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ABSTRACT

The Fen-Wei R i f t , l o c a t e d i n t h e west pa r t o f

North China, i s a Cenozoic asymmetric f a u l t

t rough bas in .  The boundary of the rift, t h e

d i s t r i b u t i o n of subterranean u p l i f t s and dep-

r e s s i o n s beneath the b a s i n , the r a t h e r  t h i n  

c r u s t , and the s e i s m i c i t y a r e a l l con t ro l l ed

by a c t i v e r i f t i n g , The r if t extend6 over a

d i s t ance ' of more than 800 km.

Bei j ing Corporation of Hydrogeology

and Engineering Geology

Geothermal resources a r e found a long t h e boun-

dary f a u l t s , a long the margins of t h e

depress ion , and along f a u l t s of median base-

ment h o r s t s . Higher temperature a r e usua l ly

found wi th in f r a c t u r e zones near t o t h e deep-

e s t p o r t i o n of the Graben. Apart from f r a c t u r e

zone systems t h e r e a r e a l s o ex tens ive

a q u i f e r s wi thin t h e rift from which

thermal f l u i d s can be produced.

Although geothermal e x p l o r a t i o n and resources

u t i l i z a t i o n a r e limited t o a few prospects ,

t h e recogn i t ion and c l a s s i f i c a t i o n o f the geo-

thermal resources a s s o c i a t e d w i t h the

R i f t w i l l be h e l p f u l f o r f u r t h e r development.

INTRODUCTION

and ho t sp r ings i n both Saanxi and Sanxi

provinces bounded by the Yellow River have a

c e r t a i n d i s t r i b u t i o n a l r e g u l a r i t y and i n n e r

l i n k . sp r ings i n Saanxi province a r e d i s-

t r i b u t e d mainly i n Guanzhong Basin of t h e

River Basin, and i n province a r e

buted mainly i n Xinding, Linfen and

Yuncheng Basins of the Fen River Basin. They

a r e a l l loca ted i n the area

R i f t geo log ica l ly .

of t h e Fen-Wei

By r e g i o n a l geo log ica l survey,  geophysical  

survey and some e x p l o r a t i o n s f o r coa l , petro-

leum o i l and geothermal, i t has been confirmed

t h e r e s u l t of t h e a c t i o n of t e n s i o n a l

s t r e s s wi th in c r u s t  s i n c e  Cenozoic era, r e c e n t

movements a r e  s i g n i f i c a n t ,  upper

mantle swe l l l e d c r u s t t o arching and then

r i f t i n g , molten mass from c r u s t and mantle

i n t r u d i n g and erupt ing, and shallow-focus

ear thquakes have been widespread. These t y p i c a l

f e a t u r e s a r e similar of o the r well-

s tud ied  con t inen ta l  rifts l ike t h e Rhine Gra-

ben and t h e Lake Baikal depress ion

Anomalous hea t flow i n t h e rift va l l ey was

caused by t h e upper mantle swell. Estimated

h e a t flow is about t imes the nor-

mal heat f lux. T h i s anomalous f l u x  h e a t s  up

deeply i n f i l t r a t i n g meteoric waters;  some of

t h e  h e a t  is t ranspor ted t o t h e sur face by con-

vec t ive c e l l s . Numerous w a r m and hot s p r i n g s

t h e r e f o r e occur along t h e boundary

f a u l t s , a long t h e margins of  depress ion,  

and a long f a u l t s of median basement 

some wells d r i l l e d i n corresponding geo log ica l

s t r u c t u r e s have found geothermal waters.

the purpose of this paper expound t h e

r e l a t i o n s h i p between geothermal resources and

t h e rift s t r u c t u r e . w i l l guide f u r t h e r exp-

l o r a t i o n and development f o r t h e  p o t e n t i a l  

- the rma l resources i n the region, and g ive

f u l l b e n e f i t t o the  resources  u t i l i z a t i o n

thereby.

GEOLOGY OF THE FEN-WE1 RIFT

Fen-Wei R i f t c o n s i s t s of a s e r i e s of Cenozoic

oblique, - type basins . I t s t r ikes

genera l ly north- east w i t h a f lexuous

median a x i s . The rift zone is over 800

l o n g and km wide (Fig.

The Fen-Wei R i f t i s l o c a t e d within  the  North

China Platform. During very long geo log ica l

h i s t o r y i t had been r e l a t i v e l y keeping i n

s t a b l e  s i t u a t i o n  u n t i l t h e l a t e r stage of Me-

sozoic e ra , Then t h e swel l ing of upper mantle 

l ed upper c r u s t t o a rch ing a s an

before the r i f t i n g . So t h e nor thern and
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Geological map of t h e Fen-Wei

R i f t

LEGEND:

Palaeoxoic; Pa-

system;

chaean; rock;

mid s e c t i o n s of the Fen-Wei R i f t c o n s i s t of

the a x i a l l i n e of t h e Sanxi  Antekl ise ,  

Archaean g n e i s s forms an a x i a l l i n e of the

and Palaeozoic and

groups form i ts f l a n k s . The southern

s e c t i o n  c o n s i s t s  of t h e southern f l a n k of t h e

Synecl ise , t h a t is, Archa-

ean g n e i s s forms a l s o t h e a x i a l l i n e of  the  

sou the rn a n t i c l i n o r i u m ( l i n k i n g up wi th t h e

sou the rn Fold Be l t ) .Accompanying

the c r u s t a l movement, some magmas of gra-

n i t e ,  d i o r i t e ,  s y e n i t e and quartz-porphyry

e t c . i n t r u d e d p a r t i a l l y i n many p l a c e s of the

r i f t zone dur ing Yanshanian stage (J-K).

Since the begining of Cenozoic era, the upper

mantle had been f u r t h e r swelled, thus  a rch ing  

of t h e c r u s t t r a n s f e r r e d i n t o r i f t i n g . Along

w i t h t h e o r i g i n a l compressive s t r e s s

i n t h e r ift zone, t r a n s f e r r e d i n t o r e c e n t ten-

s i l e s t r e s s , t h e r if t va l l ey formed pro-

gress ive ly . The t e n s i l e s t r e s s i n NW-SE d i rec-

t i o n made t h e mid-southern s e c t i o n of the rift

with NE s t r i k e r i f t w i d e l y (-80 km), and t h e

nor the rn wi th near  south  t o nor th d i-

r e c t i o n r i f t e d narrowly km). The Cenozoic

d e p o s i t s i n the s e r i e s of b a s i n s have

a th ickness of 2100, and

m respec t ive ly . I n t h e Datong Basin 

l o c a t e d a t t h e nor thern end of t h e rift, ten-

s i l e s t r e s s a c t i o n combined wi th t h e e f f e c t

of shea r ing stress reached greater

t h e r e f o r e r i f t ed t h e c r u s t , b a s a l t i c magma

of upper and Quaternary al-

k a l i n e b a s a l t covered

depth,

a l a r g e a rea .

The r if t va l l ey c o n s i s t s of some grabens i n t e r -

c a l a t e d with h o r s t s , subterranean u p l i f t s

and depress ions d i s t r i b u t e d beneath the rift

v a l l e y (Fig. Non-uniform r i f t i n g formed an

f a u l t trough basin. There thick-

e r Cenozoic sediments deposi ted the south-

e a s t e r n f l anks of The cyc le of sedi-

mentation shows binary t e x t u r e which is from

t o f i n e f o r T e r t i a r y and from f i n e t o

coarse €or Quaternary.

*above A-A' c r o s s s e c t i o n

*below: cross s e c t i o n

Geological s e c t i o n

LEGEND: Q-Quaternary;

E-Eogene; 0-Ordovician; C-Cambrian;

Ar-Archaean;

d r i l l h o l e s and f a u l t 6 a r e
also shown.

Regional geophysical t h a t :

g r a v i t y f i e l d i n t h e rift v a l l e y showed par-

t i a l r e l a t i v e normal Bouguer anomalies over-

lapped upon t h e background of nega t ive anoma-

l i e s ; magnetic survey found s t r i ped normal

anomalies along t h e rift a x i s accompanied

negat ive anomalies a t both flanks; the
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Mohorovicic a t 27-42 km
depth a t the southern pa r t of the rift and at

37-39 km depth fo r the mid and northern pa r t s ,

is shallower by several km t h a n t h a t beneath

t h e f l a n k s .

Seismici ty I l l u s t r a t e d i n Three
R i c h t e r 8 ,

and some wi th m a q n i t u d e 7 ani!

occurred along the Fen-Wei R i f t val ley his to-

rically (Fig. They a re shallow-focus ear th-

quakes basical ly .

I n general ,  the  Fen-Wei R i f t Zone represents

t h e first stage of the r i f t i n g , the

con t i nen t a l stage. It is similar t o the

Baikal rift younger than the

la t te r .

ACTIVITY OVER THE

W a r m spr ings i n both Saanxi and Sanxi province 

are concentrated i n the Fen-Wei R i f t , Their
d i s t r i b u t i o n is regula r . Most w a r m

sp r ings occur

and along f a u l t s of median basement horsts .

The geothermal water is a l s o found i n some

d r i l l h o l e s d r i l l e d i n corresponding

l o g i c a l s t ruc ture . The warm spr ings

i n southeastern boundary f a u l t s of the r i f t

have higher temperature, For example, the

tangyu and Dongtangyu spr ings a r e and

respect ively. But t h e i r flow r a t e small

usua l ly , because they come from the deepest

part of t h e graben and d i r e c t l y i n f a u l t

zone of basement rocks, The energy discharged

ind iv idua l spr ing a rea s is about 1.1

After d r i l l i n g explorat ion may

reach 3 4 Temperature i n thoae

sp r ings  d i s t r i bu t ed  i n northwestern margin of

the rift is lower. Those spr ings occur i n a

Quaternary a l l u v i a l layer , o r in karst of ba-

sement rocks. Due t o t h e i r la rge flow r a t e

heat discharge r a t e is about 2 6

f o r each, and some of-them can reach t o

56

along the margins of grabens,

The famous ancient Warm Spring

on the median basement ho r s t of the rift.

It h a s a temperature of 44.1 The

flow r a t e was a t the begining of

It decreased t o approximately m i n re-

cent indicates t h a t the na tu r a l heat

discharge r a t e has decreased from previous

t o present 0.7
may be affected by the  ex t rac t ion  from

ho l e s located i n the recharge a r ea of

the thermal water, For the

3
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thermal wells d r i l l e d i n eas te rn and southeas-

t e rn suburban areas of (about 25 km

away t o the Spring) extracted t o t a l

heat energy about 2 3 Indivi-

dual spr ing  a rea  located i n the median base-

ment h o r s t s discharge hea t r a t e more than 1

usually, Some grea t springs,

Yuanjiapo Spring with flow r a t e near 2

and temperature' has a na tura l heat

discharge r a t e which is similar

t o a small geothermal f i e l d located i n the

Taupo Volcanic Zone of New Zealand

The t o t a l na tu r a l heat discharge r a t e from

the R i f t val ley i s l a rge r than 400

But there is no high heat flow exist-

i n a i n any partial points , The na tura l heat

flow estimated fo r each w a r m spring or thermal

well a r ea is about 65 mostly,

1.2 - 1.3 times t h e normal heat flow.

The maximum value of heat flow i n the rift

Map showing the seismici ty  and

l o c a l i t y of w a r m springs and ther-

m a l wel ls over the R i f t .

T h i s map covers the same a rea as

f ig . 1 .
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va l ley is 118 It only and

67.0 by comparison with the Baikal and the

Rhine R i f t s respect ively,

hea t ing i n the rift zone is caused not by the

dis turbance from adjacent surface but by the

heat conductive transport concerned with the

upper mantle swel l

Thus the reg iona l

CHEMISTRY OF THE THERMAL WATERS

The chemistry of some of the warm springs and

thermal wel l s shown i n is summarized i n

t a b l e 1. The recen t ana ly t i c a l data f o r a few

spr ings have not been obtained ye t ,

W a r m spr ings and wells discharge near neu t r a l

weak a lka l i ne water ( including

and waters) basical ly . I n

surrounding thermal anomalous a r ea s

water e x i s t s as a t r a n s i t i o n a l bel t . The

dissolved s o l i d s of w a r m spr ing waters

between and 1 For the

thermal water i n wells nearby the basement

fau l ted f r a c t u r e s i t can reach 2 3

I t is i n d i c a t e d t h a t na tura l w a r m springs

a r e a l l d i l u t e d by cold water t o a ce r t a in

ex ten t , Some pore water s to red i n Tert i-

ary  cont inen ta l  depos i t s  has a TDS over 8

A l l cons t i tuen ts i n these w a r m spr ings

and wel l s a r e enriched i n comparison with

those found i n non-thermal groundwater of the

region.

According t o K-Na and K-Mg

thermometers which are

intermediate and low temperature geothermal 

f i e l d s , and conductive s i l i c a geothermometer,

ca lcu la ted temperatures fo r shallow reservo i r

are about - mostly, The maximum tem-

represented by i n rare cases

Table 1 of some of w a r m

Fen-Wei R i f t Zone ( a l l

( Ter t ia ry water ) reaches ove r

usually. a system associated

with a f r ac tu r e reservo i r fo r

ins tance warm spr ing , t h e

is indicated. It makes sense since the
spr ing l i e s over a more ac t i ve  pa r t  of the Fen

R i f t ,

GEOTHERMAL RESOURCES I N THE RIFT

The Fen-Wei R i f t val ley covers an a r ea of 36

Even cons ide r inn o n l y a quarter of the area

wi th temperature of i n 3 km depth,

using an average thermal capacity of 2

t h e t o t a l energy s tored

Fen-Wei R i f t is of the order of J. Of

the energy a t t h e s e dep ths is n o t econo-

m i c t o develop and But a t l e a s t i t indi-

t o a ce r t a in extent t h a t t he geothermal

resources i n the rift zone a r e s i g n i f i c a n t .

deep i n the

The ext rac tab le

geothermal energy reserve s tored a t 1 2 km

depth i n t h e r i f t zone can be approximately

calculated. It is about 1.45 J fo r the

basement f r ac tu r e reservoir , and

t a l aqu i f e r s within the rift, The sum of the

two values corresponds t o one t h i r d of the

wellhead thermal energy of the Geysers Geo-

thermal Fie ld of the United S t a t e s .

f o r the sub-horizon-

The recogni t ion and c l a s s i f i c a t i o n of

thermal resources w i t h the

R i f t w i l l be he lpfu l for fu r ther development.

The d i r e c t use of geothermal water en-

t h a l p y produce ce r t a in economical and so-

c i a l benefi ts . water wi th low temperature

and l a rge flow r a t e can be used f o r agricul tu-

ra l i r r i g a t i o n , growing seedl ings and f i s h

spr ings and thermal wells located i n

contents i n )

Gudui

1980 13 555 212 3993 94

10 70 35 236 220 195

114 6 108 40 1 1 3 300

22.5 8346 79

981 53

68

77 46

58 26
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farming. basement fracture reservoir,

thermal d r i l l h o l e s can be s e l e c t e d i n appro-

p r i a t e l o c a t i o n s t o ge t hot water with  higher  

temperature, which might exceed a t

s h a l l o w e r depth .

t h i s kind of  hot  water w i l l produce

wide-ranging b e n e f i t s i n space hea t ing ,

greenhouse and medical  treatment.  
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