallower and partially exposed at the ground surface. Most of 
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FIGURE 1 - BOUGUER GRAVITY ANOMALY OF URBAN BEIJING 

(scale 1:100,000) . 
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the rest is burled deeper than 80m. In general, the open thickness ranges 
from 500m to over 1,000m. The Chongwenmen rift serves as a boundary. The 
southern part covers directly over Sinian'subgroup stratum, and the north­
ern part is discordant over the Cretaceous system stratum or the Jurassic 
system stratum. It is composed of mudstone, sandy mudstonei sandstone, and 
breccia. Lithological characters are fine in the upper parts and coarse in 
the lower part and with alternating fine and coarse layers. Permeability 
is extremely low, which reflects the characteristics of terrestial deposits. 
This stratum is distributed over a wide region.' It is thick and structural­
ly dense and thus becomes an excel'lent impermeable, thermal insulating stra­
tum. 

The Quaternary system deposit covers the top and is seen over the whole 
region. Its thickness grows from west to east, from 50m to 150m in general. 
Its formation is due to stream deposition. It is "composed mostly of the 
clay soil stratum, sand, and gravel. Permeability and water-bearing char­
acteristic are good. The water in this stratum can be used as a supplemen­
tary water source for the thermal water recharge wells. In addition, dur­
ing the formation of Beijing graben, there was volcanic activity accompany­
ing the crust movement and deposition of the Tertiary system stratum. Basalt 
magma in the deep part of the earth sprayed out, following the outlet of 
the Chongwenmen rift covering an area of more than 40km2. All boreholes 
had uncovered this except those near Shuangjing. For example, the No. 7 
hole near Hujialou at the Guanghua Dyeing and Textile Factory has five lay­
ers.of basalt with a thickness of 264m. The thinnest is near Tiantan Park 
and even then it is thicker than 20m. Because of this, favorite conditions 
are present in this region for heat flow by radiation, conduction, and ther­
mal convection. 

B. Hydro-Geological Characteristics of the Geothermal Region 

.1) Geothermal and Thermal Anomaly Region 

The internal heat of the earth, under the action of a differential 
thermal condition, is continuously dissipating its heat through the 
ground surface. It exhibits itself in different ways through different 
rock strata at the ground surface and at specific depths. Based upon 
this fact, a water temperature survey was made in shallow wells within a 
600km2 area in urban and suburban regions. It was discovered that at 
about 70m depth, water temperature begins to gradually rise because of 
the terrestial heat. Under nonnal conditions, shallow ground water tem­
perature is generally 13° to 14°. But in the southeastern Orban area 
the water temperature is all above 15^0. The area east to Shilibao, west 
to Qianmen, north to Chaoyangmen, and south to Dajiating covers several 
tens of square kilometers as shown in Figure 2. It was confirmed by bor­
ing that this thermal anomaly was entirely due to geothermal Influences. 
When such influences are expressed in terms of the geothermal gradient, 
then its distribution is approximately centered at the convex structure 
of the bedrock at Hujialou, and spreads outward in elliptic contours. 
The maximum thermal gradient reaches above 5°C east of Hujialou. From 
there, the gradient drops from 4° to 5^0 and 3° to 4^0 as shown in at­
tached Chart 3. 

2) Distribution and Depth of Thermal Water 

Geological boring found that, in this region, the geothermal energy 
is stored in Sinian subgroup's dolomitic limestone. This kind of 
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FIGURE 2 - ISOTHERMS OF DEEP AND SHALLOW GROUND WATERS IN URBAN BEIJING 
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carbonatite stratum, because df its brittleness and high dissolvability, 
has well developed karst and crevasses during the continuous structural 
movements. This has provided favorable conditions for the storage and 
movements of geothermal water. Such crevasses and karst strata have 
exposed thicknesses of more than 9,000m at the ground surface. Among 
those, the limestone of the Wumishan formation, which has better water­
bearing capacity, is 670m to 3,518m. But up to the boring depth, the 
open thickness was only 40m with a maximum open portion of only 200m. 
It can be seen that the yield potential of this aquifer is great. 

The geothermal water in this region is of the confined or artesian 
type. After the borehole opened up the aquifer,.the water stage soon 
rose to near the ground surface, and sometimes it overflowed. The mag­
nitudes of the head are as shown in Chart 3, with a maximum elevation 
of 30m at the convex structure of bedrock near "Chongwenmen rift, paral­
leling the direction of the rift. Thermal water output per well can 
reach 1,000 metric tons per day. In Chart 3, it is shown that most of 
the high yield wells are close to the Chongwenmen rift zone. Such var­
iations of water stages and flow rate indicate that the Chongwenmen 
rift may be the vital passageway for the rise and movement of geother­
mal energy in this region. 

3) Physical Property and Chemical Composition of the Thermal Water 

Thermal water is transparent in general with a slightly rusty yellow 
color. It sometimes exhibits a bluish gray color, which was caused by 
the oxidation of elements (such as ferrous iron) when the thermal water 
comes out of the ground with a reduction of pressure and temperature. 
Furthermore, because of the release of gases such as hydrogen sulfide, 
the water appears to have a rotten-egg odor and rusty taste. The most 
outstanding characteristic of the thermal water is still its tempera­
ture. Measurements at the wellheads showed a minimum temperature of 
38.40c and a maximum of 69.50C with a normal temperature of about 50^0. 
The Chongwenmen rift serves roughly as the boundary for the variation 
of water temperature in the horizontal direction. Water temperature is 
greater than 50oc north of the rift and drops gradually to 40°C and 
less toward the south side. The water is classified to be low to medi­
um temperature thermal water. 

Thermal water normally exhibits neutral to weak alkalinity, with a 
dissolved solid content of 500-600 mg/1 and a holo-hardness number of 7 
to 12 German degrees. Water chemistry classification is based upon 
normal ion content in the water as tabulated in Table 1. The thermal 
water of this region belongs to carbonic acid--sulfuric ac1d--sodium 
type water. In addition to those main chemical components listed in 
Table 1, there are those special chemical components as tabulated in 
Table 2. In shallow ground water, the content of those special compo­
nents were either small or nil. Among those, the contents of flourine , 
(F'), radon (Rn), radium (Ra), boric acid (HBO2), and hydrogen sulfide 
(HpS), have all reached the standards of mineral water, and some have 
met the concentration requirement for therapeutic purposes. In addi­
tion, the effect of geological structure on the chemical components of 
thermal water is more pronounced. For example, water in the No. 5 
well at the Beijing Railroad Station and water in the No. 8 well at the 
Xinqiao Hotel, both near Chongwenmen rift, belong to the carbonic acid-
suli^uric acid-sodium-calcium water .chemistry type. Radon, soluble 
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TABLE 1: SUMMARY TABLE OF CONTENTS OF MAIN CHEMICAL COMPONENTS OF 
GEOTHERMAL WATER 

Water 
Source 

Geo­
thermal 
Water 

Chemical Component (in mg equivalent %) 

HCO'3 

40-56 

S0"4 

23-35 

Cl' 

14-23 

K'+Na' 

49.5-
77.1 

Ca" 

18-32 

Mg" 

9.7-
22 

Holo-
Hardness 

(German Deg) 

7-12 

Solids 
(mg/1) 

500-
600 

silicon dioxide, boric acid, and hydrogen sulfide contents are relative­
ly high. The No. 13 well at the Beijing 3rd Cotton Textile Factory and 
No. 15 well at Santongyun, both are far from the rift. They belong to 
carbonic acid-sulfuric acid-sodium type water and carbonic acid-sodium 
type water. Radon and silicon dioxide contents are both low. This il­
lustrates that the Chongwenmen rift has significant impact on both the 
formation and existence of the thermal water. 

The above description shows that the thermal water of this region is 
not salty, has low hardness and good water quality. 

TABLE 2: COMPARISON OF SPECIAL CHEMICAL COMPONENTS BETWEEN GEOTHERMAL 
WATER AND SHALLOW GROUND WATER 

Chemical 
Components 

F' 
Soluble Si02 

HBO2 

H2S 
Fe 
Li 
Sr 
Rn 
Ra 
U 
Total 
K40 

D(H2) 

T(H3) 

Unit 

mg/1 

mg/1 

mg/1 • 

mg/1 

mg/1 
mg/1 

mg/1 

eman/1 

g-rad/1 

9/1 
Curie/l 

Sd 
TU 

W a 

Geothermal 
Water 

5-6 
30-60 

0.4-3.76 

0.19-1.91 

0.5-5.8 

0.3 
1/53 
4/6-43.2 
10-10_io-9 

10-6 _io-9 

3.8x10-1 
(1.95±0.23)xlO-ll 

-6.3 to -9.78 

2 to 34±4 

t e r 

Shallow Ground 
Water 

0.5-0.6 

20 
Minute 

Nil 
0.04 

Nil 
0.4 
4.4-4.9 

10-12 

— 

3x10-12 
(2.01+0.92)xlO-12 

-6.9 to -7.48 

144 to 861 
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On the other hand, the water has high contents of special chemical 
components and with moderate temperature; hence, it has good potential 
to be used in building heating, water supply for industrial and agri­
cultural production, and therapeutic bathing, etc. But because of the 
high contents of flourine, radon, and iron exceeding the drinking water 
standard, it cannot be used for drinking water. 

4) Dynamics of the Thermal Water 

The dynamic changes of thermal water's important parameters, such as 
temperature, stage, quality, flow rate, etc., are increasing e v e r y 
year with the Increasing number of production wells and the increasing 
amount of water use based upon periodic observation. Dynamic para­
meters of the thermal water have changed differently. The stage varia­
tion was most pronounced. Observed data showe'd that there is quite a 
difference in stage variation between north and south sections as shown 
in Figure 3. For example, in the south section, starting and shutdown 
of the No. 13 well at the Beijing 3rd Cotton Textile Factory can influ­
ence' those wells 7km away, such as the No. 2 well at Tiantan, No. 3 
well at the Oxygen Plant, and No. 12 well at the Main Glass Factory. 
However, this has only minor effect on the No. 17 well of the Beijing 
1st Cotton Textile Factory within 1km. On the other hand, pumping of 
the No. 17 well can affect the No. 16 well at the Art Press 6km away, 
but have ve ry little effect on the No. 13 well at the Beijing 3rd Cot­
ton Textile Factory. This shows that the dynamic conditions and hydrau­
lic connections of north and south sections are different. Withdrawal 
rate has significant impact on both the north and south sections. There 
are eight production wells in the south section. Stage was generally 
10 to 12m before 1974. As the withdrawal rate increased, the stage 
fell. From 1971 to 1976, the accumulated withdrawal amount was 
2,080,000 metric tons. At the end of 1976, the stage fell to 15.2-22.4m 
The average annual rate of the stage drawdown was 0.45 to 0.89m in 
1976, as shown in Table 3. In the north section, the stage drawdown 
rate was even greater. In this section, there are 11 thermal water 
wells. Before October 1976, the withdrawal amount was less than 600,000 
metric tons. Average annual rate of stage drawdown was around Im. 
After that, because of the increase of withdrawal rates of Nos. 16, 17, 
and 22 wells, stage fell drastically. Total withdrawal was 2,760,000 
metric tons from 1971 to 1976; the corresponding stages were 2.54-
11.56m in 1971 and dropped to 9.4-16.6m in 1976. Annual rate of stage 
drawdown was 2.15-4.98m. 

The above description shows that the trend for the stage is to move 
downwards year after year. If the withdrawal rate increases continu­
ously or proper measure is not undertaken, then the geothermal water 
stage will consistently fall at an even faster rate, and eventually 
will have the situation that the geothermal medium—water--is no longer 
usable. 

Over the years of withdrawal, the temperature variation of'the ther­
mal water has been small. For example, the No. 3 well at the Oxygen 
Plant has maintained its water temperature at 600m at 40.93° to 40,54^0 
over a two-year survey period. Amplitude of variation was only 0.4OC. 
The variation of the chemical components should be a slow process and 
it is presently under observation. 

http://15.2-22.4m
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FIGURE 3 - SCHEMATIC DIAGRAM ON VARIATION OF THERMAL WATER STAGES 
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C. Preliminary Analysis on the Formation of the Thermal Water and 
Thermal Water Resources 

Thermal water resources and their formation are still under study. 
Based upon results obtained so far, the preliminary conclusions are: 
(1) geothermal water under Beijing has been formed over the long geologi­
cal history, (2) the formation is controlled by local topography, geology, 
and structural conditions, (3) thennal water is produced in conjunction 
with a combination of factors such as terrestial heat storage, heat 
sources, water sources and passageways. 

In the mountainous region with exposed bedrock in western Beijing, 
precipitation and surface runoff percolates continuously into the ground 
under gravitational action. Water infiltrates into the deep parts through 
all possible ways, such as pores, bedding surface, joints, crevasses, 
karst rifts and fracture zones, etc. The temperature of the water rises 
as it flows along under the action of radiation, conduction and convec­
tion from the deep heat source of the earth. When this thermal fluid 
reaches the dolomitic limestone in the graben, it forms the thermal water 
resource of this region under the impermeable cover and thermal insula­
tion of Cenozoic era stratum. Under high pressure, the deep high tempera­
ture geothermal water rises rather rapidly through Chongwenmen and other 
rifts into shallower parts. It is stored in the dolomitic limestone 
thermal storage stratum and in any favorable position such as a convex 
structure of the bedrock. Hence, it is possible to obtain relatively 
high temperature geothermal water in shallow parts (e.g., around 1,000m) 
of the geothermal core region. 

The above-mentioned condition can be illustrated from water quality. 
In general, it is recognized that the stable isotope of hydrogen in 
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TABLE 3 - SUMMARY OF GEOTHERMAL WATER STAGES AND RATES OF DRAWDOWN 

Well Number 
and 

Location 

South Section 

Np.2 Tiantan 

No.3 Oxygen Plant 

No.9 Remin Mach. 

No.10 Nat'l Comm. 
on Phys. Ed. 

No.12 Main Glass 
Factory 

No.13 Beijing 3rd 
Cot. Tex. Fac. 

Before 

Date 

72.2* 

74.5 

72.12 
1 

73.8 

74.1 

-

' 1974 

Stage 

(m) 
1 

12.6 

9.5 

8.9 

9.5 

11.1 

-

End 

Stage 

(m) 

21.0 

14.5 

(13.9) 

15.2 

16.0 

. 15. r 

of 1974 

Average 
Rate of 
Drawdown 
im/yr.).-

3.60 

5.00 

2.72 

4.55 

4.90 

-

End 

Stage 

(m) 

22.40 

15.60 

15.60 

16.75 

15.20 

16.20 

of 1976 

Average 
Rate of 
Drawdown 
(m/yr.) 

0.70 

0.55 

0.85 

0,89 

-

0.45 

Remark: Those excluded are: No.11 at Langanshi and No.15 at Santongyong. 
*78.2 in the or iginal 

North Section 

No.5 Beijing 
Railroad , 

No.7 Guanghua Dye­
ing Factory 

No.8 Xingqiao 
Hotel 

No.16 Renmin Arts 
Press 

No.17 Beijing 1st 
Cot. Tex. Fac. 

No.18 Yuan Xili 

No.21 Dongfanhong 
Auto Fac. 

No.22 Beijing 3rd 
Cot. Tex. Fac. 

Before 1975 

73.7 

73.2 

72.12 

74.9 

74.8 

75.2 

75.6 

75.12 

2.54 

5.10 

0.20 

11.56 

7.00 

8.85 

8.40 

9.95 

October 1975 

4.00 

7.93 

-

12.70 

8.00 

(8.68) 

8.00 

-

0.67 

1.09 

-

1.14 

1.00 

-

-

-

End 

9.40 

11.83 

9.15 

16.60 

(8.36) 

14.26 

13.40 

12.10 

of 1976 

4.98 

2.93 

-

4.20 

(0.36) 

3.35 

4.32 

2.15 

Remark: Those excluded are: No.24 at Hujialou, No.20 at Zhongshan Park, and 
No.l of Beij ing Railroad Bureau 

water--deuterium—will not undergo any pronounced change during the 
ground water flow process. Based upon chemical analyses, concentration 
of deuterium in the thermal water has a ^d value of -6.33 to -9.78, 
which is very close to the rainwater value of -6.33 to -7.48, r iver 
water value of -6.9 to -7.48 and the shallow ground water value of -6.9 
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to -7.48 and the shallow ground water value of -6.9 to -7.48. Viewed 
from the gas composition, the main gas component of the thermal water 
is nitrogen with an argon-nitrogen ratio of 1.96 to 2.37%. This is 
fairly close to rainwater's value of 2.49% and shallow ground water's 
value of 2.12 to 2.14%. In addition, the thermal water-also consists 
of special elements and components such as radon, helium, fluorine, 
soluable silicon dioxide, lithium, strontium, radium, etc., which shows 
that the thermal water is formed in the deep part and rises through the 
rift. In general, the atmosphere does not contain radon which tends to 
concentrate near certain riftS'. In this region, the wells near Chong­
wenmen rift often have higher radon contents. The helium content of 
the thermal water is 0.077 to 0.134%, while in shallow ground water no 
helium is detectable. These facts indicate that after precipitation 
and surface water percolate into the ground, the water captures helium 
from the deep part of the earth's crust during its circulation. Mov­
ing through the Chongwenmen rift as a passageway, it obtains radon, 
flourine, boron, sulfur and silicon dioxide which correspond to the 
material in the deep part of the earth's crust. The dolomitic lime­
stone of the water-bearing stratum of this region has very little sili­
con dioxide and sulfur, yet the basalt's content of these substances 
are five times of those in the dolomitic limestone. This implies that 
the formation of the thermal water is more closely related to the magna 
in the deep part. 

As far as the question of thermal water resources is concerned, be­
cause of limited extent and depth of exploration, boundary conditions 
such as the thickness of the aquifer and the extent of distribution, 
are still unclear. To determine these factors, the geothermal resource 
requires further study. However, based upon the existing information, 
the preliminary estimate is that the permissible daily withdrawal rate 
is about 50,000 metric tons. The quantity is not large, yet-with the 
advance of exploration techniques, application of the recharge tech­
nique and continuous perfection of evaluating methods, data will be 
obtained in the future, covering accurate amount of water, heat, etc. 

3. Near-Term Municipal Building Plan and Analysis of Geothermal Space 
Heating for Southeastern Urban Beijing 

A. Municipal Building Plan and Implementation Scheme 

Based upon the requirements of the layout of our city's building plans, 
the existing urban region will be modified and rebuilt gradually but com­
pletely. Those buildings in the near suburban area will be adjusted so 
that they form functional groups, and there will be extensive development 
in the far suburbs. Both above and underground construction will be 
guided by the principles of the overall plan. On fuel structure, coal 
will be gradually replaced by gaseous and liquid fuel. Use of geothermal 
water for winter heating should be promoted and expanded rapidly so as to 
reduce smoke and soot and improve the environmental condition. 

The two categories in the municipal building plan for which geothermal 
heating has been proposed are new building areas and rebuilding areas. 
This will be implemented around 1982. .The locations for these buildings 
will be: (1) Tuanjiahu near Erdaogou outside Chaoyangmen, (2) Puhuangyu, 
south of Tiantan, and (3) Jingsongqu near Longtanhu. As shown in attached 
Chart 4, there will be a total building area of 3,180,000m2 with a land 
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area of 318 hectares. The new building area will be 2,670,000m2 with a 
land area of 267 hectares. The work will begin in 1979 and be completed 
in 1982. The building area to be rebuilt is 510,000m2. 

B. A Preliminary Analysis of the Application of Geothermal Heating in 
Urban Buildings 

In our country, the application of geothermal energy as a heating source 
is recent. It has been confirmed in practice to be both technologically 
feasible and economically justifiable. As an example, a 1,299m deep ther^ 
mal water well was sunk in September, 1975 at Renmin Art Press inside Jia-
guomen. The aquifer was dolomitic limestone. The depth of its roof was 
1,257.9m and 42m of the stratum was opened. During the pumping test, the 
drawdown was 15.53m. The daily flow rate was 985 metric tons with a tem­
perature of 590c. After the test and the shutting down of the pump, the 
static water stage was 10.38m. It was used for heating beginning in the 
winter of 1976 with a heating area of 4,400m2 during the year. It was then 
increased to 14,300m2 in 1978, and the result has remained good since then. 
In the winter season, as in January, when the outdoor temperature dropped 
to around -IQOC, the room temperature was maintained between I60 to 22°C, 
with an effluent water temperature of 41°C. To utilize the thermal energy 
of the well more efficiently, variable flow rate tests were performed in 
January of 1979. Room temperature was between 18° to 22^0 when the flow 
rate was 36 metric tons per hour and was still between 16° to 18°C when 
the flow was reduced to 9 metric tons per hour. Based upon this fact, it 
was recognized that the heating capability of this well could reach more 
than 50,000m2.^ The heating area could be further increased by improving 
the pipeline network and further adjustment of building layouts. 

Geothermal heating can be justified in comparing economic benefits with 
boiler heating. Table 4 shows that the initial investment for geothermal 
heating is RMB 37,000 dollars (Note: US $1-RMB 1.6) more than boiIer heat­
ing, but the operating cost is RMB 17,000 dollars less. The heat supply 
of boiler heating is considered on 10° kcal/hour basis with a heat area of 
20,000m2, and the geothermal heat area is also considered on a 20,000m2 
basis. In this case, the extra investment can be recovered in a little 
more than two years. This example Illustrates that geothermal heating is 
economical. 

The above analyses show clearly that geothermal heating is completely 
feasible on both technical and economic terms. If the pipeline network 
system can be further improved, new heat exchange components designed, 
heat pumps adopted, effluent water temperature lowered, and the utiliza­
tion rate of thermal water increased, then the heating area per well can 
increase significantly. 

To turn geothermal energy into a reliable source of thermal energy, 
the requirements on geothermal geological work from the viewpoint of utili­
zations are: '. 

1) To satisfy the needs of the capital city on geothermal heating, 
various characteristics of the heat storage strata of the geothermal 
core region should be further clarified. These include the governing 
laws on the variation of the strata in both vertical and horizontal 
directions, heat storage conditions, and the distribution and depths of 
thermal water in different strata. Geothermal resources should also be 
evaluated. 
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TABLE 4 - COMPARISON OF INVESTMENTS BETWEEN GEOTHERMAL HEATING AND BOILER 
HEATING 

Heating 
Method 

Geo­
thermal 

Boiler 

Initial Investment (RMB 103) 

Civil 
Construc­
tion 

0.14 

1.2 

Well 
Construc­
tion 

4.43 

-

Heating 
Elements 

4.6 

3.3 

Material 

2.72 

3.67 

Sub-
Total 

11.89 

8.17 

Operating Cost (RMB 10^) 

Coal 

-

1.2 

Labor 

0.05 

0.09 

Elec­
tricity 

0.27 

0.72 

Sub-
Total 

0.32 

2.01 

Note: US $1 = RMB 1.6 

2) To expand the region of the thermal water use, the storage, move­
ment, and possibility of utilization of the thermal water on both west 
and east regions next to the geothermal core region should be under­
stood. 

3) To provide a basis for long-term geothermal utilization, the pos­
sibility of geothermal water reserves under the northwestern urban 
region and its value should be studied. 
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II. PRELIMINARY PLAN FOR DEVELOPMENT AND UTILIZATION OF GEOTHERMAL ENERGY 

The geothermal resources of Beijing should be well managed and protected, 
to make them a reliable and stable energy source. To achieve this, one 
should use the geothermal geological work of the previous years as the foun­
dation, dealing directly with the previous unresolved problems, and should 
integrate the three requirements by the Municipal Building Plan on geothermal 
geological work. In addition, the following work should also be carried out 
well. 

1. The Development and Utilization of Geothermal Energy in Southeastern 
Urban Beijing 

A. A Basic Guideline on Development and Utilization of Geothermal 
Energy 

To maximize the use of the limited local geothermal resources in the 
capitol city's construction, a balanced emphasis must be on drilling both 
shallow and deep, production and exploration wells. In addition, the tech­
nique of ground water recharge must be investigated as a way to guarantee 
future production. A balanced'emphasis should also be made on production 
and recharge. We should carry out exploration and recharge while produc­
ing, and use the benefit brought by production to promote exploration. 
Only In this fashion, can existing geothermal resources be a reliable and 
long-lasting heat energy supply. 

B. Plan for Development and Utilization of Geothermal Energy 

The geothermal resources of this region should first be utilized for 
urban building heating purposes, with consideration of industrial, agri­
cultural, and therapeutic bathing purposes in a comprehensive development. 
This will be the underlying principle in defining the production well 
field and the stage implementation scheme. 

1) Defining the Geothermal Production Well Field 

The number of production wells should be determined by the heat sup­
ply per well and the heat requirement of the building area. As men­
tioned above, the thermal water temperature of the Beijing geothermal 
core region is usually around 50°C, and the daily flow rate per well 
is 1,000 metric tons. Because of the increase in both the depth of 
exploration and the well diameter, it is estimated that the water tem­
perature can be raised up to around 60OC and the daily flow rate up to 
1,500 metric tons. Based upon the state of the art on heating equip­
ment and technology, it is possible to utilize 30° to 40°C of heat from 
the thermal water. Under this assumption, the heat supply per well and 
the required number of wells can be determined. The related parameters 
are tabulated in Table 5. 

•Determination of the Building's Heating Standard. Coal supplies 
over a heating season are specified at 22 kg/m2 of building area. 
Coal's heating value is 101,200 kcal, based upon a unit heating val­
ue of 4,600 kcal/kg. The heating season is 120 days long, giving an 
average building heating requirement of 35 kcal per m2 per hour. 

•Determination of the Heat Supply and the Heating Area per Well. 
Based upon a flow rate of 1,500 mt/day per well (62.5 mt/hr), with a 



TABLE 5 - SUMMARY OF NUMBER OF WELLS FOR GEOTHERMAL HEATING PLAN 
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Flow Rate 
Per Well 

Thermal 
Water ; 
Temperature 
Oc 

Heat Heating 
Output Building Area ' Building Number 
Per Heating Per SRebuild- of Wells 
Well Standard* Well ing Area Required 

At 
Well- U t i -

mt/day mt/hr Head l ized lO^kcal kcal/hi2hr 1 0 V lO^m^ 

1500 62.5 
II 

II 

II 

60 
II 

II 

n 

40 
II 

30 
II 

2.5 
" 

1.875 
II 

35 
50 

35 

50 

70 
50 

54 

38 

3.18 45 
63 

58 

83 

*The heating standard is derived by the specified 22kg of coal 
at a heating value of 4,600 kcal/kg. 

thermal water temperature of 60°C and with 40°C of which can be 
utilized, the heat output per well is 2.5 x 10°kcal. Using this 
heat output and the building heating standard of 35 kcal (Note: Per 

per hour), the heating area per well is thus 70,000m^. m-

•Determination of the Number of Production Geothermal Wells. 
Since the heating area per well is 70,000m2 and the total building 
and rebuilding area to be heated by geothermal energy is 3,180,000m?, 
then a total of 45 thermal water wells are needed. If the building 
heating standard is raised from 35 to 50 kcal, then the heating area 
per well will drop to 50,000m2, and a total of 63 wells will be re­
quired. 

We shall further consider the case for either heating standard, 
the flow rate remains at 62.5 mt/hr per well and the water tempera­
ture remains at 60OC, but the heat energy that can be extracted is 
reduced from 40° to 30°C with the Increase of the heating standard 
from 35 kcal to 50 kcal. The possible heat supply is calculated to 
be 1,875,000 kcal/hr per well. Considering that the total planned 
building area is 3,180,000m2, then a total of 58 wells are required. 
If the building heating standard is at 35 kcal, then the heating area 
can reach 54,000m2 per well. If the standard is raised to 50 kcal, 
then the heating area will drop to 38,000m^ corresponding to 83 wells 
for the planned buildings. 

These conditions illustrate that the number of required wells 
varies between 45 to 83, depending upon the portion of thermal water 
temperature utilized and the building heating standards.- In accord­
ance with the principle of gradual and orderly expansion of wells, 
a total of 65 production wells are tentatively scheduled. 

2) Distribution and Construction of Geothermal Wells for Heating 

The distribution of geothermal wells should be integrated.organically 
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with the building's heating needs arid natural conditions. In attached 
Chart 4, geothermal energy exists in all building zones except near 
Dongzhimen and Zuojiazhuang where the'geothermal condition is still not 
clear. Hence, the geothermal energy distribution basically matches the 
three building zones at Tuanjiehu, Jingsong, and Puhuangyu. 

The planned depths of geothermal production wells are classified by 
geological conditions into three categories: 1,500m, l,500-to-l,800m, 
and l,800-to-2,000m. The southern Tuanjiehu zone is close to the con­
vex structure ofbedrock near>the Chongwenmen rift, and has a tempera­
ture gradient of more than 50C (Note: Per 100m). Drilling down to 
1,500m will get a higher water temperature; however, both Jingsong and 
Puhuangyu zones are further from the Chongwenmen rift, so the geother­
mal temperature gradient is low. Hence, drilling to deeper than 1,500m 
will be required to obtain a higher water temperature. The Zuojia­
zhuang building zone outside Dongzhimen is close to the center of the 
graben. This means that the depth of the heat storage layer is great, 
so that the drilling depth should also be increased. Based upon these 
depths, for total of 65 geothermal production wells, the drilling foot­
age will be 113,500m. Among those wells, 25 are 1,500m deep, 25 are 
1,500 to 1,800m deep, and 15 are 2,000m deep. 

In construction, the Tuanjiehu zone will have first"priority, but 
both Jingsong and Puhuangyu building zones will also be covered. It is 
planned that the construction of these geothermal production wells will 
be started in 1980 and will be completed in three years, ending in 1982. 
An average of 21 wells should be completed each year. The actual prog­
ress depends upon the availability of boring equipment and piping. 

C. Application of Recharge Techniques 

Geothermal energy is extracted through the ground water medium and it 
cannot be utilized if there is a deficiency in water. As mentioned above, 
the geothermal water stage of this region has been dropping gradually, 
over the years following the increase of the withdrawal rate. If this' 
trend continues, the stage may drop so low as to be beyond the capability 
of the pumps. According to some foreign experience, the application of 
recharge techniques can ensure the continuous production of geothermal re­
sources. For example, in the Huitang geothermal field in Hunan, artifi­
cial recharge tests were carried out in a geothermal well from September 6 
to October 21 in 1973. The thermal water maintained a temperature of 85° 
to 89°C with no reduction observed while the well was recharged with 230C 
river water for 47 days at an average recharge rate of 1,850 metric tons 
per day. This nearly doubled the productive reserve of the thermal water, 
and a geothermal power station has been built there. In France, the de­
sign of one production well with one recharge well in geothermal utiliza­
tion was able to maintain the thermal water temperature for 30 years. 
Based upon these experiences and the geothermal condition in Beijing, it 
is planned to adopt the recharge technique. 

1) Conceptual Number and Location of Recharge Wells 

The ratio between recharge and production wells can be 1:1, 1:2, or 
2:3... Since parameters such as the rational spacing between wells, 
recharge rate and recharging methods and effects are still understudy, 
it is impossible to provide the economical and rational number of re­
charge wells at this time. If it is tentatively assumed that for every 
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three production wells there will be two recharge wells, then a total 
of 43 recharge wells will be required. As far as the locations of the 
recharge wells are concerned, in addition to maintaining proper dis­
tance from the production wells, they should be at regions with inter­
nal hydraulic connections and rather concentrated withdrawals. Accord­
ing to this concept, groups of recharge wells should be placed at Hujia­
lou, Tiantan, and Shuangjing. Each group consists of 5 to 8 recharge 
wells. In addition, there will be individual recharge wells for local 
pressure boosting in the Chongwenmen and Beijing Cotton Textile Factory, 
regions. The planned depths of the recharge wells are greater than 
those of the production wells by 50 to 100m to increase the flow path 
of the recharge water and its depth, thus obtaining more thermal energ/. 
Computing based upon an average well depth of 1,800m, the total drill­
ing footage for the 43 recharge wells is 77,400m. It is planned to 
have two drilling rigs working in 1980. Starting from the three groups 
of recharge wells mentioned above, three recharge stations will be 
established. Recharge wells will then be increased and constructed in 
stages in order to gain experience while expanding. 

2) Method of Recharge 

The recharge will be done centrally, with each recharge station as 
a unit. Recharge water will be transmitted through a pipeline network 
to the three recharge stations at Hujialou, Tiantan, and Shuangjing, 
and then recharged by natural head or by applying pressure. Recharge 
water is mainly coming from the tailings of the geothermal water after 
heating use. The consumption will.be made up by shallow stratum water. 

Recharge can be carried out at any time of the year, but will be cen­
tered in two periods, namely "withdrawal in winter, .recharge in winter" 
and "withdrawal in winter, recharge in summer." In the winter heating 
season, the consumption of heat and thermal water is great, thus re­
charge in winter should be of the first priority to ensure meeting nor­
mal heating requirement. During non-heating seasons, it is proposed 
that cold water or cold water which has warmed up in heating ponds 
under the sun in the summer season, be recharged so that thermal water 
of a certain temperature is stored in an aquifer for use in winter. 

D. Preliminary Prevention of Thermal Water Corrosion 

The geothermal water of this region is commonly corrosive to metals 
and pumps. Because of the hydrogen in the hydrogen sulfide there will be 
seepages into the metal of the pump shaft, and the surface of-the shaft 
will always blister and form 0.2 to 0.2nm pits and freckles. The thread 
of the pump shaft support is occasionally completely corroded, sometimes 
causing the shaft Itself to break. The cause is none other than water 
chemical corrosion (or electric corrosion) or biological corrosion. One 
problem is that the present water-lifting equipment and various carbon 
steel materials are suitable only in cold water. In addition, the off-
and-on nature of the pump operation will also cause mechanical fatigue 
and increase corrosion. To prevent thermal water corrosion, increase the 
life of water-lifting equipment, and obtain cheap thermal energy, the fol­
lowing measures should be taken before the large-scale development of geo­
thermal energy. 

1) To satisfy the need of geothermal energy development and utili­
zation, water-lifting equipment and materials suitable to the thermal 
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water of this region should be developed and produced as soon as pos­
sible. To meet the immediate needs, the sections of mechanical parts 
for most easily corroded (i.e., at the stage fluctuation zone) can be 
chrome-plated or replaced by a chrome nickel material so as to be more 
corrosion-resistant. 

2) Corrosion-Prevention by Coating 

Epoxy resin can be applied to the easily" corroded part. This high-
polymer substance is odorless,'tasteless, alkaline-resistant, insoluble 
in water, and heat-resistant (melting point 145° to 155°C). Its adhe­
sion to metal is strong. Coating the pump shaft with epoxy resin will 
protect the pump shaft from water and thus strengthen the corrosion 
resistance of the pump shaft. In addition, plastic or silicon sprays 
are also effective corrosion-resistant materials. 

3) Sterilization and Elimination of Bacteria 

There are iron bacteria and sulfate salt-reduction bacteria (Sr bac­
teria). Strontium bacteria can reduce the sulfate salt in the water to 
sulfides or can oxidize the hydrogen, sulfide into sulfuric acid, thus 
accelerating corrosion. To eliminate the bacteria and neutralize the 
hydrogen sulfide in the thermal wate,r a proper amount of liquid chlor­
ine, hypochlorides and other exidizers should be added in the recharge 
water to minimize the corrosiveness of the thermal water. 

4) Based upon electro-chemical principles, the method of sacrific­
ing the anode for protecting the cathode has already been applied in 
corrosion-prevention of oil pipelines. The method should be tested to 
find out its applicability to thermal water corrosion problems. 

2. Reconnaissance Survey and Exploration of Geothermal Resources in the 
Deep Part and Outlying Areas of the Geothermal Core Region 

To locate new geothermal resources and to expand the scale of geothermal 
development and utilization, reconnaissance survey and exploration work on 
geothennal resources must be extended to the deep part of the geothermal core 
region and outlying areas. Geological structure and heat storage conditions 
should be explored and determined for planning purposes. 

A. Deep Geothermal Exploration of the Geothermal Core Region 

Three geothermal boreholes will be used to determine the thickness of 
the Sinian subgroup dolomitic limestone aquifer in the southeastern urban 
region, i.e., the geothermal core region. These boreholes will also be 
used to understand the development of deep karst crevasses and to under­
stand deep high temperature geothermal conditions. They are located near 
Hujialou, the Beijing Railroad Station, and the Longtanhu area, where the 
geothermal temperature gradients exceed 50C, shown as Cj, C2, and Co in 
attached Chart 5. The planned borehole depth is 2,500m with a total drill­
ing footage of 7,500m. Large drilling rigs are to be used. The construc­
tion work will start in 1980 and will be completed in 1981. 

B. Geothermal Reconnaissance Survey and Exploration of the Outlying 
Areas 
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1) Extent of the Survey and Exploration 

The survey and exploration will include both the east and west 
sides next to the core region from Jiuxianqiao to Dingfuzhuang and 
Yongdingmen to the Nanyuan area. It will also Include the northwest­
ern urban region and both the east and west sides next to the region. 
The total area is about 250km2. The objectives are to verify and 
investigate in detail, the geological characteristics of the Beijing 
graben and its relation to geothermal energV, to locate a new geother­
mal region and its possible utilization. This will serve as a basis 
for expanding long-term geothermal development and utilization. 

2) Geophysical Exploration 

Because of the relatively high degree of gebphysical exploration 
and study of this region, it is unnecessary to duplicate the work. 
The physical exploration will emphasize the application of comprehen­
sive physical exploration techniques iri verifying the distribution laws 
of underground geological structure and heat storage of the Beijing 
graben. Hence, it is proposed that physical exploration should be car­
ried out along four transects by using a non-blasting seismic source 
with a digital seismograph and magnetic, gravitational, and infrared 
survey techniques. The exploration will be from Babaoshan to Fengtai, 
Zizhuyuan to Nanyuan, Zijiahuozi to Dajiaoting, and Jiuxianqiao to 
Dingfuzhuang; these being designated respectively as CI, CII, CIII, and 
CIV, with a total length of 64km. This plan calls for initiating work 
on the transects CII and CIII first in 1980, with work on the other two 
transects later; and the verified work will be completed in 1981. 

3) Geological Boring 

With the physical exploration verification as the basis, geological 
structure will then be studied further in detail; the governing laws 
of the thermal water storage and its distribution will be defined. A 
total of eight geothermal reconnaissance survey boreholes will be sunk, 
designated as C^ to Cij. The planned borehole depths vary from 1,500 
to 2,500m. Three of those holes will be 1,500m deep, two will be 
1,800m, one will be 2,000m, and two will be 2,500m deep, with a total 
footage of 15,100m. The plan calls for the boring to start in 1982 and 
to be completed in 1983. 

In all the regions above, a total of 119 wells. Including reconnais­
sance survey holes, boreholes, etc., are proposed. The total footage 
will be 213,500m and six to eight drilling rigs will be required. The 
work will begin in 1980 and will be finished in 1983. Table 6 is a 
summary of all the different kinds of well and borehole work. 

3. Research Topics on Geothermal Energy 

Our present geothermal exploration technology and equipment are outdated, 
our methods are limited, the productivity is low, and the construction period 
is extended. All these are incompatible with the requirements posed by the 
large-scale development and utilization of geothermal resources, and incom­
patible with serving the needs of the capital city's four modernizations. To 
change the present situation, it is urgent to introduce the necessary advanced 
technology and equipment, and to quickly determine all the information related 



30 

TABLE 6 - SUMMARY OF THE WORK FOR GEOTHERMAL HEATING DRILLING, SURVEY, AND 
EXPLORATION 

Work 
Region 

Core 
Region 

Outlying 
Area 

Classif ication 

Production Well 

Recharge Well^ 

Borehole 

Survey Borehole 

Subtotal 

Number 
of 
Wells 

- 6 5 

43 

3 

8 

119 

Dr i l l i ng 
Footage 
103m 

11.35 

. 77.4 

7.5 

15.1 

213.5 
• 

Number of 
Dr i l l i ng Rigs 
Planned 

3 

2 

1 

2 

6-8 

Planned 
"Construction 
Date 

1980 to 1982 

Start in 1980 

1980 to 1981 

1980 to 1983 

1980 to 1983 

•Establish three recharge stations first, 
go into full swing. 

With this experience, then 

to the geothermal resources by various methods. In addition to accomplish­
ing the exploration work previously discussed, the following research work 
should be carried out. 

A. On Basic Theory 

1) Research on the Evaluation Methodology bn Geothermal Resources 

A basic understanding has been achieved on geothermal resources' 
formation, replenishment, and heat storage boundary conditions. Based 
upon this knowledge, we should search step-by-step for an evaluation 
methodology for geothermal resources that fits the practical condition 
of this region. The approach is by trying and repeatedly testing and 
comparing various techniques such as the natural flow rate method, heat 
storage method, or analogy comparison method. In addition, a correct 
evaluation should be made on this region's geothermal resources. 

2) Theoretical Research on the Utilization of Geothermal Heating 

By selecting pertinent parameters of low- and medium-temperature geo­
thermal heating systems, and research and testing for defining the eco­
nomic and technological standards, an economical and a rational system 
model for geothermal heating should eventually be established. 

B. On Application 

1) Research on the Prevention of Geothermal Corrosion 

Although much research has been performed over the past years on geo­
thermal corrosion, there is still a lack of quantitative information on 
corrosion mechanisms and its main causes. Corrosion prevention measures 
are still not very effective. This plan calls for a continuation of 
past efforts, utilizing previously obtained results, and expanding, as 
well as deepening, the corrosion prevention research on a mass basis. 
The research should find the main causes of corrosion and propose feasible 
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corrosion prevention measures. The electro-chemical corrosion prevention 
methods that sacrifice the anode to protect the cathode should be fur­
ther tested. Better results should be obtained before the end of 1980. 

2) Research on the Impact of Geothermal Energy on the Environmental 
Pollution and Human Health 

The thermal water contains radioactive elements, such as radon, radi­
um, uranium, etc. Although the amounts are"small, the radioactive sub­
stances tend to concentrate because of frequent use. They either remain 
in.the pipeline or are discharged over the ground surface. The effect 
of its accumulation over the years"on human health and the environment 
remains unclear. To safeguard human health and reduce environmental 
pollution, research work should be emphasized while earnestly developing 
and utilizing geothermal energy. By checking for potential dangers and 
proposing safety methods, a safe utilization of geothermal resources 
will be achieved. 

3) Research on the Comprehensive Utilization of Geothermal Energy 

The economic and technological feasibility of heat pumps or heat ex­
changers should be tested in the winter heating projects to investigate 
Increasing the thermal energy levels of both the thermal water and ef­
fluent. The effects of this increase of thermal energy on corrosion 
prevention shoudl also be studied. Summer use of geothermal energy for 
refrigeration, such as in air conditioning, industrial, agricultural 
and sideline business and applications in people's daily living needs, 
should be studied. This will expand the domain of geothermal utiliza­
tion. 

C. On Exploration Technology 

1) Research on Geothermal Boring Machinery 

The emphasis of this research is on the medium depth (1,500m) and 
deep well (2,500m) drilling rigs especially made for geothermal explora­
tion. The requirements for the machinery are to be easily movable and 
operable, and have a large diameter (greater than 6 or 8 inches), and 
high efficiency. In addition, the existing boring equipment should be 
rapidly modified as to fully utilize their potential. The emphasis for 
modification is on enlarging the diameter, so that a well can be com­
pleted by using a single diameter drill. Improving the well-completion 
technology will insure the quality of the completed well. 

2) Research on New Techniques and Methodologies 

Emphasis is placed on development of well video recording, stereo-
graphic photography techniques, and equipment to improve the efficiency 
and quality of completed wells. 

4. TECHNICAL TRAINING 

To meet the needs of the four modernizations, a technical force should be 
established in geothermal geology, exploration and design, and technical man­
agement. Training courses on physical exploration, boring, chemical analysis, 
heating design and technical management are planned. Such comprehensive 
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training should produce a group of management and technical cadres who possess 
social consciousness and advanced technology. Various training methods would 
be utilized to produce trained personnel as soon as possible. 

A. On Job Training 

Under the guidance of responsible personnel, the trainees will study 
while remaining on their productive jobs. Priority will still be on the 
production of geothermal wells but will integrate study with production. 
After three months' practice in production, the trainee should be skillful 
in operating advanced equipment. He should also understand general main­
tenance. Within six months, the trainee should thoroughly understand the 
principal technical capability of commonly used equipment. He should also 
be able to work independently. 

B. Short Training Courses 

Those professional engineering and technical cadres presently engaged 
in the fields of geothermal geology, physical exploration, heating tech­
nology, design, and management, should be trained in rotation. Special 
lecturers will be invited to teach the courses. The training will enrich 
the cadres' basic understanding of geothermal theory, enable them to solve 
concrete problems in production, and apply new techniques. All these will 
raise the present technical and management levels. 

Each class will last three months. The course will mainly consist of 
new techniques on geothermal resource research, application of electronic 
techniques in geothermal exploration and technical management, theory of 
their comprehensive utilization, detennination of technical parameters, 
installation of automatic control systems for geothermal heating, and the 
advanced evaluation techniques in chemical analyses. 

C. Foreign Visits and Study 

Geothermal technical study groups, consisting of selected geothermal 
professional engineering and technical personnel, will be sent abroad to 
study exploration, engineering and utilization of geothermal resources. 
After a particular place has been chosen, the group will directly partici­
pate in the local exploration and construction effort and learn advanced 
techniques and management experience. The main content will include basic 
theory on geothermal energy, new techniques and methods, and experience 
on technical and economic management. Each session will last six to nine 
months. 
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CHART 1 - EXTENT OF GEOTHERMAL GEOLOGICAL WORK IN URBAN BEIJING 

" A Brief Explanation of the Chart' ' 
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In 1972, a gravity exploration 
(scale 1:10,000) was carried out 
over an area of 200km^ in urban 
Beijing. Reports and related 
charts were issued. 

Two electric method explorations 
were carried out in urban and 
northwestern suburb regions 
(scale 1:50,000) in 1970 and 1978. 
Summary reports and charts were 
Issued. 

From 1966 to 1970, Factory No. 
646 of the Ministry of Oil per­
formed gravity and electric 
exploration work (Scale 1:10O.,O0d) 
in urban Beijing. Reports 
charts were issued. 

Controllable source seismic 
tests were performed in the 
exploration of a 70km2 area in 
Fengtai region during 1976 and 
1977 (scale 1:50,000). Reports 
and charts were issued. 

Well water temperatures were 
surveyed over the urban and 
neighboring suburban areas of 
about 600km2. A total of 1,000 
wells were surveyed and the 
results were used to define the 
geothermaranomaly region in 
southeastern Beijing. It pro­
vided the basic information 
for geothermal exploration. 

20 geothermal boreholes were 
completed over an area of 
500km2 in southeastern region^ 
Geothermal exploration reports 
and related charts v/ere issued. 

Note: Above work was mostly performed by Beijing 
Municipal Bureau of Geology and those units 
under the Ministry of Oil. 
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Beihai 
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Shuangqiao 
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Dajiaoting 

Tiantan 

Lugouqiao 

Fengtaizhen 

Laojuntang 

Dahongmen 

Changxindian-
zhen 

Henjiecun 
Nanyuanzhen 
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CHART 2 - ANTE-TERTIARY GEOLOGICAL MAP OF URBAN BEIJING 

Legend • 
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Note: 
Showing that there are 
Cretaceous layer over 
mid-Jurassic volcanic 
rock in boreholes in 
Beijing depression. 

1. Beijing north­
western heave 

2. Yamenkou rift 
3. Chegongzhuang rift 13. 
4. Lianhuachi rift 
5. Beijing graben 
6. Qianmen rift 
7. Chongwenmen rift 
8. Nanyuan rift 
9. Daxing horst 
10. Jiaoxianqiao 
11. Zizhuyuan 
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CHART 3 - DISTRIBUTION OF GEOTHERMAL ANOMALY IN SOUTHEASTERN URBAN BEIJING 

Legend •' 

GEOTHERMAL TEMPERATURE GRADIENT 
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Unit Flowrate (l/s--m 

1. Chegongzhuang rift 
2. Lianhuachi rift 
3. Qianmen rift 
4. Chongwenmen rift 
5. Shuangjing rift 
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6. Nanyuan rift 
7. Houhai 
8. Beihai 
9. Gugong 
10. Tiantan 

11. Taoranting 
12. Longtanhu 
13. Zhen 1 
14. Zhonghai 
15. Nanhai 
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CHART 4 - NEARTERM MUNICIPAL BUILDING PLAN FOR SOUTHEASTERN URBAN BEIJING 

Explanation of Municipal Building Plan 

New Building Zone 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Location 

Zuojia­
zhuang 

Tuanjiehu 
(1st stage) 

Tuanjiehu 
(1st stage) 

Anhualou 

Jinyuchi 

Jinsong 
(1st stage) 

Jingsong 
(2nd stage) 

Puhuang-
yubei 

Liujiayao 

Puhuang-
yunan 

Dahongmen 

Dongsibei-
dajie 

Donghuamen 

Taoranting 

Sub-Total 

Building 
Area 

loV 
520 

300 

190 

100 

100 

270 

360 

170 

220 

80 

40 

50 

50 

100 

2,670 

Number 
of Wells 
Planned 

10 

6 

4 

2 

2 

8 

8 

3 

4 

2 

1 

1 

1 

2 

54 

Heating 
Area 
10 V, 

500 

300 

200 
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200 

400 

400 
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80 

40 

50 

50 

100 

2,670 

Rebuilding 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Location 

Xingfu-
xiaoqu 

Guangming-
xiaoqu 

Banchang-
xiaoqu 

Longtan-
xiaoqu 

Tiantan-
dongli 

Tiantan-
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Tiantannan-
lidongqu 

Tiantan-
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Puhuangyu 
dongqu 

Puhuangyu-
xiqu 

Sub-Total 

Building 
Area 
10 V 

50 

60 

30 

100 

60 

40 

50 

60 

30 

30 

510 

Zone 

Number 
of Wells 
Planned 

11 

Heating 
Area 
103m2 

50 

50 

50 

100 

50 

50 

50 

50-

30 

30 

510 

Legend 

New Building Zone 

Rebuilding Zone 
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CHART 5 - LAYOUT OF GEOTHERMAL EXPLORATION, DEVELOPMENT, AND UTILIZATION 
PROJECTS IN URBAN BEIJING 
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1. Yamenkou rift 

2. Chegongzhuang rift 

3. Lianhuachi rift 

4. Zianmen rift 

5. Chongwenmen rift 

6. Nanyuan rift 

7. Mountainous region 

8. Zinghezhen 

9. Beiyuan 

10. Yuquanshan 

11. Kunminghu 

12. Haidianzhen 

13. Jiaoxianqiao 

14. Bazhen 

15. Yongdinghe 

16. Baishiqiao 

17. Ditan 

18. Balizhuang 

19. Diaoyutai 

20. Beihai 

21. Gaobeidian 

22. Shuangqiao 

23. Dajiaoting 

24. Roller 

25. Lugouqiaozhen 

26. Fengtaizhen 

27. Henjiecun 
28. Nanyuanzhen 
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CHART 6 - GEOTHERMAL BOREHOLE COLUMNAR SECTION CHART 

Part 1: Borehole at Guanghua Dyeing and Textile Plant 
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Borehole Depth 

Ground Elevat ion 

824.84m 

39.42m 

DESCRIPTION OF 
LITHOLOGICAL CHARACTER 

Clay, sand and gravel 

Mainly o f sandy mudstone 
which is mot t led , reddish 
brown and semi-cemented. 
Younger t e r t i a r y system 
is above 402m wi th older 
t e r t i a r y system below 
The l a t t e r has many layers 
o f green or purp l ish red 
basalt and. is 200m th i ck . 

Dolomit ic limestone which 
is brownish grey-white 
wi th f l i n t b e l t . There 
are caverns and karst 
phenomena at hole depth 
737-742m. The caverns 
are f i l l e d w i th sand. 

S ta t i c 
Stage 

Water 
Temp. 

Flowrate 

Drawdown 

3.26m 

. 48° C 

925 mt/d 

13.38m 

, 
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Part 2: Borehole at Renmin Art Press 
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DESCRIPTION OF 

LITHOLOGICAL CHARACTER 

Flowrate 1000 mt/d 

Drawdown 12 m 

Al alternating layers of 
clay sand, sandy clay, 
sand and gravel. 

Younger tertiary system 
from 129.00-739.60m, 
mainly of reddish brown 
sandy mudstone with thin 
layers of sandstone. 
Bottom part consists of 
semi-cemented sand and 
gravel. 
Older tertiary system is 
from 739.00-859.50m, 
mainly of basalt with 
sand and gravel at the 
lower part. 

Upper part consists of 
grey, purple and brown 
andesite Volcanic breccia, 
Middle part is mainly of 
purplish black andesite. 
Lower part is purplish 
red breccia. 

Siliceous dolomitic limestone, 
fractured and with karst. 
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Part 3: Borehole at Zhongshan Park 
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Ground Elevation 
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DESCRIPTION OF 
LITHOLOGICAL CHARACTER 

Clay sand, powdery f ine 
sand, gravel. 

Younger te r t ia ry system is 
1033m thick. Both upper 
and lower parts are mainly 
reddish grey, greyish 
white and greyish green 
sandstones. Middle part 
is mainly red mudstone. 
Older te r t ia ry system is 
456m thick. Upper and 
middle parts consist of 
three basalt layers with 
green mudstone and shale. 
Lower part is mainly brown 
mudstone and shale with 
sandstone. 

Upper part is mainly pur­
plish brown, greyish brown 
shale. Middle part is 
mainly brownish grey sand­
stone with sandy mudstone 
and shale layers. There 
are gypsum and plant fos­
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CHART 6 - GEOTHERMAL BOREHOLE COLUMNAR SECTION CHART 
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FOREWORD 

The municipality of Tianjin, with a population of 7 million and an area 
of 11,305 km^, is 120 km southeast of Beijing (Peking) and in the northeast­
ern section of the North China Plains. One of China's chief industrial bases, 
it has a number of growing Industries, including steel, rubber, machine build­
ing, chemicals, textiles and food processing, of which many products are 
exported! . 

Tianjin has rich underground resources, which include, besides extensive 
oil and gas fields in Dagang and the Bohai Bay, large geothermal reserves in 
the city and its environs. The maximum water temperature observed to date in 
the three large geoheat anomaly regions of the area (covering 700 km2) is 
96°C. Thermal water here falls into two types: that found in the pore spaces 
of the Tertiary System thermal storage stratum at shallow depth and that in 
the karst crevasses of the bedrock thermal storage stratum at a depth exceed­
ing 1,200 m. The former is already being utilized. 

Full exploration and utilization of these resources to serve the area's 
residents and its industry and agriculture is a necessary step to its modern­
ization. • 
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FIGURE 1: GEOGRAPHIC POSITION OF TIANJIN ." 
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10. Ziya River 
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I. LEVEL OF INVESTIGATION OF GEOTHERMAL WATER IN TIANJIN 

Geothermal geological work in the Tianjin area started in the early 
1970's, centering chiefly on thermal water (30O-53O C) stored in the pore 
spaces of the Tertiary System thermal storage stratum at shallow depth, ex­
tensive use of which is now being made. However, comprehensive exploration 
of deep thermal water (above 60° C) in the karst crevasses of the bedrock 
thermal storage stratum has not yet been made. 

Hydrogeological, petrogeological and seismic and thermal geological 
work to improve the area's water supply in the past decade have yielded the 
following: 

In physical exploration: 

1. Airborne magnetic and gravity anomaly map of the North China Plains 
(scale 1:1 million); 

2. Tianjin high magnetic and gravity anomaly overlay map 
(scale 1:100,000); 

3. Summary report on gravity exploration in urban and suburban Tianjin 
(urban 1:50,000, suburban 1:100,000); 

4. Our concept and evaluation of the oil-bearing characteristics of 
the Huanghua depression and the peripheral (Tianjin included) 
Guqian Mountain (1:50,000 and 1:100,000); 
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5. Report on findings of aerial magnetic surveys of the Beijing-Tianjin 
area; 

6. Aerial infrared remote sensing (1:10,000 to 1:30,000). 

In thermogeological exploration: 

1. Summary Report on the stage of geothermal exploration; 

2. Preliminary discussion of the relation between the distribution and 
structure of geoheat anomaly regions in Tianjin; 

3. Summary of preliminary investigations of the Wanglanzhuang-Guanjiabao 
geoheat anomaly region; 

4. Investigation Report of geoheat resources in the Wanjiamatou geoheat 
anomaly region; 

5. Investigation Report on geoheat in the eastern suburbs of Tianjin; 

6. Overall Plan for geothermal water survey and exploration in the envi­
rons of Tianjin. 

The above have given us some idea of the extent of geothermal water stor­
age in the Tianjin area and the broad prospects for its future utilization. 
Overall development and utilization at this stage, however, is still pre­
mature, due to insufficient knowledge of the volume of deep high temperature 
karst crevasse water, the technical conditions involved in artificial recharge 
and the computation of the heat balance, as-well as the corrosiveness of the 
hot water. Only when these questions are answered can we really make use of 
these resources to serve the livelihood of the people and for production and 
construction. 

II. GEOLOGICAL AND HYDROGEOLOGICAL CONDITIONS OF THE GEOTHERMAL WATER 

1. Characteristics of the geological structure of the Tianjin area 

The Tianjin area belongs to the North China Plains Subsidence Zone of 
the Late Cathaysian Structural System. Its geothermal resources are stored 
chiefly at the northern tip of the secondary structure Cangxian Anticline. 
Its southeastern and northwestern flanks are, respectively, the Huanghua 
Depression and the Jizhong Depression, and its northern side is the Mt. Yanshan 
Folded Zone aligned in an east-west direction. (See Figure 2.) 

The Cangxian anticline can further be classified as a secondary struc­
tural unit, being a succession of north-north-east concave and convex 
structures formatively connected with different fault zones. It consists of 
the Shuangyao, Xiaohanzhuang, Ziaodongzhuang, Dadongzhuang and Panzhuang con­
vex structures and the Baitangkou Trough. The structural faults can be classi­
fied under two formations, the first a north-north-east fault zone including 
the Cangdong, Xiaoyingpan, West Baitangkou, North Tianjin, Lingtou, and Tong-
cheng Faults, and the other a north-west-west fault zone including the Haihe 
Fault Zone, the North Guanzhuang, Zengfutai and Chenglinzhuang Faults (See 
Figure 3). 
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FIGURE 2: GEOLOGICAL STRUCTURE AERIAL MAP 
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FIGURE 3: GEOLOGICAL STRUCTURE MAP 

1. Tanggu 
2. Xincheng 
3. Wanjiamatou 
4. Balitai 
5. Xiaosunzhuang 
6. Tuanbo 
7. Shuangyao 
8. Xiliuyu • 
9. Liyuantou 

10. Junliancheng 
11. Yonghecun 
12. Bei Huangcaotuo 
13. Yangliuqing 
14. Yujialingcun 
15. Dajiazhuang 
16. Daxingzhuang 
17. Shanggulin 
18. Duliujian River 
19. Jinzhong River 
20. Ziya River 
21. Haihe River 
22. MeiChang Fault 
23. Shuanggou Fault 
24. North Panzhuang 

Fault 
25. North Tianjin 

Fault 
26. Lingtou Fault 
27. North Guanzhuang 

Fault 
28. Chenglinzhuang 

Fault 
29. West Baitangkou 

Fault 
30. Baitangkou Fault 
31. East Baitangkou 

Fault 
32. Xiaoyingpan Fault 
33. Cangdong Fault 
34. North Xinhecun 

Fault 
35. Haihe Faiilt 
36. Zengfutai Fault 
37. Shuangyao Convex 

Structure 
38. Dadongzhuang 

Convex Structure 
39. Xiaohanzhuang 

Convex Structure 
40. Baitangkou Trough 
41. Jin 2 Hole 
42. Zeng 3 Hole 
43. Zhen 4 Hole 

.;?fiS;i$-

'mm 

•',f''-:,. v-i.'^'^'!?; ' 't-y-'^'!.'-A..-y ' '-'•:' 

B •;••,'••'?• « i ' , 

;-f~;.,/.^.„ •i!*vi-"^''-::N=. 

•!•'••• •"•,',. •t'->'.-i,''i ' i , U'.-.r 

•:'•. . : • / • • • . ' • y ' ^ 0 f X 
'• i ^ - • '• tn• '• ' ' • ' ' - ' m p ' < 

a»!t»'KS, i-'i' 

LEGEND 

- Bedrock convex structure 
- Bedrock depression 
- Fault 
- Bedrock thermal water hole 

Scale 1:500,000 



.•49 

The positive structure of the north-north-east late Cathaysian System 
structure is steep in the east and mild in the west. The eastern flank, 
which is anticlinal and has some convex structures, is generally steeper than 
the western flank. The larger thrust fracture zones generally occur in the 
steep eastern flank, as, is demonstrated by a higher gravity gradient on the 
Bouguer gravity map. The convex structures in this area possess the same char­
acteristic, as for instance the Cangxian Anticline, which dips from east to 
west. The Cangdong Fault Zone developed on its eastern flank, with a greater 
depth and displacement. Artificial seismic Tj Reflection Stratum Tests show 
the displacement to be 200 m, which means that it would have a displacement 
of over 1,000 m in the Lower Palaeozoic Group roof. The gravity gradient 
therefore,is great. Its southeastern wall (literally "disk" In Chinese), that 
is, the Huanghua Depression, has a thick layer of early Tertiary deposit, but 
in its northwestern wall—the Cangxian Ant1cline--the early Tertiary stratum 
is often missing. The Cangdong Fault Zone extends for over 100 km from south 
to north, being the major fault in this area. 

The Shuangyao Convex Structure is the chief secondary structure on the 
Cangxian Anticline, being also steep in the east and flat in the west. On its 
steep eastern flank is the West Tangkou Fault Zone, another belt of Bouguer 
gravity gradient concentration. Its fault point (epicenter) is comparatively 
shallow in Wanglanzhuang and Guanjiabao, the burial depth being 360-380 m, 
and is markedly active at the present time. 

There are, in addition, the Xiaoyingpan Fault Zone on the eastern part 
of the Beizhakou-Xiaohanzhuang Convex Structure and the Lingtou Fault Zone 
on the eastern part of the Panzhuang Convex Structure. (See Attached Map 1.) 

2. Stratification 

Observations and drilling have revealed that Tianjin, on the northern 
tip of the Cangxian Anticline, consists geologically of a thousand-meter-thick 
Cenozoic Group deposit in the upper part and a Palaeozoic Group stratum in 
the lower part. The distribution is as follows: 

(1) Cenozoic Group 

The thickness of the Cenozoic Group is v e r y uneven in this area, 
being markedly Influenced by the structure of the bedrock. The deposit 
is relatively thin in the convex roof of the secondary structure, the 
thinnest part estimated at 750-800m at Guanjiabao of the Shuangyao Con­
vex Structure. The burial depth at the Zhen 4 Borehole near Wanglan­
zhuang is 1,032m, 1,072m at the Zeng 3 Borehole on the Xiaohanzhuang 
Convex Structure, and over 2,500m at the Baitangkou Trough in the center 
of the three convex structures. Generally speaking, only Quaternary and 
Upper Tertiary System strata are found on the convex structures, but the 
Lower Tertiary System stratum found in the Baitangkou Trough leads to 
the deduction that there may also be a Mesozoic Group deposit here. 

The lithological characteristics and distribution are: 

1) The thickness of the Quaternary System stratum here is 
around 600m. Apart from the littoral plains which have Interbedded 
marine and terrestial deposits, the rest are loose terrestial 
deposits. 
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2) Tertiary System. The distribution thickness is generally 
500-600m. 

The Minqhuazhen Formation is at the lower part of brownish 
red purplish mudstone with some sandstone and the upper part of 
greyish yellow and light brown mudstone with some fine sandstone. 

Guantao Formation: greyish white gravelly sandstone with some 
mudstone. 

Dongying Formation: alternate layers of light grey and green-
•,ish grey sandstone and mudstone. 

Shahejie Formation: mainly dark grey and brownish grey with 
gravel and sandstone and fossiliferous limestone stratum, in upper 
part, and extensive oil shale below. 

Kongdian Formation: greyish, brownish red mudstone with some 
sand, shale and oil shale. 

(2) Mesozoic Group 

There is in this area a thick layer of terrestial volcanic extru­
sive and pyrodastic rocks bearing a coal stratum formed in. the course 
of many volcanic eruptions in the Jurassic and Cretaceous Periods. 

(3) Palaeozoic Group stratum is mainly distributed over the follow­
ing locations in this area: 

Carboniferous Permian System: thickness 36m at the Re 1 Borehole 
in Liqizhuang. 

Ordovician System: about 300m, as seen from many boreholes. 

Cambrian System: thickness 150-300m, as seen from boreholes. 

Sinian Subgroup: widespread in this area, the thickness reaching as 
much as several thousand meters. (See Attached Chart 3.) 

3. Definition and Distribution of Geoheat Anomaly Regions 

According to Tianjin Weather Bureau statistics, the annual mean tempera­
ture of Tianjin is 12.2°C, with the lowest temperatures occurring in January, 
when the monthly average is 80-lOoc, and the highest in July, averaging 
28o-30°C. 

With the depth of the constant temperature stratum as the dividing line, 
the ground temperature can be divided into two spaces: 

(1) The Variable Temperature Zone (from ground surface to the depth 
of the constant temperature stratum); 

(2) The Heat Increment Zone (from the depth of the constant tempera­
ture stratum down). 

.Within the Variable Temperature Zone, due to solar radiation, the tempera­
ture varies from day to night and season to season. Data gathered by the 
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the Tianjin Weather Bureau demonstrate that, despite these periodic changes 
involving different temperature ranges, the annual mean value of the tempera­
ture at different depths is close to a constant, i.e., it is 13.60-13.90C at 
a depth of 0.20m to 3.2m, or 1.5°C+ above the average subsurface temperature. 

The base line of Tianjin's Variable Temperature Zone is also the depth 
and temperature paramaters of the Constant Temperature Stratum. According to 
observations made at that stratum and numerous deep well tests, in the Tianjin 
area it is buried at a depth of 32m, with a temperature of 13.6°C and an aver­
age thermal temperature gradient of 3.5°C/100m. By classifying those areas 
with a gradient exceeding 4°C/100m as anomaly regions, there are three such 
areas in the vicinity of Tianjin (See Figure 4) with a total area of 700 km2. 
Their locations are as follows: 

(1) The Wanglanzhuang Heat Anomaly Region: • In the southwestern part 
of Tianjin, starting at Chentangzhuang, through Liqizhuang and Qingbowa to 
Guanjiabao in Jinghai County, with an aV'ea of 409 km2. There are two geo­
heat anomaly cores: the one in the north at the Wanglanzhuang Brick Factory, 
with a gradient of 7.25°C/100m, and the southern core near Guanjiabao, 
with a gradient of 8.3°C/100m. 

(2) The Wanjiamatou Heat Anomaly Region: Located near Wanjiamatou 
and Xiaohanzhuang in the southern suburbs, over an area of 119 km2, with 
the core at Wanjiamatou with a gradient of 8.3OC/100m. 

(3) The Shanlingzi Heat Anomaly Region: At the eastern suburb's 
Zhonghe Chemical Plant, Xiaodongzhuang and Shanlingzi, over an area of 
171 km2. There are two cores, the southern one at the Zhonghe Chemical 
Plant, with a gradient of 6.25°C/100m and the northern core at the Shan­
lingzi Production Brigade, with a gradient of B.lQOC/lOOm. 



FIGURE 4: DISTRIBUTION OF GEOHEAT ANOMALY REGIONS 
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4. Basic Factors Controlling Geothermal Conditions in Tianjin 

(1) Crust Structure: The vicinity of Tianjin is located on the anti­
cline of the North China Plains. According to statistics published by 
the Geological Institute of the Chinese Acadeniy of Sciences in 1979, the 
representative heat flow value of the Cenozoic Geological Depression Area 
of the North China Terrace is 1.5 HFu (Including Tianjin), which is appre­
ciably higher than the mean world value for similar geological regions. 
The reason for this is closely related to th6 deep crust structure. 
According to seismic records and artificial seismic tests, the crust 
structure here is: ^ 

TABLE 1 

Stratum 

Sedimentary Rock Stratum 
Crystalline Basement Plane 

Sial Stratum 
Kraton Plane (K-plane) 

Sima Stratum 
Mohorovicic Plane (M-plane) 

Upper Earth Mantle 

P-Wave Velocity 
, (km/sec) 

VP = 4.52 

VP = 5.91 

VP = 6.83 

VP = 7.99 

Density 
(g/cm3) 

2.64 

2.72 

3.0 

3.27 

The thickness of the North China Crust is around 30-45 km, the trend 
being thinner in the east and increasingly thicker to the west. The 
M-plane of the Tianjin area is 32-33 km, which is thin compared to other 
parts of north China. It is understandable, therefore, that its heat flow 
would be relatively high. 
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FIGURE 7: CRUST STRUCTURE OF YANQING-BEIJING-TIANJIN-KENGLI 
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(2) Morphological Types of Basement Structure: The relation between 
the structural location of Tianjin's'three geoheat anomaly regions and 
geoheat is as follows: 

TABLE 2: RELATION OF STRUCTURAL MORPHOLOGY AND GEOHEAT GRADIENT 

Geoheat Region 

Heat 
Anomaly 
Regions 

Wanglan­
zhuang 

Wanjia­
matou 

Shanlingzi 

Baitangkou Low Tem­
perature Region 

Structural Location 

Shuangyao Convex 
Structure 

Xiaohanzhuang Convex 
Structure 

Xiaodongzhuang & 
Dadongzhuang Convex 
Structures 

Baitangkou Depression 

Depth of 
Basement 

(m) 

800-1050 

960-1100 

1100-1200 

exceeding 
2500 

Gradient 
(OC/100 m) 

4-8.3 

4-8.3 

4-8.1 

2.0-2.5 

An important characteristic of Tianjin's ground temperature is that 
its distribution in the Upper Cenozoic Overburden is chiefly controlled 
by the structure of its basement. That is, the temperature is relatively 
high in the convex areas of the basement and low In the depressed regions. 
This is decided by the difference between the heat conductive abilities 
of the rocks in the overburden and the basement. The Cenozoic deposit 
is generally composed of loose mud and sand, being very thick with a low 
heat conductivity (less than 4 x 10~3 cal/cm.sec.degreeC). The Lower 
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Paleozoic dolomite has a higher heat conductivity (7 x 10"^ cal/cm.sec. 
degreeC), which is twice that of the former. The thicker the overburden 
(1000-2000m), the better the heat insulation characteristic and the 
smaller the ground temperature gradient, making for better heat storage 
capacity. 

(3) Deep, Large Faults: The formation and activity of the three 
Tianjin Heat Anomaly Regions are controlled by deep, large faults. The 
Wanglanzhuang Anomaly Region is controlled by the West Baitangkou Fault, 
the Wanjiamatou Region by the Cangdong Fault Zone, and that in Shanlingzi 
by the Lingtou Fault. The West Baitangkou Fault, for instance, extends 
in a north-north-east direction, which is basically parallel to the major 
axis df the Wanglanzhuang Anomaly Region. The cores are not on the top 
of the anticline but near one flank of the trunk fault. According to 
artificial seismic data analyses of that fault Zone, the fault points 
(epicenters) are usually buried at a depth of 700-1100m, but those at the 
two central positions of the heat anomaly region are noticeably shallower 
(360-380m), conforming exactly with the heat anomaly cores. 

According to observations made by the Zhangdaokou Seismological 
Station of the deformation movement of the upper and lower walls of the 
West Baitangkou Fault, the situation was basically stable from 1971 to 
1973, but in late 1973 the eastern wall began to'rise sharply," from 
1 m/m to 2 m/m yearly, reaching at the present time a total difference 
between the upper and lower walls of 10 m/m and over. This demonstrates 
the correlation between this fault and geoheat, and that the fault is 
active. (See Figure 8.) 

FIGURE 8: RISE CURVE OF THE EASTERN WALL OF THE WEST BAITANGKOU FAULT 
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5. Storage Conditions and Distribution of Geothermal Water 

There seems to be a certain areal law governing the distribution of geo­
thermal water in the North China Subsidence Zone. According to petrogeologi­
cal data, the water temperature of the Sinian Subgroup Wumishan and Gaoyuzhuang 
limestone formations is rather high (70O-96o c ) , that of the Ordovician and 
Cambrian System limestone somewhat lower (550-70° C ) , and that of the upper 
overburden much lower (30°-53° C). The ground water temperature in this 
region has a trend of rising gradually from northwest to southeast. The hot 
water is replenished by that from the Taihang and Yanshan Mountains, with the 
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characteristic of deep circulation. 

Tianjin's geothermal water is a part of that of the North China Plains 
Subsidence Zone and is located in the Cangxian Anticline, where geothermal 
conditions are superior to elsewhere in the zone. According to the charac­
teristics of the geothermal water stratum and the distribution of the geotem­
perature field, it can be classified into two types: 

(1) Tertiary Group Storage Stratum Pore Space Water: Stored in the 
Cenozoic overburden, the stratum belongs to the Upper Tertiary System's 
Minghuazhen Formation. Lithologically it is a semi-colloidal fine sand­
stone, generally burled at a depth of 600-lOOOm, the depth of the with­
drawal section being at 600-850m, and the water temperature 30O-53° C. 
The flow rate of a single well is 700-1400 tons/24 hr. The water quality 
is HC03-Na or CL-HC03-Na type, and the degree of mineralization is less 
than 1.0 g/l. 

(2) Bedrock Storage Stratum Karst Crevasse Hot Water: Distributed 
in the bedrock below the Cenozoic overburden, with a depth of 1000-
1200m. The burial condition being controlled by the basement structure, 
the depth is relatively shallow in the convex parts of the bedrock, such 
as at the Zhen 4 Hole at 1032m. That in the depressed parts is relative­
ly deeper, such as in the Baitangkou Depression, where it exceeds 2500m. , 
(See Figure 9.) 

FIGURE 9: SCHEMATIC PROFILE OF THE THERMAL WATER STORAGE STRATUM 
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The hot water storage stratum as exposed at the Zeng 3, Zhen 4 and 
Jin .2 Holes (which are now production wells) is mainly Ordovician System 
limestone and silica-bearing banded dolomitic limestone of the Sinian 
Subgroup Wumishan and Gaoyuzhuang Formations. The temperature is 55°-96°C, 
and a single well's natural flow rate is 1500 tons/24 hr. (See Table 3.) 
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TABLE 3 DATA OF BEDROCK HOT WATER WELLS 

Borehole 

Zhen 4 

Zeng 3 

• 

Jin ? 

Structural 
Position 

Shuangyao 
Convex 
Structure 

Xiaohan­
zhuang 
Convex 
Structure 
< 
I. 

Depth of 
Well (m) 

1405 

2377 

1625 

Withdrawal 
Section (m) 

1150-1400 

1400-^1600 

1260-1500 

Aquifer 
(Age) 

Zn 

Zn 

Oz 

Temp. 
(°c) 

84 

96 

62.5 

Gradient 
OC/lOOm 

6.0 

5.8 

3.8 

Minerali­
zation g/l 

1.80 

1.90 

1.50 

6. Chemical Characteristics of the Hot Water 
the Tertiary System pore space hot water 
structure and hydrogeological conditions 
has a low hardness, high a l ka l i n i t y , a s l igh t ly 
0.4-1.2 g/ l degree of mineralization. 

The chemical composition of 
is closely correlated with geological ; 

Of the sodium bicarbonate type, i t 
high F. SiO content, and a 

The horizontal zonal division of this water is most evident, having at i t s 
northwestern part (with the North Tianjin Fault as boundary) HC03-Na type water 
with a 0.4-0.6 g/ l degree of mineralization, at the central part (between the 
North Tianj in Fault and West Baitangkou Fault) either HC03-Cl-Na or Cl-HC03-Na 
type water and a mineralization degree of 0.6-1.0 g / l , and at the southern 
part (to the, southeast of the West Baitangkou Fault) Cl-S04-HC03-Na type water 
with a mineralIzation degree exceeding 1.0 g / l . (See Figure 10.) 
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FIGURE 10: HYDROCHEMICAL CLASSIFICATION OF THE HOT WATER 
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The content of soluble SIO? increases with the rise in water temperature, 
being generally less than 15 mg/l but Increasing in the anomaly regions from 
16 mg/l to 28 mg/l at the cores, the change of SIO2 content therefore Is evi­
dently a sign of thermal Water. 

The hydrochemical composition of Paleozoic karst .crevasse hot water Is 
slightly more complex. It belongs to the sodium chloride sodium bicarbonate 
type, the degree of mineralization being less than 2 g/l, hardness at 3-5 Ger­
man degrees, soluble 5102 content around 25-50 mg/l and a relatively high F 
content-, 6-8 mg/l. (See Table 4.) . 

TABLE 4 
Tl 

Ion 

Cat­
ions 

Anions 

KH-N'a 
Ca" 
Mq" 
NH'4 
Mn" 
Tota l 
Cl 
SO "4 
HCO'3 
C0"3--
Nq2 
F' 
Br' 
HP04 
Tota l 
Grand 
To ta l 

Total 
Hardness 
Temporary 
Hardness 
Negati ve ., 
Hardness " 
Total , 
Alka l in i ty 

an j in Hotel 
Content Per Gallon 

Mq 
238.28 

3.41 
0.97 
0.14 
0 

242-.80 
64.17 
15.20 

435.29 
39.91 

Tra 
4.32 
0 
0 

559.89 

802.69 
German 
Degree 

0.70 

0.70 

•23.08 

23.78 

Equivalent. 
10.36 
0.17 

, 0.08 

10.61 
1:61 
0.32 
7.15 
1.33 

ces 

10.51 

21.22 

S o l u b i l i t ; 
SI 02 
0. Consumf 
t i on 

Solids 

PH 

Equ1v.% 
97.64 

1.60 
0.76 

100 
17.06 
3.02 

67.39 
12.53 

.100 

Mg/l 

17.75 

2.64 

602.30 

8.40 

Zeng 3 Hole 

Ion 

Cat-
Ions 

Anions 

K'+N 'a 
CA" 
Ma" 
NH'4 
Mn" 
Total 
Cl 
S0"4 
HCO'3 
CO" 3 
NQ2 
F' 
Br' 
HP04 
Total 
Grand 
Total 

• 

. Total 
Hardness 
Temporary 
Hardness 
Negative 
Hardness 
Total 
A l k a l i n i t y 

Content Per Gallon 
Mg 

699.43 
38.48 

7.05 
1.04 

746.00 
656.94 
314.12 
449.72 

0 

Equivalent 
30.41 

1.92 
0.58 

32.91 
18.53 
6.54 
7.37 . 

Traces 
9.00 
1.50 
0 

1431.43 

2177.43 
German 
Degree 

7.01 

7.01 

13.66 

. 20.67 

0.47 

32.91 

65.82 

S o l u b i l i t y 
SI 02 
0. Consump­
t i on 

Solids 

pH 

Equi v.% 
92.40 

5.83 
1.77 

100 
56.30 
19.87 
.22.40 

1.43 

100 

Mg/l 

65.00 

1.63 

2017.57 

7.65 

(Table 4 continued next page) 
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TABLE 4 (Continued) 
Zhen 4 Ho 

Ion 
1 

Cat­
ions 

' 

Anions 

K'+N'a 
CA" 
Mq" 
NH'4 
Mn" 
Total 
Cl ' 
S0"4 
HCO'3 
C0"3 
NQ2 
F' 
Br' 
HP04 
Total 

Grand Total 

Total 
Hardness 
Temporary 
Hardness 
Negative 
Hardness. 
Total 
Alkalinity' 

Con 
Mg 

750.26 
42.89 
10.94 
0.18 
0 

804.27 
519.39 
711.32 
378.32 
0 
0 
10.40 
0.25 
0.01 

1619.69 
2423.96 
German 
Degree 

8.52 

8.52 

8.86 

' 17.38 

le 
tent Per Gal 
Equivalent 
32.62 
2.14 
0.90 

35.66 
14.65 
14.81 
6.20 

35.66 
71.32 

Sol.SiO? 

O.Cons. 

Solids 2 

pH 

lon 
Equiv.% 

) 

Mg/l 

28.00 

4.62 

1262.80 

7.39 

Ion ' 

Cat­
ions 

Anions 

K'+N'a 
Ca" 
Mq" 
NH'4 
Mn" 
Total 
Cl 
S0"4 
HCO'3 
CO" 3 
NQ2 
F' 
Br' 
HP04 
Total 

Grand Total 

Total 
Hardness 
Temporary 
Hardness 
Negative 
Hardness 
Total 
Alkalinity 

Jin 2 Hoi e 
Content Per Ga" 

Mg 
567.41 
26.05 
3.28 
0.24 
0 

596.98 
426.85 
238.71 
563.21 
0 
-0 
10.40 
1.00 
0 

1240.17 
1837.15 
German 
Degree 

4.40 

4.40 

21.48 

25.88 

Equivalent 
24.67 

. 1.30 
0.27 

26.24 
12.04 
4.97 
9.23 

26.40 
52.48 

Sol.SiO? 

O.Cons. 

Solids 

pH 

lon 
Equiv.% 
94.02 
4.95 
1.03 

100 
45.88 
18.94 
35.18 

100 

Mg/l 

29.25 

3.79 

1584.80 

7.60 
Tfanj 

Ion 

Cat­
ions 

Anions 

K'+N 'c 
CA" 
v|g" 
NH'4 
Mn" 
Total 
Cl 
S0"4 
HCO'• 
CO "-'3 
Nq2 
F'.' 
Br' 
HP04 
Total 

Grand Total 

Total 
Hardness 
Temporary 
Hardness 
Negative 
Hardness 

Alkalinity 

in Woolen Mill 
Content Per Gal 
Mg 

331.89 
6.01 
1.46 
0.02 
0 

339.38 
158.47 
107.59 
444.84 
25.51 
0 
4.76 
0 
0.07 

741.24 
1080.62 
German 
Degree 

1.18 

1.18 

21.64 

22.82 

Equivalent 
14.43 
0.30 
0.12 

14.85 
4.47 
2.24 
7.29 
0.85 

14.85 
29.70 

Sol.SIO? 

O.Cons. 

Solids 

pH 

lon 
Equiv.% 
97.17 
2.02 
0.81 

100 
30.10 
15.09 
49.09 
5.72 

100 

Mg/l 

16.75 

2.63 

874.95 

8.30 
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7. .'Dynamic Law of the Geothermal Water Regions 

Withdrawal of the underground hot water having increased yearly due to 
city construction and production, the water stage fluctuated correspondingly. 
Prior to 1972, all Tertiary pore space water in the area was natural flow, 
but this stopped in the first half of 1972 to 1973. To date, in the urban 
areas, the water stage at a depth of 600-800m has dropped to 40-50m below 
ground surface and that in the suburban areas 30-40m below surface. The 
thermal water well at the Tianjin Jianjin Cleaning'and-Dyeing Works built in 
1934 (depth of well 863m) had had a natural flow for nearly 40 years, which 
stopped in 1972. The stage elevation is now -49.34m, dropping at a rate of 
5-6m a year. (See Figure 11.) 

FIGURE 11: STAGE FLUCTUATION CURVE OF HOT WATER WELL'AT JIANJIN CLEANING AND 
• DYEING WORKS 
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Due to the fact that Paleozoic karst crevasse thermal water has not been 
developed on any scale, that in the urban areas is still natural flow. When 
the well was sunk at the Zhen 4 Hole in 1975, the water head was fairly high, 
being 40m above ground, and the natural flow rate exceeded 200 tons/24 hr, 
with the temperature being 840C at the well head. Since systematic observations 
were made in 1978, the flow rate has been controlled at 5.5 tons/hr. The 
hydrodynamic pressure dropped from 2.97 kg/cm2 to 2.86 kg/cm2, showing the 
water head to be dropping. 
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FIGURE 12: ZHEN 4 HOLE PRESSURE TEMPERATURE FLOW RATE FLUCTUATION CURVE 
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save yearly 2,400 tons of coal 
products are now extensively 
in papermaking, timber process-

8. Utilization of Thermal Water 

The Tertiary pore space hot water now being utilized for the city's live­
lihood ,and production is playing an increasingly larger role i n conserving coal, 
petrol and other energy sources and reducing environmental pollution. Its low 
hardness (that of the Tertiary System is less than 1.0 German degree) makes It 
useful In Industrial boilers, saving both fuel and the industrial salts needed 
td soften the water. Its high alkalinity (20-25 mg/l) can be used to add white­
ness, luster and color fastness to the fabrics dyed. The Tianjin Woolen Mill, 
for example, utilized 49°C geothermal water to 
and 15,000 kw/hr of electricity. The improved 
exported. Geothermal water is also being used 
ing, chemical technologies, food processing, and the machine building and cement 
Industries. Many farms are using this water in vegetable nurseries. The Siang-
daokou Production Brigade in the western sujsurbs, for instance, utilized the 
limited amount of geothennal water generated through seismic observations to 
build a small greenhouse which yields three crops of vegetables yearly, and a 
larger nursery bed, netting for the brigade over 10,000 yuan a year. 

The Tianjin Hotel is using 420C hot water to supply more than 1,000 baths 
in the summer and In winter after some heating, to warm the entire hotel. This 
enables them to save 3,000 tons of coal yearly. 

The geothermal water In this area has also been put to therapeutic use, 
relieving skin diseases and arthritic pains. 

III. CONCEPT OF THE EXPLORATION AND DEVELOPHENT OF GEOTHERMAL WATER IN THE 
TIANJIN AREA 

To sum up, the research done up to date on geoheat In the Tianjin area 
has enabled us to learn somethihg of Its storage conditions and to define three 
anomalies. Tertiary hot water has already been developed to a fairly large 
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extent but overall development will have to come after the following problems 
are resolved, namely, first the evaluation of geothermal water resources, and 
secondly, the conditions for their utilizatioh. The first also includes sour­
ces for artificial recharge. We need to further Investigate: 

1. The law governing the distribution and burial conditions of the heat 
storage stratum. In the urban areas, boreholes control the Tertiary storage 
stratum, but no engineering control has yet been set up outside of the urban 
areas. In regard to the Paleozoic and Sinian Subgroup strata distribution, 
we now possess some knowledge, but mostly deductions, and will need confirmation 
through physical exploration and borehole control. 

2. The heat storage and hydrogeological characteristics of the storage 
stratum. 

3. Technical conditions and artificial sources for recharge. 

4. The relation of geological structure and magmatic water movement with 
the formation of thermal water. 

5. Formative conditions for the geoheat resources and geothermal water. 

6. Problems related to the utilization of these resources, such as water 
corrosiveness and precipitation, etc. 

We plan to complete the exploration in two stages: 

First Stage, 1979-1982: To complete exploration over an area of 200km2 
including the city proper and its vicinity. During that stage to obtain a 
detailed evaluation of the Tertiary System storage stratum and preliminary 
investigations and evaluation of those in the Paleozoic and Sinian Subgroup. 

Second Stage, 1983-1985: To explore areas outside of the city proper, 
covering SOOkmii, to make an overall evaluation of the Tertiary as well as Paleo-' 
zoic and Sinian Subgroup resources. 

After the aboye, to put forth a plan for overall development. The city 
has already organized a force of specialists to do this work, but needs to solve 
problems of investment, equipment and technology. 

Maps and Charts Attached: 

(1) GEOLOGICAL STRUCTURE AND DEPTH OF BURIAL OF BEDROCK ROOF IN THE VICINITY 
OF TIANJIN 

(2) HYDROGEOLOGICAL PROFILE OF THE VICINITY OF TIANJIN 

(3) COLUMNAR PROFILE OF THE PALEOZOIC GROUP STRATUM IN THE NORTH CHINA BASIN 

J 
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CHART 1 - GEOLOGICAL STRUCTURE AND DEPTH OF BURIAL OF BEDROCK ROOF 
IN THE VICINITY OF TIANJIN 

Note: Chart 1 has been delayed at the printer's 
and will be available early in January, 1981, 
It will be sent to you at that time. 
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CHART 2 - HYDROGEOLOGICAL PROFILE OF THE VICINITY OF TIANJIN 

Note: Chart 2 has been delayed at the printer's 
and will be available early in January, 1981. 
It will be sent to you at that time. 
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T h e r e n r e soni" m i n o r f a u l t s w i t h ir,( s t r i k e . 

P r e s e n t Uy t h e r e a r e no a c t i v e v o l c a n o e s n e a r b y 
and t h e y o u n q e . s t q r a n i t e i s a b o u t 37 and 6 0 m . v . o b i 
a t s o u t h w e s t and e a s ' o f t h e f i e l d , r e s p e c t i v e l y . 

SURI^ICE MAN'rrf:.STATTON AND NATURAL HPAT FLOW 

17 s u r f a c e m a n i f e s t a t i o n a r e a s o c c u i - i n t h ' ' 
f i e l d ( F i g . 2 ) . MA.1 i s a f a m o u s h o t l a k e w i t h a n 
a re .a o f 7 3 5 0 m" a n d w i t h maximum d e p t h o f 1 6 . 1 m. 
I t s s u r f a c e t e m p e r a t u r e s a r e a b o u t 1 5 - 5 7 C c h a n g i n g 
w i t h s e a s e i ) and t h e t o i n p c r a t i u r e b e l o w r e m a i n s a l m o s t 
c o n s t a n t b e c a u r ; e o f c o n v e c t i o n ; o u t f l o w r a t e i.v 
a b o u t 3 3 . 2 5 ) / n . I t i s p o s . s i b l e t h a t t h e l a k e was 
f o r m e d by a n c i e n t h y d r o t h e r m a l e x p l o s i o n s . 

MA. 11 i s a . S u l f u r Mine l o c a t e d i n t h e n o r t h ­
w e s t c o r n e r o f t h i s f i e l d I h a t i n f a c t i s a s t r o n g l y 
a l t e r e d a r e a a t an a l t i t u d e o f 1 4 0 0 - 4 7 0 0 m. -ni-^re 
a r e no s p r i n g s o v e r t h e r e , , s team w i t h h i g h t e m p e r ­
a t u r e h a s a l t e r e d t h e m o r a i n e s i n t o t h e k a o l i n and 
a l i u i i t e , a n d s t r o n g s i l i c i f i c a t i o n h a s ' t a k e n p l a g e . 
T h e r e a r c many . g o l f a t a r a s v ; i t l i s i g n i f i c a n t r.ul fin-
d e p o s i t i o n w h i c h was m i n e d f o r p r o d u c i n g s u l f u r i c 
a c i d . I n .some p l a c e s , t h e s u r f a c e t e m p e r a t u r e i s 
a b o u t 30 C, v^h ' i reas t h e b o t t o m t e m p e r a t u r e o f some 
s h a l l o w h o l e . s a t O.Qm d e p t h i s a b o u t 8 5 . 2 C . 

Oi:hei- a r e a s c o n t a i n v i g o r o u s h o t s p r i n g a n d 
f u m a r o l e m.'ini feg(;,;it,j^n,s w i t h s i n t e r o r l e , s s t r a v e r ­
t i n e w h i c h a r e l o c a t e d s o u t h o f S u l f u r Min" a l o n g 
t h e Zangbo Qu R i v e r a t a l t i t u d e o f 4 2 7 0 m. Tn t h e 
d r y s e a s o n , • w h i t e s a l t s e n c r u s t a t i o n s a . n p e a r 
t h r o M o h o u t t h " f i e l d , i t s m i n e r a l a s s e m b l a g e i n c l u d e s 
common s a l t , a l u n o g o n , k e r n i t e a n d h u n g t s a o i t e . B o t h 
a r t i f i c i a l h y d r o t h e r m a l e r u p t i o n a n d g o y s e r i n g 
w e l l s w e r e t r i n g e . r e d by d r i l l i n g i n t h i s a r e a s i n c e 
l ' J 7 5 . 

T h e t o t a l n a t u r a l h e a t l o s s o f t h i s f i e l d l i a s 
b e e n a s s e s s e d i n ] 9 7 5 - l ' J " 6 . The r e s u l t s o f v a r i o u s 
h e a l , s u r v o y s f 1 I f^ver d i f f e r e n t t y p e , s i n t h e f i e l d 
aj*e l i s t e d i n T a b l e A c n p-'igo 2 . 

FLUID GKCICIIKMISTRY 

The g e o c h e m i c a l c o m j w s i t i o n o f 40 h o t s .pi-i i igs 
and some w e l l s w e r e s a m p l ' ' d f o r d e t a i l e d c h e m i c a l 
a n a l y s i s . Tl>e m o d i f i e d t r i l i n e a r p l o t o f w a t e r 
c o l le(,.t-,ed f o r d e t a i l e d a t i . t l y s i s i s shown i n F i g . 3 . 

Tho c h e m i c a l t.ype.s o f mo.-^t h o t w a t e j ' s di„s^•lIarg-
iufj friim Y a u g l j a i a i n f i e l d a r e a n e a r n e u t r a l pUC.-lU, 
.sodium c h l o r i d e - b i c a r b o n a t e w a t e r r i c h i n bor<iii 
w h i c h c ' i n t a i n ; : v a r y i n g a m o u n t o f c h l o r i d e (TitiO ujsm) 
and b i i : a r b o n a t e (4i!0 ppm) a s t h e m a j o r a n i o n s , and 
<;'idinm (11,11 ppm) a s t h e in-i i o r o i i . j o n . 
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The high chloride content Indicates that they 
are associated with a hot-water system. These 
waters are formed by dilution of high temperature 
sodium chloride water with cold ground water. When-
dilution is further enhanced by meteoric water, 
the sodium chloride bicarbonate waters change into 
sodium bicarbonate-chloride type, which always 
occur, above, or at the perimeter of the reservoir. 
But when some springs or pools have a sluggish flow, 
au acidic sodium sulfate chloride water forms by 
the oxidation of H S.' 

The sodium chloride-bicarbonate water dis­
charging from Yangbajain field is characterized by 
fluorine (18 ppm), lithium (6-18 ppm) and arsenic 
(3 ppm). 

Katios of Cl/B are almost constant (2.5-3.7) 
for most of the hot springs due to discharge from 
the same aquifer. Springs along the Zangbo Qu 
River have higher Cl/B ratios. 

If the thermal waters issue from the same 
aquifer, then the different^ in chloride concen­
tration are a function of tho extent of mixing. 
Calculations based on the mixing model of Fournier 
et al. [2] and assuming a mean annual temperature 
of fresh water of 2.5 C with possible silica con­
centration about 10 ppm, indicate that the cold-
water portion is between 0.6-0.7 and that reservoir 
temperature is. about 228 C for the hot springs in 
the field, which is greater than the temperature of 
127-188 C estimated from the silica concentration 
(79-275 ppm) of the hot springs.. 

The Na/K molar ratios are rather constant, 
about 13-18, found in most springs and which may 
represent' the equilibrium value for water in con­
tact with the country rocks at temperature of be­
tween 190-220 C. The same results were obtained by' 
using Na-K-Ca geothermometers. 

Gas escaping from hot springs is COj.HjS.O-, 
N_ and minimal methane, argon, helium, and hydrogen. 
From centre to perimeter of field, CO content of 
gas escaping from hot springs tends to decrease, but 
N- content shows the opposite trend. 

Isotopic data for deuterium and oxygen 18 . . 
(Fig.4) are given in the SMOW, parts per mil (o/oo). 
Hot springs in the field range.from -15.5 to 20.5 
in 6^°0 and from -142 to -150 in 6D. The six sur­
face waters range, froo -112 to -122 in 6D and from 
-15.5 to'-17 in 6^8o. It seems that the waters re­
charging hot springs are not the surface water near­
by Yangbajain Basin, but might be melt waters with 
lower value of 5 D and 6-̂ °0 coming from far away. 

TABLE A.. HEAT LOSS OF yRNGBAJAIN GEOTHERMAL FIELD 

Based on the linear relation between 6 0 and Cl of 
the hot waters, tlie waters are predominantly mete­
oric ill origin but contain a small amount of NaCl 
rich deep fluid with a high heavy isotopic ratio. . 
13), 

The samples fô -̂sulfur isotopic analysis of 
this field are mainly from natural sulfur and the 
na*dite, tschermigite, alunogen, epsomite, red 
orpiment and metallic sulfides. The results indi­
cate that the 6̂ Ŝ of these samples are consider­
ably close to the 634s of COT. Therefore an abyssal 
heat recharge for the high temperature hydrothermal 
system might exist. It is probable that the magma 
pocket originates 'from intracrustal-partial melting. 

It is also obvious that recent mineralization 
such as blende, mercury, haematite and stibnite 
occurs in tht field. • , 

HYDROLOGICAL MODEL 

Investigation of surface manifestation, heat 
. flow measurements, and a combination of other geo­
physical works made by Geological Bureau of Xizang 
including vertical electrical sounding, gravity and 
magnetic surveys have been used to outline the 
system. Unfortunately, these geophysical surveys •• 
are not sufficient to outline the northwest bound­
ary of this field as the relief is too rugged., •,-. • " 

The results for each probing depth along north­
west direction have been superimposed on a section 
to give a two-dimensional model of the southeast , 
part of this reservoir (Fig.5), which have been 
partly verified by drilling except at Sulfur Mine. 
The gravity, magnetic and self-potential data have 
been added in this figure. : 

In the south of the field, the cap-formation 
is made up by the fine glacial varve layer of about 
40 meters, below which there is the shallow reser­
voir consisting of relatively lossened pebbles with 
a low resistivity layer in tlie pseudo vertical 
section plotted using the data of soundings. The 
shallow reservoir is absent in the north of this 
field. Self potentials less than -130 mV have been 
recorded indicating a minor local path for the re­
charge of hot water. ' • 

Based on the drilling data, a silicified layer 
has been deposited as mixing of the ascending 
sodium chloride water with the downward moving melt 
water has taken place. The-silicified layer with 
thiclcness of etbout -250 m is present below 140 m in 
hole of N.13 (altitude of W.H. 4333.7m); towards 
the south, it thins out as indicated by a thickness 
of 100 m below 70 m in hole N.2 (altitude of W.H. 

Discharge'type 

Steaming ground . . , ' 

Warm ground 

Hot springs, lake 

Seepages 

Total 

Heat loss by • " '' 

, . Convection, evaporation 

Conduction ' 

Direct discharge and evaporation 

Direct discharge 

heat 1 

177 

27 

230 

51 

485 

OSS (MW) % 

36.5 

5.6 

47.5 

10.5 

100.0 
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--•i-'. .7ni near Sanglx) Qu R i v e r . 
The maximum teraj>crature in N.13 i s 172 C 

ii: ! ' '0 m and the maximum t e m p e r a t u r e i n N.6 ( n e a r -
!•-; .-.-2) i s 161.4 C a t 70 m. T h e r e f o r e , the maxi-
.-"-n -;'.*mpei:ature wi th i n' thc-^e w e l l s o c c u r s w i t h i n 
-: •• :ti l i c i f ied l a y e r . 

The d r y n e s s f a l l s from 15 to 10 .9 i n t h e 
';.ine s.i'Ction. 

The a n a l y s i s of t he h o t wa te r d.ischarg>-
i:.i.i from N.13, shows a c h l o r i d e c o n c e n t r a t i o n s of 
' ' 1 ppm, accompanied by b i c a r b o n a t e and s u l f a t e 
c,r. . ' : ' :ntrations of about 434 and 114 ppm, r e s p e c t i v e -

1 •• 

The distinct decrease of both gravity 
•i:,'i nagnetic values might indicate inten,Te alter-
•!-. ion and presence of a deeply buried igneous in-
!.:'!.iion, and the local gravity and magnetic high 
::• -.,he profile might indicate a basalt body below 
'-'-' n, which is not the heat source of Yanqbajain 
:"!'.-lcl. 

Based on these data, a possible hydrol-
'.".ic.-il model of the Yangbajain system can be made 
••:; (i'ig. 6). The hot water from the deep sodium 
i.!:lfji,idc water reservoir flows up into a near-
.-iirf,i(:e aniiifcr along the Sulfur Mine Fault which 
;;; parallel to Nyainqentanglha Fault. Melt waters 
I'l'owing into the system from elevated catchment 
":"neo in Ht, Nyainqentanglha move southwards and 
•; -inwards into the system and towards the local 
•v id water sink which is represented by Zangbo Qu 
ri-,";r. Tne descending cold meteoric water diverts 
''••: ascending chloride water, which changes into 
her i r,onl al flow, and a variable mixed water occurs 
'.!• the south of Sulfur Mine. As mixing of the hot 
•«aier .with melt water occurs, silica is deposited 
11'. '-he zone of mixing. 

Sulfur Mine has undergone extensive 
hvlrothermal alteration, beneath which high heat 
fljK presumably remains. The hydrological model 
su:|ger.tB i:hat wells for the production of hot 
w,i:.er should be as near to the source as possible. 
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Fig 1: THE GEOLOGIC MAP OF YANGBAJAIN 
GEOTHERMAL FIELD 

1. Holocene moraine bed; 2. Holocene alluvial bed and swamp deposits; 3. Holocene pluvial bed; 
4. Holocene fluvial and talus accumulation; 5. Late Pleistocene moraine bed; 6. Late Pleisto­
cene alluvial bed and sinter; 7. Late Pleistocene alluvial bed; 8. Middle Pleistocene fluvio-
glacial deposits and lacustrine deposits; 9. Mi<l<}le Pleistocene moraine bed; 10. Pleistocene 
fluyioglacial deposits; 11. Eocene volcanic tuff, dacite, trachyte, volcanic breccia; 
12'.' Cabroniferous-Permian slate, quartz-schist, marble; 13. Pre-Cambrian biotite gneiss, 
migmatite; 14. alkali-intrusive rock of Himalayan period; -IS. granite qf Himalayan; 16. granite 
porphyry of Himalayan; 17. diorite of Himalayan; 18. granitic diorite of Yenshanian Period; 
19. basic hypabyssal rpck of Late Himalayan Period; 20. geologic boundary (surveyed and deduced); 
21. angular unconformity; 22. fault fractured zone; 23. fault, normal fault, thrust; 
24. mylonitization zone; 25. contact metamorphic zone; 26. hydrothermal alteration zone; 
27. geothennal manifestation spots. . ' 
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Prospecting and Utilization of the 

Geothermal Resources of Tianjin 

if. 

h Located in th-a north-east of North-China Plain, near the Bohai 

Gulf to ita east, about 150 kilometers from the Taihang Mountain 

f.^to its west, 120 kilometers from the Yan Mountain to its north, 

3.; and 120 kilometers ^rom Beijing to its north-west, Tianjin, with 

'.i & population of about seven million, is one of the three main -

municipalities directly under the Central Government and, also, 

ran important industrial base as well as a main harbour of our 

untry (Pig. l), ^J rCOl 

iyt^ 

T^mi^M'^mm MM-

»^ 

'•£.. 

Pig-. 1 Geographical Posit ion of Tianjin 

'**r;i . 1 ^ -

?«'• J/ 

E^Iih 

prospecting of the geothermal resources of Tianjin was under-

|n;the beginning of the seventies with the main effort put 

prospecting and development of the shallow tertiary void 

water (30-50°c) which has been being extracted for use: on 

'̂ :;: 
111 - 1 -

Ki^'V 



large scale, while the rscci'-jnalssancft for the deep bCiSrock, frac­

ture and karst water .T-esouroea (ab-̂ '/s 60°C) was initiated by the 

end of the seventie.-So Foi- carrying cut the investiî a-tion -work re­

garding the hydrogeoiogy for Tianjin urban water supply, petroleuin 

geology, seismic geology and gecthsxmal resources, regional pros­

pecting, to a certain sxterit, has since ten years been conducted 

by using the av,iation gsophysical (1:200,000)^ gravitational, mag­

netic (1:50,000 & 1:100,000)5 seismic geophysical methods as well 

as the airborne infrared remote sensing technique (l:"0,000 & 

1:30,000), In the meantime, 9.fforts have also been devoted to the 

geological reconnaissance of the geothennal resources as well as 

to the prospecting testa for the corresponding hydrogeoiogy, pe­

troleum geology, seisnric geology and geothermal geology. As a re­

sult of these works, the guoerior geological condition of the 

Tianjin geothermal resource is ascertained and the fact that Tian­

jin is abundant in geotherrual water resource is brought to light. 

to a certain- extent. This clearly .shows the good and broad pros­

pects fox the utilization of the geothermal resources of Tianjin. 

I. Gfcoldgical aj-id tectonic features of the Tianjin geothermal 

area 

1. Tectonic features 

The Tianjin area is situated at the northern end of the 

Cangxian upwarp which is of proximate grade tectcnlcs in the sub­

sidence zone of North-China Plain belcnging to the i^eocathaysian 

!l*̂ ĉ"tural syatem,v with its scuth-eest-.side artd north-west side 

jacent respectively to Huarg Kua and Ji Zhong downwarps (Pig.2). 
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slop two groups of zone of s t r u c t u r e : the one i s no r th -

t̂B&£iiT9isBr composed of u p l i f t s and subsides and p a r a l l e l 
m^Ai-tt * - . . . • . -

froctlife3J" the other l a west-nor thwestwise , composed of f r a c t u r e s . 
»©'•** *. ' y ' • • 
J j t f »* , , , - .J ,̂ •- 1 , . 

IfbjTirier-gi^oup c o n s i s t s of Shuang-Yao u p l i f t , Bai-Tang-Kou siib-

BV Xiao-Ean-Zhuang u p l i f t . Gang-Dong f r a c t u r e , Xiao-Ying-Pan 

uraJ east-of-Bai-Tang-Kou f r a c t u r e , west-of-Bai-Tang-Kou 

bture nor th -of -T ion j in f r a c t u r e , e t c , while the l a t t e r , mainly 

•jZeng-Fu-Tal, Ha-Re, Cheng-Lln-Zhuang and Guan-Zhuang f r a c t u r e s 

:?.etc'. (P ig . 3) . ' ' 

Another s t r u c t u r a l f ea tu re of t h i s a rea l i e s mainly in i t s forward 
•ft',';'-':' - ' . • - , - ' - • _ 

el'ructure whoee slope is steep in the east and gentle in the west* 

PractiiJJs of larger dimensions mostly are on the steeper side of ; 

the upwarped east, such as the Cang-Dong, west-of-Bai-Tang-Kou and 

Xiao-Yin-Pan fractures v/hich are respectively situated in the east 

sides of Cang-Xien upwarp and Shuang-Yao and Xiao-Han-Zhuang up­

l i f t s . • ' • [ • ' • • . - ' 

Pĵ ;KStill another feature is mainly the new tectonic movement of the ; 

^h geofraicture. According to the observation made on the west-of-Bai-
ii -̂  .'.••-. -

;̂-̂'f Tazig-Kou fracture for the earth deformation of the upper and lower 

j,y»alla, the data of 1971-1973 are fundamentally firm and stable, 

,̂ he east vjall began to uplift gradually from 1973 and more drastic­

ally from 1976'due to the Tangshan megaseism, with an average 

I'S .9̂  ^~~ 2 mm per year. Up to present, the upper wall movement 
, ' ' " . ' ' • . 

to the lower one has already attained a height difference 
•c -. , - , : 

jthan lOnun>(Pig,. 4),, ,. '• * 
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r I •»•?>* 

;-^i-'-tf-c 

lir;^-..^.- :•-

6SIQlBiS*Si5^SfaS m-' 

IVI I t l l i m m* 

(»«) year 

Pig. 4 Rising r a t e of the East Wall of the 

west-of-Baitangkou Fracture 

;yi^^v:-

':The Stratum 

f L i ^ to the ;fact that this area had been subjected to 

Tdenudation for a long period before the Palaeozoic Era 

^ ^ t h e repeated tectonio movements, only the lo«er Palaeozoic 

K i r ' s t i ^ t u n , and upper Palaeozoic Erathe. thinner stratum re-

R f i ; ' \ h e northern part of the Cang-Xian upwarp. Ho»ever. in 

Subsides (e.g. Bai-Tang-Kou subside), there regain not only faome," 
^^alaeozoio Erathem stratum but also probably the Mesozoic 
^^^•,**.- y — 

[Erathem '^st r a t um. 

. ; : - « • . ' • • 

)^Cenozo ic Erathem 

area has been i n a condit ion of severe subsidence 

Era. I n ' t h e basement upwarp. the^Cenozoic Erathem' 

^ ^ s ' t h e ^ Palaeozoic Erathem s t ra tum. Due to the l 

I S e o t o p o g r a p h y of the basement, th ickness of 

bThis 

Kdlrec 

^iOC£!G]3313(3 stil?" 
fci*%-,'-'-f' 
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1^* (about 800 - 1000m), while the Bai-Tang-Kou sub-

'up to more than 2500m. 

^roSysystem; This system is mainly composed of a series of 

RSSl^^^cnclay soil strata with a thickness of about 550 - 600 m; 

nStK^Stneni are of continental sediment except the stratum of 

t^HSxttorai plain which is of marine continental alternating se-
ffifV'. .•-.,.,• • • 

t H ^ ; • , • • V • • . - ' • • • . ; 

f^y--^"-" 

[Tertiary ay stem; The thickness is 500 - 600 m in general. 

^ing-Hua-Zhen Formation: The lower part is composed of red-; 
\--1 ^ . . ' . 

BisH-brown and reddish-purple aandstone-mudstone alternating 
HBHIĤ '''̂ ''' 
KM^^while the upper one, of greywish^ydllo^, greywibh-green and 

Kigfit" brown aandstone-mudstone alternating beds, 
"" It':;- " " 

'Gizan-Tao Formation: This i s composed of paeph i t i c sandstone 

ybedded with a few mudstone. 

JM^^- -.'..: ̂  . . . . . . . ' - • 
^ ^ • ^ - " • . ^ • • - • 

sĤ .(2)̂  Palaeozoic Erathem 

Vli'M?.--.'-Carboniferous system: The thermal water hole No.l has ah 
. . • ^ y i ^ - ^ ;.•• ,-•'.• • -

^'revealed thickness of 42 meters and lithological characters of 
^ C ; . v - v - - ^ '•• . - ' " ̂  

-k^reywish-black carbonaceous mudstone bedded with thin layers of -
" l i i ' ^ ^ y y - ^ • - - . ' . • ' . r 

^-grained sandstone and coal line, with brown hematite and baii-

tin the,bottom. 

system: The'normal thickness is about 300 ' 

lit̂ ixo log ical character is of light grey limestone ; 

. . • - 7 -



r s ' i i i ^ ' O 

,f! .'.rr-!n£?. 

7 £ l ?rlJ-

r .TS iw IS - . 

iSriarTsystem: The normal th ickness i s about 150-3OO 

3!DkheIlithologlcal cha rac te r i s mainly of grey v io l e t 
. • i - ' - •• • . • • -

Vilaton^^^i ajrgellaceous limestone bedded wi th t h i n l aye rs of 

uMm 

1 ^ . . m 

• • ' . . . . - ; - - , i l i ? t : V l 

C<3}^%Slnlan ^Suberathem 

Quaand inet era 

•jid-C-iB.ib 

».-f .»..f»-.. ̂  r 

istux^ 

: The normal thickness may be up to 

o lithological characters, the most 

ol"omrtl<Lt.lln»estone and siliceous limestone bedded 
i f v i i ; ; , - ' . 

sandstone, 

r 

'geotherfyic f i e l d of Tianj in a rea 
> H i ' 

m^G^ tneTfeaturea of d i s t r i b u t i o n of the geothermic f i e l d in 

oe Laevgt 

gae.iregion ._of North China Plain is that the geothermal temperature 

^^^hjB^geothermal gradient are low in the western and northern '. 

fparta;̂ *of the plain and high in its central part. On the basis of 

'''& geothermic field situated in an area of 300 m deep, the former! 

Incase is 20 -">«. C in geothermal temperature and">=»-^^C / 100 m on 
' *****,*<^3^1 • i i v u . . •- y ^ ^ ^ 
'-fiverage In geothermal g r a d i e n t , while the l a t e r one i s r e spec t i ve -

o . __ . . _ ^ ^ / ^, 
My 20 - ^^"C and 2 IOO ra. 

m 
'T^y-^ij-

^^ther feature of the regional geothermic field is that there 

f high-value areas, extending respectively from 

tan» Raoyang to Guantao, Jingxiang to Puyang andi. 
tM̂ '-̂  

5 5"i3-t9.:i!| 

^^tOf^Binxian, At the depth of 300 meters of these 

ESSgal^geothermal temperature is 23 - 25 C with a maxi-

- 8 -
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. ? ^ : • h ^ • . ! 

•J .?l 

u n fiiM.v 

•TI 

T l 

' ^ '^ :f̂  u 

y »* J f • , „ _ ^ 3 , , _ . , . . < ^ . a . x « . * . i . Q X C H a X C l i U C I V C J i CA^v.. o f 
v> - ' - - _ . 

(Tianjin geothermal area just finds itself in 

area of the regional geothermic field (Figs,5 and 6). 

1*Jtt7tHer-3P0 m depth, the geothermal temperature of the geothennic 

field of.Tianjin area is 20 - 22 C in general in the northern part 
^^-*iy'\:V'li:'^.:^- . - • ' 
and 22 - 25 C in the urban and south suburban wi:th an average geo-

: ;|i0--it'";-/-r^^i''- . . ' ' . . - • ' • ' : ' ' ' 
'thermal gradient of 4 - 6°C / lOOm. and maximum of 6 - 9°C / lOOm, 

The geothermic areas having an average geothermal gradient higher 
,' ' " . ^ ' • ! - ' , - ' • ' • - . • - " • - , . 

than 4 C/100m extend over 700 square kilometers (Pig. 7). 
•,is;si'^,if '" . • , . 

;̂It. is seen from above that the geothermal temperature and average 

^^othermal gradient of Tianjin geothermal area are 2 - 5 C and 

,1 .-̂ 2 C / 100 m higher respectively than those of other areas in , 
J^-"r .-•• 
/North China Plain. 

\ - : - - - ^= ' ' : • - • • C-3ZA;-. i-

V-Viewiug from the longitudinal variations of the regional and Tian-

,'̂ in geothermal temperatures, the fact is that in the rock strata 

of tertiary and quaternary systems, the geothermal temperature in-

:breasea with the depth, while the geothennal gradient is fundamen-

\'taily constant, generally at 3.2 - 3.7°C / lOOm and that in the 
, - : ^ ' . - . ' • : ' • - . . • • : , 

^thermal reservoir of bedrock prevails the general rule that the 

Lgeothermal temperature increases but the geothermal gradient sig~ 
J ^ y : ; i ' -.,- - ' " • • • 
feificantly decreases (less than 2°C/I00m) (Pig. 8). 

^ ' ^ s <i 

Xi'^:^7i 

^e.above, it, is obvious that the Tianjin geothermal area is 

.in a place of North China Plain where excellent geother-
' \ - : ' - - . - • • . - ^ « - - , _ - • • • - " • . • 

gggitlon, exists and that the spread of its geothermic field 

:ageou8 to the exploration and utilization of the 
^resourcea. 
i.T^' _ Q ^ 

f^;-
• V ^ , 
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l-Fig, 6 Average Gepthermal Gradient of 300 m Depth of 

' ' , North China Plain (unit: ^G) 
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* type is roughly determined according to a few drill holes 

leir tectonic positions. 

i-l 

lallow thermal reservoir extends over three thermal anomaly > 

namely, Weuig-Lan-Zhuang, Wan-Jia-Ma-Tou and Sh8m-Ling-Zi, 

L total area of 700 square kilometers (Fig, 9)t a geothermal 

fnt higher than 4°C/100m and a center gradient up to 8,3^C • 

Type of geothermal water 

' According to the condition of the buried water, lithologi-

laractera of thermal water layer and distribution features of 

jothermal field, the geothermal water cem be classified into' 

rpes, najnely, the void wat'er of tertiary system and the frac-

carst water of Ordoviciein system and Sinian Suberathem U 

i 3 ) . . " • • • '" 

• 1 u. 

euajin geothermal area is a hydrothermal resource in subsidence i ,. 

nd mainly has the following features. 

Distribution of the geothermal anomaly zone . 

The Tianjin geothermal area is mainly composed of two types 

rmal reservoirs, namely, the shallow reservoir of tertiary I - •" 

; amd the deep-seated bed rock reservoir. The spread of the | .. 

1 anomaly zone of the former type is delimited according to. | 

tual temperature measured in drill hole, while that of the il',:', 

U-. 

i : .r.'^'i-'-^-'.i.r••:i^y;^-': 
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Spread of the bedrock 
thermal reservoir 
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^g. 10 Map of Distribution of the Deep-seated 

Bedrock Geothermal Resources 
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> «c > ^•?.^'.--'' «>'/ :-vVf^vl. i 

-«3 

I 

Name ?of .-zone- - •. 
• •.- '.; • , ' ^ i 

Wang-Lan-Zhuang 

Wan-Jia-Ma-Tou 

Shan-Ling-Zi 

.ji^ir,wt'-- • t " ^ . . ^ \ - y - - •'-•VA***"* 

•> Locat ion;-

Urban, 

South-west 

suburb 

South suburb 

East suburb 

rAres^f] 

diatributToi? 

iUm^) 

(iomms^ 

409 

.* 
:maly zone 

(°C/I00m) 

a. 3 

119 

171 

8.3 

bfjt'ertlarym 

system 'Ĵ  
(m) 

tiary :syatem 
(m) 

800 - 1400 

1000 - 1300 

8.1 1100 - 1300 

550 - 600 

600 t 

600 1 

The deep-seated bedrock thermal reservoir extends over a total area of 

about 900 square kilometers (Fig. 10) and the gieothermal gradient averages 

1 - 2°C/100 m (Table 2 ) , 



T&m!&S27lfDi!at^^ 

03 

I 

. , . ^ . M - ' y ^ ^ 
m̂ ^̂  

Name of 

reservoir 

Wang-Lan-Zhuang 

Wan-Jia-Ma-Tou 

Shan-Llng-Zi 

• • .. 

Location 

Urban, 

South-west " 

suburb 

South suburb 

East suburb 

Area of 

distribution 

(km^) 

609 

119 

171 

Average geo- • 

thermal gra- • 

dient 

. (°C/100 m) 

1 - 2 

1 - 2 

1 - 2 • 

1 

Burial "deptV 

of bedrock 

800 - 1400 

1000 - 1300 

1100 - 1300 

oharaStB 

bedroll 
servoiri 

. . i 5 ' 3 

Limeston 
Sinian S 
berathem 
Limeston 
Ordovici 
system 

Limestoni 

Sinian Si 

berathem 

Limestone 

OrdoviciE 

system 



' imm 5fc ^^^pB €8 ^ 
'*^tc'''','''yy-'-T i t * ' 

?(SfBeTOai5wSt*er^ffTianjin"^Geothermal"Area: 

..^•?'P',»'"V-



•'Typ<̂ *'Qf water 
;Hydrochemis­

try 

Minerali-

zation 

.(g/l) . 

Total 

hardness 

(German) 

Alkali--

nity 

(German) 

Fluorine 

content 

(mg/l) 

pH .: 

v a l u e 

ro 
o 

T e r t i a r y 'system 

thermal wa te r 
HCO^ - Na 0,6 r-, 1.0 0.7 - 1.0 20 - 25 3 - 5 8 - 8.5 

CD 
a> 
H 
o 
o 

o 

• t-» -

:a-
p 
C+-. 
(0 
H 

Ordovician 

system . 

31.HC03(S0^)-

Na . • . 
1.58 7 4.4 

4,4 

(higher in 

particu­

lar) 

2 5 . 8 8 10.40 7.116 

Sin i an 

Suberathem 

C l . HCO.-

Na . 
1.8 - 2.0 5 - ' 7 17 - 20 6 - 1 0 7 . 5 - 8 . 0 



Sacterized by its high alkalinity and low hardness and minera-

^^tion, while^that of bedrock by its relatively high minerali-

ffifSoh, alkalinity and fluorine content, and relatively lOw hard-

^ a d in. general (Table 4).. . . ,̂.. 

^ k ^ A ' - A " ' : • ' ' " ' ' -' 
! ^ y - y. - . 
(/"''.'Sl'̂Sla well thermal water output 

- *«r* -i-V 

i ^y 

;̂ *"Regarding the single well water, output, it varies signifi-: 

ISntly with different thennal water layers; the output of the-

giiigle, well, in bedrock thermal water layer is' higher than that in 

BSrtiary system layer (Table 5). .̂, -. . ̂- . . , .,̂ .;;„«" •* 

"/ .:" 

^'ble 5. Variations of Water Output relative to different' 

thermal water layers • I - ' 
•' = - • : f 

î Thermal Water Layer 
k«^«i: -- • • -

|»3!ertiary system . ̂ . 

i:Ordjo.vician. system, ...1 

Sihianjsuberathera• '. " 

Single Well Output (t/h) 

. . 30 - 60 . • 

80 - 120 (artesian) 

;; : • . - eo - ioo (artesian) 

pt 
5̂V I^namic Remge of discharge of geothermal water 
^Ijj.'f-' 
KU V Due to 
fk-i 

the developments of both agriculture production and 

banTconstruction in recent ten years, the extraction volume of 
In-*;, t 

Bhe*.geothermal water of tertiary system has been increasing year 

Kfter year. Accordingly, the water level changes greatly and, in. 
— - i * ^ ^ ' " • - " - . " • , - - • 
jejiirban area, deteriorates gradually. Before 1972, the void 

|^£rmai water of tertiary system in the urban area" flowed by it-

E|If .-̂  but s'to'pped to flow ai^tomatically from the first half of 
.S'. 

| 2 ^ t o 1973. 'At p r e s e n t , the l e v e l of: geothermal water of the 
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iMoP - 800 meters in urban area has already dropped to 40 - 60 

^̂ e'rs below earth surface* Taking as an example the thermal water 
f K t y . ' • ' . • • J . ' . ' 

^11 of Tianjin Jianjin Washing and Dyeing Factory, it was built 
!i^' -̂; * " " • '" . 

J 1934 (863 m deep) and ran for 40 years. From 1972, it stopped 

'*fiow and, in 1979* the elevation dropped to -49.34 meters with 

dropping rate of 4 - 6 meters per year (Fig, II), 
^ . l # . ' - .. ' • ' ' • : ' • ' " • - - . . - ;, - ; • - " . . :-..' ' • 

jii",;?: • • : • • • ' - - ' . y , ,.••,•• 

iprac'ture and karst water of Palaeozoic. Erathem and Sinian Erathem 

e ail artesian, but are not yet extracted on large scale, Accorv 

ding to the data obtained from seismic observation well, the dyna-

mic range, of discharge is such'that"under artificial control of 

flow, at 5.5 t/h, the dynamic water pressure is reduced from 

|.97 kg/cm^ to 2,-86 kg/cm^ with the head showing a little downward 

rend (Pig^ 12 ) . " . - - • 

%A-

' • i f , 

. ^ ' ' 

^ • y 

* ^ 

m-ti. 
M .—it^m 

w 

- f t - ta -rfttA 
f\^^M\mM^wwMmM^m^i^m0timiwwm^^ 

-A-t-t -*-t/V 
T l 

F i g . M l ' ' V a r i a t i o n s of Undergroiirid'Water of the, 

, r . . . Geothermal-Well of Tianj in J i a n j i n 

Washing and I^eing Factory •' 

• • < ^ • 

' -I 
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.Fig, 12 Pressure - Temperature - Plow Dynamic 

Variation Curves of Seismic Hole No.4 

IV, . Fundamental, mode of geothermal water system of Tianjin 

geothermal area 

Por reconnaissance, appraisal, extraction and utilization of the 

geothermal resources, of paramount importance is the research of 

- the mode o^ thersnal water system of geothermal area. The research 

• work for the fundamental mode of geothermal water system embraces 

mainly three aspects: geothermal system, thermal water system and 

- heat-controlling system, ^ • 

Geothermal system; Of the geotherrcal system of Tianjin geothermal 

.. area, the heat originates mainly from the energy released by the 

decay of radioactive elements"contained in the depths of the 

- 23 -



crust and in the mantle. According to the .survey made in 1979 by 

I competent authorities, in the North China Plain, the representative 

['value of heat flow is q=1,5HPU (Heat Flow Unit). Taking a surface, 

j*'temperature of 15°C as basis, the calculated total amount of crust 

heat flow and mantle heat flow are respctively q^ =» 0,93 x 10~ 

f cal/cm /sec, and q = q-q„ =0,57 x 10 cal/cm /sec. Say roughly, 

:̂ within this area 62% heat flow originates from the depth of the 

''•; crust and 38% from the mantle. According to the process of action, 

the geothermal system can be divided into heat producing layer 

(lower part of crust and mantle), thermal reservoir (upper part of 

crust, Sinian Suberathem and Palaeozoic Erathem strata) and heat 

detaining stratum (stratum of tertiary system), (Fig. 13) 

Thermal water system: In Tianjin geothermal area, the sources of 

thermal water system are atmospheric water and paleo-sedimentary 

water. Frcn the data of stable isotope and dynamic range of dis­

charge, it is known that the void thermal water of tertiary system 

is preliminarily considered as the heated mixture of atmospheric 

water, surface infiltration water and paleo-sedimentary water, and 

that,the recharge 'of contemporary atmospheric water is less inten­

sive. The deep-seated bedrock water, fracture water and karst 

thermal water are deep-seated circulation water which ig originated 

from the atmospheric water, recharged to a cettain extent by con­

temporary atmospheric water frbm mountain recheirge' area and heated 

^under high temperature and pressure during deep circulation. 

:Heat-controlling system: Four aspects concerning the heat control-

fling system of the Tianjin geothermal area, are crustal tectonics, 
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Fig. 13 Schematie: View of the Fundamental Mode of Ther­

mal Water system of Tianjih Geothermal Area 

pattern of''basement tectonics, tectonic fracture, strata and lit ho-

logioal characters. . -

j, Crustal tectonica , 
•V 

According to the seismic record and observation data of ar­

tificial e ar t hq uak e ̂  ̂  t h e c ru s t t hickne s s' "of Nort h China re gi on is 
'apprGximately 30 - 45 kilometers, with the trend generally being , 
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'- thin iri the east and relatively thick in the west. The neighbour-

h hood of Tianjin, having,a Conrad and -a Moho respectively of about 

|î  17 and 32 - 33 kilometers, is a region which is relatively thinner 

in the North China Plain and consequently has a heat flow value 

higher than the representative value of North China Plain, Accor­

ding to calculation^ the earth heat flow value of the neighbour­

hood of Tianjin"is 1*77 HFU (1.77 x I0"^cal/cm^/sec,). This ia an 

internal factor of the geothermal anomaly of the Tianjin geother­

mal area (Pigs, 14, 15, 16}. 

-. X 

Pig, 14 Moho I soba ths Map of Be i j in -T ian j in 

Region and Neighbourhood 
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I 
« - . • 

Tne Tianjin geothermal area mainly spreads over the north-

eastwise uplift of proximate grade tectonics of the Cangxian up­

warp. The bedrock..uplift, part is featured by dense isolines and 

L high geothermal. gradient (aboye"4°C/lbo.m), whereas the gradient 

t of subsidence part Is. low. This is mainly due to the fact that the 

;,.. heat flow originating from the. deep-seated part concentrates along 

; the_ uplift part with a low heat^ resistance and Iricreases the geo--

>', thermal temperature, hence the geothermal gradient. Actually,3he . 

• uplift of.the basement tectonica functions redistributloh of the' 

deep-seated heat flow, ,...-.... , \ •.. . 

• l,^ ' - - - ^ J . - . 

-.•/y».., Tectonic fracture.,,̂ _ .-^>A^:¥'^AyCyMy%A^A^y^..y^... '•'• • '̂  

'.::....̂,.;:̂  within the gphere of the Tlahjln geothermal .area, there de-. ;• 

veiop two ""groups of zone of fracture of north-nqrtheast and weat-

northweat directions, ,such as west-of ̂Bai-Tang-Kou and eaat,-of-

Gang-Dong fractures,_ These fractures, all being geofracture, con-

si tut e on the one hand the main thermal channel and on the. other 

hand .create a condition favorable for the convective circuiation 

:̂ of the deep-seated thermal water, due to the effect of the; repeated 

tectonic mbvement on them, especially that of the new tectonic move^ 

menti Such an inference can. be evidenced by the coincidence of ex- ;: 

tending direction of long axis of Wang-Lan-Zhuang geothermal area 

with that of the fracture and by the remarkably Increased geother­

mal gradient in the region nesLTby the fracture. For Instance, in 

the weat-of-Baitangkou fracture, the geothermal gradient of the 

•east^of-Baitangkou Enibsidence is 2.3 C/lOO m, while that" of the , ;. 

, west side :(neaifby^the,.Shuan-Yao uplift) which- under normal condition 

should be^.2°a^(jaj|!lsJa^ua^ as 7̂ .̂ Ĉ/10Q'In. The fact 

- ' - - ' . ^ A • • ' ^ • ^ A M S ' A A •'.•-.:-.y • ' • ' ' . ^ . ' •;• " y • 
••• - ^ y - % - ^ - y : ^ y ' ^ i - : y w i ' ^ ^ ' - - " 2 8 - •• • • ' • ' ' - • ' -



___ ._,„„...,̂ i*j.j.-̂  wj. 1,114.11 SO snort a distance 

13 chS^f ly due to. .the function of theiroal ehannei of the west-of-

•l[ Baltssvgkou fracture. . " ' • . -

fe • - • • r ' ' • • . • - ' - ' • • ' " ' V — • : , ' ' • , • • ' • ; • • ' 

4- Strata and lithological characters '' , ' 

^>ie- spread of the geothermic field is directly Influenced by 

the st3*ata and lithologloal characters chiefly due to the different 

thermai conductivities of different rocks. The thenmal conductivity 

• I s inversely prop ort ipnal to porosity * In this region,- since the 

average porosity of the sandstone and mudstone of tertiary system 

I s 15-30% and that of the carbonate rock of Ordovician system and 

Sinian Suberathem i s only 1-5^, the thermal conductivity of the 

bed rock is 2-3 times higher than that of the rock formation of 

t e r t i a ry system, while the geothermal gradient of the bedrock .is, 

algnif lean tly. lower than that of the rock, formation of .tertiary 
• •• - , . • " ' • ' - • * • • • • " • „ ; • • . • •• • • *• r'>-•'''" - ' V ' ' - ^ i - I V * ^ * - - ^ * ! " ^ • • -

system. Therefore, the rock is a good thermal conductor which forms 

a thernial reseirvoir of the geothermal area and the rock formation . ' 

of tertiary system Is relatively a confInlng lid of thermal reser-
. , . - ' ' • ' - 1 _ . • .. . - . l " ' , . 'i •• -f-J •••i?.'-'••.•'"4;'k.,:';-5?.-i,'...-,i n.tii.'Wv - ? ' . ' • ' " -
-'• - •. - ;' •• •-" ' ;• •, ;-f I • ; , ? ' ! - ; - . : ;;:?-'-*,^,*^s/^",'-"^tS'>ffl'|i(S '"- ;-

voir which forms a covering stratum of theinnal reservoir, .-l̂fe'-r'-'̂;';, ..-ĵ  

V, Present status of the utilization of geothermal water "resour- •• ''' 
'• - - • • ' " ". • . • - • ' • i - i " ' : ' - ' : . , ' i . ^••,*.!'""-' ' ••.- •• 

ces of Tianjin and 1 ong-range ,planning' • ^.. ...^^^:iA-^'-A*^^''''A'' '• 
• ' . ' - - . . . • * . " . 7 " 
; • ' ' - - , ' , - . : t - <- • -

1. Present status of the utiiization of geothermal water 

In Ti an j in, the geo the rmal water re a ouro e a • of. t er tl airy sy st em 

were put into common use since the beginning of the seventlea and 

have been being extracted for use on large scale, Fundaineritally, 

the bedrock thermal water has not yet been developed up to present, 

.By the end "of 1979, there are in total 381 geothermal wells of 
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which 259 wells are actually utilized with a total extraction vo­

lume of about 48,94 million tons per year of which about 70yS is 

used in industries, 25% in life requirements and 5% in, agriculture, 

The details of utilization are as follows. 

.Industrial use; The geothermal water of tertiary system is mainly 

used as processing water for cotton and wool spinning, knitting , 

and dyeing works £uad as supply water for industrial boilers with 

the advantages of economization of coals and industrial salt for 

water softening and sensible enhancement of the lustre, whiteness 

and fastness of color dyeing and printing of their products. Por 

example, by using the tertiary system thermal water of 49^0, the 

Tianjin^Wool Weaving Factory not only saves yearly 2400 tons of 

coal, 15,000 kw-hr of electricity and cost of salt for water sof­

tening, RMB¥120,000, but also considerably improves the product 

. quality. In addition, attractive results have been derived from 

' utilization of geothermal water in papermaking, wood-processing,-

food-processing and chemical processes. 

Life requirements suid space heating: The Tianjin Guesthouse uti­

lizes the geothermal water of 42°C for tubs in more than thousand 

rooms and space heating in winter after properly reheating it, 

thus economizing more than one thousand tons of coal per year. In 

addition, the Zhang-Dao-Kou Seismic Observation Station situated 

in the west suburb utilizes the bedrock thermal water not only for 

seismic observation but also for directly heating the dwellings 

and office buildings in winter time* ^ -

• " ' • ' ' • ' • • • . . , , ' • • , - • 

Agricultural use; Satisfactory results have been obtained from 

. - 30 -
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< m^ .^ : J . i Jm*. - tP *&, vu«. rur instance, by 

.using a small quantity of bedrock water drained from the Seismic 

Observation Station,, the 2hang-Dao-Kou Produetlan Brigade of west 
'' . • • : • - ' - ^ \ - ' • " . ---.-^- ' . j / : • 'I- . ' . , • ' • . 

suburb eatabllahed a greenhouse of one mu land gathering three 

crops oif vegetables per year and cultivated ten. rau land of aeed-

llngs under polyethelene film shelter, netting a'yearly total pro­

duction value of .more than Rri«B¥lO,pOO, , '/ '.̂  .'••,•. "".". . . ' 

2. Orientation and long-range planning of the utilization of 
• - S i ^ 

geothermal water resourcea, of Tianjin 
I-'n'-'̂  

, / • - .- l i 'my^y/.- ' i . -r " : 

In Tianjin c i t y , there i s em: appreciable^,increaae of energy 
tv:':-iir-;v 

consumptlpn as a^result of the;development of urban construetion ' 

and the progress of .̂ industrial and agricultural product ions,' aa 

well the improvement of the living stand^*ds of thê  people/*To j!̂ ^ 

cope with, this situation, It is important to economize the energy 

on the one hand and develop the local energy sources on the other. 

In Tianjin city, the geothermal energy Is a constituent part.of 

the local energy sources and brilliant prospects exist for Its ̂  ; 

utilization in this city In light of the experiences in actual 

utilization of geothermal energy both in thia city and foreign 

countries* According to the features both of the geothennal water' 

and distribution of resources, in the days to come the main uses " 

of the geothermal water.df Tianjin area will be oriented as fbl-

lows. In principle, the ahallow thermal water of tertiary system . 
' . ' •»• ' • ' • • • . • - ' • ~ . ' . ' . . - v - ' - i - " - '••-" • • ' -• . , - ,. • . 

. ' " - ^ - ^ : i - J U i J - ^ ; ' . . 2 ^ . f ^ : ^ ' - '.' •'... - -- , .-_ ,i . ' • ' - • ' ' ' - ' " ' . - • ' , * 

found in the neighbourhood of urban'"area will be directly used In 
< - ^ ' ' y ^ ' ^ - . i i ^ y . i s i y y y f ^ ^ ^ - ^ i.-j. .'•••'' '•• ••' *• -.- '•• - "•"';' -•':"•-':.' •''.'"-

the technologiĉ jL̂  proc^ In the Industries such aa ' ' 
'. " ' "̂  ' • ^ ' - r y f ^ y / ^ i y : . 4 ^ y ' ^ : y ^ . y . ' " •'-''•''.:• :••- . • - •.-.•. . • . 



woox ana coiiTjon weaving, Knixxing ana prxnuing ana ayeing l a c i o n e s , 
: , • • - • • - . : . - ' - . • • 

; Thermal water of tertiary'aystem in the auburban area will be ar-

ranged mainly for use in greenhouses.and for planting, breeding €uid 

'poultry hatching and gradually developed as a main part of energy 

sources for agricultural and side-line production. The bedrock ther­

mal water will be used in urban area for space heating, partially 

or totally, • •- . ; . ---,- -.:, • ,-••• • ̂ -̂'•;jjo.{;_i>?j- i:yj:r::' '\y-',--^ wJ?Ti :.•...-•; '-• -
' , -.. " -• '• .• • . : ' - ' • ' ^ . • • : y . . ' ^ - ' \ ' ' ' • ' - f ^ ' i ' y y ' y ' ' • - ! ' } ' • ' . ' ' ' : '•. - . 

- •, •• -. , . - •.?i''. . • ! .-.' X.'' ' » ^ '••• " ' < . ^ - . ' . ' ' • ' \ - ^ ,*-.'.'•-,-• ' I •' 

. V ', . .-•• • - • • • -. ,.ri.'-"'-'- '•?- ••'•"• ^'•-'•;'.^4's." '^ •••̂_ ^ . . - - h . - y ^ - • • ' J . i ' - ' i . - ^ , .__•• - • • '- '-

As for the general envisage of the exploration, development and , 

utilization of the Tianjin geothermal resources, emphasis will be 

laid on the reconnaissance of the deep-seated bedrock water resource 

and a corresponding appraisal turned out in 1982 with the appraisal 

of the whole geothermal eorea to be turned out with best eif fort a In 

1985. Our main objects are as follows: 

.1980 - 1982: 

V (1.) Reconnaissance and appraisement of the bedrock water re-

source in the urban area; ' " ' v . .̂  , 

<; ' (.2) Investigation of the possibility of recharge and com­

prehensive utilization and putting forward a program for 

the utilization of geothennal waterj 

(3) Intensification of the control of tertiary system ther-

. mal water, in the, urban area. 

- . 1983 -.1985: 

(1) ProgrMiatlcal development and utilization of the bedrock 

• geothermal. in the urban ar,eaj 

(2; Reconnaissance and appraisement of the deep-seated bed 

rock thermal water resources of the whole geothermal area. 
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AX Ter ig&5, all geothermal resources of Tianjin area will be pro-

graihmatlcally explored and utilized to enable Tianjin to become 
--% 

gradually a city where the geothermal energy' la' utilized to the 

various 

-" fullest e:xtent,- ,. • ' -; - • ''yyy::W::iy^yy'^„.^. ... 
: ' ' . . - ' • • '.-:• \ " - . ' - / A ^ A ^ & ^ & i A y y y A ' : ' ' ' 

• - . - • . •• •' . ' y ; ^ : y ' , ^ % K y ^ m ' m ^ - ^ < ^ y y 

In Tianjin area, in sp i te of I t s excellent geothernffl.1 potent la l l -
- - - - - - .-'^-.;-^" ,--'̂  •••:•* v'f̂ .*̂  ^ ^ i ^ ^ ^ ' i \ . . 1 i . i>-'-^ ' -' 

. '• • — ' - . , ••-,-i;.i^v>".j.i'-?;- '•'''i''5:;-5"''.'--r •>:"•.'>; 

ties, earlier geothennal investigation work and a given'basis for 
. ; - ' • ,' ^•;^'''rfe'^i>=-'^'S^^3'l^^^^^ 

utilizatioh of the geothensal energy, tip to'pr©aent^^'due'^^^ 
•• . , , • , -• ' .v^'^'?*v.>*3*Jfe*w^:•.'>%•.I•;^»'--t* J;••-^••:..i•••-• 

reasonss the inveatigation is slow In progreB'3,r^tne.^exldtihg' geo- -
• . - " • '•••'^ •'-•.K;-^^~-:4l%'-iif'~i%'--.^ -} . 'U.^* '^ : '^-h ' , : : 'A'' 

thermal water le not yet fully utilized, the. recoanalasahde' of th^ 
: •• • • •• . . ' ' A A m m i ^ ¥ W & S ^ € A y k - - ' < - ' • 

•deep-seated bedrock thermal- water reeoureeâ ^̂ 'lô b̂̂ ^ 

.the geothermal resource of thia area, ̂ sf^c^ -̂ ett̂ l̂nmliifat ed Bis,̂ja ̂. • 

whole,' a'great deal of problema pert'eSnlhg i^^Mdtliermal"iaVrgy', 

hydrogeoiogy and geological structure'yet^Sima^ 
: ^-•.r'.-r.;.yyMAymAymm^^m^imi^^A-t:^' 

a working plan for the economical and.acientifj-C^e^pplbratiba'and_.:..', 
utilization of geothennal reaouToes elaborated, .Theref6r«; ywhat 

^' ''•-'••:-'•••:-''•-=-•'• • - P ' - y : ^ : ^ ' ' ^ % M t 4 y ^ ' M y y m ^ ^ we have mentioned above la only prelirainaiy in'oharacter and;:Indeed 
• , • • ' '- • • •.••j ' ' ' i . ' '?>.- '5J.r • . - i> - ; , - ' - - j t ' I - ' ' - . ' . ' ' - - , * ; ' - , * ' j i . - - -K#« 'W; - : 1 •'"• . ' 

, • . • •• • '- • ' ^ ' • \ y y y ' ^ ^ y i ^ ' : y - i " y ^ ^ i ^ m y ^ - i ^ . 

not a few content a yet remadn to be added or corrected oorreapon- . 
' •,• : ,'r-w'^-i^''''v-e*'.- '• " •••>*-^-- •"-'•' - : . 

fdingly. • "-.. ' •-•'^.'.AAA4fMiA^•^^'^i-.''A''^• 
•' ' • • " " • , , ' . ' T h e e n d .*. • • ' V . " • ^ • ' ' • .i;" '-^?--i"?"'i."M^1^^^^ -•• 

• ; : - r 

.»"*i--. 

T . : - i -_^ - - r . j 

- 33^-



AREA 
CHINA 
GRIC 
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Tnis paper is prepared on the baais of special articles 
and reports on geothermal investigation and development, with 
references to the status of geothermal work and the results 
of scientific research, also some published treatises. 

In China, geothermal water is generally divided accord­
ing to its temperature as: low-temperature (20-40 C), medium-
temperature (40-60 C), high-temperature (60-100 C), and super­
heated (over 100 C). However, as there are several kinds of 
classification and no .standardiKed one so far, it should be 
pointed out that in this paper the concept of high-, medium-, 
and low-temperature waters are considered mainly from the eco­
nomic benefit of their utilization and in accordance with 
traditional divisions in foreign countries as follows: 

High-temperature water: Steam and water, over 150C, 
used for electricity generation and other comprehensive uses, 
e.g. geothermal fields in Yangbajing, Xizang (Tibet), and in 
Tengchong, Yunnan. 

Midium-temperature water: 90-149 C, mainly used for 
heating, refrigerating, drying, and other non-pcver uses in 
some geothermal fields along the southeastern coast of China. 

Low-temperature water: Thermal spring or thermal wa­
ter having a temperature less than 90 C, mainly used for green­
house, sanatorium, heating and other non-power uses as in the 
thermal fields at Yingshantang River, Hubei province, ana 
Hsiaotangshan, Beijing. Geothermal energy has been used to its 
maximum in the above-mentioned areas according to the local 
demands and the properties of the thermal water. 

Geologically, the tectonic move.ments since the Mesozoic 
and Cenozoic, especially since the Yanohania.n movement, have 
produced a great influence on nearly the whole territory of 
China. The most violent is represented b.y the extensive fold­
ings and faultings in East China, Xizang ar.d West Yunnan, 
accoiiina.nied by strong magmatic intrusions and volcanic erup­
tions. However, Himalayan movement has been- obvious in the 
souteast coastal region, Taiwan, Xi7.ang and West Yunnan ter­
rain, and fairly common in the northwest where extrusive ba­
salts and intrusive basic, utra-basic and acidic rocks can 
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be seen. 
All these regional structural activities, especially the 

'leotectonic movements determine the formation -"ind distribution 
of the geothermal fields within the territory of China. 

I.CHARACTERISTICS' OF GSOTH^RMAL DISTRIBUTION 

According to its geological conditions and occurrence, 
geothermal resources in China are generally related with the 
recent volcanic and magmatic activities, structural fractures 
in mountainous areas, and Cenozoic artesian basins. Moreover, 
the thermal water from underground has distinct regional dif­
ferences either in quantity or in quality and temperature, 
according to the data on natural thermal springs, boreholes 
and mining pits at 2000 places or more. 

1. Geothermal System Mainly of Wet Steam 
Wet-steam thermal system is distributed mostly around 

South Xizang, West Yunnan and Taiwan, among which the former 
two have shown to be the most active hydrothermal areas in 
the interior of China, where over 400 or more thermal springs 
and nearly' a hundred hydrothermally active points have been 
found to have a temperature higher than the local boiling 
point. In this Xizang-Yunnan terrain there are various geo­
thermal indications such as hydrothermal explosion, geyser, 
boiling spring, hot spring, warm spring, hot pool, etc. 
Various kinds of sinter deposita can be seen, such as sili­
ceous and salt sinters, sulphurite, and others. At some places 
are precipitated stibnite, cinnabar, pyrite, and realgar. 
Another feature of hydrothermal activities in this terrain 
is strong hydrothermal alteration. 

Hydrothermal explosion as known is an important evidence 
for the intensity of geothermal activity. The Qinghai-Xizang 
Plateau Comprehensive Survey Team of Academia Sinica have 
found so.-ne ten hydrothermal-explosion areas along both sides 
of the Yaluzangbu River in Xizang, among them Qupu hydrother­
mal area in Pulan county is supposed to be the largest. The 
rare hydrothermal phenomenon can only be found around Xizang, 
e.g., the Gulu geyser at the eastern flank of the Nianqing-
tangula Mts. and the tagejia geyser of Ang-ren county at the 
southern side foothills of the Gandisi Mts. 

The origin and characteristics of this geothermal system 
can be represented by the typical thermal springs in Yangba­
jing, Tengchong and Taiwan. 

1.1. The Yangbajing geothermal field in Xizang is the first 

wet steam field under-exploration and exploitation in China's 

inland region, where an experimental powor plant of lOOOkw js 
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built. 
The geothermal field lies in the middle part' of the 

Yangbajing basin. On both sides of the basin are moiintain 
peaks approximately 5500-6000m above sea level. The geother­
mal field is mainly controlled by the deep fracture in NB 
direction along the fring'^of the basin. A series of IW frac­
tures together with minor faults in other directions provide 
the channels and passageways for thermal fluids. 
The Nianqingtanggula Mts. is a gentle anticline compos.3d 
O'T Pre-Devonian( ?) ^jneiss, which is probably the oldest rock 
in the region. On the periphery of the basin occur slate, 
siltstone, and schist of Per.mo-carboniterous period, and red 
and volcanic rock series of Ci>;taceoas peripd. 

Around the basin, granitic rock masses produced by the 
Himalayan movement are distributed over large areas, their 
isotopic age may be dated back to 37 m.y. for Xuegula rock 
mass, and 61-68 m.y. for Yangbajing rock mass. 

Within the basin are deposited Quaternary glacial drift, 
fluvioglacial sand and gravel, and alluvio-diluvial sediments, 

with an accumulated thickness of 300ra or so. The basement of 
the basin is mainlyiponstituted by granite, and possibly vol­
canic rocks in the southern,part of the field. 

After the basin v.'as formed, new foldings and faultings 
continued to cause ch,-inge-'5 in Quaternary sedi.iients, result­
ing in intricate fi.?.sures and fractures in the covering stra­
ta of thie f-eothermal field. Besides, the Yangbajirrg basin is 
at the same time an active earthquake zone of high intensity 
and frenquency. All t.hese have provided the most favourable, 
conditions for the upv/ard movement of the thermal fluid, con­
sequently various geothermal features on the ground surface 
are formed. 

The chemical types of the Yangbajing geothermal fluids 
are mainly of sodium-chloride which is the typical water type 
in the geothermal reservoir of Yangbajing field. The total 
dissolved solids in hot water ranges between 1.5-2.0 g/l. 
There are lithium, boron, and rubidium contained in hot fluids, 
and the gaseous composition is mainly carbon dioxide. As well 
as hydrogen sulphide, nitrogen, oxygen, etc. Occasionally 
hyuro,9:c';i. 

Fron̂  tiie characteri.Ttics above, Yangbajing geothermal 
field occurs in the fault basin controlled by the huge frac­
ture which is still active in the piedmont belt of the Nian­
qingtanggula- Mts. It is a th-ermal field that yield high-tem­
perature water. Though neither outcrops of intrusive rock 
body nor traces of volcanic eruption since the Neogene period 
can be observed in the field and its vicinity, the evidence• 
of the strong hydrothermal alteration, the deposits of sul­
phurite, and the stibnite on the walls of the old fumarole^ 
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I • also the results- of geochemical analy9:.-,'5i of the thermal 
I fluids, show that there must.be at a certain depth under the 

earth's crust a recently cooling magma body, '̂ 'his magma body 
; must be the huge source that supply heat to the geothermal 
j field. 

I ' 1.2., The geothermal indie at ions oh the ground surface in 
the Tengchong volcanic zone can be well, compared with that 

i in Xizang. Big fum.aFoles, boiling springs and cluster of 
; hot springs appear in groups everywhere. Within a belt of 
\ about 110km long in N-S direction and 60km iri width, 79 
i gro.ups of springs have been found. Among them, 10 groups 

..{ • have a temperature over local boiling point. Steam indica-
] tions are chiefly distributed in the southern part. Occa­

sionally there can be noticed sulphur tufa, niter tufa and 
hydrothernial mineralizations, 

; The geothermal fluid at Tengchong has a. fairly comple?.._, 
, chemical constituents. It is mainly chioride-bicarbonate-
.' Sodium and bicarbonate-chloride-so dium types of thermal wa-

te,r with a content of total dissolved solids ranging from 
0.2 g/l at the minimum to 2.'3 g/i at the maximum. The gaseo.us 
c om'p OS ltion ge t i e r ally i n v ol v e s C 0 2, Og, N 2, H^S , C H., am o ng 
which GO, is the mqst predorainent. ' 

The geothe.rmal phenomena at Tengchong are directly re-
;, lated to the activities of volcanic eruption. According to 
j the shallow hole measuremerit at Rebel thermal field, the 
i teniperature may reach 145 C, at the depth of only 12m. This 
, shows that there mytst exist a high temperature gebthermal 

fluid body at deeper depth. ' ^ 

1.3. Taiwan provin.c.e is also one of the quite active geo-
; thermal zones in China, There are altogether 103 places of 
; geotherrQal indications such as fumaroles, w.arm springs, etc, 
; The terrain of Datun volcanic groups lying in the north of 
i the island would be the most typical, having totally 11 geo-
I thermal a.reas. In Macao area, an exploration well shows that 

the highest temperature may re^ach 293'C. Yilan, Wulai and 
I some other pLaees are also v 'ery prom'ising. 

' 2 . Geothermal System MairJ.y of Medium- and Lew-Temperature 
j Flot Water 
'; Medium- and 1-ov-tainperature thermal' waters are very 

corainon in-China, It cixn. he found in many fold zones ih the 
I mountains, and in the basins as well; 
j ' I n the folde'd mountainous: areas, thermal water is bijried 
; • iri: water-bearing rock formations of different periods, and 
I • often exposed ih the form of warm springs in the areas of 
j Mesozoic intrusive rocks. These springs.are mainly controlled 

i • . . . . " . . _ 4 - •' 



by structural fractures. In many thermal areas,- strong si­
licification can be observed in the surrounding rocks. Geo­
thermal water is mainly of atmospheric origins, it contains 
dissolved solids generally less than 1 g/l except for that 
in the western part of China ranging'from 1 to 4 g/l. Whereas 
in the eastern part of China largely less than 0.5 g/l. 

The coastal region in iiast China (including Fujian, 
Guangdong, and part of Hunan and Ji.angxi provinces, and 
fihandong and Liaodong peninsulas) is one of the terrains 
v<here medium- and low-temperature w-'iters are mostly distri­
buted, especially in Guangdong and Fujian which are the most 
representative regions of tho folded mountainous type for 
thermal water. For example, the Dengwu geothermal water area 
in Guangdong lies within the Mesozoic granitic intrusion, the 
rock mass is generally trending northeastward, corresponding 
with the structural line. The structural system is mainly 
constituted by a NE trending compresso-shear fracture zone 
and a IW tenso-shear one. At the top of the former zone is a 
Yanshanian granitic intrusion, while at the bottom are late 
Jurassic rhyolit:-. and rhyoporphyry, with strong silicifica­
tion. Geothermal water occurs at the intersection part of 
the faulting, with a temperature of 90 C. It belongs to low-
.̂ nineralized bicarbonate-sodium type wator with a total dis­
solved solitis less than 0.4 g/l. It contains Jluorine and 
silica, and gaseous composition mainly nitrogen, and also 
radioactive radon. The characteristics of the geothermal wa­
ter in the eastern folded mountainous zone, especially in 
the magmatic rock zone is on the whole similar to that in the 
Dengwu zone. 

Besides, numerous springs can also be found in East Yun­
nan and West Sichuan provinces, and in Yinshan, Chinling, Qi-
lian and Tianshan mountains. 

In China, there are a number of plains and basins con­
stituted by the Mesozoic and Cenozoic•strata, such as Song-
liao. North China and Ji-anghan plains, and Sichuan and Cai-
riainu basins. Since the recent twenty years, considerable geo­
thermal resources have been discovered in the course of goo-
lo,-;̂ ical exploration and oil prospecting. In some of the ba-
s,l:is the thermal waters are high-mineralized hot brine, con-
-••nining variou::5 trace elements. In Tianjin district, thr^e 
anomal.y zones have been detected, totalling nearly 700km" in 
area. Hot water of 30-53°C generally can be drawn from wells 
penetrating the cowering sediments at the depth of 600-1000m. 
In Beijing, a 50km' anomaly area has been delineated, where 
50 C hot-water-can be extracted at the depth of 1000m. In 
Jianghan plain, a 3000m well produces artesian hot brine at 
the temperature of 95-100-C. Some wells at Penglai in Si-
CMuan basin has tapped artesian"hot brine of 74 0, with a 
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• discharge of 3000 tons diurnally. 
From-the temperature of the geothermal wells in various 

districts, the geothermal regimes are quite different in dif­
ferent basins. In short, the geothermal gradient is generally 
higher in the basins in the eastern part than that in the west­
ern part. 3-.4 C/i00m in _North China region, 2.5-3 C/l00m in 
Sichuan basin, and still lower in the western part. 

The distribution of geotb.erm.al water in the basin is 
considered to have a close connection vith oil and gas fields. 

• The hydrochemistry of the water is of sodium chloride or cal-
( civira chloride type. It is highly raine.ralized, normally has-
j a content of total dissolved solids over 10 g/l, the highest 
I may reach 380 g/l. The elements contained in water are usual­

ly bromine, iodine, boron, strontium, lithium, barium, etc. 
I The gaseous compositions are mainly methane and hydrogen sul-
'- phide. 
' North China plain is one of the basins which are rich.-in 

geothermal resources. In addition to Tianjin and Beijing dis-
; tricts, the oil fields of Dagang, Renqiu, and Shengli are also 
.i areas where hot water occurs. In central Hebei depression' 

nearl.y a hundred geothermal water wells have been drilled, 
covering an area of 1500km . Within the depression, the geo-

: thermal gradient in most of the districts is 3.5 C/lOOm,.some­
times exceptionall.y high up to 6-15.7 C/lOOm. In some high 
anomaly areas, 50-70 G may be reached at the depth of 1000m. 
Water that has the highest temperature occurs in the depression 

[ is about 118 C (well depth 2303-2700m). Geothermal water wells 
in this zone is particularly productive. The water has a high 
temperature and good quality. Normally the yield of a single 

j well is about 50-2000 t/d, the highest being 4000 t/d. Accord-
! ing to the statistics on 91 wells the daily production of hot 
I water is up to 80900 tons. 

I 

I • I I . GiiOTHulHMAL ZONATION 
i 

From the geothermal distribution in China, either the 
temperature or the geochemistry of warm springs has certain 
regularities and regional characteristics. Based on the data 
available and accordi,ng to the genesis, controlling factors, 
distribution of the geothermal phenomena, six zones may be 
divided for the time being, except for the hot groundwater 
in basins and sporadic warm springs in some districts. 

1. Xizang-Yunnan Geothermal Zone 
• This zone includes largely the Gandisi Mts. and extends 

to the south of the Nianqingtanggula Mts., especially along 
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the Yaluzangbu River eastei-wardl.y~ to the Nujiang river and -
the Lancang River, then turn southward in an arc shape into 
the Tengchong volcanic.zone, Yunnan, possibly stretching to 
the Ailaoshan Mt. This terrain is the most active hydro-ther- • 
mal zone with the most concentrated geothermal features. ~ • 
Tectonically it belongs to the Yanshanian and Himalayan fold ' 
zones. In Xizang, magmatic intrusion can be noticed some 
800m long along the north bank of the Yaluzangbu River. In • 
Tengchong area not only Yanshanian granites but also traces 
of multi-volcanic activities can be seen. Neotectonic move- 1 
ment is very active there. Due to the continual uplifting ', 
of the earth's crust, volcanic activity and earthquake are ; 
very frequent and violent, caused by the-force of mobile [ 
magma. f 

This zone is part of the Mediterranean-Himalayan zone, ! 
belonging to the convection type of high-temperature hydro- f. 
thermal system. The hydrothermal explosions and geysers are ; 
all concentrated here, especially in the Nianqingtanggula • 
and Gangdisi mountains, and on-both sides of the Yaluzangbu ; 
River as well. In West Y xinnan, high-temperature thermal j 
springs are mainly distributed around the zone of volcanoes | 
in Tengchong. 
It is expected to develop geothermal resources mainly of wet 
steam over 150 0 in some of the major geothermal fields. This 
is possibly the largest zone of geothermal potential in the 
continent of China. : 

2. Taiwan Geo.thermal Zone : 
Taiwan, a Cenozoic geosynclinal fold zone, being part \ 

of the Circiom-Pacific island arc system, is situated at the | 
region where the two arcs of Ryukyu and Phillippines join : 
together. The lively volcanic activities; on Taiwan island : 
may be linked to the volcanic zones of Ryukyu in Japan and 
the eastern coastal region of the Phillippines. Taiwan is 
one of the seismic belts where earthquakes occur most in- \ 
tensly and frequently. It is an area with concentated strong 
quakes in Chin. Geothermal resources in Taiwan, which is 
mainly of high-temperature hydrothermal convection type,-
mostly concentrate on the eastern and v̂ estern seismic belts. 
Taiwan is one of the terrains on China which is ver̂ "- promising 
in geotheẑ mal potentials. 

3. Southeast Coast Geothermal Zone - • 
This zone includes Fujian and Guangdong provinces and • 

part of Jiangxi and Hunan, where occur more than 500 thermal . j 
springs. Most of the springs are densely distributed in the , j 
coastal regions of the former two provinces and have higher r 
temperatures 'than that in other r>.feas-. Among them, hot water' 
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pbints with a tempefature over 60 G Qccupy 35>̂  of the total 
nurabo-̂r pf springs in these two pro vine.-s. The. geotherrn'al. re­
sources in this zone are mainly nied;iui,i- and low-temperature 
thermal waters. The occurrenco of thermal wat'er is controlled 
by a series of SE trending tectonic fractures, and is also 
related to the existence of magmatic intrusions and volcanic 
rocks. 

•AGcording to the temperature in thermal sprihgd and bore­
holes, it is a little lower in the west and higher in.the east,'̂  
Approximately, the temperature of the geothermal water increases 
iri the regions on the eastern side of the line along the Lian-
huashan fTr-actur'e vvithin the boundary of Guangdong province 
northwards to Zhangzhou, Fujian. There are several thermal 
springs which have a temperature more than 90 G, and in some 
thermal areas the water temperatureB in boreholes may reach 
over 100 G. For example, the temperature of Dongshan Lake^ 
Guangdong and in some boreholes of Fuzhou, Fujian, are 102 C 
and 100°C .respectively. This is another geothermal prospect---
in China. 

4. Tancheng-LuJiang Fracture Gebthermal Zone 
Tancheng-Lujiang fraetiire is the greatest and longest 

deep fracture trending NNE'in East China^ It starts from the 
south of the, Yangtsi River, passes northernly through Sha-fi-
dong,, Liaoning, Jilin and Hellongjiang prpvlnces, â d stretch­
es straight into the USSR territory of the Far Sa'st. This is 
not only a deep fract-ure braking off the' crust of the earth 
and still active up to; hov/, and. is a se.ismic belt as well. 
Along the fracture from so.uth to north, largely occur the 
Mesozpic and Cenozoic intrusive and e'x-trusive rocks. 

It is this very fracture that controls the geothermal 
distribution in this= terrain. Thpugh-along the fracture ther­
mal springs are not predominant and in general their tem^ 
peratures are not very high, yet in accordance with geo.ther-
mo-measurements in a number of mines in the vieinity and the 
temperatures of thermal water in the geological exploration 
holes, the geothermal gradient, ranges from 3.42-4-57 C per 
meter. For example., the"; temperature in a borehole of 545m 
deep in Donghai the.rmal spring area, Jiangsu, reaches 94 G, 
This indicates th-at relatively high-t-emperature water may 
exist at depth. 

5. Chuan-Dian (Sichuan-Yunnan) N-S G,e:othermal Zone 
The zone is an elongated belt extending southnorthwa:rdly 

along a line from Kunming to Kangding, where occur a great 
many thermal springs.of lower temperatures generally between 
30 and ,60 C. The spatial distribution of the thermal springs-
are leadlngly det,ermine:d by the N~S structure system consist­
ing of a group of strcrng compr,e.s sive and compresso-shear -folds 
and faults. It'is an active tectenic zone as well as one of 
the area" of stren^^earthquakes in China. Aa a result, along 



•;hsso fracture zones, a lot of the.fmal -springs can be found 
as many .as 100 or more spots den.'sely clustered, s;uch as in 
the Hsiaojiarig and Annlng fracture' zones. However, these 
thermal springs have generally low temperatures, with only 
a few exceptions such as Kangding, 

6, Qi-L,u (Qiliah-Luliang) Af'c-Shape Geothermal-Zone 
This zone includes Ji-Re mountainous area, Luliang Mts, 

Fen-Wei Valley, Chinling and Qllian raountains, etc. Tectonic­
ally the zone belongs to the Qilian-Luliang-Helanshan epsilori 
type (according to the geomechanic theory established by the 
late ^̂ rof. J.S, Lee), whieh 'shows obviously the tectonic 
movement in the Neoid period. It is a recent active zone 
where earthquake has a: high frequency and intensity. In this 
arc-shape zone, thernial springs are very common, their tem­
peratures being relatively low, generally 40 -60 C. Some of 
the springs on the eas.t and west flanks of the z.one, for 
example, in the eastern part of the Yingshan Mt. and in Qing­
hai region, have rel:a:tively high temperatures which may reach 
about §0 0 or so. These areas, are the composite part for 
s.everal sets of fractures, where thermal water'has been fo-und 
in some valleys and ba.sins like Fen-Wei Valle.y, Longdong 
Basin and the p-iedmont of Hexi Corridor plain. The ground, 
teiT!per.atiire, in Longdqng Basin is relatively low, while in 
^ian, it ia about 55 C/IOOOm. On the whole, the p'revailirig 
tempei-ature of thermal water is low, therefore this zone be-
longs to low-temperature thermal water type. 

III. ANALYSIS OF GSOTHEliMOGBMSlS ' 

From the distribution of geothermai water in China, it 
..occurs largely in the coastal region along the: shore of the 
Pacific Ocean in East China and in the Zang-Dian region of -
southwest ,Ghina, The water has fairly high temperature, com­
pared with t-hat in other :r:egiona. This characteristics has 
a close connection with the geotectoniG position, the con­
crete feature of geologic structure's aiid magmatic and seis­
mic aGtivities in China. Ge'o'tectohicaily, the major part of 
Ci-iina b9long-'3 to the Eurasian plate. The eastez'n side of. the' 
continent is, inflû Tr̂ jed by the fi-ioven-ient of the Pacific plate. 
T.aiwan province lies just on the jiiricti.on part between the 
Sur.asian plate and the PacifiG plate;. V/h'ei'sas' Southv;est China 
-is affected- by the movement of Indian platen On the co-llision 
belt betweeh the Indian and the Eurasidn plates lies the Hi­
malayan tectonic zone. - . : . - • • - • 

Zang-ptan ';geo.thermal zone is the "eastward ex.tended part 
of the M^jditerrcmeah tectonic, belt, Iti extensiari follows the 
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seismic belt that passes from the midoi^r of the Atlantic, 
eaf^twardly through the Mediterranean Bea and then the Middle 
East, finally into Xizang of China.. The formaiion of the 
Zang-Dlan geothe.rmal zone is probably related to the cplli-
sioh between the Indian and the -Eurasian plates. Since the 
Indian plate is continually moving northward and downthrust­
ing, the thickness of the crust in Qing-Zang plateau must 
bav.e been increased, and aonsequently intense comprossiGn 
and fract-uring have t-aken place.. Meanwhile under the action 
o£ h.eat, part pf the crust might be again turned into a 
molten stat.e, forming a kind of remelted granitic magma, 
which may go up along the fractures. This seems to be the 
explanation for the nevf magmatic activity appearing so fre­
quently deep under the .plateau. In West Yunnan, which should 
be on the eastern side of the upthrusting part of the Eura­
sian plate, also happened, a series- of fracturing and m'agma-
tic activities v/hich lead to intermittent volcanic eruptions' 
since the Tertiary and the Quaternary. Beside.", the .structural 
fractures produced --since the Cenozoic often provide favoura­
ble pa,ssages for hydrpthei'mal activities. All the above men­
tioned are t'he major causes and factors for the intense geo­
thermal .activities in Zang-Dian ,re.i::ion. 

The oa-Stern î art bf Chinj ."n.ainly infli-;ienced by the 
we-3t-,;ard KO-'-̂ ement of the Bacific plate. In southeast China, 
Taiwan wh-ich lies in the boundary zone between, the two great 
platî s Pacific arid •;iura3ian is -at the same time subjected to 
the northwestward eompression of the Phillippine pl.ats, A 
series of NeDtectonac move-uient aecompanie'd by earthquakes 
and volcanic eruptions o.f ten take place there. The. recent 
voleanic eruption and magmatic activity no doubt have pro­
vided the conditions for intense hydrother.mal act-ivit.ies, 
and also i.Tiposed some effects on the southeast coastal re­
gion of the continental part of China, where a series of N3 
trending fractures- produced by iJeotec-tonic r-apvement control 
the spat,i,al geothermal distribution. In addition, the- coast­
al region, ."ind the adj-oining sea ar-3:a where the e;art:h's crust 
is relati-vely thin (-25-50km) is the place where the upper 
mantle, rn-ate'rials-Ray force up-wards along the fr.actura3. So 

continent a] 
.r:'g to ihcomplets statistics 
be-tweea the 'two plates has 

the' heat val:ue is quite high in the realm 
Bhelf and Qfi^horG areaj ftccoril 
Hovrever, as the recent bpundary 
alre-'Ady nroved to -che eaiitarn side of thg .phillippines, com­
paratively remote from the continent, the hydrothermal ac­
tivity in the spatheast coastal region becomes weaJ^er thfin 
that in Taiwan. ' ' • - •• 

' ' Ma-.îjm-Ti-tic activity is al'so considered to be the main 
Cause for the thermal an;jHaJ,y In CKin», For instance, vesica' 
ic e-ruptlQR and inaê ,aiic .iotivity in Wf̂ st Yunn^ui, T'liwan an̂  
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Xi.̂ '-ang have directly induced the .hylr.'j th..;r;na.l. acti-'^itieo in 
those regions. In other areas, the occurrence of many ther­
mal springs has a direct rel-atlonship to magmatic rocks. For 
excimple, in the southeast coastal region such as Guangdong, 
Fujian, etc., magmatic activity has been very frequent since 
the Mesozoic. Volcanic rocks and intrusive mas.-jes are distri­

buted in .large areas where n-omerous thermal springs gush out 
with rel.atively high temperpitures. In Fujian, especially in 
its co.-iSt-al az-ea, more than 90/vi of tĥ } ther.-5ia.l. .springs occur 
in tho Jurassic volcanic rocks an-.:l Yanshanian granites. About 
.40;̂  o'' the thermal springs in Guari.'̂ dong is related to the oc-
curr-inue of rock mass. 

As for the magmatic activi-'.:e3 in Fujian and Guangdong, 
there is a gradual migration, either in space from northwest 
to southeast or in time from the ancient to the recent; simi-
for tho sedimentary formations and volcanic eruptions of dif­
lerent geological ti.mes; as well as for the metamorphosed 
rocks which show a tensency of increase in metainorp.hism from 
n-'jrthv.'ost to southeast. All these imply that in this region 
the structural activities are intensified from the northwest 
inl.and towards the :.'outhea.3t coast, a.-id the acti-v̂ e zone mi-
j.ir̂ tes gradually eastward. It can noted that not only the 
•'Ji-^tribution o'f geotherm.al water coincides with that of rock 
.••:a..--;o--:SJ but temperatiires oi thermal 3priri?̂ ':s ii-̂ .crease in tr-^i-Stt, 
•''irecticn as -.-."ell. 

i IV. THE DaViiLO-PM-̂ KT OF Gi-OTH:-Rl̂ iA.L RiSOURCriS 
t 

: Geothermal energy is one of the important new. energy re-
! sources in China, which is taken to be very promising.'But . 
J up to now, it is still ,under preliminary investigation, its 
! production and utilization are still of relatively small scales. 
I Studies on geothermal resources have to bo taken more int-^nse-
{ l,y in respect to their distribution rules, forming conditions 

an d pot e n t i al s. 
! To- t.-qke into consideration the characteristics of the 
i geothermal ,resources in China, the demands of national eco-
' nomy .and tho financi^d possibility and technical feasibility 

at present, geologicrtl investigation ,and geotherm-al develop-
."lent h-:ive bT;eh unde:rv.rd-:.,3n in a p,l:\ri:-ieu •.-ray acc.-jrding to an 
order of priority. 

At pr.-jnent, a number of geoth'jrm.al areas favourable in 
various cinditions a.id accerssible tor exploitation and utili­
zation in the-near future, such as the thermal areas in Bei­
jing, Tianjin, Xizang, Yunnan, Fujian,. Guangdong, e t c , have 
'been dete.rmined' the priority area? where direct and comprehcn-
-Tive uso-'3 of geotherm.al energy have been stressed. 
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In Beijing nnd Tianjin districts, .r.::-,thermal 'A&ter is 
mainly -a.3ed Ior space heating and hot vr'A.:̂ .r supply. Within 
the range of known anomalies, exploration is being carried 
on and rational e"-cploitation of thermal v/ater- a'; the depth 
interval between lOOOm and .2000m is underway. Beyond the 
range, however, searching fo.r new geothermal anomalies is 
emphasized. Meanwhile, arti,ficial recharge has been prac­
tised, as well we the investigation and stiidy on environment 
protection. 

In Z.'ang~Di-an region, geothermal steam is. mainly used 
for f-̂ enerating electricity whereas thermal w.ate,r is used 
for other purposes. The priority of prospecting and deve­

lopment is focussed on thermal resources over 100 C. The 
major projects ih this region are the geothermal fields in 
Yangbajing, Xizang; and in Tengchong, Yunnan. 

In Fujian and Guangdong, thermal water is com.monly used 
for industry, agriculture and civil purposed. In other pro­
mising areas, geothermal development are to be initiated, 
e.g., in North China Plain and other areas, thermal water 
encountered during oil exploration is going to be put into 
full use to meet partly the agricultural and domestic needs. 
In Dengwu, Guangdong; Huitang, Hunan; Yichun, Ji.angxi; Huai­
lai, Hebei; etc., thermal water less than 100 C have been 
used, to build six experimental geothereia], power -stations 
of sever.al tens to hundreds of kilov/atts by using the flash­
ing or media methods. Seme of the po-̂ fer stations have been 
put into operation for severa.1 years, and data on these 
pilot plants are available for solving the electricity pro­
blem in remote areas which are rich in geothermal energy but 
lack of common energy soixrces and far beyond the reach of 
power network. 

For the guarantee of the exploitation and utilization 
of geothermal energy, the following measures have been adopted: 

1. The priority research work and development of the 
major areas are put under the national plan and financed by 
the government; the funds for .other areas are involved in 
respective local plans. During the preliminary reconnaissance. 

conditions will come into the second phase, the phase of 
exploration and drilling. An exploitation plan can only be 
made when the geothermal potential is ascertained. 

2. Specialized personnels engaged in geothermal geology 
are -assigned to work in different areas and in different de-
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utilization technology. The possibility of '.goostatic heat 
existing in Bohai Gulf, Beibu Bay (Tonkin Gulf), etc., are 
being investigated by relevant units. Also hot dry rocks are 
payed attentio.n to. 

3. Based on the occurrence of geothermal resources, 
the financial and technical possibilities in China, the pri­
ority is-laid on the geothermal potentials within the depth 
of.2000ra. They are chiefly for direct use in a comprehensive 
way suitable to local conditions, so as to obtain the bene­
fits to its fullest. 

4. Emphasize the protection of geothermal resources and 
pay attention to the intense study especially on geothermal 
fluid, make com.prehensive use of it as a mineral resource 
form which industrial raw materials can be extracted, and by 
which diseases can be cured. 

• 5. Require rational exploitation of the recoverable but 
not unlimited geothermal resources. Overdrawn would lead to 
exhaustion and environmental problem. Practise and expand 
the use of artificial recharge in order to increase the re­
plenishment and reduce or eliminate thermal pollusion, land 
subsidence, etc. 

Geothermal energy' development is quite a complicated problem 
thnt need thoroufj;h study. Difficulties especifjilly technolo­
gical problems would emerge with -time unti neod to b© -̂|iokl«jdi 
to-bring about a further advancement in the' development' and 
utilization of geothermal energy in China. -

, ' . • . - ; -
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ABSTRACT j 
-1 

The distribution of geothermal resources in China is controlled 

by tectonic plate movement. A good many high-teraperature geothermal 

fields have been found in Tibet, Yunnan, and Taiwan. • All are situated 

on suture lines. Elsewhere in China they consist mainly of thermal 

water of medium or low temperature. So far, geothermal resources 

are being employed in industry, agriculture, the people's daily life 

and other fields. Geothermal energy has begun to be used for power 

generation. 

Methods of exploitation and research are varied. Successful 

temperature measurements of shallow bores in Beijing were conducted 

in 1970. On the strength of temperature data obtained from shallovj 

boires at a depth of 70 m., we found underground hot water southeast of 

the city, and marked out an geothermal abnormal area of 30 square 

kilometers therei So far it has been tapped by more than 20 wells 

with depth ranging from 650 to 2600 m. and water temperatures , 

from" SS^C to 69°C. ' Meanwhile gravity, radon analysis and other methods 

are being used,.' to detect geothermal faults in the abnormal heat area. -

Since 1975 geothennal exploration has been carried on in the Yang-

bajan wet steam geothermal field.in Tibet..>A number of geothermal ' 

wells with'depths: ranging from 68 to 1007 m'.. have been drilled and the 

maximum temperature in the bores reaches 172*'C. China's first 1000 kw. 

experimental ,wet steam.power station ;was built i.n Yangbajan in 1977, and 
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now a 6000 kw. power statiort is under construction. On the basis of 

analyses of rock strata, temperature and the chemical composition of 

geothermal flow we arrived .at .^the important conclusion that thermal 

flow does not come from beneath the southern 'part of the field, where 

many hot and boiling springs can be seen, but from beneath the area 

further north the south-eastern foot of the Ugaingentanglha Mountains. 

INTRODUCTION 

China is rich in geothermal resource's. More than 2000 thermal 
—r-:.;/Siv I 

outlets are knovm so far. - Th^^y are mainly concentrated in the Tibet 
"..'^"J.'.^i-.;.'. 

Autonomous Region and Yunhari^ft^rovince in the south-western part of 
° .•';v=--:;.«i'-iM; -

• .?-:^-:i-*.'4& r'-
China, in Taiwan, Fujian .•aJridJl^'ahgdonR provinces i.n__tbe east. Fig. J._' 
shows the main geothermal ..fl̂ |djs,..in China. There are 110 in number. 

They have a fairly high tempeieture in .each locality. Some of them 

- "--•'" '?'r'''' -'. . ' . 
have been investigated and explored. According to their known tempera-

tures these fields are classi-fied in three categories: 1. Wet steam 

-geothermal fields (with temperatures exceeding the local boiling point, 

which ranges from 82**C to 100° C in relation to altitudes from 5500 m. 

to 0 m. above sea level); 2. High temperature water fields (with 

temperatures from 65*'C to the local boiling point); 3. Medium temper-̂  

ture water fields (with temperatures from 40°C to 65''C) . 

"G'e'0'th"'ermal~surf ac"e'~manifestatron:ŝ "n~Trb"et~'and~-Yunnran~aT-e"TnCTst~ 

impressive with many hot or boiling springs and geysers. For instance, 

in the Yangbajan geothermal field there are the West Boiling Spring 

(photo 1), the Hot Water Lake (photo 2) and so on. Hydrothermal ex­

plosions occur in these areas. On the fourth of December 1977 I saw 

with my own eyes a hydrothermal explosion at well no. 1 at Yangbajan. 

I went outside my house as soon as I heard an explosion. I looked at 

the sky, and saw steam and hot water mixed with stone and earth flying 

into the air to a height of one hundred metres and then falling over 
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an area almost one hundred metres in diameter. The explosion lasted 

three minutes. One person was injured. A hot water pool was formed 

there (photo 3).. Tibet has the world's highest geothermal field 

(Angren), with an altitude of 5500'm. and ^ fumarole temperature of SS'C. 
_ _ - : .- • j 

Exploration and utilization of geothermal energy has been done 

in China for more than 2,000 years, but wide spread geological explora-

tion and utilization have begun only sincelthe early 1970s. Prof. Li 
.̂  : ! 

siguang who died in 1971 did much to push geothermal-work forward. He 

said, "The tapping and utilization of. geothermal energy is as important 

an event as the discovery that coal and oil. can burn." Explorations 

by hydrogeologists in Beijing and other places have brought to light 

underground hot water resources. In 1970 the first experimental geo-

"the'rmar~p"ower~plant was built at""Fengshun~ Guangdong"pfo-î ihce';""Since 

1975 geothermal exploration has been carried out in Tibet's Yangbajan. 

So far well no. 9 has the best parameters: depth 87.25 m., 169 tons of 

water and 21 tons of steam, per hour at a wellhead' temperature of 148**C 

and pressure of 4.62 atm. The estimated electricity potential is 
1978 kw (photo 4). In 1977 the first experimental wet steam power plant 

was built there, (photo 5). " 

Geothermal water is also used in the glue,, paper-making, spinning F 
' - • - . • . ' • • '• W : 

and weavingi cement-making and tanning industries and supplies boilers 

and heaters for workshops.;. For example,'.a geothermal well yielding over '. h 

1,000 tons per day at 48.''G; was sunk in.l973 at the Guanghua Dying 

and Weavingj^Plant .l.n_?.?iji.hg_._ _.It_ser-\>es ,4^ dying and_ 2_desizing machines,!. 

and saves 2,500 tons'of:'coal and 135 tons of salt annually. In less 

than one year the.money; ecbnomized was; equivalent.to'the cost "of the 

well-. ̂  The chemical-industry extracts I, K,. Li'and ô ther suhstances. ' 
from hot brine. 'Some'geothermal areas produce sulphur'.̂  " ' "- {. 

r 

<-, 

Hot water- is widely-;;used in ag r i cu l tu re and isi^elthe production. 
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as for instance iiV cultivatirig paddy r'ice-̂  -heating hothouse, and chicken 

and duck hatcheries, raising tropical.fish, watering cabbages and ' 

hyacinths. In Rucheng Hunan, a greenhpuse with an area of 4,000 square , r 

meters has been built'. - , .v:'."..|.i .,-,•,•;! , • ,, - •-:•.'••; -

The widest application of'underground'hot water is in people's-

daily live.. The-city, of .Beijing has established oyer 20 geothermal, -»,_ 

public bathhouse, where 30 to 40 thousand persons can take a bath every 

day. Hot water containing radon,.sulphur and other useful elements 

has been shown to have a curative effect on suffers from dermatosis, 

rheumatism and arthritis. China has more ̂ t̂han 100 sanatoriums with 
l'-''?L''' 1 ' 

warm springs. Recently, more and more'hoifses are using underground "" ' 
.''-'^;^artS •-•; 1 

heat for heating. In" Beijing 50,000 sqvijî|?jp'|'; indoor floor space is now 

being heated with geothermal water with-'it̂ jCeinijerature of 53° - 59°C. 
•'• - .'y.-^^'-.^^^'ji- ' -

maintaining room temperature at between.;l-l?ii:tand 20?C even in the coldest 
-- •-.^•'?^^'Jr'-p-t---'-- •: time of winter. 
•' •'::'-•-,̂^ ESSvV 

: ' - y - ^ ^ K ' :• 
- -j..':^-;S;;;'C .' - • ' 

Undoubtedly, the direct use of geotheTmal water is the most efficient 
. - - P - : -••' '̂ •- • • " 

way of obtaining heat and water. "> J'.. ' -

DISTRIBUTION OF GEOTHERMAL RESOURCES AND THEIR ZONATION 

A 

Fig-2 Scljemc cj s i r \)'\g i>fa1eilnihe VVorM 

It is a widespread conception 

that the world can be divided 

into six big plates. (Fig. 2) 

The thick lines are suture lines 

between the plates. The distribu: 

tion of geothermal belts is ," 

connected with" these suture lines. 

Prof.. Zhang Bosheng in his 

article "Chinese Wavelike Inlaid 

Structure ' points~outr'"In'China it is obvious that there are two series 

of crustal waves, one is the Pacific wave series,' the other - the Mediterra­

nean wave series. These two groups of wave series are intermingled in 
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, China. Thus oblioue sriiare net-like.structures. regula.rly occur ;".':• . 

:-"' This,means , that the above ment i ioned . two wavelike^-seriesl we're the main 

•; coritroiling ..factprs in the formation of the. earth's, structure in China. 

We believe that a similar condition exists so far„';as-geothermic heat 

-.-is concerned. •.'...' ' . • ' ' .' . .r-%' • • -. ....,,. 

The Mediterranean geothermal belt goes through southern Tibet and 

-r-western Yunnan and the Pacific Ocean geothennal "belt" passes through ~ ~ 

Taiwan. The.geothermal distribution of other regions is obviously 

'-. affected by these ,two geothermal series (Fig. "3). '•,,:. 

2Eif EE]3 r ^ g r7~|7 

® 12 I ' 14 nr~i6 r ^ 8 
• MM[ 

FJ^-3 Scheme of apparent TK/cKness, ^raw// 0,^0maly .geolherynal faults 
Of the crusi IK China m i their relation, to geoihermal qreos 

I - liopack ojtke cruit (Km); 2-^rQv^fy positive Qnomaly ; 3-geort)ermql -/qu/t; 
^ - wet steam geolkermdt fi'eld-, 5-l,;̂ >itein/)er<3ture waler jkU : 6 - mediotn^emperoUn 
Watei- feU ; y-diret^m oj wovetnenjcj \nSat\ Plate ;S-d/Ve (jirection ojPaajic Plate. 



..." Figure .3-shows that the distributive direction of geothermal fields" 

coincides with.the direction of the main faults. The southern Tibet 

'and Western Yunnan geothermal belt is situated along the Yarlung Zangbo ._ 

River extending from west to east in Tibet and ,turns to the south in Yunnan. 

Both the faults and the distribution of geothermal fields are arc-shaped. 

-"̂ Things are different in.the eastern part of China;-- Both the faults here 

and the distribution go in a north easterly direction. The fact is, these 

directions coincide with the suture lines of tectonic plates. 

In or near the suture lines of the plates, geothermal fields are 

characterised not only by quantity, but also by their high temperature. 

The maximum temperatures measured in the bores in Tibet and Taiwan are 

172**C and 293°C' respectively, and there are wet steam geothermal fields. 

The regions sited near the belts - Sichuan and Qinghai in the southwest and 

Liaoning, Shandong, Fujian and Guangdong in the east - are also comparatively 

rich in geothermal resources. In these provinces there are a lot of high 

temperature water fields. In the central or north-western part of China, -

further away from the sutures, there are a few medium or low temperature 

water fields. 

It is common knowledge that geothermal distribution is contralled 

chiefly by new geotectonic movements and magma activity. Geothermal heat 

itself is a reflection of this fact. Since the Cenozonic Era, the Qinghai -

-Tibet:_Elateau_has_be£n uplifting to become the "roof of the world", as L 
' • i 

a result of the Indian Plate moving up into the Eurasian Plate, accompanied 

by,a huge amount of granite intrusion. It is apparent that the geothermal 

fields in Taiwan and along the eastern coast of China have been formed by the 

Pacific Plate plunging into the Eurasion Plate since the Mesozoic Era. 

Magma explosions and intrusions have taken place in these areas. There is 

no doubt that the formation of geothermal areas is closely connected with 

- the "abdve"'f ac'tsT' "~~ f '• ~ " " ': 
r - . 

From Fig. 3 wc can also see another feature of geothermal distribution. 

.̂ 



Geothermal area can be divided,into two types. - One type is the 

I \ -.-. foremountairi-;type-, the other. --the basin tyjae.. .', Some geothermial fields 

are lodated o.n the border between mduntaiins'.and "plains. The chief 

characteristic of the fore.mountain type is', that .hot springs appear 

directly on the basement rocks or in plac'es; where there is little 

caprock. They are located ih the zones where the thickness of the 

crust varies greatly. The most typical place is- the Wet Steam 

Geothermal Zone in southern Tibet and western Yunnan,which is situated 

right where the isopach of the crust ranges from 50 to 70 km. Other 

examples are the eastern high-temperature water zones. These are • , - -

concentrated on one side of a fore mountain or hill, where the crust 

is thicker. In the case of the basin type, t̂ he thermal flow is 

covered by overlying sediment, and gravity positive anomaly can be 

found. . 

In view of the above points, firstly, China's geothermal resources 

can be divided into two regions, the Western geothermal region-and -

the Eastern geothermal region, Se(ronHljr,''~eacH geotherinalT^egi6n~can~ ' ' 

be divided into several zones and basins (Fig. 4). 

It should be noted that the geothermal fluids in China differ in 
i 

their contents. The geothennal fluids on fore mountains or on the 
i - . 

coastal line usually have a lower degree of mineralization: from 

.:.> 1 g/l t:o 3-5 g/i, mostly of the types HCO -Na, HCO • SO -Na-.Ca and. so 

on, and containing morejF, HBO , SiO , Li, Sr, etc. .But in the confined 

basins of the interior regions of China another condition prevails; . - •-

For example, in the Qaidam basin some geothermal fluids have a mineraliza-

tion as high as 386.5 g/l and contain K'(28.75 g/kg) and Sr (2.5 g/kg), 

higher than the contents of K (25 g/kg) and Sr (2 g/kg) in the Salton 

Sea and Potash-oil test in the United States, said to be the highest 
in the world. Furthermore, the Ba cpntent (2.87 g/kg) of the fluid from 

artesian wells in the Sichuan basin is the highest in the world. 

/ 4f̂  ̂ t'"li -•:,:'* til.zur*^^".-fii ^ . • . 

!> 
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Finally, about tht: geoprcss-geotheimal resources on the eastern; 

coast and the continental shelf, I would like to mention that oil drilling 

in these areas at a depth of about 3,000 m. has" revealed temperature's.-. ,:..-. .-~ 

of around 142*'C. This is a problem which needs further research. .''.•: 

GEOTHERMAL EXPLORATION AND RESEARCH .;„-,i. •;;-..' . J .'Ii..^. :.j:' _: .-.̂  ':->•-fM.JJ:-, 

-Geothermics is a complicated subject,.and geothermal iexploratiori, i. 

requires the'use of various methods. Those applied or tested in China 

include geological investigation, temperature measurement in shallow .. | 

holes, geophysical and geochemical explorations, drilling, airborne infrared 

"" "~ ' - " ' ." ".' ." " " """ "" " "'"-' SI;-''-;" i"' 
surveys, micro-earthquake measurement, reinjection of cold and waste-•.•..̂ •L---l 

. • . • • . -"'^--vll^! 
hot water,, and studies of "harmful heat" in mines. , •"'^-'i-'tK*^!'/!^ \ 

It is impossible to give a detailed description here of all these-JĴ Î '̂ , . 
-.; --.;:'|i.i-?:T.--,vi'.-.': 

aspects, and . to introduce some aspects it may be better tdgiv^^'", 

•. -- -AWi'' 
two examples to show how some methods of exploration are used in practice:. -

-, :-• lE.V:..-

The first example - Beijing Geothermal Field. Beijing City is T : 

"situated in the Huabei plain. There were no springs-on-the surface, so-

that the first problem was finding a geothermal anomaly in Beijing City. 

In the early 1970s after studies on the geotectonic geology in Beijing 

Professor Li Siguang pointed out that underground hot water resources 

should be explored. At that time we have some gravity material and knew 

-tha t—the7-c-i-ty -of—Be-i-j ing—was- loca ted- on—the—gr-aben On—thp basement 

there were some very thick sediments in which there might be a temperature 

rise. So the first exploratory bore was made on the central part of the 

garben. At a depth of 1000 m. shale and sandstone of the Upper-Tertiary 

period was met, and their temperature was only 30.6"'C (54 m/ 0 on the 

average), therefore this bore, was given up. Meanwhile, the temperature 

in shallow bores at.the depth of about 100 m. (in wells that supply cold . 

water to the city) and detailed geophysical 'suirveys of gravity and-elcctricity 

were carried out. After measuring the temperature of hundreds of shallow 

bores using heat-variable resistors, the maximum depth influenced by 

weather and other factors was determined to be no more than 70 m. 
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(Figs. 5, 6). Then temperature data from-every bore at this depth were 

chosen, and a temperature map at the depth of 70 m. was drawn (Fig. 7). 

The map showed that in the South-eastern part of Beijing there was a 

geothermal anomalous area (about 30,sq. km.), where the temperature at 

the depth of 70 m. exceeded 15°C, in some places reaching 16*'C, or 1-2°C 

higher than in surrounding areas. Further drilling proved that temperature . 

anomalies at a depth of 70 m. reflected the deep geothermal conditions of 

this area. Because the geothermal gradient in the anomalous area is 

higher (about 20 m/°C) than in other areas, the temperature at a depth of 

700 ra. may reach 30-40°C or more. To date, more than 20 geothermal wells 

have been sited in this area. Each of them brings up about 1,000 tons bf 

hot water every 24 hours, with temperatures of 38-69°C at the well head. 

This hot water comes from limestone of the Sinian period at about-1,000 ra. 

depth (photo 6) . 

It should be noted that the gravity survey was successful. The map 

of gravity anomaly (Fig. 8) shows the geothermal anolamous area in relation 

to positive gravity anomaly, where max. residual gravity anomaly reaches 

over 2 mg.— It has been proved by-drilling that there-is a local uplift- on 

the graben, where limestone can be met at the depth of only 400 ra., and the 

Hmestone is overlaid with basalt of the lower Tertiary period and other ". 

layers'. This means that about 40 million years ago an active volcano erupted 

here and basalt lava flowed oyer the surrounding .country side.' 

Besides, on the northwestern side of the'.Anomaly toward the centre 

of the garben there are two dense isogradients.-of;-gravity (>4 mg/km) . 

The depth of limestone on one side" of this zonie'-differs' greatly from the depth 

on the p.ther side.- On the other hand, distribution of radon is"very useful .'"-

for the detection of the fault, where the •Gohteht; of radon (max. '43.2".̂ "̂ " 1-)'-

is higher'than in other places' (Fig:.--9.) .-' --In a'ddition,. the water level- .'•- ' 

.::y^.;.yf--.. 
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Photo 5. 1,200 m.-deep, geothermal 
well in Xinqiao Hotel with a . 
wellhead temperature of 56.5''C. 

(photo by Zhen Ke yan) 
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in the bores in this zunc is high in comparison 

with others, and reduces slowly during exploita­

tion.; • There is no doubt that this is a deep fau.lt, 

which may be the main passage for thermal fluids. 

Finally, it should be noted that the geothermal 

anomalous area is the best place for exploiting 

geothermal energy, i..e. where the best effect can be 

gained with the least capital outlay. However, 

geothermal water can also be obtained from the 

central part of the garben, outside the anomaly. 

For instance, a bore sited near the central part'of 

thergarben met limestone-basement at 2440 m. 

depth, temperature at the bottom of the bore was 

73°C. ' ' • ^ 

I ' t nn 

Fi^.8 gravity anomol̂ j ir\ %i city 
o\ 6etjiK),g . 

1- isogrpdient oj gravity QnomqlyC^^ ) ; 
2 - Tesiduai gravity anomaly (mg) >• > -

~S~posit ive grav'iiy anomaly. 

.- 1 O I ( (^2)2 1 »4g.2|g 

Fig. 9 Ĵ Q̂ on in ^eofnerml vJelh in tht city 
oj Beijing 

\ ~ geoihermal anon^qlous area.; 2-deep foult; 
3 - torei W rqc/oK content C?*^"'y^>. 

Data obtained from drilling indicates that the Beijing Graben was 

formed during the Cretaceous and Tertiary age. - . 

http://fau.lt
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"The .'second example - Yangbajan ,wet ' steam' gedthermai fie'l̂  in Tib'dt '̂'•'•- " 

• This fie.,ld' is located in the el'o'ngate basin about 5 km wide,,and 100 km 

long at the, foot of Mt, Ny.aigtintanglha, where there: are many geothermal-
' • • _ , - - , • - . , . ' , • • . ' -

fields. (Fig. 4) . New tectonic iDbvement is' very active here. Folds and 

faults can'be seen in the Qiiaternary layers. The. Max. altitude of Nyaigen-

tanglha is oyer* 6,000 m., whereas the altitude of Yangbaj an basin is about 

43,00-m. The main .rocks in Yangbajan and surrounding area are gneiss, slate, 

clastic-rock, tuff and granite. Some spectacular thermal manifestations can 

be seen in the Yangbanjan geothermal field. There are many hot or boiling 

spr ings, most of them distributed along the_ ba'rik of the Zhanbu River... There 

are also boiling mud pools (photo 7), steam fumaroles (photo 8) and silica 

sinters (photo 9). - . 

A temperat,ure survey was done' to outline the gebthermal anomalous area-

According to longterm temperature measurement at, depths of 0 m. - 3.2 m., 

wis calculated the depth influenced by weather at about 5 m. Therefore, 

dozens of .shallow holes were drilled (Fig,, 10), Basing on data from 

-exploration,- we'-c-ame to-the~ important--conclusion-that the geothermal-flow --

1 " ^ i^ ' '^ ! - : '^7^-

• ( , - • ' •_ \ - ^ 

fe;..-•' ' .. • • ,---ir-1}.W.t-

« • - - — . •"•̂ - • • • ' T r ^ ' - -

• t r ' £ j S / ^ _ 

. ^ • i4^ - ' ' ' - : ! ^ i i ; " i - ' >'"~r 

> • - • • : - • • "'.:•! i":''^r-.''i 

.^y : ^ y >-;;-..v.̂ v̂̂ -| 
^ <..JL/' ' * ^ ^ J ^ . - TL . , 

,̂ , '. L'^i 

•>: t ^ 

Bi.-

photo 7 (top). The mud pool' 

pho'to 8 Cright) The steam 
fumarole 

r—-'*», 
.-w.>-̂ . ̂.. 

- i ^ : r V , - , . ,f t . j i^i^i^£..i . t3. ' ' . i i^- i i -pM 
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" " t f';"̂  \»:v̂  

.- •• -^''••^--'••i>.r<,-..^-* 

-v̂ .,-.̂ .j j>s-.- •.r;<-.:.-:-...-. 
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"phot'(5-9~~The—silrca'sinreT- ~ph"o to"~l<D —Vrew-o f—th e—Yangb a j an 
geothermal field. ' Background: 
Mount Nyaigentanglh'a Forehill is 
an alteration area with two gullies 
which are called "sulphur gully" 
and "hot gully". 

does not come from beneath the southern part of the field, although many 

springs are there, but from beneath the northern alteration area at the 

south-eastern foot of Mount Ngaingentanglha. The facts are as follows. 

First, between the northern alteration area and ZangTsu River to the 

south one indurated layer of sediments 

and several"fractures filled by veins of '-

opal were found (photo 11). The top 

of this silicified aquifer varies from ._ 

a depth of 150 m. in the north to a depth 

of 70 m. in the south,- and from about 250 m. 

to 100 m. in thickness. As there are a 

lot of fractures in it, the permeability of 

the silicified acquifer is high. The 

' .. , geothermal well no. 9 and other wells are 

Photo 11 Core from bore productive because of the high permeability' 
. no. 13 at 142m. depth,' • . 

silicified quaternary .- ofthis layer. . • ., ' . 
sandstone •.--.- , • . . . . 
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1-11! Is |-^6|6 | > ^ | 7 - n ~ l 8 

. F/^. 10 SurJQce mani/estat/o/i ani te/nperofu/t at,5M Jeptli in yo/j^kjo/i 
- )iot or to.ti'n^ 5pnn^; 2 - 5 i / . c a J/nter ; 3 - stcjfn/umqro/e 5 4-liyJrorf,ermfll 
rercjTion flrPd -..(r-^jfeafningr groan4 i 6 - 5U|fur /lovver -Jnj. solfafq^o. . 

of 5 m deplk Cc) ; 8 — ineas««ng po'̂ t̂ «/teinperature. • 7-"tlierrnq| isoline ot 

Second,.this silicified -aquifer has a high temperature in comparison 

to the surrounding area (172°C in the north and 160°C in the south). And 

the temperature in the southern bores at first rises with increase of 

depth reaching its highest point in the silicified aquifer, and then 

falling with further increase of depth (Fig.- 11, 12). In passing, I 



^ - • : : \ ' 

- / ' . - . 

^ [jr\s E 3 ^ C3? [W}3 ^ ^ 
. Fig-II Co/?iplea: map oj ^eoi^iermol r.eseri/oir in/a^^tdJQn 
/-;so|,"ne 0/ ynctYmuir̂  Uivperatuie hi kreWcs; 2 - isJme 0/ mJairRum apparent 
resistiv'Jy (om.hi) ; 3 - liyJrflfi,.rW .^jrerot.ort area ; 4-distr]hiiVie area .of -

should mention something about electric survey. This, is used to deter­

mine.the geothermal reservoir, because high temperature often causes 

low apparent resistivity of aquifer-r"ock. For instance,-bores no. 13 and 

T\o-.- 14, which have temperatures of 171''-172''C, "are sited"'out of'the' 

area with a minimum apparent resistivity of less than 10 Om.m. From ,-
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(rrv) 

^ * [ ^ % + • TT •I ' l i i l l J-I ^ 

•n-

[••/. \9 p i ' ^ f . r ^ ^ I? ^ ' / 3 I (f/> I /^ } (g>̂  [/jT -| g>^j/^ !_©>- /? 

^ Ff̂ -12 Sell em at): i fa|raft i [̂  the ky(irolo|icfil /gat ares, oj- tite 
. /angbajcrn hyc/ro?liermal systeiil 

i -ght iss o|. Paleozok Era; 2 - breccia: ; 3-^''^Jnite,; 4 - I t If o\.Q.mt€rmry) 
5- SiJicifi^J gnt controlled P'^yifers vf i -^ ' - i t ; 1 - day -, 8-alterqtiori qrea -
9- |c iy l t ; 10- Ijoretioles ; 11- sl<sQm gr-Qmci -, l2-iiot or boili'ng- spnti^s ; 13-̂  cold 
red\a'rgP wpter- |4-cJcepi iHernigl j-loiij' - i5;--Sx{|jur steflm-; i6 - cold water ot 

tVe |oDt oj Houn,t Wyding-etitqnp-lfia ) i j / - -wt'xeti jeoilitrmoL l\ovJ, 

the well l og we. learned th.^at ..the n o r t h e r n s i l i c i f i e d a q u i f e r has 

a h i g h e r r e s i s t i v i t y . , - ' '-

T h i r d , t h e min .e ra l i sa t ipn and ions of geothermal f l u i d s decrease 

p r o g r e s s i v e l y from 'the a l t e r a t i o n . a rea to the; Zangbu'River and from 

the " t o n g u e " t o the surrounding area* The f l u i d from Bore no . 13 

c o n t a i n s m i n e r a l i s a t i o n 2.21 g / l , Cl 651 mg/l and HBO 297.6 mg/ l . 

t i l 



F^t r^^'. [?iJ ^3* E 
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5 - d i rut iOn of ,rfie>-^a| |low ; 6 - direction. o| colct j l o i j . 
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2 Hinera//zatJa/i(%) 

'fi|. 14 Relation between jninemlizat/oa ani m m t m h oj ̂ toti trn^ fiuids 
.-•.-- $Qmj)kd jrom boreholes in Xougbajan - - - -
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the highest among all existing boreholes and springs (Fig. 13). It 

appears that hot water with high mineralisation and Cl, B, etc. comes 

from the deep thermal flow connected with magma a.ctivity. ' This kind 

of thermal- flow mixes cold water with low mineralisation and high 

HCO- from outside the field, and Cl-HGO.," mixed water is formed. 

Fig. 14 shows the mineralisation and ion-content in boreholes are 

pVQportional. 

Accordingly, it is presumed that the present activity of the 

Yangbajan geothermal field is the post-intrusive action of magma, . 

which caused the uplift and hydrothermal alteration of the sulphur 

deposit in the north of the field. The passage -through which the deep 

geothermal flow passes may be the fault at the foot of Mount Ngaingen­

tanglha beneath the- sulphur deposit. Cold recharge water (1) passes' 

a nearby heating volume and mixes with juvenile water from cooling 

mamga (Fig. 12), rising in temperature and decreasing in density -. 

and forming a deep thermal flow. (2) which rises along the fault beneath 

the sulphur deposit. Due to pressure reduction and changes in the 

oxide-reductive condition, sulphur steam, (3) mercury, etc. are 

separated and produce hydrothermal alteration and sulphur deposit. 

Then as it is pushed by cold water at the foot of Mount Nyaingentanglha 

(4) the deep thermal flow turns to horizontal movement to be a mixe'd. 

thermal flow (5). . . . . " ' : 

It is concluded that the Yangbajan geothermal field was formed in 

the Quaternary period, with its hydrothermal alteration and sulphur steam 

remaining active up' to now. . . . '-, ' ' 

,-....l-V-.S-A-t-
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Abstract 

Our country is comparatively abundant in geo­

thermal resources. The geothermal outcrops 

only are 2500 in number, spreading all over 

thirty provincial, urban and autonomous re­

gions. There are about thirty geothermal 

fields which have already been and are being 

explored in our country and still great po­

tentialities for further development. The 

high temperature geothermal resources are 

utilized mainly for power generation, while 

the medium temperature ones, besides being 

directly used., are utilized for the develop­

ment of small power generating stations main­

ly for comprehensive use according to local 

conditions. The low temperature geothermal 

resources are developed mainly for direct 

uses. At present, the geothermal energy has 

already been extensively utilized in our coun­

try for both agricultural and industrial 

productions. As a result, excellent advantages 

have already been obtained from such uses, 
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sach as econoraization of coals , reduct ion of 
• transportat ion of edal ashes and a l l e v i a t i o n 
of ,envl35onme'jital po l l u t i on , e t c . 

Int rod UO'tion 

The exis tence of geo the .rmal energy lias been known to a l l since ear ly 

ye-BTS. In our country, the u t i l i za i t ion of geothermal energy can be 

"traaea bacK: to f^o thousand years ago and, in f a c t , reao*'fls of such 
a t i l i z ' a t i o n can be' found from the -vvritinfes of ancient times and mahy 
l o c a l ch ron ic les . However, t i l l the f i f t i e s of the p.resent century, 
the use of the geothermal energy was l imited to few purposes only, 

such as bathing and medical t reatment . I t was In the s i x t i e s tha t 
we began to u t i l i z e the ge:o the rmal energ-y to a g r i c u l t u r a l and indus­
t r i a l purposes., but not on large s c a l e . Since the' s even t i e s , the 
geothermal energy has been explared and u t i l i z e d ih pur country as a 
new energy source and a research 'group b u i l t up accordingly. However, 
up to p resen t , a na t iona l unified de:veloping plan yet remains to be 
e labora ted . As the e i g h t i e s w i l l marK: a new .ep.och in. science and 
technology progress in our countly, the geothermal energy .as a par t 
of xhe energy source w i l l no troupt nave our feovermiien'c' s bes t a t t e n ­
t i on for i t s development. At p resen t , the geothermal energy has a i r ea -
^y been extensively u t i l i z e d in our country for both a g r i c u l t u r a l and 
• i n d u s t r i a l jproductipns and for the Yjell-being Of the masses, such as 
pokier Seneratioh,, r e f r i g e r a t i o n , space heat ing and Condit ioning, aqua­
c u l t u r e , .medical treatment arid washing, e t c . As a r e s u l t , exce l len t 
advantages hsve already be.en obtained from such use-s, such as ^econo-
mization of coal's, reduct ion of t r a n s p o r t a t i o n of 'coal ashes -and a l l e ­
v i a t i o n of enviroiiraental pol l i i t ion , e t c . 
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Table I. Distribution of Experimental Qeothermal Power otation 

i'i aiiie oi Exp e r i - L o cat i o n 
mental Gecther-
mal Power Sta-
t i o n ( BGPS ) 
F e n s s h u n BGPS Ben-iswu, Fengshun , 

Mo. l u n i t 
2 u n i t 

WenGtanG EGPS 

H u a i l a i EGPS 

H u i t a n g SGP3 

Yingkou EGPS 

Guangdong 

We 'ag t an0., Y i c bun 
J i a ' a^x i 
Houheyao, H u a i -
l a i s He'oei 

Hui ta i ig , .Twins'-
X i a n s , JJunarp. 

X.iGng,yue, Yia?.-
kou, L i a o n i n g 

Ziiaoyuan EGPS Zhaoyuan, S h a n ­
dong 

Y'anf,:3ajing EGPS 'ian-gbg-jing, Xi­
zang 

Eo.l "unit 

iTo.2 u n i t 

No.S u n i t 

'V/ater 
Temp. 

9 1 
9 1 

67 

85 

92 

75 

91 

127 

D e s i g n bystem I'ype 
C a p a c i ­
t y Kw 

;orki"ai; r-icdium Qenpra t i r i c 
Dat;e 

86 
200 

50 

200 

iOO 

100 

200 

F l a s h e d Steam \A^ater 
B i n a r y y-/cle i s o b u t a n e 

--Jiiiary C y c l e Etb,i/1 c h ­
l o r i d e 

r d n a r y Cycle E t h y l c h ­
l o r i d e , 
S"or..j-ial b u t a n e 

F l a s h e d Steaj~n .-.'ater 

.-binary Cycle Fcrm'al Bu tane ; 
f r e o n - l l 

i ' las-hed bteaiij ivater 

1000 F l a s h e d .bteam "water 

3000 " 

3 000 -• " 

Dec . 19 70 
•:̂  a p t . 1977 

SeTDt.1971 

S e p t . 19 71 

Octo 1975' 

No-v. 1977 

S e p t . 1977 

1981,. e s t i ­
ma ted 

-Remarks S t e t i o ' n s i n Taiwan P r o v i n c e n o t i n c l u d e d , 



I . E l e c t r i c u-ene'ratioh 

The' geotherinal resources we have h i t h e r t o discovefed are mainly hydro-
therma,l in type, P resen t ly , there are two malh types of systems for 
generat ing e ' lec t r lc power with geo'ther-uial water, naiiiely, the flashed 
steam system and the binary cycle system. The former o,ne i s cdrapars-
t l v e l y r ipe In technologica l sense,, while the l a t t e r yet re,i-)iains to be 
fur ther s tudied and developed'. For i nves t iga t ing the f e a s i b i l i t y both 
t echn ica l and e-conomical in t.he u t i l i z a t i o n of the geothermal water for 
power .gene r a t ion, we- have since 1971 a'accessive.ly b u i l t e l o t of ex-
periment*al geou.iiermal power s t a t i o n s ( see Table 1_, ) ior carrying out 
res:earche,s in these two system^s. Appreciable achieveme-nts have already 

.been obtained in t h i s respee t . 

-Presently in our cpuntry, the Xizang} Yanbajing geothermal f i e ld which 
i s git© ki lometers far from. Las a and 43OO meters above se-a l eve l i s the 
main fie.ld we are developing, ii survey made wi th in the del imited geo­
therinal f i e ld having an area of 8 square k i lometers reve.als tha t there 
e x i s t s volumes of surface geothermal display. î. j e t of vapor-water 
mixture having a tem'perature above 140°C gushes' out w-hen d r i l l i n g up 
to a depth of about, 30 ineters , while "temperature laeasured at a depth 
between 70 - I30 meters i s as higii as IJO^G. Calculat ion shows that , 
at the place whieh i s 1100 roeters deep, there i s probably another r e ­
servoi r the temperature of which ranges fropi 19O t.o- 240° G. In Septem­
ber 1977, en experimental geothermal power generat ing uni t having 
an output of 10.00 ri:w was put into ope-ration. I t employs a s ing le -s tage 
flashed- s te aaa syste-iji supplied with vapor-water-hiixta-re of I3I '- 137^ C 
{ vapor 10,5/0 ) dravm from two pro.duiGtloh wel l s . Inasaiuch as the hot 
water was hot up to the desif^ned temperature 145 - lij5° 0, the ac tua l 
g-table out-put was only 500 "ivw Yfith a maxiiauni of 7'CfO I-^J. Up to the end 
0f 19SO, the ac cumulat e'd ope ra t ing t ime . of the -said uni t w;as 15,000 
hours , yie-lding a t o t a l e l e c t r i c power of ^y-50 mi l l ion Ilw-hr. 
For fur ther developinti, the Tahbajing geothermal f i e l d In order to sa­
t i s fy the power requirements of La,sa' area , two power generat ing un i t s , 
Ho, 2 cG 3 , each de l ive r ing an oiitput of 300O ivW, and- 91,.8 icilometers 

of 110 V power t ransmission l i ne s are now unuer cons t ruc t ion and sche-
dule,d to be put in to operat ion tn I98I . 



jalthough t.he econooiics of the high temperature geothermal power genera­
t i o n i s acceptable , there are d i f fe ren t views about the f i xa t ion of the 
lower water tem.perature l imi t both t echn ica l ly and economically reason­
able for use in po-v7er genera t ion . As a matter of f ac t , resources of high 
temperature are l e s s than those of medium low temperature. T,his means 
t ha t the lower the hot v/ater temperature can be used for power generat ion, 

the more geothermal resources we can u t i l i z e . Therefore, i t i s of pare-
i-riount importance to work out an energy conversion technique which per­
mits to lower the econo.mic temperature for geothermal power generat ion. 
Since 1971> we have conduc-ced a s e r i e s of experiments in the u t i l i z a t i o n 
of geotiiermai water for power genera t ion and successful ly obtained- a ' 
g rea t deal of experiences and t echn ica l Knowledges, .tilthough the employe 

laent of lower temperature hot water l o r power genera t ion i s not necess-'-

a r i l y resonable in economical sense, these researches permit us to push 

forward the s c i e n t i f i c explora t ion of the geotiiermai energy for power 

generat ion. The Huitang 'Experimental Geothermal Power S ta t ion of the 

'Hunan Province i s r e l a t i v e l y a successful one compar ing to other small-

scale power s t a t i o n s . I t a lso employs a flashed steam system supplied 

with hot water of 91*^ C by one production well deep to 5tj0 laeters. The 

cons t ruc t ion work was co.mpleted in 1975* With i t s designed output , t h i s : 
s t a t i o n operates on two-shif t /day bas i s and de l ive r s power to neiglibourr 

ing areas by p a r a l l e l i n g with other networks, i n 1979> i'^s yeorly opera-j 

t i ng time was 4744 .^lours, y ie ld ing a t o t a l power of 1.1b mi l l ion x-.w-hr. 

'i'he expense invested in t h i s s t a t i o n i s RLviĴ 14bO i^er Kw exclusive of the 

d r i l l i n g charge. According, to tiie 6sti.riiate made, t h i s figure can be con­

s iderably leve l led down to l e s s than tha t for coal-burning p lant of same 

capaci ty , i f the plant i s furnished in a coraplete s e t . P resen t ly , the ; 

e l e c t r i c i t y ciiarge col lec ted by the s t a t i o n i s H^Ii^O. •'i.^/hw-hr which l i e s 

between the charge for the coal-burning plant and tha t for the wster-
•oower p l an t . Should t h i s s t a t i o n be operated on three sh i f t b a s i s , i t 
can be expected tha t even a s l i gh t surplus could be derived from the 
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electricity charge only after the deduction of the equipment deprecia­

tion and t.!ie operating cos'os covering the maintenance, management and 

labor payment. Furtheriiiore, for ccmprehensive utilization, drain water 

of 68'̂  C off "Che power station is channelled to various places, such 

as agricultural greenhouse, sanatorium, hospital, bathroom, fishpond, 

etc. Cooling water is used for the gravity irrigation of SOO rau farm­

land. Taking into consideration these gains and incomes and estimating 

the possible recovery of -Cbe drilling charge, the economical benefits 

to be developed from the comprehensive utilization could be attrac­

tively significant. 

The 'rtentang Lxperimental vj-eothermal Fewer Station of uiangxi Province 

is one of the power .generating units using the binary cycle system in 

our country, and has certain prominent features in technical arrange­

ment. The geothermal •v̂ ater having a temperature of 07° C is drawn 

from two geothermal wells wliich are 70 meters deep and sujDply the 

water at a rate of 90 tons/bour with the ethyl chloride ( CpHqCl ) 

as the working medium. The power generation of this station is tech­

nologically featured by the use of a two-stage vaporization thread 

tube type condenser to intensify the transfer of heat and a radial 

flow type turbine of high efficiency, the low local power consuraption 

( about 1^% ) and its capability of being started without external 

power source. By using the hot water of 'o"J^ C, it can deliver a total 

net power of more than 40 -̂-w for external use. Besides bein^ used 

by the inhabitants for t.beir daily life requirements, the hot water, 

after being used for power ;-.:,eneration, is drained and used in 333 

square meters of agricultural geother.'p.al greenhouse, loOOO square 

mecers of hot water fis,hpond, nine indoor hi.gh density running water 

fishponds and a hot spring sanatorium consisting of m.ore than 
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hundred beds, i ifter such comprehensive -u t i l i za t ion , the water i s f'ur-

the r drained off for use in farm i r r i g a t i o n . Evident ly , the ef fect of 

energy econo^Jiization and the econoiaical benef i t s which can be derived 

from the medium - low te,'mperature geot...'ermal resources should not be 

underestimated, inas,much as the fact t,.:iat so many purposes as ,mentioned 

above can be s a t i s f i e d by only two t.D.er.mal wells having a temperature 

of as low as 07° C and by e x t r a c t i o n and u t i l i z a t i o n of the heat 

by stages and sec to r s . 

In l i gh t of the aforexaentioned two examples, i t i s therefore inadvi­

sable to make a simple comparison of investments betv/een the coal-

burning power plant and the geothermal power -plant and take i t as the 

bas i s for f ix ing the lower l imit of the temperature of the hot wa'cer 

to be used for ipower generat ion without taking in to considera t ion the 

f ac to r s such as the optimura use of the energy resource , the economical 

bene f i t s to be derived from the comprehensive u t i l i z a t i o n of geother­

mal water, the e l imina t ion of fuel requirements, the saving of the 

t r«.nsportat ion of coal ashes and the a l l e v i a t i o n of environmental 

po l lu t ion . Such being the case, i t i s of paramount importance to work 

out a comparative c r i t e r i o n of economical f e a s i b i l i t y for the geother­

mal power generat ion and in the meantime to e labora te for such f e a s i ­

b i l i t y a technique for i t s improvement. 

I I . I n d u s t r i a l Processing Space Conditioning and Space Heating 

In c i t i e s and towns where geothermal resources exis t , , fuels can be 

considerably saved and c i t y enviroruiient improved by supplying t.he geo­

thermal water d i r ec t l y to the i n d u s t r i a l processes requir ing hot ?;ater 

and the bui ld ings in nort,hern areas for spa'ce hea t ing . Of equal econo­

mical" importance i s the use of the geotherxaal "water for r e f r i g e r a t i o n 

and space condi t ioning in south a reas . In our country, the geot.hermal 
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energy is now being used in different industrial fields, including 

spinning and weaving, printing and dyeing, stoving, leati-ier proces­

sing, silk reeling and papermaking industries,, as well as in chemi­

cal technology and extraction of elements from minerals. By using the 

geothermal water of 49° ^ ^or washing woollen cloth, Tianjin 'v'/oollen 

Mill has saved 24-00 tons of coal and 150OO "ivw-hr of electricity per 

year and remarkably improved the product quality. Beijing Guanghua 

Dyeing and Weaving Mill employs the geothermal water of 48° C for wa­

shing and dyeing cloth, the result being an economization of 25OO tons 

of coal and 13.3 tons of table salt per year-. In the Fengs>̂ un County 

of Guandong Province and the Xiongj'ue County of Liaoning Province, prin­

ting and dyeing mills, by using the geot.he.rm-al water, have rendered 

their products bright and lustrous, hence selling favorably in markets. 

In addition, the Fengshun County maites use of the geothermal water for 

a stoving room of 37 square laeters for stoving wheat, paddy, leaf toba-

co .medicinal materials, iuilk powder and other agricultural by-products. 

For these purposes, only two tons of hot water of 79° 0 are required-to 

be replenished per hour. The construction co st of this room is RRiBjf 

73.00 per square meter and can be recovered in one year if it is fully ; 

utilized. This stoving technique is featured by iys convenience in use' 

and easiness in controlling the teiiiperature. It consumes no fuel and -

causes no burnt defect and no sijiell after stoving. What is more, it 

permits us to reduce the stoving time and increase the working effi- ; 

ciency. Sy using this geotheriual stoving technique, only a time of 

six hours is required for stoving the paddy and '3'o - 46 .hours for acce-^ 

lerating t.be germination, whereas a ti.me of three d^ys is generally 

required in this respect when using the sun heat. The May 7th Oil 

Field and the J"iennan u-̂.g Field of the Hubei Province have since many 

years extracted some industrial raw materials frcm 'the high te,uiperature 

geothe.rmal brine. For instance, the No. 2 b; 7 Ĵti*̂  wells, besides a 

yearly production of .more than 10 thousand tons of table salt, have' 

also yieloed yearly 0.5 ton of iodine, 18.B tons of bromine, 40 tons 

of boron, 5.8 tons of alum.inum carbonate, 48O tons of 6% ammonia water 

and other trace elements for use in agricultural and industrial produc­

tion as valuable raw m-aterials. 
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There i s a good prospect fpr the u t i l i z a t i o n 'of geothermal water for 
space .heating in. the northern ore as of our country, In Bei j inb , there 
are two t--,e.QXhe.rriiol . resoarces o.f 33 - 59̂ ^ C i.i'hich solve the sp^ce hea­
t i n g brohlem .for a bui lain-"- area of 365 000 s,oa8.re m:ettr.£. The Tianj in 
G-uesthouse i s now using the • geothermal water of 42*̂  C for space hea­
t i n g a f te r properly reheating, It., iin economization of more than three 
thousand tons of coal per year cah ' thus be saved, iit p resen t , in the 
Xi Jig Cheng County and the Xiongyue OuUnty of Liaoning Province, the •(•̂ e-i-
ha i City and J"imo County of Shanciong Province, the -Yingcheng County of 
Hubei Province and many other a r eas , the geother-mal energy has already 
been u t i l i z e d by many f a c t o r i e s , o f f i c i a l organiza t ions and h o s p i t a l s 
for space .'leating, but not yet developed o,a larf-e scale for use in cen­
t r a l heating,. Tianjiii i s now carrying out ah extens ive research Yrark 
i n t h i a respect.. 

As for the u t i l i z a t i o n of &eo the rmal water for ice-.Liiuking and space' 

condi t ionihg, the research work has already been undertaken by the 
'iixperiment S ta t ion for •-GeotJiermal Energy IJ t i l iz 'a t ion o.f Faz'hou City. 
A. set of. experime-ntal equipment was b u i l t up in j'anu.ary 198O, This 
set uses a two-s-fc.age aim'iionia absorpt ion r e f r i g e r a t e system, supplied 
with geotherxaal wate;r of 87° C and has been operated continuously and 
in t e rail 11 e nt ly for se vS n mo nt h:s> Test r un s si-io w t.-h a t , by u s i ng ge o -
t,herm,al water and cooling wat&r respec t ive ly of 87° C and 25° .0 and at 
r a t e.s of '3.5 "t'/h and 3@-* 7 "t./h, .ah. eveporat ion temperature of -24° 0 
and: a r e f r i g e r a t i n g capacity- of 23363 'Kcal/hr. can be obtained. I t 
cen proquce 4 tons- of ice. per dey -and, ih add i t ion , O'ffer i t s re-fri­
ge ra t ing Gapaclty to a cold storage vvhich i s 30 square meters in area 
and below -12° 0 La room tempe ra t ure and a vef^^et.able frObhness keeping 
stor'age of sa..me s ize . The geothermal ¥;ater drained off 'after r e f r i ­
gera t ion is. fur ther de,livered to farmland for use. in f.,reenho-Uses and 
fishponds,. When the cooling water temperat:ure i s up to 32° C u.uring 
suijimer t ime, an evaporat ion temperature uf -32°- u can be obtained,.. 
According to a prel iminary calc-uiat ion, the i n i t i a l investment for 
t h i s type- of :;,.e.othermal refrigera::te syste,m being suppli:e:d with the 
therma.1 water of above' temperature i s iai'iB^glGO per 10--' Ivcal/hr, whl'Ch 
i s -.'algher than tha t for the compressor r e f r i g e r a t o r of s,ame capaci ty . 
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Howeve-r i t 's o-p'er.at.ing co'st i s lower than tnist^ fo.r the com.pre,ssGr re-^ 
.frige ra t or. The time required 'fo'r re.ooverlng the high investment 
co.st with, the low p..per.:H.ting c©:st'a i s 4 .3 ye.a'rs'.. The Fuzho'u c i ty i s 
abundant ih .g'eo thei; mal. re sp ure e.s, Ge'otherm'al fie-Ids 'are' fo.und with-
-.in the urban e..re..a whicli i s five ki lometers acro.s s ^rom -nort.!! to south 
•e.nd one ki,lo.met..er from eas t to west,, 'J-Iere, great po t en t i a l i t - i e s 
'exist in the -utll^i.zgtion 'of 'geothermal. •ehefgy'., Since within a z.one 
r i ch in geothermal water ând at a depth of 20Q meters , the water 
temperature measured.'e-xceeqs 9'Q° ^' 

.III., .Agricultur8.1 and Aouacultural 'Dses, e t c . 

There are broad prospects for the u t i l i z a t i o n of jgedtTiermal energy in "*'̂ ® 
f i e l d s of a g r i c u l t u r e , f i she ry , fo re s t ry and animal husbandfy. Since 
m:ost of t,he madium-low temperature geothe-rmal resource-s are dispersed 
over the v a s t farmlands and reraote regions-, so they are: not idea l for 
power' gene r a t i o n and .p rac t ica l ly impos'sible for use -in t.he urban 
I n d u s t r i e s . In f ac t , .shQ-uld t.hese' resources be used fpr the purpos.e 
of e s t a b l i s h i n g the gree-nbo-use- and •sanatoriuiri breeding, the t rop ica l , 
f i s h e s , .irriga-ting: the :f-;a'rriiland, p-.rod,uc-ihg the forage: a'nd (green 
man..ure and s.up.plying the i,n]iab-it.a.n'ts with hot wa.te'r for bath, a'nd 
o.ther l i f e re.guire.ments, t-he*n par t o.i' the energy reeuired by the 
r u r a l -area's can be re'sdlved hot 'only for deve'lg'plng t.he r u r a l :pro'a.uc-
t-ion and .e:C:onomy but also for' improving the f'ur:a:..l l i v ing condi t ion 
a'nd the well-being -of t.he -mas-ses... 

The .geothe'rmal 'g.ree.nhpuse,, as •§ m-atte'r o.f f a c t , e:an play a ve.ry im­
portant role in the f i e l d of a g r i c u l t u r e . In 'our countrv, manv 
v i l l a g e s endowed with gB:d the rmal r^-spdrd^s ha'^e already b-a i i t ' -up 
differe-nt types- of ••gept-he"'rm:al .g-ree-nho-.u-ses of v^a.r.io'us- siz,e,i,. Mainly, 
they a.re used., fo.r cu l t iva t ing , imp.rove-d ^ •- v a r i e t i e s , r a i s i ng 
r i ce se'edlihg.s, growing aeedl lngs , as' wel l as fo.r c u l t i v a t i n g vege-
tab.le.s. -By ra i s ing t,ne,. seedl ings i h the .geothermal .greenliouse-j the 
Jingshan County of Hubei Province reproduces ih s-ame year a quahti ty 
'of 4pOB kgs of r ice seedl ings with 2.50 g.rams o;f improved r ide va r ie ty 
and,, besides-, supply other pa r t s of the country with 100,000 kgs. of 



t h i s va r i e ty as seedl ings . They have also u t i l i z e d the greenhouse to 
c u l t i v a t e cucuacer and tomato. The product iv i ty of each i s about 
25,000 kgs per mu, beixig severa l times higlier than those planted in 
the f i e ld . Ifith a geothermal greenhouse of 1129 square meters , the 
Y'ingshan County S c i e n t i f i c Experiment Sxation has since I97I succe­
ss ively ra ised about 500 types of r i ce seed l ings , among which more 
than 100 types have already been brought to t h e i r f i f t h or s ix th 
generat ion, "if/ithin only four years the whole county i s spreaded v./ith 
these new breeds and the p roauc t iv i ty i s general ly 4OO xvgs per mu. 
Tnis s t a t i o n u t i l i z e s the geothermal greenhouse to ra i se the seedl ings 
by l a s e r s , germinate the ear ly r ice end grow the sweet potato seed­
l i n g s , thus c rea t ing a conuit ion ia'vorable for the proauu-oion brigaae 
to sow in time. Using a geothermal greenhouse of one fen land ( ob 
square meters ) to r a i se the seedl ings by layers can meet the seed­
l ing requirement of 1000 mu ( obO thousand square meters ) r i ce f i e l d . 
The Agr i cu l tu ra l Science Inst i tu 'ce of Hunan Province es tab l i shed in 
1974. in 'Huitang, Ningxiang County a geothermal greenhouse of 33O 
square meters to replace the o r i g i n a l coal-burning greenhouse of 200 
square meters . This Jies not only resu l ted in an economization of 1398 
tons of coal per year but also acce lera ted the a l t e r a t i o n of genera­
t i o n s of the improved v a r i e t i e s . Three year amount of work can thus 
be accomplished in one year and the newly ra ised high y ie ld hybrid 
r ice v a r i e t i e s have already been propagated on a nation-wide sca le . 
In the year of 1979 J "the 7b mi l l ion mu of land planted with such 
v a r i e t i e s yielded an increase of 3 '9 b i l l i o n kgs , amounting to one-
t.hird of the na t iona l t o t a l increased production. 

The use of geothermal water for r a i s i n g the red and green duck-weed 
and the water l e t tuce can not only winter the seedl ings but also 
acce le ra te t h e i r growth, thus r e s u l t i n g in high production. In the 
Yingshan County, pigs fed with the water l e t t uce are general ly 10-15 
kgs heavier than those fed ?<ith ordinary forages. According to the 
incomplete s t a t i s t i c s made by the Hubei Province for Yingshan, Tanchi 
and Jingshan regions , a p l a n t a t i o n of more than 200 mu of water 
l e t t uce can give a year ly crop of 15 mi l l ion kgs for use in the pro­
vince and supply to other p a r t s , r e s u l t i n g a yearly income of about 
Ei'JlB^400,000 . The Suichuan County of j ' iangxi Province and Lintong 
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Qounty of Sharixi Province end .oiany otner regions also u t i l i ze , the geo­
thermal w-ate-r for breeding the wate'r l e t t uce by the .use of which the 
p i g - r a i s i n g i s developed. In our country, qui te a few regions-possess 
geothermal water of good guality., the., dra in of which ban be dlrectl^r 
used to i r . r igate the far-ailsnd .and increase the s o i l temperature for 
obtaining ear ly ma-ture .and b.-Ui'iper crops^ Experiments made hy the Man-
.jing County of Fujian Province, xingchen County of H'ub.el Province and 
Xiongyue County of Liaoning Province show tha t the growth period of 
the paddy grown put of the seedlings I r r i g a t e d with geothermal wate'T 
can be reduced by about 20 d,sys and a good crop can be ob-tained. Some 
regions in the Zunyi County of Guizhou Prctvince u t i l i z e the geo the rmal 
water to i r r i g a t e the Beedlings. and , as a r e s u l t , obt'ain an increase 
of food prod.uction by 2,0 to 30)". 

Recently, "the use of geothermal water for bree'dihg and. winter ing the 
trop-ic.al fishe.s has been f a i r l y developed in our country. In 1974s 
the .4iexi f i sh ing ground of the GasJ '̂gdong Province' used 25 Qiu ( lo,u00 
square meters ) hot spring fishponds to s t a r t an experime-ntal bree­
ding of four main carps . Fur ther , they discovered tha t a proper tem­
perature- of pond water ( 20 ~ 30° ^ ) Would make the f i sh to absorb 
more food and therefore speed up t h e i r growth. In the winter of 1ST79 > 
as the climate of the. Guangdong Province was p e r s i s t e n t l y microthermal 
{ be.low 7*"̂  ^ )) cloudy and d r i zz ly , quantitie.s^ of dace" perished,, 
while the Jie.xi ho-t. Bpring f i sh ing ground was s.uecessful in holding 
the immature fls.tie:s and providing d i f fe ren t p laces with voluiiies of 
fry. In cooperating Tfith othe.r organi zat i ons , the Yingshan County 
Sc ien t i f i c Experiment S ta t ion and t.he Ghanjiang I n s t i t u t e of Acquatic 
Products of the Hubei Province have been successful in using the geo­
thermal water for carryIhg O'Ut the Zanzibar t i l ap l ' a breod-tng-, sex 
revers 'al and hyb:ridizai;ion experHjieht.s, as' well as tiiose on production 
sca le . Through the sex r eve r sa l -e-xperiment, they have- obtained IQO'/i 
all-ma.ie f i sh . These experimental a l l -male f i sh , .. being rapid in 
growth and 40*47^ higher in p roduc t iv i ty than the n a t u r a l co lon ia l 
f i sh , are now being propagated. In lew years , they have; gathered 
about 1.5 mi l l ion fry and provided other p a r t s of the country -vvith 
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improved va r i e t i e s . , The acquat lcs breeuinfe base of the F^uziiou City 
by u t i l i z i n g the gee the .rmal water for breeding the iifriGian crucian 
carp, enable.s the. fry to 'safely pa.s-s- the wlnte'r and -provictes- d i -
_ffere.ht regions with a t o t a l - o f two milllo:n fry per -year. In I9&0,-
the Ee.search I h s t i t h t e of i icquatics of the Hubei Province constructed 
a 2000 square meter gedthermai fishpond .with p l a s t i c roof for breeding 
e e l . This pond can supply SO' tons of iinraature ee l and fry, 

i n addi t ion to what we .have mentioned above-, some d i s t r i c t s and r e ­
gi ons are us ing the ge o the rma 1 wate r t o -he at tlid me t h ane - ge he r at i ng 
p i t s sjnd hatch the: chickens and ducks. The Yingshan County Scien­
t i f i c Experime.nt S t a t ion uses a geothermal piping system for heat ing 

a me thane-gene, r a t ing p i t of 30 cubic meters . As- a re-sult, the fer--
mentation speed i s acce lera ted and th^ gas generat ing fate ihcresed. 

This p i t can nroduce gas even under an outdoor temperature of • 7° C. 
The Xnsti-tute of Agr icu l tu fa l Science qf t.he Fujian Province has 
u t i l i z e d the geothermal water for hs tchlng chickens for the purpose 
of making a comparison w,ith the- e l e c t r i c a l inQubation technique,, 
Tes ts shQW tha-t, in eon t ra s t to the e l e c t r i c a l ingubation technique,., 

the geothermal techiiio?,ue i s featured by i t s lower equipment expenses^., 
higher incubation rate,, sound chicken ra te and surv iva l ra te and no 

need, of e l e c . t r i c i t y , F-urtJ.iermore,, chickens a f te r ' shel l ing are hea-
y i e r in weight, more rapid in growth iand higher in p r i ce , The 
e.quipijient expenses can be fe covered T?.* i t h i n a period of three to 
four .months.. 

The medical trea-Qmeht and hea l th recuperat ion with ho-t spr ings haye 
been prac t iced since ver:/' earlj.,- years and f a i r l y popul.arized in our 
country, ,Up to 'Che preson't tiiiie, tij.6,re' are about one hundred hgt 
spring sana to r i a b u i l t by the s t a t e s-s wel l ' as researeh organiz:a-tions 
of .tnineral spring therapy b u i l t in the more importan-i mineral spr-ing 
reg 1 yjiQI i*j.u,̂  'e-jtpB r 1 ei-xge 3 1.1 ave ue-eu gaixic u iii Qh,i S re spfe^... I'o r 

ins tance , s:anatGria of comparative large scale have. already b^en 
b u i l t in Zieotaxagshan of Bel;iing, Lushan of Jiarixi., Congjlua of 
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Guansdong, SCingcheng of Liaoning, e t c . Basing on the warming effect ^ 
chemical e f fec t and me.chanical-P-l--t-ysi.cal e f fec t of the geothermal wa­
t e r and with the s t a t e of i l l n e s s , p.eriod of treatment and p a t i e n t ' s 
physique condi t ion in view, The.se sana tor ia use d i f fe ren t water tera-
perature.s for applying e i t h e r wnoily-liimiersing or naif-iimiiersing, 
trea-tment. For c e r t a i n ^diseases, sen-slble cura t ive effect has been 
obtainec by the d i e t e c t i c t reatment which i s eve'n more e f f ec t i ve 
e spec i a l l y for a r t h r i t i s - , dermatosis , qua si-rheumatism, etc . , ' 
The Pongtangyu Pi'ot Spring Sanatorium, Lantian County, Sharixi Province 
has re.allzed a c u r a b i l i t y of more "than gOjh ixi the tre-atment of derma­
t o s i s and a r t h r 1 t i s . In Hube 1,, a s ta f x .nieiiibe r of a: de s i gning ins t i t u-
t e , due to sufferance from the rhe.uinarthrl t is , d i f f i c u l t y in moving 
about ahd longtime but f r u i t l e s s medical t rea tment , has received a 
bathing treatment in the Taneyanfan Sanatorium of the Jingshan County.. 
Three months a f t e r , he can straighte.n h i s Waist and' ha l f a year-
a f t e r , he r e tu rns to normal and resumes h i s work.,, The 'ijangxiong, All 
and i%q,u regions of Xizang Autonomous Region have- u t i l i z e d the hot 
sprlxig water to bui ld up' bathing pools for the stocks aiming at pro­
t e c t ing t h e i r hea l t h , t r e a t i n g the derxaatosls and wiping out the 
blood-sucking p a r a s i t e s . The hot spring bathrooms are now more com­
mon in d'ur go untry. almost a l l of 'i-he r e s i d e n t i a l d i s t r i c t s where hot 
spring e x i s t are Brovided with d i f fe ren t types of hot spring bathrooms, 
In Fuzhou 011y , the- .s-tate-owned liot spr 1 ng bathrooms only nui-jiber 
t h i r t e e n , cons i s t ing of more than 4000.'beds and e n t e r t a i n i n g four to 
f ive mi l l ion per son-time per year; In -some d i s t r i c t s , there- are a l so 
swimming: pools usixig, hot spring water. The open hot spring swimming 
pool e s t ab l i shed in the Lingtong^ County of Shanxl Province not only 
s t a r t s e a r l i e r but also terminates, l a t e r than the cold one, thus 
extending the tirae of u t i l i z a t i o n "oy two to three months per year, 

Concl-usion 

0 ur CO unt ry i s coxapar a t ive ly ab und a nt in geo the rmal re so ur ce s., 
According to the s.urvey -madej the geothermal outcrops only- are about 
2500 in number, spreading e l l over t h i r t y p rov ine ia l j urban and 
autqno.fiiohs reglunsv I n our .00"untry, the geothermal resources of high 
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temperature mainly l i e in Xizang, 'lunnan and Taiwan, while those of 
m.ediuiii-loT7 temperature extend, for a g rea te r p a r t , over the eas t e rn 
maritime provinces and from the north including the Songliao P la in 
and North China Plei-n up to the south including the Jianghan P la in 
and the vast sedimentation, type basin of Beihaiws.n sea waters . The 
high temperature ,-,eothernial resources are used mainly for power gen-.-
e r a t i o n , while the mediujii temperature ones, bes ides being d i r e c t l y 
used, are u t i l i z e d in remote areas short of e l e c t r i c i t y or in areas 
having spec ia l requirem-ents or fu r the r , to su i t the loca l condi t ions , 
in small power generat ing s t a t i o n with the developxaent of comprehen­
sive u t i l i z a t i o n as the main purpose. The low temperature geother­
mal resources are developed laainly for d i r ec t uses, .ĵ t p resen t , 
there are about t h i r t y geothermal f i e l d s which have already been or 
are being explored in our country and s t i l l great p o t e n t i a l i t i e s for 

fur ther development. liowever, in l igi i t of the present uonai t ion 
tha t a g rea te r par t of the geotheriiial resources in our country are 
of low temperature type , emphasis w i l l henceforth be la id on both 
d i r ec t and comprehensive u t i l i z a t i o n s . For the years to corx^e, we 
s h a l l use our e f f o r t s to in tens i fy the researcJi work of geothermal 
energy, speed up the exp lo ra t ion and development of the geothermal 
resources and in the meantime eniiance the xiiutual understanding and 

cooperation between coun t r i e s , in order to advance the developxaent of 
geothermal energy to a new phase. 
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Sk Huang. -Shan-Yao e t a l . t " A P r e l i m i n a r y Survey of t h e D i s t f i b u -

t l o h and Fbrmat ion of the' Chinese Geothermal Ee-sources' ' ' , 
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'System " , J uly 19SO 
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Notes on New Energy Sources in China . 

"Communism equals Soviet power plus electrification." 

— 'V. Lenin 

China's economy has been characterized as a "predominantly 

solar economy." Vaclav Smil was referring to the conversion of 

solar radiation by edible plants. By a solar economy, then, 

Smil meant an agrarian or pre-industrial economy. A modern 

economy, in energy terms, is one that has undergone a transition 

to "functioning on auxiliary energies," that is, f..C),ssil_fue3̂ _ 

and electricity. 

However, solar energy and the solar economy are also 

ultramodern. Solar energy cannot be branded as the energy of . 

agrarian societies because it spans the distance between pre-

industrial and industrial economies and may, indeed, assume 

more importance in future civilization. Solar energy also 

bridges the gap between the high and low level technology 

approaches of the Maoist and post-Mao .eras. It is not ironic 

but intrinsic to the subject that solar energy application was 

first stressed in the time known as the Great Leap Forward 

(1959), and is being emphasized again now. Solar energy is 

suitable for a labor-intensive, small-scale, locally-managed 

and low technology approach associated with the Maoist or Yenan 

model of development. It may be equally sensible when speaking 

of high technology, large-scale, capital-intensive projects 

to include solar energy. It is the potential of solar, wind, 

ocean, geothermal, biomass and magnetohydrodynairiic energy 

sources that makes us call them new. 



Like the United States, China has no energy plan. But 

the People's Republic does have an energy strategy: research-and 

development on all fronts, at all levels, "attaching equal 

importance to production and frugality." Large, mechanized 

coal mines and tiny, one-horse coal works, huge hydropower stations 

and small water wheels, oil refineries, nuclear power plants arid 

manure pits all form part of China's energy strategy. 

China is already the fourth largest producer of energy. 

Only the United States, the Soviet 'Union and Saudi'̂ 'Arabia -' • 

produce more and only the United States and Russia consume more. 

The Chinese are quite aware that their drive for "four modern­

izations" — in agriculture, industry, defense, and science and 

technology — will keep them near the top in consumption and will 

require substantial, rapid increases in output. Peking's 

enthusiasm for modernization of the petroleum industry is 

well-known. Kang Shien, Minister, the State Economic 

Commission, announced that Chipa intends to "catch up with and 

overtake the United States" in oil industry production. Yuan 

Baohua, Vice Minister of the State Planning Commission has stated 

that China plans to develop all modern forms.of energy production, 

including nuclear power stations. Yuan further maintained that 

China would devote serious effort to solar, wind and ocean 

energy. 

Over five hundred million tons of coal are dug out from 

China's coal mines year. This total places (or shows) China 



the Northeast. Fully one-third of the total is extracted from 

small-scale mines. Plans to step up coal use and production 

extend to using waste coal as a significant part of the fuel 

supply. 

The modernization of China's petroleum industry is intended 

to enable her to keep up with domestic demand, not to make her 

into a major oil exporter. The extent of her oil reserves are 

unknown, but estimates are mounting. Smil estimates "certainly 

no less than 3 bmt and most likely no more than 10 bmt." At 

present the People's Republic has mounted an intensive effort 



to upgrade the technology of its oil (including shale oil) and 

natural gas production. 

y\ "The Use of 

Atomic Energy to 

Generate Power Has 

a Promising Future" 

is a title from a 

magazine, Populariza-

tion of Science 

^ 3 / ' _^) . The 

—China's ni.-ijor oilfu-Ms. S'n.-irw of llic 107.5 cnidn oii protl-.irtioii (.ic-, 
cfi-dii-.g to the CI.-\, "l~.coiu.niic Indicntoi-f," op. cil., pp. 2S--J:'.)) :\vc. .-h'--.-;-ii f.-r 
.•line in.njoi- liL-ld.-= wliicli provided US.o percent of llic riggn-g.-ite output of T-J.l̂ 'iil 
i r . t i i l . 

(4Wl) 

article argues that 

nuclear energ}' for 

pov;er generation has 

less of an effect on 

the environment than 

conventional fuel 

plants, which belch enormous amounts of sulfur dioxide and other 

poisonous gases into the air every day. In December, 1978 Vice 

Premier Deng Xiaoping announced that China had signed to buy 

tv;o nuclear power stations from France. In January of this year, 

a three year scientific cooperation agreement on basic research 

was signed in Peking between the-Chinese Academy of Sciences 

(Acader.iia Sinica) and the French Atomic Energy Commission. China 

has the natural'uranium resources and technology to support a 
'J 

nuclear power industry, but her emphasis in the nuclear field 

still falls on weaponry. Some scientists have expressed reserva­

tions as to nuclear power generation and power plants. 



Hydroelectric 

1̂ -- ^xyy power accounts for very 

} ( little of China's total 

) \ ^ y 'y-^ energy production, but 

^.r China is potentially the 

s U~^- ^ richest hydropower in. the 

world. The government 

*•] y ^V is well-aware that "with 

\ "VT^'AT'-^L-'-^ • -̂ ^̂  total resources 

y ^ ranking foremost in the 

tl- ., • world, China abounds in 

\v̂ <J,7.c!ĉ :rf̂ | ̂ W ^ ) „ater resources. ... A 

vast amount of energy 

resources is needed to achieve our country's four modernizations. 

If water resources are not fully" developed, supplies of coal and 

oil for other construction projects will be reduced." (People's 

Daily) China's ^, - m- t, ., \ , - , 
=- .. -Major Chinese hydroctccinc systems 

Avn«=-r-i p n r e w i t h Yellow River (moving upstream): .V^^cccth 
e x p e r J - e n c K w x u u .̂ J.-mmen, H.-nan ' loO. 0 

Tienchino Shcn.-'i ' 50. 0 
w a t e r m a n a g e m e n t Chmgiuni:, Ningsin 22.5.0 

P:ip:-.n, K:\usii ISO. 0 
n y n ^ f ^ c - t ' i D r p d a t e S Yi-nkuo, Kansii . 300.0 
p r o j e c t s p r e a s t e i > Liud.ia, K:insu 1,22.0.0 

Liiiigven, T.singhai (') 
t h e a n c i e n t s a g e . Yah. lUvcr (moving up>iream): . 

^ Supun^ l.)»i\e :>ui, Li:iiining 700.0 
liiilulao UnGoiig, Ivirin : -500.0 

Y u w h o i t i s Sungari Rivert Taffn.i;n-i:ii\, Kirin o'JO. 0 
' ' Han Uivcr and tributaries (moving upstream from the -i'angl-ic River): 

Tanchiangkpu, llupcli.- •- 1 . . . 900.0 
w r i t t e n , w o r e t h e iiu.angUmgttvn, iiupeU i:mo 

bnihchuan, ^hensi l.l.i. 0 
Talu Kivcv; Kunj;t?ui, Siechwan 50S. 0 

h a i r o f f h i s l e g s "i'-.ingtxc River: Tln-ec gorjic area, S^cchwan/lKipeh (•) 
Fuclmn River and triliutavies (inovirig upstream): 

Kufhun, Cliekiang 200. 0 
a b o u t 2 0 0 0 B C , ChiliUmp. Cluki.anp 420.0 

l!.-iin:in, Chckiang. 6o2. a 
Cascade systems: . 

t a m i n g t h e t e m p e r - Kmien, K.ikicn (4 si.-^ec?)... '•?•;•" 
- •' Maotiao, Ivwoicliow (t, stagi:.<) • 2;)0. 0 

LuoKchi, v-zechwan (-1 slagc.t) i lOS. 0 
m e n t a l Y e l l o w R i v e r . lii, Yunnan (4 stages) —_.- ^ ..•.-.- J72. o 

' )*ariinl c-iparit^. 
• tJndct ronsifuw-itaii. 

The Ye l low R i v e r • 
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is one of seven major hydroelectric river systems that include 

1600 large rivers. Before China was seen as a "solar-dominated 

ecosystem," it had been inaptly characterized as a "hydraulic" 

society." (Wittfogel) 

"New" or "renewable" energy sources span the panorama of 

time, space and political vicissitudes within China. Local, 

small-scale new energy projects were sponsored in the most 

Maoist of times, and are still being popularized during deMao-

ization. China's labor force is underemployed: Projects which 

require high labor utilization and a small capital investment 

make sense. Individual and family consumption is low priority; 

per capita energy consumption is one-half that of Mexico. On 

Islands in the 
South China Sea 

Total Annual Discribucion of Solar Radlatioa in ̂hiaa 

[The isolines indicate the nuaiber of kilocalories per 
square centimeter jper year] 

"(t)us;/i:?f) 



the road to industrialization, 

the government is perfectly willing 

to accept programs which divert coal 

and oil away from household and 

agricultural use. Above all, China 

seems acutely conscious of the 

ever-intensifying geopolitical 

significance of energy independence. 

Not all peoples, in terms of energy '• 

resources are created equal. Peking 

hopes to mobilize the sum total of 

its potential to meet the challenge. 

"Solar energy is a huge re­

source. It is inexhaustible and 

creates no pollution. Moreover, 

research on equipment for utilizing 

solar energy is becoming increasingly 

successful. The cost of such equip­

ment is decreasing gradually. ... 

At present, many nations throughout 

the world, including China, are 

paying more attention to research 

and utilization of solar energy." 

(Geographical Knowledge - l ^ S ^ f e ^ ^ ) 

The distribution of solar rad­

iation divides .China into four 

regions: a southern region, a north-

^m j 

Uobre l la - type L-lght-focu£iQg 
Solar Cooker 

J2rca i . ; i y y y ^ y ^ ' ^ § 0 § ^ ^ ^ 

f.>tUili-i',-i-V.i..-S;^.; 

Box-type Light-focusing 
Solar Cooker 

l'S-:.i--'-"'r- -'•'-:- •••..-> " . " - • -^?^ ' ' i t ^ r • - ' t J - -^ 

, • - - • ' : - - : /-:-,. r i - V - : ^ * 

In f l e c t i o tS l - t ype -L igh t - focus ing 
Solar Cooker 

(pj^/lL/77) 



Universal Solar Cooker 

east region, a northern 

region and the western 

Tibet-Cinghai region, 

which is the most -

remote, sparsely pop­

ulated, and with its 

clear skies, most 

suitable for collecting 

solar radiation. The 

annual amount of sun­

shine varies roughly 

from 80 to 200 kilo-

calories per square 

centimeter per year. 

China has ex­

pressed interest in 

photochemical, photo­

electric and photo-

thermal conversion. 

Photothermal conversion 

has made greater strides 

toward popular under­

standing, acceptance 

and utilization in 

China than in America. 

Solar water heaters 

are commonly installed 

for bathrooms, barber 

Bimetallic spiral 

Fixed stand 

Storage release 

Parabolic reflector 

Automatic Orientation 
installation 

Automatic Control 

Solar collectoi 

— Reflector 



A conference in llonan summarized'the Chinese attitude toward 

solar energy and new energy sources in general in its "ten advantages 

of developing methane and making use of solar energy." .The conference 

concluded that solar and biomass energy sources can help "save fuel, 

which is beneficial for supporting socialist construction... save 

the labor force... save firewood and grass which is beneficial for 

expanding manure resources... save... crops and turn them into 

fodder... reduce the expenditure |̂ of the commune for consumption and 

invest energy resources into production ^. •• lighten women's household 

labor, which is beneficial for liberating the labor force of women... 

eliminate insect pests and disease... solve difficulties in fuel... 

promote the development of agricultural mechanization." Finally, 

exploitation of solar and biomass energy resources are "beneficial 

for preparedness against war, developing science and culture in the 

0.1 m-^_C 

y 
'•oojlef pipe 

^ l i r ^ f e V e f ^ ^ 

l iq 'uM (evef w-

(etnienlol ioo. chqmbec 

. Y _ . 

chombcf 

\.lSm. 

giound level 

N,T,S. 

. ,• • "TJ'I? ' . ' ; '^ ' ^ ' - "h^ancsc bio-.as dipe.<lcr. Thi.s cros^-^rclion. oii!;in.al\v 
pul)l..slic-d in K.>-lisueli blilli-vcn, .No. 5 (;M:,y 1973). p. 32 is not liraxvn to (y \ \ 
6cn e. llow of llic water llironr.li a small hole in tlic wall separating the R.-IA - I'SvU/'l ) 
andt l ic slag cliambcr inaintain.i u r.-lalivcly Jtaljlc jjrcssuro inside the di-cstcr \ ^ / 



shops, hotels and factories. Solar cookers of three types are 

common. Umbrella-type light-focusing cookers, box-type light-

focusing cookers and inflectional-type light-focusing solar 

cookers. One plastic, pillow-type solar energy water heater 

is composed of three layers of polyvinyl chloride membranes. The 

space between the upper and middle'layers is filled with gases 

for heat insulation, and the space between the middle and bottom 

layers is filled v/ith v;ater to be heated by the sun. The contrap­

tion weighs only 1.5 kilograms and is collapsable,' but can hold 

60 liters of water. Some of the more 'sophisticated' cylindrical 

types use a transfer medium, have automatic control, and can 

heat up to 850C. Solar distillers are used for desalting ocean 

water or for heating and treating polluted water. When the 

weather is hottest, solar energy coolers of a very simple design 

can be efficient. Solar heat evaporates ammonia.from solution. 

The aiTunonia is recondensed, concentrated and can itself absorb, 

heat and produce ice in solar energy freezers. Recently, 

the grain bureau of the Xinjiang Uyigur autonomous region 

announced the development of a solar drying machine that can 

achieve 180C and which can dry up to one ton of grain per hour. 

The Chinese have begun serious research into photovoltaic 

apparatus and process. The satellite that China produced and 
'I 

launched in 1968 carried silicone solar batteries which supplied 

the power to broadcast the music "the East is Red" through 

space. In 1977, a navigational signal light powered by batteries 

charged by solar energy was successfully tested. 



rural areas, narrowing the three big gaps and building socialist 

new rural areas and so on." (JPRS 23 Dec 75) The masses 

receive an education, basic training in applied science through 

participation and conscious involvement in small energy projects. 

The Chinese can, Smil writes, claim world leadership in biogas 

utilization. Over, four million, biogas digesters are currently in 

operation. The sealed insulated digesters produce a biogas, approx-̂  

imately 2/3 methane, 1/3 carbon dioxide, hydrogen sulfide, hydrogen 

and nitrogen. The gas is fomented through the controlled anaerobic 

fermentation of animal and human excrements, grass or other 

vegetable matter, garbage and waste water. A te.n cubic meter 

digester costs only forty reminbi or so to build and can supply 

much of one Chinese family's needs in summer and autumn months. 

The result is not only a savings of fossil fuels, the digester 

yields agricultural fertilizer, and promotes a psychology of 

anti-waste. Some digesters also provide gas to generate electricity 

or pump water.-

China is one of fifty nations active or interested in geothermal 

exploration and development, and one of less than ten nations 

using geothermal energy for power generation. Recently Tianjin 

(Tientsin) municipality reported "initial success" in developing 

geothermal resources on the outskirts of the city. Underground 

water in a 590 square meter area reaches 30 - 96C at 700 - 1000 

meters. Over 190 geothermal wells have been drilled in Tianjin, pro­

ducing annually 27 million tons of water heat. Fengshun County 

in Guangdong Province has a geothermal power station opened 

in 1971. After degassing, 103.5C water (91C at the well opening) 

is introduced into an expansion container to produce low-pressure 



steam and drive an 86 kw turbogenerator. Huailai County near 

Beijing (Peking) is the site of a station which uses hot water 

to heat a secondary power fluid (isobutane?) of lower boiling 

point in an evaporator. In 1975 a station was opened in Ning­

xiang County, Hunan Province, where hot springs bubble at 92C. 

In 1978 China's first experimental geothermal steam power station 

began operation at Yangbajing, near Lhasa in Tibet. Geothermal 

resources in Tibet seem most promising. Underground water can 

reach temperatures above 300C and, 4,300 meters above sea level 

in the Himalayas, a 7,300 square meter natural pond steams at SOC. 

'-•̂  TOOnRw \.y--—. / / / / , . ^ ^ cK r̂ =^ 

•Ŝ >̂ .̂ A-x>̂ ^̂ A / '':::>'*''̂  _f_â . .*?rcj\(r:pftiĵ\ \ / . V ..v̂ . 

It is well-known that the Tibetan plateau was uplifted within a 

relatively recent historical period. New structural movements 

are severe, there is frequent magmatic activity, also volcanic 

and earthquake activity, Gudui Commune in Cuomei County, near 

the border with Bhutan is situated in the middle of a high tempera­

ture hydrothermal activity area as promising as the Yangbajing 

site. 

The potential for generation of tidal power on the China 

seacoast is reportedly small.(R. Carin) The qiantong estuary 

in Zhejiang Province ~ - famous for its "angry tide"' — is said 

to be the most suitable location for ocean energy installations. 



But the economic importance of this estuary has been enhanced 

through land reclamation more than tidal energy projects. Still 

a 7000 M̂'? project is under study. Small stations in Guangdong 

and Shandong utilize a tidal variation of .4 to 1 meter to generate 

power. 

Tidal energy is one of three energy sources which constitute 

"over 99.99% of the earth's energy resources." The Chinese 

recognize that the sun's radiant energy, geothermal and atomic 

energy, and tidal energy dwarf conventional sources as a volcano 

next to a match. Still with regard to the crisis in conventional 

energy supplies, Peking places the bulk of the blame on the 

"bourgeois-democratic" system or "capitalist" method of production. 

.Secretary Schlesinger said: "As a result of our discussions, 

a substantial agenda for cooperation between our two countries 

has been established," Instead of a signed document on joint 

projects, this rather vague "agenda for cooperation" represented 

a "highly enthusiastic" Chinese response to talks which preceded 

normalization of diplomatic relations. 

The New Energy Sources Delegation from the Pe(3,31.6' s Republic 

of China embodies the current Chinese approach to energy — omni-

faceted. With regard to these "new" or "renewable" energy sources, 

the Chinese will investigate all avenues, and they will "walk on 

both legs" — high and low' level technology. This all-encompassing 

commitment to meeting the challenge of energy resources is, perhaps, 

something that the American government can learn from the Chinese. 



Some institutes in the People's Republic of China concerned with 
new energy sources 

Beijing Academy of Architecturai Materials, State Capital Construction 

Commission, Beijing (Peking), China 

Beijing Institute of New Energy Application, Beijing, China 

Bureau of Geology, Beijing Municipality, China 

China Science and Technology University, Hefei, A'nhui Province, 

China 

Dalian Insitute of Gombination Machine Tools, Luda, Liaoning 

Province,- China 

Guangzhou Institute of Energy Sources, Guangzhou (Canton), Guangdong 

Province, China 

Guangdong Provincial Institute of Geotheirmal Energy Research, 

Guangzhou, Guangdong Province, China 

Hebei Provincial Plant Protection and Local Fertilizer Institute 

Institute of Electric Engineering, Academia Sinica (Chines^ 

Academy of Sciences), Beijing, China 

Institute of Geology, Academia Sinica, Beijing, China 

Jilin Institute of Applied Chemistry, Academia Sinica, Changchun, 

Jilin Province, China 

Lanzhou Institute of Chemieai P'hysics, Lanzhou, G.ansu Province-, 

China-

Nanjing Institute of Technology, Nanjing (Nanking), Jiangsu Province, 

China 

Qinghua University, Beijing, China 

Sichuan Provincial Institute of Biology, Chengdu," Sichuan Province, 

China 



Tianjin University, Tianjin (Tientsin), Hebei Province, China 

A few articles on new energy sources in China (this office will 
not be able to supply xeroxed copies of the articles, much 
less of translations) 

Geothermal Research Group, Institute of Geology, Academia Sinica, 

"Report on the Data of Terrestrial Heat Flow in the North 

China Plain and Adjacent Regions, SGS, (No 1, Jan 79). 

The heat flow in northern China has higher values (0.6 u 

2 2 
cal/cm . s to 1.84 u cal/cm . s) than other similar tectonic 

elements df the world. 

Chen Zongyong, "Morning and Evening Tides of Infinite "Variety," 

Haiyang (Oceans), (No 1, Jan 79). 

Periodicy of tides in Shijiu, Shandong, Dongfang of Hainan 

Island and at Shanwei, Guangdong — all of which wait for 

no man. . ^ ' 

Fu Kezhun, "Wind," KXSY, (No 2, Feb 73). 

Very brief treatment of the use of wind for power generation. 

Chen Gang, "Hot Springs of China," DL2S, (No 2, Apr 73) 

Distribution of various types of hot springs. 

Gu Yehong, "Exposing Zhu Xi's True Face Under His Mask as the 

Vanguard of Geological Paleontology," KXSY, (No II, Nov 74). 

Zhu Xi, a NeoConfucian philosopher, is famous for his emphasis 

of ge-wu (the investigation of things) which he would have 

extended even to a blade of grass. For this reason, he 

has been called a forerunner of the scientific approach that 

never took off in China, Because he was what the current 

government refers to as an "idealist Confucian," his philosophy 

has been harshly criticized, especially under the "Gang of 



Four." 

Huang Shengnian, "On Atomic Energy," KXSY, (No 12, Dec 74) a 

General discussion which extends as far as the control of 

thermal nuclear reaction by strong magnetic field and internal 

laser detonation. 

(Tianjin University), "Fuel-less Electric Power Station: Solar 

Thermal Electric Generation," KXSY, (No 7, Jul 77). 

General discussion of simple gadgets and introductory concepts. 

VJang Dasi, "Marsh Gas Bacteria," KXSY, (No 3, Mar 77). 

Use of two different types of bacteria, importance of controlling 

the carbon/nitrogen ratio, addition of human and animal 

feces to the "fermentation bath," 

Wang Taichuan, "Desalinization of Sea Water by Solar Energy," 

KXSY, (No 9, Sep 77). 

Anti-waste psychology at its finest — retrieve residual chemi-
^o— 

cals, use of industrial residual heat to supplement solar 

energy, etc. 

Wang Zhanmin and Shi Zhun, "Prospection of Hot Ground Water in 

Peking and its Bearing on,the Struggle in Epistemology 

Between the Confucian and Legalist Schools of Philosophy," 

SGS, (No 4, Nov 74), 

The political possibilities of science, can boggle the mind, 

Ya Chun, "Solar Energy Utilization," KXSY, (No II, Nov 74), 

Solar ovens, distillers, freezers, thermal engine, air heater, 

furnace, power generators, and the use of satellites to collect 

solar energy for power generation. 

Yan Jiaqi, "The Earth's Energy Sources," KXSY, (No 6, Jun 74). 

First one to learn to use it wins. 

Zhang Mingtao, "Hydrothermal Explosions," DLZS, (No 7, Jul 77). 



.-v 

'•J 

n 

"-! 

'il 

u; 
-̂  ! 
r;; 

-.?• 
•t:: 

•M 

'C 

{ • ; 

t _ , 

r; i : . I 

•J) 

-:* 

• •'' 

'. 
C

 
.'" 

-I'l 
-i-l 'c;. 

1.-1 ni 

Ir, 
u 
'r' 
C\ 

i-'j 

1-, 

••Q 

n 
01 

0 
:̂ : 

t't 
O ; 

'X 

;•' 
i.:: 

^ 

Ci 

^ 

»-i 

,̂ ' 
t-: 
10 

•-,j 

r ' - l 

:.! 

• - . ( 

v,-l 

i . i ' 

C'* 

' ^ > ' 
'• ^ 

v_ . 

.. ; 
O 

."* 

• v ; 

' t ; 

(-; R'-

n̂ 

Oi 

u 

',-i -'-1 

"... 
, ^ 1 

I . . 
ty. 

'i'l 

l y 

-p 

:-'-J 

''̂ -'' 

- ' - I 

O 
, ' I 

I , ; 

.-.'I 

-(' 1 

• i - | 

(r< 

<i\ \ -

- I ) ' 

- 1 - . ' 

) ' i 

L t 

l . l 

! , > . '• 

.I) 

' ' .; 

• } 

*! 
•i 1 I 

I . . " 
f--

-..-1 

' 
f . = 

<i) 
i_i 

; • ' 

u-
• - , - • 

*:: 
^.w 

0-

M-

r*j 
i-t 

. ) 
* i : 

j ^ 

; -,' 

c-i 
:; 
'! ! 
'.:t 

i : : 3 

M 

-.':' 
CJ 

'r -

. 1 

(-•J 

''C 

-, .! 
•A 

--•:i 
/> J ; 

> < • 

'«' 

i i i 

V 

IL' 

> 
O'i 
, i 

J . ; 

.--. 
(-., 
1.-.-

;*1 

-•:t 

ry 
l.H 

' ' . J 
' -1 

h i 

l!J 
>t 

CJ 

.--' 
r-T 
'V, 
;-, 
0'; 

;;--.-
•T; 

' 1 . -

••, 
l i : 
! - i 

'' 

*i , ' 

- • ! 

r—* 

t,: 
J l -

----1 

.T" 

al l-l 

..-; 
r; 
f f 

!a,i 

f . ' 
V I 

! - l 

/; 
r' 

o 
t ^ - . 

r-l 

• • • • { 

'-": 
• ' „ .'-

1 ! 

.. . 
1 

f'.:-
f . 
, f j 

r;< 
' l- l 

..:'> 

•••J 

(.1 

.'.:: 
!-! 

t : 

- - - t 

<\' 

(:! 
-. 
' . ' . : ] 

'•< i 

>' i 

w 

I ; 

Cl 

- 1 
• M 

l"i 

.... 
f . 

PJ 
l / ) 

f 1 

l l 

1-; 
! l \ 

l-i 

> 
...1 

' i 

~.:t ' : 

—, 
j \ r----^--r 

I 1 

( I ; 

!,,•' 



Gangba County, Tibet. 

Zhang Mingtao, "Preliminary Survey of the Gudui Thermal Field," 

DLZS., (No 5, May 77) . . 

Fascinating article. "The mountainfull of samples made us 

dizzy, and we could not decide which to choose." 

Zhu Ruizhao, "How Do Winds Vary With Altitudes?" DLZS, (No 2, 

Feb 77). 

Why not a windmill on the Empire State Building? 

Zhu Zhun, "The Mystery of the Crowing Hen," KXSY, (No 2, Feb 73). 

Must reading. If the left ovary malfunctions, and if the 

medulla develops into a testis, the hen becomes a cock. 

This, in Chinese culture, has been taken as an omen of impending 

disaster, even by the supposedly feminist Taipiijg.^rebe^s 

of the nineteenth century. 

Zo Zhongmou, "Land Reclamation on the Seashore of Zhejiang Province," 

DLZS, (No 2, Feb 77). 

The Qiantang estuary, 

(anonymous), "On the Use of Marsh Gas," KXSY, (No 7, Jul 74). 

Questions and answers on concrete problems, 

(anon), "Solar Energy Water Heater," KXSY, (No 12, Dec 74). 

Thermal Engineering Laboratory of Tianjin University, 

(anon), "Umbrella-Shaped Solar Disks," KXSY, (No 10, Oct 74). 

The popularization of solar energy devices. 

ABBREVIATIONS: DLZS Dili zhishi (i^T^'A^'^X^ Geological Knowledge 

KXSY Kexue shiyan (^"^1^^;.^) Scientific Experiment 

SGS Scientia Geologica Sinica ( i*lli^-:fj 
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- - > • • i ' - n i ; ( i • • " • ; ' ' . i ; i . : . . i . i i : ( ; 

I'rfr'-.?." - \--i';a..''Si(,'r'>'i -
'I-

'-'• '-i'jf)'i'''i''ir''ii'i'-w 

Pviu/if;-:. a;.v,'iUf''i;Vii^iH;-:i;'i';jii.^);-yL>fi-jiAi(>-;jVt|i 
i a a i ; ' . ^0!!jffc)'-!Piif;-;irrtia;';i;;iiniii-i-^'. 

!-4:i-'ii;t;V[v;''>v;t'iui::'M-Ji - t(ii'd(i - i'r;j-i -fiiT: 

x - i r i i • piJiy; - - v ; ••'.-.J^n;v-i/|'l; ' -v-

' ^ y ^ - f I- - yn^77 ; i • ! i l , ! l iL* i !y )o i1 i i : [ .Mf t ; -^ -o . ' i ' 

<y^Ti-r^ - j ' / y -f F;.i:.jn'r7i7'-f •J-'/y -.' \ '^^) 'k 'Jr 

fi!c/Ji!l!!ll;;i>;:ii'f-!-v- i©?-)/ '-! v ^ v .v KlclitliHoliii 

iifi-c-ij:, !:f..h/wt"-r'<x©'?i.:i!c'i'i:v;-ifC:-'< 67.-A-ii'itti 
L. l*i)i:7{iMf t rv^ iS . Lrî L,VlVi'f777--f V / 5 V' 

K J; 0fiiftldrciJ;y< hT\Oy\\'Cim-W.i.hx-s.iv,rJi6, 

S;rt-|;77!*mi'f77iiiJWj^-foA:ffiii's/:j;i(jJL7j:L;:£|.>. 

&fc/'•|lX!7^:lv©•l!^ffi;i^i!J^r&fct:iiis: -;i'M*/.-^':,. 2oom 

rt-Jiiin<&. -tef-(iliiaira;i"i>«-ftwi AI^SIO, iK 

J*w'iiiJML.-c < -s;.!-, ?f Hf-I© :̂ c «!!:;>© ssffiK:/; -ei,t 

AliSiO, E1*5i-ft":i;&v>m3f)a.^-.,i.v J- u-:^-ji'(ffT7 

{ i.-.-y-', '•'.7i-) ©.J i i r r i -Ht;^ ' ' . ) i rJ) iLr< w- CCiT^lfrrb 

--i '<Vi;r^Vi7li:t, | . ili;it&fl:i;-:*!l!^©ftll |f;^|;};V;i.:It '<x, 

ft L ' ; !i\^,:(azi-'!--ft -; yi-ivrdjij-^v'. ffiv?77tt ^ < o 
71 h M l - I '!.••'.. tl>•<: i.1. (5 - 1,5GI, L;41. • {, © - c t t (5 =•-

i .54!i . - i .5; , i i v - ,^ , / , . r i : / , ; : u : : ! j | : j - t t ^ < / , : H i J h 7 r - j -

-:. •!,© ''-1,1. -/• I .( . 'H; • M ^ / M i ; t- |.',: l-Mn---0,36( Tabic 

• l : I ) , I /; ' ,«'(. . .-I 'M,! -,- l,(i-^ll--l,<143 - C & ; i , i;i[;;|l,', 

fyit;,) 4 /; ','//"., i'l'! i7 (I i 'I' -̂  .•' I--- •-'• "'- -f -y i7 '7 .̂  K 

,); i ; i i :C- jy ' ;M|!»i! - . i ' l l l f . - I ' ! ' • ' • ' i ^ - ^ ^ - j i t r n r 

•'',fli.fr.iM';'/-///i;i <;i.- .':;! D . ri'.'.i:j./''.;-fri'KM'';i.i:ii'ir, 
l i7 i© ' i ;Vi : i i iW-C' l - i - - ' ' . - ( : . . . . ' /i-Ki'fivtNJi-i;;- li-::-:-

'(•;•!''-61'-j •'-'Om ©i' /r ' ' ( . i :f , i i i fi//-'A;'/i'(.-.|'((i I •.-i.><;.. 

L!i- u , i^ i - . i : 'J J(:.L -1 '/iM-dW/,. r . i J Ai,/--.ii >,, ;(/,r'i>-,•,'•, 

•b-;/r7;&ii-:-'l-,)'-CV>fe'.>/.-i", 7f 11 Mc"lil«il!;4;iA-;r. jii, 

fI;7i->I.i;»!Ki©K!.t75-^l-i:yc/ '^J: '-i/<--l-»ll ' : .( ' .o. 

J l : - a K p - 7 4 |.V;-:f;,l;-a-" l- ' r j - ' . f i.;V;-i|r0-7--,. - I-f;); 

•^ =j •-;i'W),-.!l)il:::,!;7;yi • K P v -( i- • -m\--V\ - rit77 

- ,.'-|i:i!; - •.••,̂ .','̂  - ;•'; h A - ^ O ^ 7 ; J ; 0 ! ) ' ^ 6 ^ i 4 & 3 ^ | l 

- -1 ! l l , i ; ! ; : ! -5 mi/)«::jS:iSifT^-.-'!,A-il-C'-Cv-o. J h * 

MU/,'-,) :.;. CaO . \ 1 K O - , s i O a - ( , : 0 ; — 1 I 2 O :-i>i;jr.-(:h?;> 

-.•h.r..->jS1'o|«/M:.-!;-'Jrfr'l'W' UT, )V-V>l!l!.i;;©Jl';'r[ 1- u 

•'-•; i-v.̂ '>- '̂Ri'i;Mi;.u ii!;Wi'i'-i;ci';i!;t;?Stii&-i5:«-
':. i'iWi ':i'imfi.;iilia!.tiJilA;h 11,0 • CO, & v-^-O 

);?v!«!-i;J:J;u--r© COJ ©5}-;£lc(/<7?ii'<:)^-. -c-© 

(.:o, o:';i)!'r!;t !.5i»-cKv.«ffl;-i;R!:^H<j;i>: -;i2© 

i;;ti.t-)i',"l-':.i;i;|.--C»,;S'JTi7,--K"-;-'f l-/'-f 'J>/v -/ Y 

h«t•li7l--;>v-hA•^I^^77T.f -J'/=j -.- KA'̂ '̂ fviiWfaie 

'î j-:<-]- C t , ;£'I'JI 0.̂ --!C Uc . fi'rf 1 -/- -f V y 7 -y Kii,^ 

l,i;i(7v-f-y//-^.v KW, ;7|;i5fciVi|H|7rv"-©i|'taffl;icS:ia 

L, ;S!^'7i-—K°-^-f hr-f -/^-^.y Kttl!?jl*fcfl|A!77 

•;i;-©i;'il(i.il';ii:-i.M?ft"- iIi«iRf-ffi;k*••^e.^7JT-f v 

^•7 i. i-ii'i7v*fe/'ira77-;;ri»c,;''iimT;;if©i>iWic{«:!s 

77f)<,•/:;-©® l̂c!-iSfe/.'j|Xl7 ,̂••;!;-'©||lrEJ ;̂î A>?-1-- h 

(:)(,/ •; .•.-;v«).';l!I!llcTl;,rj;77,y>d-.Uj!!f!»o. J l «^ - - f7 

y:--:̂ ;M77©Sll1rf-.!3-y:('itg;#Jil'tl'>;Q:K-*-t:'7f-l5̂ ^̂ ^̂  

t--U<.!^\\':m\am\^<m^B. (;!/;3?-(:Hi;̂ , l-'vPii ami TUR­

NER, x'm, p. 167) /;M3iinteLfcii&-/i;-s'-- m m 

- ^ - a A f f 7 7 ( ± ^ < 577)©il-&b-t!:&t$-t., g^Ster; 
j5'/'-im;(7-^;-lfi-7i'®*ai^-b-tt4't. 'f ':>. cl-^xi-i&jr:!t(1958) 

• RUSH (1958) • CO.MPVON (I9G0) (y-ff-lnCXyi'^o t ' ) 

i-> 7E£ '^TiVMB'iSiWioymMM-.HmiMo'^'nt'Q^m 

X& a J, i i-fp-t- iSf,B£«W77ffr(S:.i,aj>|i©/M|X)77 i S 

!!i-77©^t7f-t^;(^77KI3Sfc;i-S«lt:(ViPii^J;:tfl©Jfiff5:» 

fo-J-W-t^fe7j -j • ts.-i-i i0ffi!ii;;riiiii(.tffl-lcfi[X|77 - IWL 

/u77 - r )\'/<A ^©.jl,••I'?Tt.'i•^i-:^t^ji-l.<i|,i5i^^7:7/'jlA) 

.V';'ltl©V:KG»-(7'-7£L'Aj;v .̂ 

1-o-v^ l - i -M-fr6 :^7«77i | i© MgCOj {^Wlliy; 

I-'.I'MA .t\fri-'ai'B.tO^Mit (GouisMiTii and GR.\F, 

19,5/!) X'fJt'/ii L. Siinri'ARD and .SCHWARCZ (1970, p. 

• ir,:i) , / imr(,j\:: 

I I .KMK'(;03 inol°i in calcilt-= 1,727x IO-3-r-0,223 

(.l()n''C. < T < I 0 7 5 ° C ) 

-.•.'-4:iitiMioy;--!((:'.i't-A- (i-ii;. 2, i-ia. 3). "MftTfeJ; 

0-if; (i-i '6 I-'I'-.' 1 Ml'© l-'cCO.., (r('{k'(.K^MnCO,iS 
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Fig. 4 . P - T pliiusc d iagram of c\-pcrimcntally dc-tiimincd i-qiiililji-ia. 

a .- Mn-cliloi-ite-|-<'l'''"-f''< + n'-''<J='Spcssai-(liio7-/lnid (Hsu, !9G8). Ii .- Fe-ch!oritc-|-quai-(z+ 

flnid —almaiidinc-l-lliiid (Hsu, 19C8). o : C'.liloi-itc dcoi-rasing r c a n i o n ; albiic.-|-i:pidotc-|-

chloritc-l-c|iiart7.=oligoclase-i-L'ichcrmal<Ilc-l-Fc,X).,-|-l[„0 (l. iou el al., 1974), d : CliloriU; 

oul I'caction; chlorilc-i-sphcnc-|-qiiarl-/.=aKiminiiii.<; aiiipliibiili'-!-ilmcnilc-l-H„0(LlDN el 

III., 1974), e : Epidotc=gro,ssiilar-|-anorlliiio-|-lii-matii<;l-tiiiai-(-i-i-niiid (I.iou, 1973), 

f : Chloritc+miisr,ov-itc-|-quai-tz=coi-dici-iii;-l-hiotitc-l-Alj.SiO,, (I IiRst'.iiBKKO and W I N L K E R , 

1968). g : Miiscov-ilc-!-quam==K-rcld,spar-l.A!..SiQ..,-|-H,.0 (l--.v,\.s-,'i. 196.5), li : Andalu-

site=silliiiianilc (,'\I,TIIAU.S, 1967), 

T h e dashed curves .>;how tlic pmbabli- .shift ol' cxperiniciUal equilibrium curves by 

dccrca.-iing Pn,C)/l',c,t|,| I'.ilio, inci-en.siiig IVi^, cIc, 

: t g « o , i t;u%jy.T-c&<:>. msHj.lTv'XtoTMZuX '/-i -J t>'v - i-©(!:-';^iii6^:n:(n'i--:.fi!Ei'i©;K!W.^-
T-'ig- 'i iZ^i iy i^ i '^ X ' j ' . Z - ^ m a M g C O , -,Vfj'i|l:-i''7-;L. :'y>';i-.>i:,s; EVANS (1965) • Ai.-i-iiAns (1967) - HiKsaii-

*-/-,; K a - 7 - 7 hOliSJffl'/tcli'imi ( 5 — 2 0 / 0 t ' : ^ ' i ^ X ^ ^ i j • UKRH and \Vi,NKi,i.R(l96li) - llsii (1969) - l,ioi!(1973)-

-imc Nfgco, ;:^-fiii:;©/hijv-:;;^-i!77iti;.ti'i-n-v.( I,loi.,./«/, (1974) ^ ^ ^ t v ^ . ^ ti:ii:-:^xi!;imcrli^';t 
i-<oi!tmR:^'-'^<{-;ii-ivx\-^<.i. Mg nA;W77;>i'. Kn ^•jyi^r';v\-.'i:Hk:iii--'iZhi'-x:sK. (Fig. -1). :i©i-^ 

•̂ -f [-©PHimw 6oo°c iv,±-T?!a-i-i;Si^'iiC;:,;V, non -c:x, •!^fiiiitiK:iM-l-oi!'.t'«©l.'.lifi(-t;©'yj'iiJ;.i;U*fty-: 

°CJUT-e!;tili!i:i?iL!;< <J;'o5 t iu^co MgCO, ^( - ; i ; 'irn\iD'.h'\':-^](i'''\.-i-mi-(:- -i-H;j:JiKK-:/7;U-r.t. 

Uc-&t}';fn\tl.lC.ou>s>.in-u, I960), J^iV,/.)|^l7V;i;:- <:•-

ii'.^X-JjnUi'\<fO MgC03f^--fr.:|i.©Ti;)W-ii'j!5 r- <: "•„•::• \'i--JiU} ' i7rwi» ' ' ! - : g :^.Si:f!;ii.-''A-'.i:i4i!.'/©r:iO»iH; 

* ) 7 , i . ' : i i Coi,i>sMi-ni ©;;i!);Ot—ftl. -';*i7nili;-y. '^ ' l -1- : : ' • - -• . i : . ?^J| A ff''-|i';!V,!li l':'j;h'''.•!'!1;ill!!'!i! 

hixr., K R ^ - J homM' '^ ' - f t i f i - ' •• y'-'fi>K.:. ' ;£;/ j ; d ,•; ,-;- Inj \ •i.\ -:,iMln iiUjiifii;'J.''V, i•;.^•i'77l;'-7;i - C h 

• j - . L-)':A'--3-c: i-i-i-v-f \-V)y / -rr.:\\ii-_.-;.\.. M ^ C O , . ' ; - ; , M - . , v); V ::,(l| ; l 2 ,5kb I'I, |- : . . ' ' • ;i ,:::'.'.j(i:.,J;-;)| 

r-r-fr!h:©> ;̂o-V':';fW7i7i"jih;:;©'A:)j'i(J.!!'i?'.'.i:-il/lWiU-V •:-.- SKin.i.,N(i974) incaO - M - O >.;r>.,- t:n., li ,o 

v >:. i ;i$'X. r> it;:,. • !̂ ni r c (7) ̂ f̂fl 5=:;:: i ,',tM:vi'.'() î! f .̂;;;'..-1 •j-ni : - . ! : ; - . Ml I I ' 1 T I ' ' ,- • f , •'irrii-:-, ;;:M;iH 

i|irJ,l«iii-, 6(K)''c©'^fijt;!;:i:i|;^[if.')|i;iff.:iW'ipU(,.i;';i;!-:l.' (i'n,-, • i'i-o,:i :,•• i^i' ri,-i-'c''i'^",-,-,i!iV!jJi .'i:'>:^-: 

il'^tc7. 2k!i : ; ••-:, - \ w & . i c o , ••:V';Y'- I . - ; \ . V J ' K I - ' - : {i{\. 

\-ii--'-i \---:)i\'\'\i'i'M'fh'&)''h;\oj.f.-] 4;)A:ij,i/':i:':fi-!'f i . .•--.,.;/(!T');•••'«) • ':,.,-'/.'i i': ••!?.['•?;i!'i'!t>'̂ )',':Js 
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. l-lik:wii-

jLi(l973)-

.. COR! 

'3i;'.j620°C 

'•'•r-Mh-i^. 

Wz^'-'ct 

)-m/iii^'lL 
C O . , - 1 IjO 

..I, 'iima-

u'.I'v-•//•, 

!ri--c7f('i; 
.iil'iJt̂ '-l&A-

•' -:•• T i l l ' , ' : - ; ; n.,\ ; . - , • ; ; ; |. ,i .- ( i ;•; V '-.nWi;!! 

r. iV ' ' - : - , ' ; .7U. ' -L! . : - . . . , . : , i ; . ; r ' i . ' ' | . • - , . . - , '• H 

L , I ' i ' ' ! '!i ' l ' ; : ' ' i l ! I ' l l , , :i, iki. • j i i . ,1 ' ' . )••!,'; 1 ' : 

1- SfiKK^/iJce-

-/Hll'-!©!SS!!i-^i,f-:iV::.:;..i'!:f|ir '̂-i;iJil!i!i|'i!vr-(r . - . 
!!':tM(i,--ti;:!/,(iic•l',•;(;,:̂ v^•i;,v,-.̂ g;̂ |̂ -:;•,-/,, .icj{tj;;i;: 

:i'i©v; '.-,\i.f'j\i'.\(;••'.: :•;•!. -r s : - < :.KJi;i ;:';:'i i::: •. - -J ir 
K:j;ilijS:5:!7"';.<"-C.<--:.. fii.s ĵiHUiW'-:'). I!;,:;;!:)-.!;'! 

•!i'i:'i;t;!::'Jil:}. - ii;;-}̂ !;fe -*; 'J ''J Ajif^Vf^) 2 i.l(ll,„Htii| 

? n « . ; m i i ' *'li47iV;:cil''7i:!iiiiili;ii& mm-J-C cm 

© O < > J 7 7 - I | I , V ^ I « ; | M 7 3:'IJi7;Sirc;!5o (Plate 1; I), 

^< ^IfLLifS© iWaW. '̂.-Mc!.i ''o.t'%'.:. iKaiLT v-& 

s:, /MMIK;:;lliR!ci.i7r('hL.;^;i-. '*;':, c©)|iR©|,',!|iil;c 

i i I mm \'-l'A-0')Wa'r W.n-.;-f/-i§ikl.-Ch^rj C.t:')'- •i'.'\^ 

(PlatcB; 5).;!!2J(:j:-Sgi^;jT;;->';y 0 A-ji;fi'(:;ic('|-^iliii 

l.tL;'< o77?V:'r-i-:Ei:i;L-iU;i;Wi77-;i;'lJi77)Pii-e;t><-> (I'laie 

1; 2). 

iiL!i.©Wi'ift:'a7i®j!'(£H,Uft':,!,lJ:, 1-ig. 5iC7i;tJ;:> 

r:, )N(A!,G-fllffl?Ei£fS!c;i; L/;3-MkV;©;rfi|i-CA 0, 

L?i-ijW/ffi»V.©lJiHi-e;fc.oc.i:;l^#V>. 17g. 5»;e;i^ 

-,rn©Ji!!,.,',;-cu„ -fJiliL-t I'-ig. 6 icias-î fr-jic-̂ irj-,);-) 

It, )'llXlVi (A) y ^ i m i m i l -!(^l:i:-(m (lO ^Kr-C 

nmi-i-m-li^n't', (C) {ci-Hf̂ L.Tv><;,. /<iWVi'l'!ci.t; 

77i,i;cf'AEM' L- :-• ̂ -'iiYî -d: 'urv-Zsi->//-, 'fHfe/'iDtrfi-

^:lJt77:(5lC'& S i : , IJ: i ^i'|}i!i'(-& < , 0 ,5~ l mm ± 

©ili;i-'l)if77-*'lJi77a-^H; (CPA) >V(-|io-C<4). -CO} 

m\m'i-i>^-m:;<M:i^^n., 7»ffii|'©iKSiy:©ti'iJjiiic{'i( 

- X , ik'ioi^imizmti D ̂ < 677~iUM«:p77-^;Ui:77 

)i(cci'v)tc5£;s^-.5. mfflm-fijiTOHt^< ;s7i~ 
maflW;- i-lJi7flitt, ^i icyia ( E ) cE[(g-t5i';!i:J> 

-e, ĴM.'Jci-feasi;,--:') y \:'Aji77:a (O) iJii;i;'ii!':|i77 
--«ja.B (ci-V) (,:/t<v i©)iifr, iti^iliicwis 
.l:A.-':^;IL/(--^i-.i|i.'J , l«;fl!l;filW-i;> l~3cm ©;|,iil)f|;i'Jit 
^Hiil.'r('iic-'^r.-.T'..o!c:-.|-.i-/.,-.L-. /.cj).;, 7(-:c •5,(';-?';-0 
-|I|'D: <j T V V -f I- 'i'UtlJSJ,!. HI;,;litiR f~ i-\ K;:7 nMV>IU! r.Xf 

i-j;j-.ri.v;>. 

.|-«i!©.l: -ii/lii/'ilAlVf̂ .̂r.© ->li©r4;fl:i,L|i.|-A-i (if;Vf 
ffi) I'-I-CW©M;,I.U/|I')!C/|: u r V - o t >::7i.̂ •̂̂ (i-'ig. 7). 

T!;fc;fl^jWC'fiitf7'f7fU7 5;^ !->|-7 .< ;^.v ;;'|IL»\'iJi 

inMBMfV&ik'irh. cixh©-JK>)i«;H'25P)IC'fXti-V17ii 

//-, •}!') ^'ji--''>im'\-mcX',x, mv.-:.'>m.'k\\\Tiii^ 

X X X X X ^ X X X X y 
x x x x x x \ i x x > C -

>: X X X x^ 
X X X X 

X X X . . 
X X 

X 

l--ig. 

,' i l l METABASITE 

» BIOmE-PWGIOCWSE FELS 

0 M^G^CTlTE-BIOTITE-K-FElDSRÎ RFElS 

Skclcli iii;ip showing outcrops of basic 

volcanic ro(,-,ks and localities where the 

unusual bands and veins arc present. 

j^m-ld: -Ei 

Fig. 6. Schematic illustration of the occurrence of 
the basic metasomalite. 

.'\; amphibolite, B; brown hornblende-
plagiocl.asc I'els, C; biotite-plagioclase fels, 
Oj biotitc-niagneiilc-potassium I'ekfspar 
ftls, I-',; granite, CPA; clinopyro,seiie-
plagioclasc aggregate, GCPV; garnet-
clinopyrcKcnc-iilagioclase vein, and CPV; 
cliiiopyro.xcne-plagioclase vein. The ,sizc 
of the aggregates and veins is exagger­
ated, 

i-.'|:!it:L.y:;c ^^iii';int-rv^<i. 
A) fMfcf'im{f-i?|Ji77:(r 

.-1>.-V;-7il.t:/5 y. 1- -Ay i -j- •:, ^^zaiififc-j;c/ffiiSttlflf,',! 

^^rlil'l-ii.W'U'iCO.dfl-O.ISmm) -C&o (Plate 1 ; I, 

2). -uiiK^isftutMJiTi - 1<mT̂  - mmn: • ^ . m m - ^ 
;!*. 0, vM.'/'r'ilWrl'^-^^ 'yWil • y-v :r.-y - •g^BMl • 
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EXPLANATION 

[ S APLITE 
^ g DOLOMITE-CALCITE MARBLE 

^ ^ M WOLIASTONITE-CALCITE MARBLE 

§yi METAPSAMMITE W & M 

l ^ j ^ METAPELITE with cordierite porphyroblast "^^ ' ' ^ A ' 

[vff-] METAPELITE with b io t i te vein 

I T ^ AMPHIBOLITE 

BROWN HORNBLENDE-PLAGIOCLASE FELS 

BIOTITE-PLAGIOCLASE FELS 

BIOTITE-MAGNETITE-K-FELDSPAR FELS 

l-'ig. 7. Schematic -ikeltli of ill.- onicnip along iji.- Omi-'ie-rlvi-r. K.-isiiga-miir,-i, 

•):j!fR77t?*6 (Table 1:5) . t'^t>-~ vH-.liTi-e.-!--) 0 , .:;'l.:.l.i:-!Ji-f i h I mm-^-©(gj^i.i^ 

';!f*tt©;)VlJ*77ii An4o-2-t, 4i'rr-'i;^i;©3i(>ii;i;t AI. V ^ ; ) I M L - C V ^ - : . - t : ^ • * ' . • . 
48-37 -Cfe 6 . )^l|);i7ittZi|i|li(i-fi5|^;t, 2Vx .611°, 11) ;}!;JiUI-i-\l-:li'i'. b ̂  <-yH ']^¥\Wli--'iIIkii 
/3=1,673 -C;M3, 'CWjJDiKl.!: AUOj ;'/'!,•/,-.< l-'<-:0;, IK 
A':^!/^ (Table 2; 4). ft/:-riiiwvrff;-:!i / « i ' i i'l i'l-j:)!]-^I'lii(iVi 1'• ff;jiri;:«iii4'.-M,l:'^:a':, .giiR',';-
Wi^&, 2Vx = .53°—12", fi .1,710-1,715 .Jif.-||-;;!|-r,-:. (l),05-(l,2niiii) --cs;:,,-:., .').!.'.,i-'|;) "• 2--4 mm x : z ' ; . 

'{i--lf.--lr> .̂ i©J ; - i i i c AijOj/i:;!//c< K.-iO,,;,:•;;•,.j-,-| .- ' i ,>.;, .: L .̂•^-:. ci'iai. H; ;:'. i:i/:;-i)-;':.'|V.!;j':''v 
l)'r7iii/'il/^(!iiir.!j'i©^/i!:!!:!:©i?|ij;tii!i:v;;:-!'...!Vii-'.'(i i:> - 7':ii7f - Mtv-ifiWi-;•;-.-:. cra-ii.- i; 6), 
-CV'^CV', L,;<).L, Ourelia ii|;©na4is/''!l"!c (l''i<ANWs. VAV':!:), t /'Wlfc iKf-'l-i!-iif'S ; 1 ,ii59--1,661 -^ 

1958) Ĉ̂  (;!cn Tilt Complex i|i©/'l|;^|ffVr - f'-ll"!/f Jl' ;!-,i:,. fHf.|tiJi-'.';!/i'.':i'i:.! Km i'lji:!! i i";! ; i iVi i':'^lv,V,; 

:(',i©)iliiS:<'f (iiEicR, 19S8) •;.;.'-:, i, .;h:));:, irffi^i'^Vf '•^ayju^i .i-'iiirfiVis';.;,'1:1 ' ;;.J'U^ •: ' • ' ' - - i . y r i ' 
l-iii"i-jffii.:-7'.i;.ns.. .fli;;;'(4;|i7fi,); 2Vz- 5(;'. fi l,6;i;i ';i':!.^iViU-l'l!!:i-.;!! J;L) i,'i; if'/;.-.,'-; ! H v , Wu'i'1,'1'; 

Quar-
F lag 
K-fo 
Hoin' 
Biot. 
Cli 11 
Garn 
Spilt:-. 
Ore -
Othe-

Tc 

S p e d 
grav 

1. 
2. 
3, 
4, 
5, 
6. 
7. 

8, 
9, 

10. 
* 

Bl 

n 
G-
Hr 
Rr 
Hi. 
H. 
.SOI 

G; 
Hi. 
Cl 
ca! 

i-ic/i'M-:", 
.5: 'it:.'.', 
© ,\rnii; 

:-^i.:2. ' 
i\. ,\ii2! 



17'. II i"iv-iii. 'tl |M> iM;',"\i';f II M.^KMi-iviit.;;;!,-itii, )-;:,i,vv,|;c :.iH:,:i-)j!:V).-:i|iii;-:o',--c 495 

l,il.l<- I, ,Mo.l(-s, t l i c in ica l <-oinpii\ii inns a n d sp.-i-iflc g rav i l i i 'S of im-iabasi l i - ' . 

a n d Iptivir iii.-ia.Mimaiiii-,v .mil awoc-itii.-il ve ins . 

10 

mmA 

N 
.4 

•:©i!i<YH: 

(i^ *IK-7; 

;i.-jfiirr.''.y; 

I im ;)ct;/)'. 

,.;,i'j.i;!Ai; 

1-1,66-1 X-' 

.- f«fc©;j.'i 

QiL-irtz 
Plagi oclnsc 
K-feldsp.-ir 
Hornblende 
Biotite 
Clinopyroxene 
Garnet 
Sphene 
Ore minerals 
Others 

Si02 

Ti02 

AI2O3 

^«2°3 
FeO 

MnO 

MgO 

CaO 

P2O5 

Na2° 

^^2°, , 

Total 

3.4 
41.3 

-
46.4 
2.4 

-
-

1.1 
3.9 
1.5 

51.33 

2.20 

13.76 

3.59 

9.09 

0.19 

7.64 

8.19 

0.31 

1.95 

0.,36 

1.01 

0.-22 

99.84 

4.2 
41.2 

-
46.1 
1.0 

-
-
2.7 
3.4 
1.4 

51.32 

2.56 

13.54 

5.52 

8.23 

0.21 

7.32 

7.23 

0.27 

2.48 

0.17 

0.54 

0.15 

99.54 

tr 
41.4 

-
48.7 
2,6 

-
-

2.1 
4.5 
0.7 

50.02 

1.68 

14.72 

2.56 

11.32 

0.15 

7.48 

7.81 

0.23 

2.67 

0.42 

0.43 

0.19 

99.69 

2.6 
40.3 

-
4 5.9 
2.4 
0.9 

-
1.9 
5.4 
0.6 

50.52 

2.85 

14.12 

2.50 

13.11 

0.14 

5.75 

7.78 

0.35 

1.88 

0.30 

0.36 

0.23 

99.89 

tr 
45.4 
-

38.8 
5.3 
4.7 

-
3.2 
1.8 
0.8 

50.95 

1.85 

14.34 

4.85 

8.34 

0.16 

7.16 

7.37 

0.48 

3.30 

0.56 

0.37 

0.07 

99.80 

. 
25.8 

-
1.6 

59.6 
9.8 

-
1.7 
0.7 
0.8 

48.16 

3.05 

13.31 

2.62 

12.55 

0.18 

7.47 

4.25 

0.39 

2.06 

4.41 

1.36 

0.07 

99.89 

. 
17 

80 
0 

0 
1 

6 

2 
8 

4 
0 

46 

2 

10 

2 

8 

3 

22 

1 

0 

17 

1 

40 
31 
4 
0 
3 

9 

9 

5 
7 
2 
8 
0 

3 4 ^ 

59 

28 

80 

61 

59 

21 

64 

08 

3.8 
21.6 
23.1 
5.0 

31.4 
2.6 

-
3.1 
7.6 
1.8 

50.79 

2.44 

13.48 

9.49 

6,84 

0.23 

5.45 

2.90 

0.71 

2.30 

S.12 

0.48 

0.15 

100.38 

-
40.8 
-

2.1 
-

47.2 

-
4.1 
2.2 
3.4 

46.38 

2.31 

10.63 

2.10 

12.67 

0.51 

3.67 

18.69 

0.56 

0.82 

0.56 

0.45 

0.14 

99.49 

Specific 
gtaTfity 

2 . 9 5 , 2 .98r 3 . 0 2 . 2 . 9 8 - 2 . 9 8 . 2 .98 
8 

3 . 1 2 , 2 . 8 9 „ 3 . 2 1 8 

liluish green hornbleiide-plagioclase hornfcLs. Ca. 560ni above sea level, Mitani , Kasuga-mura, 

Ditto, Ca, 480m above sea level, Hirosawa, Kasuga-.Tmra. 

fJrccii liornblende-pUagiocUi.sc hornfels, licside a small waicrfall, lOOm north of Kawai, Kasnga-mura. 

I'.rowni.sli green horiiblende-plagioclase hornfels, SSiii-a'<o wnr!;ing! in Kaluga mine, lva!ii.ga-mui-a, 

liiown liornblendc-pl.agioclasc fels. .Mitsuka workings in Kasuga mine, Kasuga-mura, 

liiotiie-pl.agiocla.se fels. Mitsuka workings in Kasuga mine, Kasuga-mura. 

Iloriiblende-i-ich part between biotite-plagioclase fels and gartict-cliiiopyi-o.xene-pl.i.gioc!a,se vein. The 

soiiiluvesl. moimtaiiislde of Mt , Varigas.aki, Ka.suga-mura, 

(lain.-.i-<-Iiiii.|iyro,\i:iii--plagiocla,sc vein. Road-cutt ing, 50[)m north of Kawai, Kasug.a-mura. 

l!ioiii.--inagiieiiii:-pola,ssiuni feldspar fels. Shirako workin.gs in K;isuga mine, Kasuga-mura. 

(:iiii.i|,yi-i.x..|ii.-|,laKioela,se vein, ,Shlrako workings in Ka,snga mine, Ka.siiga-mura. 

ra l i i i la i id ll-..ill ih,- f'.illowlii.,; mode; liornblende 7 ,1 , plagioclase 21 ,0, clinopyro,\er.e 37 ,5 , garnet 
'25,7, cal.li.- -',,7, and .spli,-i„- -1,7, 

')''-:\:l\X- Ai^O, / , ' : ^ / , ; < , j;'i;;'i,.\.r ')':.^Ji.o.l -vl.ll'illiM 

M<Vf?ciiS;ii".iitU)0-;-, JlH'Cv./f,!/. (Table 2: 2J. .-:,;) 

);OXi:,i,l':i;i:)i.M^':i\^/i;.!,©'Ci,i:#.<:ivi', ,ll^y ( i \ . y - y 1-

')> Moiiriie Mountains © ' S ' U - ' J l;tt>',C ^"^ \\Lc.-'j'.l\tt^ 

i ' . • i . , ;[! t tS:i^ 'r l .->o ( B R O W N , 1956), •,ifylc4);©i.-lJi.(i 

:,t An24 | i l j f&i . :&oXV-«!6 . , m)•i^\^^?l\kT^\•l^{!lH"^\ 

f i - f^lJ•;fiv;-ll'©•il©.i:'il=fl:ft^-• 

;J;l;;;):f - J l l iY iV; . ' ; L?--; o ( T - i l i M * : p 7 7 - M K 7 7 f f i O 

'•:'.-yi-©/''ll'.|(iii;;'.f;;Ui ( I ' l a leU; 5, P l a t eH; 4) «//)[);] 

fr •:'Hii,©i;'lJ-i(f - ;u'j:;:): - y.y .,, > • mmS.i i-h\1l 

\k'.l-\\' '(j ('I'able I; 7). C:©:';ii^>©/.')|X)7:71-J:, ' !«£ / ' ) 

|A|7i-fUi'-fi'(';-i|i©)'''i|X|7i.hl"lj:'(j, z«ei/j-|; j i fK)£t;-* 

http://liiotiie-pl.agiocla.se
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Tab le 2, Chemical composilions and sirui-liiral 

formul.a,i of llie i-epi-o.senlaiivi: iiiiiici-al,s. 

jfl m l97,5--i! 

SiO^ 
l i O j 
AljOj 
FOjOj 

FeO 
MnO 
MgO 
CaO 

h°S 
NOjO 

K,0 
H o W 

H^ot-J 

Total 

Si 

A l ' ' ' 
A l « 

Ti 
Fc ' * 
Fc '* 
«n 

He 
Ca 
P 
Na 
K 

1 

37.12 
2.64 

IS.10 
1.70 

20.88 

0.30 
7.OS 
O.ZS 
0.10 
0.26 
6.S6 

3.54 

0.16 

100.13 ' 

5.541 

2.4S9 

0.S14 
0.237 

0.101 
2.609 
0.038 
1.576 
0.018 

0.013 
0.075 

1.326 

2 

30.76 
3.95 

11.40 
1.78 

15.53 
0.13 

11.34 
0.16 
0.10 
0.57 
7.29 

3,57 
•0.29 

99.31 

6.032 

1.878 

-
0.459 

0.203 
2.478 
0.023 

2.565 

0.026 

0,024 
0.109 
1.411 

3 

50.78 
0.74 
7.04 
0.26 

12.58 
0.28 

13.75 

11.28 
0.07 
0.75 
0.10 

1.82 

0.09 

4 

47.88 
1.72 
4.70 
6.72 

12.92 
0.28 

11.19 
11.56 

0.12 
0.89 
0.33 
1.63 

0.17 

5 

48.39 
2.18 
5.06 
5.68 

13.37 
0.30 

10.85 

10.90 
0.14 
0.78 
0.59 

1.69 
0.20 

99.54 100.11 100.13 

7.312 
0.688 

0.507 
0.080 
0.028 

1.515 
0.034 
2.952 

1.740 
0.009 
0.209 
0.018 

7.070 

0.818 

. 
0.192 

0.747 
1.597 

0.035 
2.465 

1.831 
0.015 

0.2S5 
0.062 

7.128 
0.822 
0.007 
0.241 
0.630 

1.647 
0.037 
2.382 
1.721 

0.017 
0.223 
O . l l l 

6 

38.81 

0.46 
17.30 

6.83 

3.92 
0.47 

1.03 
30.38 

0.02 
0.18 

0.44 
0.10 

7 

50.33 
0.71 

1.40 
0.90 

16.69 

0.36 
6.51 

22.41 

-
0.00 
0,16 

0.03 

99.74 100.10 

6.026 

-
3.166 

0.054 
0.789 
0.509 

0.062 
0.238 

S.055 
0.003 
0.054 

-

1.962 

0.038 
0.026 

0.021 
0.026 
0.544 

0.012 
0.37S 

0.937 

-
0.045 

O.006 

1, Biotite from biotitc-coidieiiic-garnet-qnaiiz-

oligoclasc-ortlioclasc liarnfels, Omote-river, 

bclwccn Kaw-ai and Sliiiako, Ka,suga-miir,-i. 

X colourless, V - Z brown and j - l,(i4B, 

2, 13iolitc from bioiile-plagiocla.se fi-lsClable 1:6), 

X colourless, V - Z deep brown and ;• I.li02, 

3 , Bluish green hornblende with some impin-iiy 

of aciinolite from bluish green liornliU-niK--

pl.agiocla.sc hornfels (Table 1; 2), X ii,-il.. 

green, V green, / bluish gn-cn, 2Vx 71!". 

a l,C42, p 1,651 and j - 1,6.5!,), 

4, Ui-ow-n hornblende from brown Imrnbl.-nde-

pbgiocK-isc fels (Table 1; 5}. -\ |)ale giccni.sli 

yellow-, \ brown, / gn-niisli liro-iMi, 2\',v 

60°, C A ^ 16.3°, n- I,li6;i, .; I,(i7:! and •-

l,GHO, 

5, Hornblende from lioriiblenih,--ri(li p a n (Table 

I; 7), N pale gremisli yellow, \ ' gn-i-nisli 

brown, '/, gr.•el)i,^!l liruwn, 2\',\- 75 . (I / 

17", I, l,i;,'i(l, fi 1,66!) an.l ;- I ,i;7!l, 

6, ( larnei I'r.ini gaiiiei-i-linop> rii,si-iii--plagiorla,v 
vein (Tabl.- 1; HV 
l-O.fKK, 

Clinopyi-ii>;ei;.- from 

plagioi la,s.- vein (Tabl . 

0 1.701. fi 1,711 ami 

I l , ) !7 ( iA ai i . l 11 l ,7);( l 

ganH-l-t-iiinip\ rii,^:.-ne-

I; H), •J.V-/. ,0;)-.r,O'. 

;- 1,732, 

' ; , :f.-n y':- ,(\ A'- i '< AUO.. , ^//.'.U;':.;.'.- ( I 'able 2; .5-), 

J:'l).i;f;tV Aii37~2li - e * . o . 

;5'-N/'.7i 'i'';i-'l«'i:(;- 3'.-!J-;(illlfi'.i'i-li!:©£t;---:-'--7 :- ' / 

•̂ M h - y.y . ^ - '/ 'I J - / i -1) f t- - -mmi) ! , - iJ'iJJ; 

fi:i'ft?-i- ('I'able I; !!)• Ty</.fi(.ifiV/H|M;.-!'<t!!-rfH!-: 

L, -l-©I,'.lPil(c!li,'[:'l«:!i77-,i'IJ':{i-/j'-{f:-('l-;-|-v (Plate B; 

5). LA^LmtDmi^i/r-A^^^'.-niirKixar''.y>ryi-imL 
: • i V ^ £ i i $ , ^ > ( P l a i e B ; -V), 

$•< / p - 7 7 1 ' i a = l l , a 6 2 - l l , 9 m A ,n- . . I,7(i:-1~l,7l« « 

f y ^ y ' / A l-T-.-feSA', -'L-©,m,ii';i.t)Iii(ii.l;'-.-cr,' l'-,'7'',.'"'; 

•<o. Table 2; 6 IĈ Xffdff̂ r-JĴ  Lfci©(,t a=-11 ,r,70A, 

n^1,780:1:0,002 x-;i.\(.t, Gi-o62.3.?,fc, /\iid 23,H% ,i ;':. 

ZJ. tM^T^X Oi '10% ^g;;-y--7/.:|i77T\-i5^.(Tal.le 

2; 7). (Ik©)!i©in,-r;'im7i 2V-.!--58--62°, ,5-1.710 

-1.715 © t̂-'̂ tti&t.'f•;•., m-BX'/tI'i-1;',; i © i-J^X'-.ti. 

v--iiftec-Ho. 'J ') y -/-f •!>-? V (2V7,=40° iiijf̂ -) 

'..t)liR©il''L>;\i;-e-,t.ii©-'j-'•:> t-j771.:LJ- Lxtv. L , r|-i,t-UTiTi 

XAXMi-Vts.^'. iili^y.-7-:.•'/•'!•-< h (2Vx=:56", (•5 = 

1.703, y.u(ii^m-,'iU-(iL} «'n*l«i|i77-fH?i7r©i';ii^> 

i~'{r(t-.t"y •/ / ivnax-^' : <i77©f;:i;;i;^i'!c<!.";ii:7f-i't{-r 

Z'to:'/-X.%z>. 

•i':'nm 

l}}."iil^-&m.~^f: '} 0 iJ>77'tH.t, -^.txll Plate 1; 

r> '.Z.\v-\'X--;>ti., KM/;fflfi»i&.SH-?, R/ftfe©|!!!f>V; 

(0,08-0,15 mm) -C'î T.,, [^VK îll.'î liX'̂ hlii'i - -fl 'J 

'''-'•li'li • i^U-ni • lMhl&-C;hr^ (Table I; 9). if\l!: 

'I ' i^^.iOXuiiizt:- x : f i L \ ' - f i : i t l , tJ:.t/^t"l-i--{\-.fri. 

V'C ' i t ;! ' ) ; ; . . i;m'/y)i:'.'h}: LXii-XLli'.\l<^n-A:{^f.: 

:- h i rWifUi - ; : . . 

'!AV:i:)!!; i- 1.613-1,655 -C;{M), Ml^C|*-;i:'l) If i 

Vi'lio-i.t-'M; 'ii|ii!/i'f:^v-tiu-. ',!i---|.;tt©,i;'lj>7i:i ,\n 2H 

- 2 4 •CX'.y.,. ttl^iiA i'li.; i'i: ; : . \n37-2i i- ; , !b!; , Uy>'<-(i'-l 

; : - j ; •! o.'.j,vf;:-;;;'f.i'-i:.,i!,-:\-v^ v . ; - :^ , , fpj.,,,, j . 

I')- cf: i i . '-.'•.. ri:li-:i ' 'V " '•'AlVii::ii'i;!i;i$nn<:'|J: 

i i f '^ i ' i r-i-:iiN''-iji-i r.i;^'-'.'Ml-;i i i ' i a n - u : n . -•.• u ..,-
.•.J.':f,-;: 2\ 'x ( i r . 2 . , i{ i : !p . i i i : i i ) n .-.-:• .i-,• 

'- 1. - :-;-C,l-<v, ;- 1.522 . - . , - , '1 !• '• A ! 'Y i i . ^ ' i Ab. 

• \ " '{i'j'r'.'.Vv.-.-- -1- , ' ; ' . . ' );i-. '. '; ii :-., 7.',, ,;;-.-i .,-. m\'-„ 

i-Al-.:io,i mm .',,c'i(,..,7';j'.;,-,-...-,.,. •-• -...-. i'!,,.;..,;-: ;,,',,;•). 

i ty^iUh' , ' . ' ' •> , ' • ' i . : ' . - ! ! 7 - ' i i . : ' ,u i ; ! ti';f;'i''':~>»'!:e ' ';. 

(•••i'l:-:4-.I, '.. 1.611, £ i , 6 i : ; -, ; , : - . 

' I ' M i ' H i t ' l!-:iii: ' \ Ci.iiii.- I: in^ ; 1 u;!)',': .>)-'1'- '• 

L X i 

• \ ' \ i ' 

.•riL--

lirtix. 

l-.i\'- i. 
I , . 'I'l' 

2. 

O i , 

A) 

<S en 

,f.'.J 50 

J^-y\l 

s?7i-!i: 

77 •,.', 

i^mi 
©infi 
-r^'c 
-7 -t':-

B) 

'ojf!c <̂  

rt©f7 
>a7i: 

3, 

© . 

©I<T|-



.'.,1 . 

- .1': -J-

lie U: 

li-i\'.l 

'B3 £') 

870A, 

•'.. t& 
vTal.le 

- 1.710 

•mtc) 

i ©«!:•/> 

•7i^Y!;-J-

I'late 1; 

' li!if,'\v; 

^i • • ' ! •; 

1- i:'!l^ 

;!7i-L.'^ 

,.t .An -ill 

. ifri5>i'i'-j 

Plate 5; 

nfc!i;'IJv 
•fJ II .> 

•J ••! yl ' / 

|i..'.. Ab, 

(••:'•'-, ! i o % 

. '>x, im 

;W;'i "1 1 •.: .Ili:":'"il/fill ) ' ' • ! : ; V i i : (A ' i l ' - • ' t i t |--:.1V.'.:Si;'^:lt ?l:);fV;. ' :«;:-i^'-.-c 497 

- r i i! ; i ' ' , • ly-Li^n--,- ;- , ' ; ' - . -»!';: ii.;v'-i!M'-,'ii;:!i.'.i;;i:„; 

::l!:-<-".-flU--,',-''.'i iii.imm -ii, i-n,!-,nin.). i.r--.il 

j:;i;:'is-'.>• '.ii'ii.'.-!':i.-.r;i:';'.-i.^'.-" .vn 1.(1-̂ 50. m 
(••..'Cv .^i,; ' -- . ' .\n 75-^6(1 V'-.--.. ':.•',•'• I ;-i->ll(:'.i';. 

/:'ii.;.p-i'(i-'^'IV-..;. \Vo,;Kn,;l-'s„->\V,,,J.;ii;|-s,i, - ;(-, 

'•'-'• tlii';^fi.i,y>-'>'i^1;'iii^7iO'V;^'«.li'^7';i^)>© :)(•) 1; O'S-; 

:--i'l'(ii,^^};:w';'i7i)i.W-.f.7.. 

2, ::^^;i-> 

;rfri(-i©/5*l!-4;:,'?;;;-;c-'' i-,n.':. •••. •nt':.::;,;:, ifpH'i 
f;hi)i-t'i:V; - «il'i-V; • •'-•:•- hXi.^^,-.H\.i\[.X'\-.\:/z\. 

©.i:, 7i::i -j ( ' ;*.;:• ' . ' i ifii i ')'i'l'Jt;!)!ii©iiit(4;t7ii;)c'i'i'(" 

;^-ii:ti;Lr:i;bA:^i.ffli©2fi|i!:(i;^.;i5;:,, fii ,^©&;i. 'e 

A) lU*•|«'ii77-V':i:i:Zl•^ ''3^7iS5-:!V :A -a i^'y 

zcoy. •'I ;u>-|-.i7i:i ••,'/riCfrctJc-J-o Ku -.' -( I-i'i-il';; 

}?< cm--..jji lOcm ©W,iX'-jg)i;-i-?ji'.x7J-', 'it .:.•'> Til¥A' •'• 

a-) .50 m 1:J||>1© K a - ' 7 1-'/-il'lti};;^ f ( c m - 4 0 c m ©fi;-

«:i:-!fgi$i-fe. ci\,<..mmts. < i i i i -5:Y.;-(llil*7JV>ii;'. •<! 

/L->;l-©il'.i:-(t|l)iCili,:̂ ^S;|iXi-;i:7-'/-YFl'l:L )^-a-,-i l-,'/;-(l!i)i.; 

7i:h?l'A.OA.Ti-Kw'7rth-i-oS;-llr5;J[^)j£Lrv>;:.. ilî ;'! 

fi|i7i-!l/!ia-^~ 7lili7i-ii5*;|i7i - r i' ?- y 5 .< l--i2m 

7i - -jjimf - mmkM: - ifi&iM: - «;ii*^(i®ft<ir;^-6W/j!i 
'̂:-ii7.>- •,';';:l:7'jvoOA.7:i.,'i'fi:i-,t-;y|ii-f-77©(i!!,t.:;i;'[ir., - A 

•(ifM-ri\-.i-h. c:©iilL(.;, •lv.r.---iTiicm^Ltzy.-!iA'> 

©'(ifi«;f7f-:inci.t;77v«'; - ^:'|j;i77 - ̂ moh - Bi-JUTi^i-n-tii 
•\-'l. •.'. t {, -»., •<.. • Co:)xt)Ji'-y\z m L fSit C -J -V ;• i ' i ' / y 

b ) J|:.):;c77,^.::'JJl'> 

I l:M / i;'.;) 'I'>!.!:, Hi ••-- i7 VHcniSI" 577Kiviliic50 
10 i;:i. Ill o'.ijJii/ '^li^ltii.., ••K/:7i;c -:iV;;(i-i3|;-i200m y , 

i'i©(iir;v:i|i'.'. i miM,''i-©iM.i);i-':-:iii;ii-i!"?:.. zcD^.tui^ 
:-!.t1iic-:iV;i-:ii'UiJ-J-<'.;;fi)-ci.i7i-!H'Ji77t;^«j-c:i 

i,.A-;.;0':, 4 / L | : H - . / ' . I ' I I ' t,i 7 V;Jl:k7ifl:L. 'r ' /^t {.77 

•i>i'^ft1;fcv^- .:©C,';1,1 Sil), /,-Jl;i>|¥J;,iJV;aH;<!:U-t: 

'-C/7: < i^il'i;;.::;?;^! t/::J|3 C f^W I . / - ; - , ' : ?^r'i;-;l-©-e;fco 

• 7 . 

3. iS5(fgS3Jtt;i?!JiES 
.MI;i:5llt)i)cf';i.ilii;U-CV'o;!^i£ai';ict.t Plate B; 2 

o^.i.-iti.iaxSUMA'-li-mmLX^^^?.,. i©i';77ici.t, 

|i»iA•r;g;(^•elJ:*<JA5. |),i:i'ira:{-:ri:-i*$n;5i^ftfca'(if77 

©iiJCiC îKiTi-Mf U'Cti y, c c:)0 îjmgii5)iiR?5Hi|'O*x 

V--:..: •-,:'-i,ii:,v:-'>--,;tLO. \:fi!>;:Xl':lMi:i!i':>'<;Ti^ld 
''"•'i.i';ini:-;aw-r;:.';. /4iA!v;tig-J-«.fii;^>-c, V|'(-|V 
;i,!wi , -V Jl'/.::,'-;;, (Pij;. 7), UUi:-yaiVBa 

ll'i;-^::'v(-n';-i:!.. 'itl'l:Vi;.;f1;!ilLv":.L©iMU:^J y iJA 

•'/ill.:i'l'111- '.: "C: •••iii'l-i'7.-̂  ii'^-:? . 'I'y.̂ fp'biV-.rill.t.--

';i!(:'.l (;:?:! I o. 

V. ^ g 

',ti:liii;(t^),^V;U;WiV.ri.l5-x'^>Ho;'im'L;!cl-l;-<KjO 

;;';ii.'- CaO r}-2L-i'- c:©;viiii(i(SM!a:)))cn:/!iicri^y 

%i';i):'tii-i;;iiMi-':.i:J((i'iii;H&A-, !iiiiij!3 )̂,!tii;iHy.iiii 

: : K,() i;-,v,/,i. CaO^:SLv-Ml;:^lllirf»5'WVltLrv^ 

fc;6^.i:-)^^=l: J; < f7;ii-f-J-«:l?-2J7i-;fe«. 

'.'.iWiicC^̂ â iiS:'/;©)-;?;:̂ ;̂ '̂«!>-</; J; -j tc, |Sl-i?i7:;0ii[̂ -i 

-c, ii^©7;iii|ic, /'iM^-iTi'î JiEfJci'i'j&flMiOroi'̂ toA'iiS 

y,i!-.n;i. c © c > tti|,EftycLiiKA-"niHii^!-tti^-ii;ii)S 

-e.'?;.-..-/;!C.Lj'J'A.:bfci-', ^(D'fi K,0 ©IK/jUt CaO 

©i\'(^-''5.' iti.-0-^z'Ct ' t 77rJ-. 
KiO ©itijjiii CaO ©ri.,V>i-i.f!'li<-7r;©Sli'SfJ)(l:a:i' 

©-rî -Rlc J; .=. Til; U & "]-fii.?tt i> * 5- L;'J» L\>H^}t;;kB 
•c~fi.Jic;syjij^^5^1K77©^K»r.'I'/'t-f t-itwmr: 
$, IJ, K2O •.i:-,'!i- L < li-'j.ijir̂  -li:«?i-Tf i*-).ii 6H-r v>& v> 
(K,vi-AiM c/, «y., 19G;i;|l|ili, 1970). # n H'©iJ.)l:r-{> 

•;l^;a;)&'/'r^-.t-a=7'i/3--y 7 7 l-'-li;-©:V;7;i&^>-of,K0''̂ 2O 

>i'--'«- L < )<'.'! Ijll -e -It ¥J J: •:> ts. 'Ml i'fi 11«: 'f« -J /-: iilifttt & 

K.O 5:(.WJ[^^5Sftf1^J^©H?f)llil•l, ffittScft'^rMf 
i7;:/yi-t Wili,:?:(7* yu > 7 « yf ;^ 111EfliWiaiilR^'di; i;?iv 

m-'i*'-C\'SmicmtLX'.-h C t X: I), '•fmWMe:imiZ 
fti!-il: U-7,:t£'-Cfe-i. C i75*HI5HOixh• ts.•i-yit'̂ i 0i'i('i^ 
*'-'?|i|ii>'e7':^5"f hH&l!Iftl-i5:c('t|!?n£.ri4'fJ-5rV'2> 
*'ip, 52ftfl5Jlltt7t-i 9:(';'©/ia;¥fi-J&lXAJ; 'rtiifCil3'.i 

2. Btt3^^'tSfi!^gro3^ttst5ct^c^r 

Ji'H±22(tBi!i:''i::©iiS:ff©Ki:f7!'ifil>yt;-C<&o. l.,fc!i-
-.••C-c:iT/[-i-/>-l!)qg- (Table 1; 1-4) (OW-iimi$.''W-.'<-i 

©«ll!/'ct-''/.'/.i:-}-i t i c i -^ i . 5Zftl1;JT!C|t--3i («?i2E(i:;0" 

;;i;i'-i(),'r7il,'/;)i.)r7, £;-7T lOOOcm' iptO'/y ^l)H-'}k 

-c'}i\ii.i.-/c'nmhWitm(D!iimmt\'X ng, s © j ; ^ 
ic;(£6. IIIRU, •&'..^ig-<r,x-'?iz, i c i t m r n c x - o x m 

•lii$Mi-.h'K'/>A'-ii;i>MLfzm'rX-it>-6. -tnife, w77^(* 
(?.:5ft|!;)jK(';-HlJf() ©ifJl)j.m=(l:!:ti3iiS-©'.'?lit-(.ctMf?:u 



498 •$i -Ai n m 1975-11 

• ' ^ i 

.s..' 

'*%< 

CHEMICAL COMPOSITION: GRAM ATOM PER 1 0 0 0 c m ' MODE (VOL,V.) 
0 1 2 3 4 5 6 7 6 9 1 0 11 12 21. 25 0 10 20 .30_ i O ._50 6 0 ^ 

AMPHIBOLITE 

BROWN HORNBLENDE-
PLAGIOCLASE 
FELS 

r-̂ -\ 
BIOTITE-

PLAGIOCUSE 
FELS 

GARNET-
CLINOPVROXENE- \ <}. 
PLAGIOCLASE W N 

I I 
BIOTITE-
MAGNETITE-
K-FELDSfW? FEIS 

CLINOPVROXENE-
PUGIOCLASE 
VEIN 

0 1 2 3 4 5 6 7 8 9 10 11 12 24 25 0 10 20 30 iO 50 tO 

l''i.g, 0, V a r i a t i o n s in respective cl iemi.^al composi t ions and inotles o f the basic mi-i. 'cwjinaii l ia 

a n d associaled vi-ii is d u r i n g the course o f the metasomat ism. 

CHEMICAL C O M P O S I T I O N : GRAM ATOM PER 1000 cm ' 

0 1 2 3 A 5 6 7 8 9 2 4 25 26 

AMPHIBOLITE 

ttajO -1 
BROWN HORNBLENDE-

PLAGIOCLASE 

FELS 

KjO 

Si 

0 - • I ' i - " A l j Q 
0 , ^ 1 — C a O — I MgO 

Al jOs 
MgO 
N Q J O 

BIOTITE-

PLAGIOCLASE 

FELS 

GARNET-

CLINOPYROXENE-

PIASOCLASE VEIN 

MgO -1 1-CaO 

BIOTITE-

M\GNETITE-

K-FELDSfWt FELS 

CUNOPYROXENE-

PLAGI0CLA5E 

VEIN 

Na Ca Mg Fe 

0 1 2 3 ^ 5 6 7 8 9 24 25 26 

r i g , 9, X'ar iat ions in c l i e m i c i l coii ipi.,sii i.. i is o f i l i i - bu l l ; li,-isie i i i eMso ina i i ie pins v.-iii . h i r i ng 

i he (-oiirse " f i l l . - nii-i.-i-;oiiia(ism, 

r v > ^ . !i!f;4©(iii';;ii:','i-5-,>-:, ! } ! ; i j . i - z ' i< i i ' i : t - : : ; M-©'''^ A!.;: r-jvc:i;-i-4 i-i;-. o 'i i.•'>,:•';<:,. 

< ' j7 i - ' | i * 'Ui | i7 i jrIj:{ililS©:i;il,'r<\; H5: 15, 1;/.:;K l-'ig, H i;,l:C': l-lg. 9 ©ii:-';::i'i! ,:; • r - K.'> i i f i - • : 

7 i l ' l - i s ; f k ) i : - - - i i ' ) • ' ' ^ - i - - : I i ' i ' i t i\>.i {>>•(!<-• i l J i r f i l j l S © ' I ' abh : 2 t ' i j ' : , i ' v . '> i ; i | | , l . ^ - : - . , |-: | '> !:-"i ; ' : ' i l : ; i ;',r--:':i:I:i 

;';ilfti^: " I I ; 20 •: I , v;if-l!:(-t:©J.ll)K«;il:v- ii"'ii(-ne' ;vj i ; , / : . i ' : ,-(f i -^i- ' . . f l :., • , . - ; . - ^ • ,';-:.i.-;i,i-M'r 

lii. 

rn. 

ii?7 

^ 1 

h'/.-':-

l i 

I'M I 

im-
mu\ 
Sii ; 

i 'M] ! 

%-5. 

77&ir 

- ^ 4 111 

o-gii© 

< ©')-

Tsnzr 

'.'!.'"•. 

•im'-lM'l 

i.'^ c:.-i 



ro fo 

•I 4 

0 50 60 

.(CS 

cm" 
:5 26 

'J\ 

-.15 26 

' -- l-©^il:.^ 
,.'2\ti.'if.:-:--//-«i 

r!!:(;![M;.lll©(f 

• i'':;-;'ii:.-i5.i-'i:'; 

. . . - . ! . - i : . : : - ' , ' . , l e , l - > , -: ' ir i ' . ' j^s!-

' , i - -> T,ibl 

i7-r... '\1<. 5l ' .Al„ , j ,^ i ; .„"•-

, . , fable 2: -i) , ' . t,,\a. 

'N.!. K . C a , , ; Ml.:, ,vli 

O J , Oi l ) , . -. .r . .- •'. 

K, t ' , a i , , , ; . , , \k ' : . , .U; ;„ l - ' eJ . ' ; j . iAi , ,,.vi; o : : 0 „ ( 0 1 1 ) : -^ 

h ' - : . V.i'i't'^'i-Ai'-:';'. :t'v:;(; - : . - . : ' . • / . - : ' . f-'ii''.'.':i 

dl.-. I .;,Uj /livVjn, ;, l ' ' i!\!:i ,n. ' . ' , ' i t--^ >*i;jj;,i.'i 2 

' " . r ^ i - H ^ i i 2Mg=- ; s i ' - , - 4 r e" v"irLiw::.-:iM:;-jA'-: 

• ' .•?i ' '7-^. I--'H'-'!!",!(i;'i- Cleii Tilt Complex ii^i-'i|i!i!''i' 

("©f'llAi-i (î KKii. v.m) \\"\i:i:z \'.-,o^ :'>:^'^^ch. 
:X.. titMOr'i-.'J.jX'i\':iii.\:fMic 'i r:f;-r,{H.U;iinx. 

'^»:VJ«rii;^>t.(t:i'jV;'l'>|i4|,)i.'o;-;i'.-^!ji;-i>'Ki;f*- t : 

z. :ii^-i'--r- life -3 (f'|i©fjij,i-J^>)i;;^.ll;'Kfft::'cC?^-^ i 

; j , v;!i©--;'i|;-:^/•-|li:!{i/.-^:''^-<^^ i-i'cL-c^^-o^tfy 
:•> i Hjj i - j / / • • • : - , • & & . 

Na^O ©l-'itolMj-!-, rMti/'i|M!(7~MJ.i(iVf©!l:''i^j:ll)/^ 

;J.K!trti;it3;!.tlL:-C&o. LfcA- .xf']\'A({o->ix\:(:.xm 

ri 'i-iixh CaO-Al,Oj-MgO-SiO, & £lj;ili4;'l«¥77 • '̂Ji 

miU - mib i i ' i : ]B i&Lt :c ^-xi ' . : f io . 

B) !ma-i^\mi'acM'iit^iuc\v.^m.o 

i{.t'>'j'&(J^!)i".l: Donegal tO Curran Hill I c f c V ^ r t t i t ' } 

[miiTiicii^-tZj'tmuTichyj-bi'i, 'i-nxni.t 'Dm 
y,'uic 30% j:j,.tf-r/i-:L"cv>v'.:^;'iK7i75' 10% iwfi-icijjc 
^J'-U-CVwS(HAa,, 1965), C©,f|E.7r©i5M'i^ i-:> t , 
)'''llXl77©T::aaRHl:-c:^^/il1'« AI.Oj !i5fiDton6©'-e& 

^ v - ;i?iSmi[MSl.c;i-i, fl!iSiW:;^5/HW77*>&v-tti;m 
7i&ii'i;ffi(i'i:§-l^x.-rd;i;^jKM75'&v^c:i, mgia;^: 2 
- 4 nun OyJcdt-^C±l iLX^^Z:>r ' iV;r - f j '$>?> 'Ct , IJi'Xf 

•ci<-cc.,'-./;-1-., m'.ir><'f \̂ii-G(':>\Mrm-t)'~iWi.w 
i|i!'/yi!,J/i}ft, ;jAi':ra,kLT|,'i,S.L CaOS-Bit(*i|i|c£!e 

4'Vi©,''/).ii:.':-l(|:-/ii.r-'U?;.. c©j;e)&g};!|J!)©iiVfjjEjii!:^)'> 

-,Li,i;;t('t;|.':i'f;i.)'/:f!;:, #.©iK18'jt L-C| ' ;a-t?oi!il . t- t t# 

< ©:J4W;-efl!l'';<:;--U6 (O-Ni-m. mid TAVLOR, 1967; 

r,sir/,iiKi el 'll., 197:-; ; i |i)l |! li 'j., 197-3 /.,-, t ' ) . 

:JA^!:|•i:-;i;•lJ•if7V;'el,l. c a o -//-ini'i't, -:<< o:i-;-i\i 
.i;!«i|i7i-;!;1Ji7iilS'e!t caO A-i'/HinLxv..::!. Vi774t('t-
(,') C a O .!|i;i;l,lv:V;-© C a O lci,r;i.-l'',i)-: L. •; , J=,fc C a O A-

'.I i.rji,-... . . . P . ; ; , . . . It ,:: : . - . . . J . -m 

• s • 

:••.. '•(.-lii:-:. c . iO ; . ' : . ; i ; ? j i ' , . - ! • : . : : ;;i;',u::-iI 

; . , . : , . . '.-.- y .- - J ' , - • . - . 11,'I r , - . - i ; , ' . ' - * ' " i ' : ' - i l 

. : .:i':.:,-><^;7i:5i.;-^-cv:;i;i -v\-i>. ::,i'>W© 

::•'•:. •f< ;• i-ii:iii-i!:'i-i-i;.-[iilf;7:-:iu:i'^'>'^ 

^.•r<Vi\ifu'. '- '.-.l =i.VMiJC;n':.';;J-;;';•.•/Ilii 

i ?< ' - . - i r i ^k l •-̂  .1 h r^-j:?"]-.I'll li'-ii:-:". 1,1 •'-1 Jii;.. 'K 

>:>;„:7 :̂/ ALO, ::;;.s::^-ro.-';::: cr< v-ari-iiii-v-i 
-::©liSl. ;i'.v!:i'/.-i;i'i:=!t!i7iil:-J-v:ii;-i--'C«?li'(:Sn 

o .\l:Oj ;v':!S£('i;>l':;i(^iil'':|iili;t::ii:;.;^}o-(?S.o-). 

C) nKW- i i i J ) ; i g~ :^ V C i J i H . V . N o E i K i ^ n i C 

^M-j;i:i:-3:li;;iiV'J'l'©!!;i;i:i:):l.VT3iSi^J:-Iii;iJ*K~;'7 9 

•i^'^.JiTiV'fiwJsiWi-l'iir-eZ'I'ililiii'^eLSrMW-cN v-

• A t M M & t i i •} -> AM77O|ilJ]ll : tm«Jia©iiS^fei0: 

<J)E\!\'}^iOi&rVt>il-oi-Z>. i.-fz^f):-.>x:}m&-mk 

{7-y i - i Kb^&) : ; ' ) ' m m t f J '} •'yi.-JJ:7iiCfi5fl:Ml' 

• j - u c: ' i I -,);•:. -c l̂-: C tz © r- £ 0 ^ 1 . fi fc ,-i;-| Jl-Ii © yifit 

im>l'iI2iKLf;:'7 •) '!> A-M-77;-.t Ca-Na;:2 K. ISift-CiliL: 

iim<'l'77-;i;lR:7i!Pii©i|'-C-ai*, ).';ifSiWicj-L-<r, ^ 

iiTitj'--3'<, ':!;/::AnJ£v>lc'{;'i^•e^^<i. C©|'lR:77(i 

7i;c e)Vf©rrAic(:i^;»jaijj;©±>7icj:.p-c^< 0 7 7 - * 
M)r.|ifi-flM:(7)M©-^'<6'(-i/i*;>fi'i'UXdl:i:fc®-C-35>i 
-3, KiiY and 1<OY(I957) lc.l;-W-,f i-'O •;/->... 5 - - '^ 

-f K a y o .;, •> ^ 5 -,T;«)cO;^ < o7,it t VoDF.R (1950) 

©7-jiLfc 850°Cj ;5 300''C~40O°C(H;.vrJl.'ilfi:-C-^>W1-

3. moi&s 
mmc imm's t iM©iis-i {n̂vx, wdmw ii-a-ju-f cao 

lliicK- C-t::f|:lj,ll i -I-iiS L& 1/̂ ^A ÎJ-lffl-f̂ -i;!-!!:4'THi-B-i.'iDcli'; 

; j - e f e O (l-'ig. ' 0 ) , KoRZHiNSKii (1959) - i ' ORVILLU 

(1969) ©ri&CTtTiK'i 'Uiri-fiSHS&avM-i iTiin.'/.;© 

iai©W2i!;i£-;if©[Ki(?iic);nia-j-<i- L-/J- Lj^Bfi-iicjia 
&e.i«, lIli^iifflSW-M^ETHi;;©®;*!;^-^^^!^!!!.'^ 
i s ' } , fm'Boiiihmmit ' .zxoxmik^-ixo cao^^sffi 
-iJlU5ti'i|i^/)-ti'jX.6:iX5. 

IPfn.'feJ:c>-rMT®ii1!?;sA"0, •77Fcr(©,lllH^^>^"'2-'r7 

•-t&v^/''j|>:iVT:*'a-(t('i:)li&K.:<r, Jf(;'/-;^;iL-C'.-<iti 

Uli}kc; 'X-?i : i tzi :Z,Ztfp 'Ct^Z>. 

1- fS£/i!lX]77-;islfi77^7©SR5fcfcv>'t0.5-l mm 
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PLAGIOCLASE 

'GARNET 

3,CUN0PYR0XENE- \ ^ v . . 1, BIOTITE 
( i X X . , PLACOCLASe 2,HORNBLENDE- PLAGIOCWSe' 

'A.GARNET-CUNOPYROXENE- '*"'"' RKH WRT FELS 
CALCITE PART - ^ : : - ~ V ( 3 ) . i ^ ® - C l 

^ ^ ^ ^VIORNBLENDE 

CLINOPYROXENE 

Fig, 10, ACF diagram showing the miiicr.il assemblages of bioiiic-jikigioclase fels and 
associated garnet-clinopyroxcnc-plagioclase vein. The c.-.>mpositions of 2, a, and 
4 are calculated from their modes. Solid circles represent: the compi,i-̂ ition of 
minerals. 

,:̂ ©lUi;•Hf|>77-*Hii:77lii-!̂ i'i;?i;)fJ|J'c$î S> (I'late B; 3). 

2. /^m77©MiSS(b{c(;!n->iiiS*i|i77-MfiTii!si'vl'i; 

lill«:|);!cai&6 (Plate i : 4). 

3. ;!J:S5S-:iitM-a71r©RK't?iilPR©iWJi- lcm-|ft 

cm ic-tao, '•c^'ii.L-u'zt'< '^b-ntj'n\'m-Zj. titzm 
©i.5)Bi!lC|-.t.r<)|X)ri-;̂ -ffiJ(5-J-o (I'late IU; .5), 

4. ; m & - i M k $ j : - t i 'i '> Aji7i('t:^-S)i£5n<;ii-i 

ffi-ett$'< 677;6>ri'i^L. -i:©;ti;;>:c An )£»(C(;i;t)-5;'i 
ii77-^/;teJjlli-« (I'late 11: G). 

#0H©attScft^i/^(';!-:f'Hll'i^ii. l';ii;>i'î Jic7ii>;fi 

ti.i&\±'afA'i!ci&i-r±c7zmmyii («""»> î ^«; 
GRKEN, 1964) 'i-(,J,.,(tiail'-JicK.&<br. i.-O', CWIIIKW,'!-

ii:i§eA'!p7i::e?tL<i. Shap granile ©S!3i-)iKi;-5!-i-/; 

Borrowdale ĈLiri-ii---C-i-.t, CaO ;i-f,r.!j-iti:i -J'('iJiiiK©!,'!! 

\Ji^tjmmti.i:icriiM'hzt\-iX->x, .'imti'Li-. 
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CaO \C'i]\A,X'ytzMmiti. ' .^. l.tz:fj'--'Xm\X:)i:iC',i 

-<fcj;?{c,7<'iW(7©;H:S(y:!L;-J;-.-ciwfeoH::. CaO 
A'-f'ri©4---:'''J ' / - • > .=: -.y (-'->il-':iV:l|l) (HAKKI-K, lOliO. 

p. 75) -CiSfliL/:;llli>,!;;>S',^li"4i.:b- - u ' / ' } ' r - •> , 

•yX- CaO:'j'.i!?,<JiiLtz:z.tiX, f;7i$:(.{^W CaO l^fi.i.'.', 

•-\<D CaO ;ci5!7i;^L.V-c L.i-0 (.');-^>l)'i'.jL;;, n-'ig. 

9)- m-n\\xmi.^-iii-lz-^V') y - ^ .'^-'.XMiiir^- Vi 

i:ni!!)!M©i.!;f±i4;nE("|||©{ii->ii-li-:- :>;©)|>i.',:!r̂ |a (MI-

YAsiimci, 1958) .>;' l);iielii-ss County ©ilii'i'j'jMi'cVi'i' 

©77ii'i—ii7iiR©|fJ'it;Ki;'f (V'IOAM-, 1974) i|iil(.|V(;) 

4,© ::--'5-x-''/U7'..-

-»• ;'yK«:ffilc::50T 

liM-i-z, vii'iiv; - iiUi'i'ii'; - i/unVf-cJi ih . . : \ : . .„ i : 

i|iliU/.:J: -;)/i::^itn:/!l;v'„^;')i:,JL':.. zii^.-x^'-cifU^t'. 

.•(';• ;5'-)fJjS i? ix & fc ib !c iS, W&. T; ic fc v > -c i< -.O • Na,o 

-/)'., Ka-M hi^-{.;fcv^T .sio,,.i-'cO >'/•, :(.-iKY-icfc 

1.--C siOj//., irii'm'ii-fc-'-'̂ T ^lO im'ii\t--ix-'j.i'yij: 
ti'&Z>. •XinmmWmt\m^;>'i.'.'ji-it.:.K--.(;yc, :iixi:= 

© li? n I .t wit ('f; ''I'.V -̂fr i L. T i: '̂f J L. iiW.) ir-ixtz o -c- s >s 
'5-

li; - -J :•(• H-î )a< !5 t'52ft('|-:Jl!7'/-ri:&ll:i- 6 i t i (3, 

Sttf'|ci.Uiii-^yiWli'Wi'iliifi.iKfin^nofeR^©)jS;^>>>iB«i5 

LfcS*7K*vvM;tii^lKsyf©7kri^iili^•t:^x.t.i^a. :(î C 0 

y;-©']'rAtclS.i(* L T K , 0 5;&ti-ijicf.t;-*-'iiri!fl))tO C t l i 

)2;<iii'.iiiOi'LT"V'5 (I'liiLi.ips, 1955; FIRMAN, 1957; 

Bi;,\cii and FYI-E, 1972). 

^{W-i\\x\-\h\\-s-ix-tzts.6'mm'\'rmm'^cx-.xbv:i. 
^A', M~7tii -•yiU<'i'..mi.'6ie\\.>!i&i&iU'rkl\\ij-l^, 
<ix:cixi/Jim'i'<i'.r. mW L t z t K .''jM-^-v-. .-fiiC-j 

:<'iim'0&Z,Wii('yiilii^fj'ybi}ti:-MilK^ii:^iiH&lin'&M-' 
•cilijili!ci.J;,s-j-;;,i. «!»'IMiTC&;<<-.fc!.itft;iSii''('; 
!;t'l^i«ii:;";;oJ:-iiciilc;L, >-.w!:ci!i£A-i-o?;!u4:ti/l£il', 
•)-;:.p/itM;-e;i;, ii;-'i-:jiiii!c^-ii7 . x < 6 ci-,/iiv!i:£(t():i|i, 
KoR-/.iii,N,sKii, 19:59 • I90H). -j-:'.r,.iy:'.ic|t'J!-;iK'7;-©il::'f: 

yiij!i;-eiril;ii:: L xm>if-Z.iii'i'f:xc..':ii'i.i.o-<±i:t:i&Pl 
:-:i)ici-S;i||.vo!Ko;i7:Jt/- l ^ t i . x 

J5a„'Ji-i7i)f-^>i;ftvr3.v-i--ii;ii-t^'l':ci'-i;-i'7-!.©-cs.;:,. < 
l.xci'::ii\:ii\.i^.-:x "C-'I-L -:.i:\i'{i©tf'faiiifcv: ii© 
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H - - - ; , , • • ; i i i | i ; - i i . ' - i ;^ 
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1 ''f7:;v;::: 1 t , . iu-, \ i . ; t) . .M,(ij . , ' .>i(i; „ ' • , : • ' , , ; ! . . • 

•J^ i..x<. C- c n - - . - " V : y ' - , > ' \ \ . i . ':;i-iir-;:r.;I'iii 

•'!• . x . i/i:!-!;.-'«llij 

.iK-^/itf'iiVif'il"'•(!,! 

C.iii ,!;i '!;,^r.i-.l:j;ii 

0.1 

iL'll 

( 

77; 
X'.. 

;Sf 

//.+ 

( 
•mi 

i * ' 
C 

^ '2 

SiO„ 

-̂ (. 

4-D'n 
M±(' 
a;-.r;» r 
'iMi'l 

X t -, 

mi:' 
t i • 

OR, 

.\L-I-II 

sill'i 

sin., 

l.lliAC'l 

^ • l l l . 

file:///l-i-ii


It'; it!,! 11 (•. iVIi ill. ' 'MM' i:-'iI:-;i;=:-,.i,ii-J--:.UV'^.'i:i;(>.,4.:;i^,(';i:K!:o., 501 

K:0-.Na;0 

I'ifei'.iicfc-

.̂ •&ixZ,-(/̂ W: 

-)X, citi-'-'j 

ix-tz(DX't>'6 

i^ .ztxn, 
©I(lc'.>^ifif7 

|x?.>. ' i t ^ ' J 

f j t a C i i l i 

:i!MA.s', 1957; 

• i'-X. •-•X-J''--.''-: 

;i-te 111 .;;•!-*'. 
..-•Z'y- 7i:C -1 

•|i'ii'il'7',ili!4ii!i-j 

•-tlnLWtif̂ XW 

;,,i'.'!̂ cn:l'!:)!L 

'„^)i!;;.i';'©(i:''/: 

:r:iii:tzMii 

. t h X ' h ' i i - '•'': 

i-fiii:i;.trii;iv;-fi7J 

,ii!;i(i©i:!lJjX,;-: 

,.ite:M.M'-i:^U 

. . l i ' x . - . . L.v-

. l.,V-V;ii''i-f'i!.!', 

.'> -•„; : ' - , 'M^L:-ai" . f ' ! lJ i i i i : iU' ' - i ; ' iMl:V: ; t i i t r i V ; . ' > 

,',M 17 iv> ' l l i . . i . i / ' j ..'̂ i-'iWi - '-ii-'iWi i-ii 'tlii i'\''-: >i 

^li'ii'l'S-i Ki--- ' •• l - ' i ' i i r . - ' d ' i i '-.• ' " ' i -' '" i 1-. '7^ 

;ii:ii''.iitii„L,','.;'.'K I . ; ; . . . , - . 1:174) .- ' ; ; i . ' : : : : i ; : i>L , - : 

'z :;,=i:',.:Ji;:-

VI. m m 

( I ) HJilU (i:C--.;;!- I.-:. (.Mll-l'©IS-ii;!i:5;i;l-;i;-;i. 
2,5-3l<m i'ii!M>i;)7;-. >./;L;I; I'i illrtiMl'ii;^-^I'll'-IV: lii 
ii'J!r5illi;iix'c©:4;i;riH'l-.i;[ -c-'.>7.. C-'-iŜ fiili i)i5;(t;llii'i 
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!:̂ ;J ĵ';-il:, (('.1X'li'i'j!i(.t|,.iM .̂;??i.iffi;ii,i©|;ii)̂ '̂ fi!;iiiJ2:-&:!:;K-t) 
.'--:)• o -̂  < ©;;-'?tirii ili.-iiirit'ICiv f̂c. iDl±©:^;.<?icC-J: 

X « 

,\i,-i iiAUS, 1-:, (1907), Till- irlple point amlalnsilc—• 

r.illimanile--kyaiiiie, ,-\(i es[ierinienial and petrologic 

..Ind)-. Coiilr. ,\liiirnil. iiii.l I'i-ht.l., vol, Ki, |>, 2',l—-1-1, 

lli:,\i:ji, A. and |.'vi-ii, W. S, (1972), l-liiid transport and 

shear -/ones at .Scoiirie, .Sinlicrlaud: IDvideiice of 

ovi-rihi'iisiiiig-,' (.iiiili. .\linciiil. iiiiil I'ulriil., vol, 36, 

p, 175- li-,0, 

i'.Kl)W^, r , I-:, (r,i5(i). The- Moiinii- ,Mouiilains granites 

- :i liirili.-r Mud\, C-'.l. Miii;.. v.il, 93, p, 72--U4, 

l.:(i,Mi-ii,i,N-. K, K, (lIK'bi, (,:oniacl mel;imorphiim in 

.S.iiila l<i>.~a Kaie^r, Nevada, Jliill. Call. Sue. .'Im., vol, 

71. 1). i:-;!!3-Mi(;, 

l)i.,|.:i!, W, ,-\, (I!t3!ii, T h e coinposition and para-

,.;ciii-sis of the lioriiblendcs of the Clen Til t coiiiple,\-, 

I'erlhshlr.-, .Min. .\lrif;.. vol, 25, p . 56—74. 

I'lvANs, 11. W. (1905). ,'\pplicalioii of a rcaciion rate 

mctliotl (1. ihe bi-eakdowii etjilibria of muscovite and 

mns(-o viicplus cpeirt-/., ..Im. ./. Set., vol, 263, p, 6-17 

—667, 

l'iKMA,N, K, |, (1957), l'-|ssui-e mclasoinatism in 

vol(-aiiic roclcs afl.jaccnt to the Shap granite, West­

morland, a , .J. (Jciil. .Soc. IMIII., vol. 113, p. 205— 

222. 

l.'nANCis, O. IT (1951!). 'I'he amphibolite of Doir ' a' 

Cliatha (IJuieha), Sutherland. Ceol. i\lng., vol, 95, 

p. 25-—10, 

FYFI-:, \ V . S , .iiid 'J'unNKU, 1'', .[, (1958), Correlation 

of metamorphic facies wilh c,";pcrinienlal da ta ; in 

metamorphic reacUoiis and metamorphic facies. 

Ceol. .Sue. .4m., .Mem. 73, 

G O L D S M I T H , . ] . U , and G R A I , D . I., (1958), Relations 

between lattice constants and coinposition of the 

Mg—Ca c.-irbonaics, .'Im. Minerul., vol. 43, p. 

84—101, 

GoLus.Mi-|-ii, .J. R. (1900), E.\-solution of dolomite 

from calcite. . / . Geol., vol, 68, p , 103—109, 

CREKN, D.M, (I9G.|), T h e metamorphic aiircole of the 

peridoiite at the Li-^ard. Cornwall. J . Ceol., vol. 

72, p , .543—563. 

KALI . , .A. (1965), On a granite—meiadolerite contact 

al Cm-ran Hill, County Donegal, Ireland. Ceol. Mn.;., 

vol, 102, p, 531—537. 

FlARKiiK, ..\, (1939), Metamorphism, A study of the 

transformations of rock-masses, iMethucn, l.oiidoii. 

WiRsciiuiiKC, A. anfl VVLNKLKR, FL G, F, (1968). 

Stabilitats-beziehungcn -/wisclien Cliloril, Cordieril 

nnd Ahnaiidin bei der Mctamorpho.>:e, Contr. 

Xtincial. ami I'etiol., vol, 18, p, 17—42, 

Hsu, L, C, (1968), Selected phase relationships in the 

system .Al—Mn—I-'e—Si—O—1-1; a model for garnet 

equilibria, ./. Peliologj-, vol. 9, p. 40—83. 

m& iiHi956), 5j;^}&]iis:fim ['&tx.-B:mi-iixtf 
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The l\\lc-i>-/.oi(: seiiiiiicnis a n d \-i.ilrrnii(:s in 
Ka.--iio-a-iiii!i-:i liavr ljc-cn iiitrtidctl liy ilii-
Cr<".t;icc<itis K:ii/.iiisi-\-;iiii;i g ran i l e .ind etiii-
vci-tcd ini'.i lioini'ei.si-s civef 2.:> liin from tlic 
grani t ic conbict , ' ) n ilic basis o f t h e pi-ogres-
sive tnineralogical changes in metaliasites, 
the con tac t anrco le can be divi(h;d into three 
zot ici ; the act inol i te -/.one, the blnish green 
h o n i b l e n d e zone, a n d the green hornl j lende 
zoni:, in o rde r of increasing n ie taniorphie 
t(-mperatiii-e, 'I 'hc :iciinolile zone belongs lo 
the h ighe r -g iade ji.irt of the gieensehisi 
facies a n d the o the r zones to the aiiiphilioliie 
facies, l-'our bulk anaiyscs of roc-l:s and two 
•inalyses of bluish gi-ccn ho rnb lende a n d 
bioti te w c i c ca i r icd out , .Vletaniorphic icin-
pci-aturc es t imated by the dolomiie-calci ie 
solvus g e o t h e r m o m e t r y ranges tip to 640'Ci. 
H.,0-pressui-e, less than 2,5 kb, is indicated 
bv muscovi te plus C[iiarlz ie:iclion occiii-ring 
a|:<pi-o.Kimatcly a t 620'-Ci, 

R e m a r k a b l e bauds antl veins spotted with 
htrgc b rown crystals of gai-nei a t e developed 
in the bluish green a n d green hornblende. 
;-,<iii'„s. T h e y are biotitc-plagiocla,';c i d s bands 
;imi .i.;arnet-clinopyro>:ene-plagioclase veius oc-
eui-riii.g in a, I'ou.ghly a l te rna ted fashion, and 
so .-i.lso biol.ite-niagiieiite-potassiutii feldspar 
I'el.s l):i!i(i.s and cliiH)pyro.Nene-plagioel.'ise veins, 
'i'iiroii.gli l)i-(m-ii l i i irnljlende-p'agiochisc Ids 
llie n:ieiai):isiit;,s in the licld g r a d e into those 

lil.'^es and eventu.illy into veins, which 
under the microscope reveal surviving o p h i d c 
and porphyr i t ic textures of the original 
basi les. Five bulk anaiyscs of the bands a n d 
the vein, with anaiyscs of a cl inopyroxene, a 
biol i le , a ga rne t a n d two brown hornblendes , 
indicate potassium metasomati,sm and as­
sociated h igher oxygen fugacity in the late 
stage oC the con tac t me t amorph i sm. With 
the oxidat ion of bioti te to magnet i ie - | -potas­
sium feldspar-1-Mg-rich biotite, the bioti te-
plagioclase Ids changes fullier to the biotite-
ma,giietite-|:)otassiiim feldspar fels a t the im-
mcdi:i le grani t ic contac t . 

T h e lime l iberated by the conversion of 
ho rnb l ende into liiotite a lmost accounts for 
tha t \vliich was fixed metasomat ica l ly in 
the garnet-c l inopyroxene-pkigioclase vein a n d 
tlie c l inopyroxenc-plagioclase vein. 

.Similar bands a n d veins, though known to 
occur in va ry ing a m o u n t s in odier grani t ic 
contacts; l iave been l ighdy dismissed as a t ­
t r ibu tab le to the inhomogenei ty o f t h e original 
chemistry, or a i b i t r a r y hybr id ism has been 
invoked. Tlie present s tudy makes it clear 
tha t b a n d s a n d veins in K a s u g a - m u r a have 
been bi-ought forth, in fact, from homogeneous 
meta.basitcs througli m e t a m o r p h i c differenua-
tion a c c o m p a n i e d by potass ium metasomat ism 
aris ing p robab ly from gran i te intrusion. 

file:///vliich


504 * a m 1975—8 

Explanation of Plates 

PL.ATE I 

1. Biolite-plagioclase fels and garnel-cliiiopyroxeiie-plagiocl'ase vein. Garnet is seen in die ceniral 
part of the below vein. 

2. Biotilc-magneiitc-potassium feldspar Ids and cliiiopyroxenc-pUigioclasc vein. Central light 
portion of the vein is bytownite formed by decomposition of the garnet in g.ariicl-clinopyioxene-
plagioclasc vein. 

PLATE II 

1. Brown hornblcnde-plagioclasc fels with ihe ophitic texture surviving. Large l(-,iic,ocraiic patches 
below represent original vughs. One nicdl. 

2. Relict phenocryst of plagioclase showing Carlsbad twinning in brown hornblende-plagiocla.se fels. 
Nicols cros.scd, 

3. Biotite-plagiochise fels. One nicol, 
4. Hornblcnde-ricli part (below) and biotite-plagioclase fels (above). Relict phenocryst of plagio­

clase is recogni-icd. One nicol. 
5. Relict phcnocr-yst of plagioclase in biotite-magnetitc-potassium feldspar fels. One nicol. 
6. Relict phenocryst of iilagioclase showing an incipient stage of Iransformalion into an aggregate 

of potassium feldspar. One nicol. 

PLATE m 

1. Relict phenocryst of plagioclase in an advanced stage of transformation into an aggregate of 
potassium feldspar. One nicol, 

2. Biotite vein in cordierite-muscovite-biotile-ciuartz-plagioclase honifels. One nicol, 
3. An aggregate of clinopyroxene and pl.agioclase in brown hornblcnde-plagioclasc fels. One nicol. 
4. Clinopyroxenc-plagioclase vein in biotite-plagioclase, fels. One nicol. 
5. Garnct-clinopyroxenc-plagioclase vein in biotite-plagioclase Ids. One nicol. 
6. Clinopyroxenc-plagioclase vein in bioiilc-magnetitc-potassium feldspar Ids. One nicol. 

i^ 
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ABSTRACT 

Wang Ji-yang, Chen Mo-xiang, Wang Ji-an, Deng Xiao, Wang Jun, Shen Hsien-chieh, Hsiung 
Liang-ping, Yan Shu-zhen, Fan Zhi-cheng, Liu Xiu-wen, Huang Ge-shan, Zhang Wen-ren, 
Shao Hai-hui and Zhang Rong-yan, 1981. Geothermal studies in China. J. 'Volcanol. 
Geotherm. Res., 9: 57—76. 

Geotherma] studies have been conducted in China continuously since the end of the 
1950's with renewed activity since 1970. Three area's of research are defined: (1) fundamen­
tal theoretical research on geothermics, including subsurface temperatures, terrestrial heat 
flow and geothermal modeling; (2) exploration for geothermal resources and exploitation 
of geothermal energy; and (3) geothermal studies in mines. 

Regional geothermal studies have been conducted recently in North China and more 
than 2000 values of subsurface temperature have been obtained. Temperatures at a depth 
of 300 m generally range from 20 to 25°C with geothermal gradients from 20 to 40°C/km. 
These values are regarded as an average for the region wit.h anomalies related to geological, 
factors. 

To date, 22 reliable heat flow data from 17 sites have been obtained in North China and 
the data have been categorized according to fault block tectonics. The average heat flow 
value at 16 sites in the north is 1.3 HFU, varying from 0.7 to 1.8 HFU. It is apparent that 
the North China fault block is characterized by a relatively high heat flow with wide varia­
tions in magnitude compared to the mean value for similar tectonic units in other parts of 
the world. It is suggested that although the North China fault block can be traced back to 
the Archaean, the tectonic activity has been strengthening since the Mesozoic resulting in 
so-called "reactivation of platform" with large-scale faulting and magmatism. 

Geothermal resources in China are extensive; more than 2000 hot springs have been 
found and there are other manifestations including geysers, hydrothermal explosions, hydro-
thermal steam, fumaroles, high-temperature fountains, boiling springs, pools of boiling mud, 
etc. In addition, there are many Meso-Cenozoic sedimentary basins with widespread 
aquifers containing geothermal water resources in abundance. The extensive exploration 
and exploitation of these geothermal resources began early in the 1970's. Since then several 
experimental power stations using thermal water have been set up in Fengshun (Fungshun), 

4^. 9, //̂ / 

Visiting Scholar at Geothermal Program, Department of Geological Sciences, Virginia 
Polytechnic Institute and State University, Blacksburg, VA 24061, U.S.A. 

Visiting Scholar at Lamont-Doherty Geological Observatory of Columbia University, 
Palisades, NY 10964, U.S.A. 
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Province Guangdong (Kwangtung), Huailai, Province Hebei (Hope!) and other locations. 
In 1977 a new power station using high-temperature (150°C) hydrothermal fluids and 
steam was constructed in the Yangbajihg (Yangpachaih) geothermal field north of Lasa 
(Lhasa) in Xizang (Tibet), Since 1970 in Beijing (Peking), Tianjin (Tientsin) and other 
cities thermal water of 40—60°C has been used fbr space heating, industry, agriculture, 
medical sanatoriums, etc. 

High temperatures which may prevail in shafts and galleries of deep mines constitute 
& so-called "geothermaJ hazard". According to the geothermal conditions, six types of 
minescan be defined each requiring particular facilities fbr safe and efficient working. 

INTRODUCTION 

Geothermal studies have been eonducted in China continuously since the 
end of the 1950's. However, there has been renewed activity since 1970 with 
the development of the national economy and the consequent advance of 
theoretical studies in geosciences. 

Geothermal studies iri CJiina involve three basic aspects: (1) fundamental 
theoretical research on geothermics, including study of the re^onal subsizr-
face temperature field, the determination of tenrestrial heat flow, and geo­
thermal modeling; (2) prospecting and exploration for geothennal lesourceSj 
and exploitation and utOization of geothermal energy; iind (3) geothennal 
studies in mines. 

REGIONAL GEOTHERMAL STUDY 

In recent years systematic measurenients have been made of subsurface 
temperature in North China and more than 2000 values were obtained. These 
data are plotted in Pigs. 1 and 2 showing the distribution of temperature at 
a depth of 300 m and the corresponding variation of the geotherm^ gradient 
ih the region studied. The temperature at 300 ra generally varies from 20 to 
SS^C and the geothermal gradient varies from 20 to 40''C/km. These values 
rnay be regarded as average for this region. Nevertheless there are some anom­
alies. For example, the temperature at a depth of 300 m in the region to the 
south of Tianjin (Tientsin) is 25—30°C whereas the temperature at the same 
depth along the eastem piedmont of Tafliang Shan (Taihang Mountains) is no 
more than 15—20°C. 

According to the preliminary results of our research the geological factors 
that control subsurface temperatures in North China are as follows: 

(1) Structural relief on the crystalline basement. Depth to crystalline base­
ment in North China varies because of dif ferential movement of fault blocks. 
This affects the distribution of subsurface temperature. Generally the shallow­
er the depth to basement the higher the temperature. For example, the h i ^ -
temperature, region to the south of Tianjin (Tientsin) is associated with the 
Cang Xian (Tsangnsien) uplift and the low temperatures in Huan^ua repon 

"•nie geographical names in this paper are translated according to the Chinese phonetic 
alphabet with English spelling in parenthesis. 
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Fig-1. Temperature distribution at a depth of 300 m in North China.. 
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Fig. 2- Variation of geothermal gradient over the depth interval 0—300 m in North China. 
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Fig. 3. The Yuanshi-Jinan geotemperature profile: 

may be related to a depression. If we compare Figs. 1 and 2 vrith the tectonic 
map of the basement, a good correlation is apparent in the Yuansni-Jianan 
(Yuansnih-Tsinan) geotemperature, profile (Fig. 3). 

It is well knovm that the thermal eonductivity of crystalline rocks is often 
higher than that of overlying sedimentary rocks, so that heat flow is concen­
trated in the uplifted region making it a region ofhigh teniperature. Similar­
ly, because of contrasts in thermal conductivity causing a concentration of 
heat flow, higher temperatures may also be observed over an anticline (Fig. 4). 
In order to verify the results obtained, geothennal models were formulated 
for the uplift associated with the Pingdingshan (Pingtingshan) coal mine. 
Province Henan (Honan). Preliminary results (Fig. 5) show satisfactory quali­
tative agreement -with the contour trends in Fig, 1, 

(2) Faults and fractures. The-Tancheng-Lujiang (Luchiang) fracture zone 
trending NNE and extending over East China is an active deep-seated fault 
zone penetrating to the upper mantle. Several strong earthquakes such as 
the 1668 Tancheng earthquake of magnitude 8.5, the 1969 Po Mai (Pohai) 
Sea earthquake of magnitude 7,4 and the 1974 Hajcheng earthquake of 
magnitude 7.3 occurred along or near this deep-seated fracture zone. Further­
more, a number of hot springs have been found along this zone. Teniperature 
measurements in drill holes indicate that the temperature at a depth of 300 
m along the fault zone is 2—4°C higher than that outside the zone (Fig. 6). 

The higher temperatures along the Tancheng-Lujiang (Luchiang) fracture 
zone are in part due to the regional geological setting. From the results of 
magnetotelluric soundings on the middle part of this zone near Linyi of 
Province ShaiidOng (Shantung) the M-discontinuity is at a depthof about 
30—35 km; accordingly, the asthenosphere is elevated to about 70 km, so 
that the conductive heat flow component is increased leading to h i ^ e r sub­
surface temperatures here (Fig. 6). In addition, the fracture zone is favour­
able for the convective transport of heat (magma, hydrothermal fluid, etc.) 
from the deep interior of the earth. 

Similar examples are. also observed in some.regions of North China. It is 
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Fig. 6. Geotemperature profile across the Tancheng-Lujiang fracture zone at Linyi. 

interesting that Uie high-temperature zones shown in Fig, 1 do not faU exact­
ly at the uplifted center but always occur on the boundaries of different 
fault blocks, bemg deep-seated fracture zones, 

(3) Magmatic activity. In the North China Plain, intrusive igneous rocks 
have been found by drilling and geophysical surveys in Yanshaii (Yenshan), 
Q i n ^ u n (Chingyun), etc, These are, areas with higher near-surface tempera-, 
ture. Moreover,, in metal mines such as Jinling (Chinling), Laiwu, Yinah, 
Province Shandong (Shantung) where felsic inagmatic bodies have also been 
observed, the temperature at a depth of 300 m in ttiis region is about 3—b^C 
h i ^ e r than that in surrounding regions. This indicates that granitic rocks 
high in heat^producing elements (U and Th) cotild exert a strong effect on 
subsurface temperatures, 

(4) Groundwater activity. There are three different cases of groundwater 
activity which influence near-surface temperatures. 
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In areas of active recharge, discharge and subsurface flow, groundwater 
would transport heat from the surrounding rocks causing a decrease in near-
surface temperatures. The low temperatures in the eastem piedmont of 
Taihang Shan (Taihang Mountains) and theP southem piedmont of Yanshan 
(Yenshan Mountains) are an example. 

A second case is the large artesian groundwater basin such as the oil-gas 
fields and coal basins in North China where confined aquifers are common. 
The water, whether it is of sedimentary or meteoric origin, is in thermal 
equilibrium vnth surrounding rocks. The geothermal gradient in" these regions 
in North China ranges from 20 to 30°C/km (the south Shandong (Shantung) 
coal basin, 23—25°C/km; the north Anhui (Anhwei) coal basin, 21—26°C/km; 
the south Anhui (Anhwei) coal basin, 25—30°C/km). 

The third case is deep circulation of groundwater that results in a local geo­
thermal anomaly such as are associated with anomalies in some metal and 
coal mines in North China, 

DETERMINATIONS OF TERRESTRUL HEAT FLOW 

To date, 22 reliable heat flow values from 17 sites have been obtained in 
North China. The geological and geographical setting of these sites are shown 
in Fig. 7 and summarized in Table 1. 

The data can be categorized according to the fault block tectonics theory; 
from 17 heat flow sites there are 13 in the Hebei-Shandong (Hopei-Shantung) 
fault block (sites 1—9, 13—16), 3 in the Henan-Anhui (Honan-Anhwei) fault 
block (sites 10—12), and only one (site 17) value falls in eastem Qinling (Chin­
ling) folding block to the south. The average heat flow value at the 16 northem 
sites is 1.3 HFU, varying from 0.7 to 1.8 HFU. It is apparent that the North 
China fault block is characterized by a relatively high heat flow with wide 
variations in magnitude compared with the mean value for similar tectonic 
units in other parts of the world. 

The heat flow data can be divided into two groups, depending on the 
geological framework, as follows: 

(1) Regions of recent tectonic uplift with extensive exposures of Pre-Cam­
brian basement include Yanshan (Yenshan), the central mountainous areas 
of Province Shandong (Shantung) and the Funiu-Dabie (Tapieh) Mountains; the 
average heat flow at 13 sites is 1,17 HFU. In the central part of Yanshan 
(Yenshan) which is considered to be the "core" of Chinese continental crust, 
rocks of Archaean age are widely exposed. The heat flow is low (about 0.7 
HFU), whereas in the neotectonic areas such as Huailai and Yanquing (Yenching) 
basins the heat flow is higher (1,3—1.8 HFU), 

(2) Recent areas of subsidence with wide development of Cenozoic sedi­
ments, geographically are equivalent to the North China Plain; the heat flow 
is significantly higher and varies from 1.45 to 2.0 HFU, The heat flow is much 
higher than the average world values for similar areas. It is suggested that the 
higher heat flow in these areas can be explained as follows: since the late 
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Pig. 7. Location map of heat flo-w determinations in China. 
1 = Cenozoic (mainly Quarternary), 2 = Mesozoic (mainly volcanic and clastic rocks, of 
Jurassic-Cretaceous), 3 >= Paleozoic (mainly coal sequence of Carboniferous-Perrriiar)), 
4 = Paleozoic (mainly carbonate rocks, In South China clastic rock of Silurian), S = Pre­
cambrian (metamorphic rock's of Sinian and Precambrian), € •= Mesozoic acid-intermediate 
intrusive rocks, 7 " pre-Mesozoic acid-intermediate intrusive rocks, 8 ' Neoterttary basalts, 
9 " number and sites of heal flo-w determinations. 
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TABLE 1 

Heat flow data in 

Site No. 
(cf. Fig. 7) 

1, Chicheng 
(Ghihcheng) 
Province 
Mebei 
(Hopei) 

China 

Bore 
hole 

13 

2. Fanshan 103 
(Fanshan) 
Province Hebei ,g 

3; Chengde 
(Chengteh) 
Prov; Hebei 

4. Yanging 
(Yenching) 
Beijing 

(Peking) 

5. Yanging 
Beijing 

6. Fangshan 
(Fangshan) 
Beijing 

10 

72-7 

72-5 

2 

7. Luan Xian 69 
(Luan County) 
Prov. Hebei 

8. Beipiao 
(Peipiao) 
Prov. Liaoning 
(Liaoning) 

9- Beijing 
(Peking) 

r 

21 

22 

24 
10. Pingdingshan 

(Pingtingshan) 101 
Prov. Kenan 
(Honan) 

Location 

40-41^N, 

40°12'N, 

40° IO'N. 

40''35'N, 

40''24'N. 

40''25'N, 

40''27'N, 

3?°44'N. 

39°49'N. 

4 r48*N, 

Bg-s&'N, 

39°55'N. 

39°55'N, 

33°.47'N, 

) 

115°30'E 

115°26'E 

115° 26 'E 

117' '51'E 

116°16 'E 

116°15'E 

115°S6'E 

115° 57 'E 

118°30'E 

120°44'E 

116°27'E 

l i 6 ° 2 9 ' E 

116°27'E 

113°12'E 

Elevation 
(m) 

1300 

750 

875 

- 7 0 0 

525 

52B 

- 2 0 0 

57 

172 

36 

36 

36 

- 1 0 0 

Depth 
of > 
borehole 
(m) 

629 

733 

418 

627 

369 

683 

533 

507 

348 

in mine 

700 

1030 

940 

681 

Time 
for 
equi­
librium 

7 days 

45 months 

15 days 

16 months 

14 days 

3 days 

10 days 

2,5 years 

21 days 

3.6 months 

1 month 

1.5 months 

3.6 months 

11, Pingdingshan 18-1 
Prov. Kenan 

33°47'N, 113°23'E 80.7 683 23 days 
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Research interval 

depth 
range (m) 

168 -330 

nature of 
rocks 

tuffaceous 
quartz 
sandstone 

gradient 
(°C/km) 

14.3810.22 

K (in cal/cm s 

N harmon 
means 

3 

"C) 

c arith­
metic 
means 

6.56i0,53 

Q, uncorrectec'(HFU) 

individual mean 

0.94 + 0.08 

l iS3-733 pyroxenolite 13.76±0,05 20 5.e±0.23 

200 -274 doiomite, 
274 -400 granodiorite 

441—620 granodiorite, 
horns tone 

7.06±0.62 
10.77* 0.36 

12.68*0.07 

1 
4 

7 

9.19 
5.69± 0.23 

5.7110.16 

O.SOi 0.03 

0,66 
0.61 ±0.03 J 

0.72*0.02 

0.72 

; • ! 

160-340 granodiorite 16.36i0.27 

4 8 0 - 6 1 0 marble 

335 -502 andesite 

19.88* 0,30 8 

38.00*0.54 15 

7,85*0.47 1.21*0.08 

6.81*0.49 1.35* 0.10 J 

4,84*0.09 1.8410.04 

1,28 

300-^500 porphyritic 12,70*0.23 1 
granite 

5,68 0.74 

130-348 weak gneissic 11,74*0.07 8 6.02*0.14 
migmatite 
granite 

729-869 andesite 42.03*1.24 8 

0.7110,02 

4.05*0.12 1.7010.07 

506-700 

860-1030 

837-940 , 

dolomite 

148 -326 dolomitic 
limestone 

19.42*0.36 15 

13.70*0,53 

19.5410.50 

26.44*0.28 14 6.4 6± 0.23 

10,3310.34 2.01 ±0.08 

10.57±.0.4,8 1.4510.09 

9.46*0.24 1,85*0.07; 

1.71*0.06 

1.77 

217-296^ 

3 6 0 - 4 1 9 

eos-eBS, 

limestone 

29,59*0,75 

30.67*0.54 

27.65* 0.70 

6 5,80*0.16 

7 5.9 2 i 0.24 

6 6,3510.28 

1.72*0,07 

1,81±0.08 

1.7610,09 

1.76 

http://16.36i0.27
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TABLE 1 (continued) 

Site No. 
(cf.Fig.7) 

12. Queshan 
(Chuehshan), 
Prov. Henan 

13. Xin wen 
(Hsinwen), 

Bore 
hole 

33580-
1 

350 

Prov. Shandong 
(Shantung) 

14. Laiwu 
(Laiwu) 
Prov, Shan­
dong 

16. Jinling 
(Chinling) 

Prov. Shan­
dong 

16. Yinan 
(Yinan) 

676 

6-2 

11 

73-2 

10-1 

Prov. Shandong 

17, Lujiang 
(Luchiang) 
Prov. Anhui 
(Anhwei) 

66 

135 

Location 

32°50'N, 

35°52*N. 

36''10'N. 

36°13'N, 

36°48'N, 

36°48'N, 

35°40'N. 

31°00'N, 

aroo-N, 

113*'39'E 

117°40'E 

117°39'E 

i n ' i i ' E 

l l S - l l . ' E 

118°07'E 

118°37*E 

117°19*E 

117°19'E 

Elevation 
,(m) 

135 

173 

•vlSO 

- 1 4 0 

< 50 

< 50 

- 1 4 0 

38,5 

41.5 

Depth ' 
of 
borehole 
(m) 

117 

735 

602 

500 

736 

335 

505 

750 

700 

Time 
for 
equi­
librium 

l i5 months 
-

6 days 

20 months 

23 days 

9 months 

10 months 

3 days 

8.months 

7 days 

Mesozoic, especially Cenozoic time, these regions were separated apart from 
surrounding uplifted areas and have been strongly subjected to a subsidence. 
As a restilt, block faulting took place in a non-equilibrium mode, faulting of 
the crystalline basement occurred, and neotectonic and magmatic activity 
was exterisive. In addition, eruption of CenOzoic basalts occurred in many 
places. This resulted in high heat flow in this region. 

It is clear that the heat flow pattem in NortJi China is determined by tec­
tonics and the history of geological evolution of the region studied. Although 
the age of the formation of the North C^ina fault block can be traced back 
to the Archaean, being part of the oldest continental crust in China, the tec­
tonic activity has been strengthening since the Mesozoic, that is, so-called 
"reactivation of platform". This eventually led to the appearance of relatively 
high hea,t flow with a large range of data scatter iri NoriJi China, 

Heat flow determinations in China are few, but the first values have shown 
the close relation with the geologic framework of the- region. A knowledge of 
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Research interval 

depth nature of 
range (m) rocks 

3 0 - 1 1 0 gneiss 

(°C/km) 

18,17*0.19 

K (mcal/cm s°C) 

N harmonic 
m^eans 

3 

arith- , 
matic 
means 

6.43*0,18 

Q, uncorrected 

individual 

1.17*0.04 

(HFU) 

mean 

645~735 limestone 16,37*0.28 4 7.04*0.41" .1.15*0.07 

1 8 0 - 2 1 0 

3 2 0 - 3 9 0 

2 0 0 - 2 4 0 

110 -210 

100 -300 

1 0 0 - 3 0 8 

134-229 

marble 

marble, 
diorite 

diorite, 
clastic rock 

diorite 
limestone 

homstone, 
diorite 

trachy ande­
site, syenite-
porphyry 

trachy andesite. 

20.00 

21,00 

28.0 

22.0 

24.50 

41.141 

36'.40i 

0.27 

0.52 

3 

2 

2 

2 

5 

7 

4 

5,77 

5.7 

5.5 

6;7 

6,07 

4,57*0.16 

4.9410:28 

1.15 

1.2 

1.65 

1.46 

1.49 

1.88*0.07 

l.BOiO.Ol 
sy eni te • po rp h yry 

1.18 

1.57 

1.84 

regional heat flow -will play an important role in prospecting for geothermal 
resources, especially in predicting areas foir hot diy rock applications; it will 
therefore be useful to increase the effort in this regard. 

PROSPECTING AND EXPLORATION FOR GEOTHERMAL RESOURCES 

Exploitation and utilvzation of geothermat energy 

China is rich in geothermal resources. To date, more than 2000 hot springs 
have been found (Fig. 8). It can be seen from Fig. 8 that the hot springs are 
coriceritrated in the following regions: 

(1) Recent tectonically active regions involving both banks of the Yalu 
Zangbu (Yalu Tsangpo) River in South Xizang (Tibet) and the Tengchong 
(Tengchung) volcanic zone ofthe westem Province Yunnan. Based on 
the data collected by the Qinghai-Xizang (Chinghai-Tibet) Scientific Expedi-
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Hot Springs in Cliina 

540 
I 

oAo-eo'c 
B 6 0 - I 0 0 ' C 
• ilOO'C 

South Chino 
Seo 

Fig. 8. Hot springs in China (by Huang Shang-yao, Wang Jun). 

tion Group, Academia Sinica, there are more than 600 surface manifestatioris 
in the Xizang (Tibet) plateau demonstrating many types of hydrothermal ac­
tivity including high-temperature geysers, hydrothermal explosion, hydrother­
mal steam, fumarole, high-temperature fountains, boiling springs, pools of 
boiling mud, hot spring, and thermal spriiigs among which geysers and hydro-
thermal explosion were found in China for the first tirae (F i^ . 9̂  10). 

The intensive hydrothermal activity in this region can be related to plate 
motions. It is suggested that between Oetacepus and Eocene time the Indian 
plate drifted northward and approached the Eurasian plate. Oceanic crust be^ 
tween these two plates was downthrusted along the geosuture zone of the Yalu 
Zangbu (Yalu Tsangpo) River. This movement finally led to the occurrence of 
intermediate felsic magmatic rocks in the Gandes (Gangdise) Arc belt. After the 
Eocene, the Indian and Eurasian plates fully collided with each other. As a 
result, the continental crust was thickened and partial melting began. Remelted 
magmas intruded and rose along fissures. Because of thickened crust at South 
Xizang (Tibet) the.magma did not reach the surface of the earth. Consequent­
ly, heat is retained at shallow crustal levels causirig hydrothermal activity with 
strong surface expressions in South Xizang;(Tibet), 

(2) Provinces Guangdong (Kwantung), Fujian (Fukien) and Taiwan along 
the coast of southeastern China constitute a zone where hot springs are con-
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Fif. 9- Geyser at Ngamring County, Xizang (Tibet) — the largest geyser m China. (Photo 
courtesy of Zhang Ming-tap.) 

centrated. Most hot springs have a temperature less than 100°C except for 
Taiwran where boUing springs have'been found., Because Taiwan is located in 
a Cenozoic tectonically active zone, the hydrothermal activity there is strong. 
Along the southeastern coast of China, Mesozoic felsic intrusive rocks are 
widely distributed and the hydrothermal activity is correspondingly less 
strong. 

(3) A North-South Tectonic Zone extends along Xichang (Hsichang)-
Kuiiming at, longitude of 104°E and is a zone of deep faulting. Along this zone 
are a series of Mesozoic-Cenozoic grabens with extensive magmatism and seis­
micity, so it may also be a high-temperature, high-heat flow zone with strong 
hydroUiermal manifestations at the surface. 

(4) In eastem Shandong (Shantung), mountainous areas of East Liaoning 
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Fig. 10. Hydrothermal explosion at Gamba County, Xizang (Tibet). (Photo courtesy of 
Zhang Ming-tao.) 

and Yanshan (Yenshan) regions, hot and thermal springs mainly occur along 
the intersection of two sets of fractures. The temperature of the majority of 
the springs ranges between 40 and 60°C, and locally up to 100°C. 

In addition to the hot springs, there are many Meso-Cenozoic sedimentary 
basins with widespread aquifers containing geothermal water resources in 
abundance. For example, thermal water having a temp)erature of 70—90°C 
was encountered in many oil and gas exploration drill holes in North China. 
In Beijing (Peking) and Tianjin (Tientsin) areas there are many thermal water 
wells of 1000-2000 m depth having temperatures of 40—60°C. 

Extensive exploration and exploitation of geothermal resources in China 
began early in the 1970's. Since then several experimental power stations 
using thermal water have been set up in Fengshun (Fungshun) of the Province 
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Guangdong (Kwantung), Huailai of the Province Hebei (Hopei), and other 
locations (Fig. 11, Table 2). In 1977 a new power station using high-tempera­
ture (ISO^C) hydrothermal fluids and steam was constructed in the Yang­
bajing (Yangpachain) geothermal field north of Lasa (Lhasa) in Xizang 
(Tibet). At present, further prospecting and exploration of this geothermal 
field are in progress (Fig. 12). 

Further utUization of thermal water for domestic heating and other pur­
poses seems probable. Since 1970 in Beijing (Peking), Tianjin (Tientsin) and 
other cities, thermal water has been used for space heating, industry, agri­
culture, medical sanatoriums, etc. It is anticipated that these applications 
will be rapidly extended. 

TABLE 2 

Experimental geothermal power stations in China 

Name of 
experimental 
geothermal 
power station 

Fengshun 

No.l Unit 

No.2 Unit 

Wentang 

Huailai 

Huitang 

Yingkou 

Yangbajing 

Location 

Fengshun 
(Dengwu) 
Guangdong 

Yichun 
(Wentang), 
Jiangxi 

Huailai 
(Houheyao) 
Hebei 

Ningxiang 
(Huitang), 
Hunan 

Xiongyue 
Liaoning 

Yangbajing, 
Xizang 

Thermal 
water 
temperature 
(°C) 

91 

91 

67 

85 

92 

75 -84 

150 

Design 
capacity 
(kW) 

86 

200 

50 

200 

300 

100 

1000 

System 
type 

flashed 
steam cycle 
dual fluid 
cycle 

dual fluid 
cycle 

dual fluid 
cycle 

flashed 
steam 
cycle 

dual fluid 
cycle 

flashed 
steam cycle 

Working 
medium 

water 

iso-butane 

chlor­
ethane 

chlor­
ethane, 
normal 
butane 

water 

normal 
butane, 
freon 

water 

Generating 
date 
(year, 
month) 

1970, 10 

1971.9 

1970.9 

1971,9 

1975, 10 

1977,4 

1977,9 
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Multipurpose Uses of Geothermal 
Resources in China 
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Fig. 11 . Distribution of experimental geothermal power stations and multipurpose uses of 
geothermal resources in China. 

GEOTHERMAL STUDIES IN MINES 

It is well kno-wn that temperatures increase with depth; as a result the 
ambient conditions in shafts and galleries of deep mines sometimes exceed 
the limits tolerable to man. A so-called "geothermal hazard" is formed. For 
example, the rock temperature at a depth of 430 m in the Pingdingshan 
(Pingtingshan) coal mine, Province Henan (Honan) is up to 35°C and the air 
temperature at the same depth in the gallery is 30°C. Similar temperatures 
are reported in some coal and metal mines of East China. Based on geother­
mal investigations six types of mine can be defined. 

(1) Mines with elevated basement. Geologically this type of mine is widely 
developed in the zone of uplift, where the geothermal gradient is about 30— 
40''C/km and the heat flow is greater than 1.3 HFU. The Pingdingshan (Ping­
tingshan) coal mine is of this type and seems to be typical. 

(2) Mines in areas of basement subsidence with a normal geothermal 
gradient (20—30°C/km), The Yanzhou (Yenchou) coal mine in Province 
Shandong (Shantung) and coal mines in northem and southem Anhui (Anhwei) 
are of this type. 
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Fig. 12. Drilling at Yangbajing (Yangpachain) geothermal field, Xizang (Tibet). (Photo 
courtesy of Zhang Ming-tao.) 
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(3) Mines in deep fault zones such as those in Liaoyuan, Fushun, Fangzi 
(Fangchih), Linyi along the Tancheng-Lujiang (Luchiang) fracture zone. 
These mines are characterized by high rock temperature and sometimes by 
the occurrence of deep-seated circulation of hot water. < 

(4) Mines with intensive mixing of groundwater. These mines are located 
mainly in the piedmont of the Taihang Shan (Taihang Mountains) and Yanshan 
(Yenshan Mountains). Due to intensive mixing of groundwater the rock tem­
perature of the deeper parts of the mines is lower. An example is the Kailuan 
coal mine. Province Hebei (Hopei), near the southem piedmont of Yanshan 
(Yenshan) where the rock temperature in the gallery at 1000 m depth is less 
than 28°C, and the geothermal gradient is less than 20°C/km. Similar tem­
peratures are observed in the Jingxi (Kingsi), Fengfeng, Jiaozuo (Chiaotso), 
Hebi (Huopi), Zibo (Chibo) coal mines. 

(5) Mines with deep circulation of hot water. These are characterized by 
local thermal anomalies -with temperatures up to 50°C or higher as in the 
Weigang (Weigam), Xiuyan (Hsiuyen) metal mines in East and North CThina, 
Tectonically these mines are located in areas where the fractures and faults 
are intensely developed. 

(6) Mines rich in sulphide ores. In these mines apparent temperature anom­
alies can be found because of the oxidation of sulphide ores, which may lead 
to the burning of the ores in some cases. Mining is dangerous and caution piust 
be used. 

It should be noted that different methods are required for different types 
of mines to safeguard the environment. For example, in order to lower the 
mine temperature for the first type of mine, adequate air ventUation is 
satisfactory, but for the fifth type, extensive discharge of hot water is re­
quired. 
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