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Abstract Soil micro-seepage associated with high temperature geothermal systems has long been regarded as one of the most
important forms of deep earth degassing, especially for the CO,. Estimation of soil micro-seepage CO, flux for geothermal systems could
contribute to understanding the role of geothermal CO, in global carbon cycle. The soil micro-seepage CO, fluxes of geothermal areas
have been well investigated in abroad, while few similar studies are available in China at present. In this paper, the closed chamber
method for measurement and calculation of soil micro-seepage CO,flux is introduced and applied in Yangbajing geothermal field, South
Tibet. The study area is divided into two parts according to the intensity of geothermal activity, i.e. , A area with weak soil micro-
seepage CO, emissions and B area with intense soil micro-seepage CO, emissions. The results show that, the soil micro-seepage CO,
flux of A area and B area is 6. 7g + m > - day™' and 98.5g - m™> - day ', respectively. The total soil micro-seepage CO, flux of

~!' which is comparable to the total CO, emission(1 x 10°t -+ a™") of the Vulcano

Yangbajing geothermal field is up to 8.6 x 10*t
volcanic field, ltaly. The soil micro-seepage gas flux may be mainly controlled by NS trend rift and magmatism around the studied area.
Yangbajing geothermal field is one of the most intense degassing areas in southern Tibet. Systematic studies on soil micro-seepage CO,
fluxes of geothermal field in southern Tibet would be significant to evalule the contribution of the geological CO, to the global carbon
cycle. Furthermore, the origin of the greenhouse gas from Yangbajing geothermal field is still poorly understood at present. Gas samples
were collected for analyses of gas compositions, helium and carbon isotopic compositions, in order to unravel the genesis of soil micro-
seepage CO, emission. The geochemical signatures of gas samples show that, helium isotope ratios varies between 0. 1R, and 0. 138R ,
(where R, =’He/*He in air), significantly lower than that of mantle derived volatiles but higher than the crustal values; carbon
isotope values(8"C) fall between —11.33%0 and —6.79%0(vs. PDB), indicating contamination by crustal organic sediments. The
observed helium isotopic composition of the gas could be explained by the mixing of components from air( 1R, ), crustal sediments
(0.03R,) and little mantle volatiles(1% ~3% ). The carbon isotopic compositions indicate contributions from granite gneiss that are
heated by the crustal magma, as well as little contribution from mantle component(3.6% ). In combination with geophysical studies,
we suggest that, the geothermal gas might originate from the intrusive magmas containing little mantle-derived components in the
Tibetan crust, which might be related with the thickening continental crust of Tibet since the Indo-Asia collision at 55Ma.

Key words Soil micro-seepage; CO, flux; Closed chamber method; Yangbajing geothermal field; Tibetan Plateau
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Table 1 Comparison of the method of measurements of the soil greenhouse gas flux
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Fig. 1
analyzer (after Yu and Sui, 1999)

The infrared with energy of I, is emitted from the infrared power and

Schematic diagram of the principle of CO, infrared

then passes the sensing chamber which length is L, in which the
particular infrared with wavelength of 2. 46pum is absorbed by CO,
(the concentration is C) , leading to the reduce of initial energy from
I, to I, the equation is I, =Iye "XC. K is the spectral absorption.
Given a L, the CO, concentration could be acquired according to the

values of /; and I,

DN L SEA0E T R B 5] A8 A o BE , IATTT AR A 2 A
BEWCH AL . ZT7 R ORI BT R AR AR
[F1) B — 5 I T DA PP BB A B O @ 3, Il Ui vk
JEE , e S ST AR JIE I i) 28 19 5 2% o 2, R T2 T 2%
TR R R o %07 I BORE TR 5 Gl S L) (L
PR R D ER T (U e B AR 45 ) I BRAE AR X, S BRI %
o BTG g R R A S R AR (R 1) o
BRI R LM T HrHOR (P 1) 006 1] 4% £k
A AR BE 32 S N M AR A 2 AR i o Y — 7
#% (Edmonds, 2008) , &6 & JT HCRS U6 A1 P LU ik . TT IR
FEARYE KRR S S WE Cy (SEPRI R ) TR L) |\ BER
AR o (SRR P B R ) 5 YRS R (FLBRE B

WA S 2 SR (BN, LB R AR ROk BE
KUNAE) I H IR ES SR 5 52 AN A N AR TS5 B 52 0, P
I K BE AR X AU ( Chiodini er al. , 1998) o 5 U3 i Al
JH R AR 1y SRR BB 18] P9 22 A A, I SR R T
B —F77 % (Chiodini et al. , 1998) o % ] & 5 i 1
OB TR E R (LL CO, M i) R0 e 1y HL A A 2L
PR CO, ZLANR BT ICRNAR R, M S R R L
THEN IR IR S L (8] 2) s 7E I o e v, AU T 4R
L HERELIEA CO, LLAMRA AL, AL B SR e 5
RV e B A0 i [, AR A0 A 3R B B2 - i) G R
3 (Chiodini er al. , 1998 ) , {37 RFRR I BEI 6] A2 fL A HITER
P IS I CO, TURRBRCE &, % BB A
0K B i SO0 R PR A H RTINS R0S e AR E
R IR J7 1% (Tonani and Miele, 1991) , 52 3| [& S IF 55 ¥
1 40, B RTAE B PR B O3 Z N, IS TR
RIS B B, Chiodini er al. (1996) i FI 3 P p: o
KA Vuleano K ILIFEAT A 3 5405 i SRR 0 R4 7 00 44k
BER IR, HIX CO, SARBERCHE By 435 - m™* « day 5
Hernandez et al. (2001) 43 %]F 1998 45 H 43 F19 A%
WML T H R Miyakejima QLAY CO, AR IE
ARk 231.7g - m™ - day ' f1 134.8g - m ™ -
day ™" ; Werner et al. (2008 ) 38 1% Jy %) 5% [ 38 40 2 Tl 1) 2k
Lt PR X114 - S 08 T AR G e R A7 00 S, 00 25 2Ry
410g - m™? - day ™' SRR T 2 Bk H AT EPR AR+
0S5 O R G S Y B AL RO, e iz 51
(Chiodini et al. , 2007; Lan et al. , 2007; Lewicki et al. ,
2008 ; Inguaggiato et al. , 2012 ; Burton et al. , 2013 ; Mazot et
al. , 2013 ; Parks et al. , 2013 ; Pérez et al. , 2013 ; Shinohara,
2013) ,



RS HB AR LIEME RGBT AREREEH R ARG ENF B A5 3615

A RS (mm) :2210X 172X 85

K2 mp A EE IR R B () FIEHE X CO,
LA (b)

[ 2a 1. (DCO, LIAMR M T @ T2 5 @ KU s @ KU
B QIEE ;O E

Fig.2 Closed-chamber method principle diagram (a) and
portable CO, infrared analyze (b)

In Fig. 2a; (DCO, infrared analyzer; @chamber; @fan; @power of

the fan; Binput gas pipe; ®output gas pipe
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Fig.3  Simplified map showing the distribution of north-south rifts in southern Tibet (a, after Ding et al. , 2003, 2006 ),
distribution of the Cenozoic magma rocks (b, after Harrison et al. , 1995; Wu et al. , 2005) and sketch map showing the sampling
points and the fractures (c, after Liao and Zhao, 1999) of the Yangbajing geothermal field

In Fig. 3a; MBT: Main boundary thrust; MCT: Main central thrust; STDS: South Tibet detachments system; ITS: India-Yarlung Zangbo suture;
BNS: Bangong-Nujiang suture; (DDamre Yumco-Guco rift belt; (2)Xainza-Xaitongmoin rift belt; 3)Yadong-Gulou rift belt; @Sangri-Cona rift belt; In

Fig. 3b: NSZ: Nyainqentanglha shear zone; In Fig 3c: A-soil micro-seepage CO, weak degassing area; B-soil micro-seepage CO, intense

degassing area
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Fig.4 The phenomena of the degassing characteristic in the

Yangbajing geothermal field

(a)-soil micro-seepage CO, weak degassing A area; (b)-soil micro-
seepage CO, intense degassing B area; ( c¢)-sulfur mineral (B
area) ; (d)-soil micro-seepage intense degassing phenomena ( B

area)
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TN, SR I DA T AR R AR E ) U
T AR R CRRE X 3], DT R AL 3 A7 AN ] 0 i R R 1
PR, SEBRIN A5 AR R, /b R 2R e 0 55 P AR
BB IR N (£ 2) o I, A e e
it 5 4y X JE W] ( Cardellini et al. , 2003; Werner et al. ,
2008) AIFFY X Wik B 1 0 R X SR A BECR o
NI DL B2 S R 23 AN X (B 3e) = (1) BT
FRBERLS A X (] 4a) , BDAE I B4 H R T 00 DX 35 (2)
AR R ZA R B DX (18] 4b-d) , B/ 3t B4 PG L ]
X3 Jhyath—25 e AR A DX AR T A L
TH 3R B R EEXS 108 TR % S AR O B AU 52 )
T OB AR B A B0 DT R i B S8 BRI AR I . AR )5 4% R S0m
AT — e 14 U Jre D0 A R - S 0% e TR 3 SR R i ==
MM AR . PSS XA B3 162 S5, Horp A X 67 4>
S5, BIX 95 AN BRI L A A 3e BR

fE FRYER TAEC g ny 2k ml b, R B R E 2, %)
I H I R0S T R E AR AT T RPN . R
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Table 2 The micro-seepage soil CO,concentration ( x 10~

) SEHER (g m - day
%Y and flux (g +m™* - day ™'
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) Y B
) data of Yangbajing geothermal field

co,
i f v
s e SO T g ok ik Maw BSK WO HTW BEW BOK M0k Lo Bl
( PsoilCOy )
t 0 30 65 100 135 170 205 240 275 310 345
YBJO55 1.03 12. 1
C 170 220 240 260 290 310 320 340 340 370 380
t 0 30 65 100 135 170 205 240 275 310 345
YBJO056 0.31 3.61
C 170 180 180 200 200 220 230 240 250 260 260
t 0 30 65 100 135 170 205 240 275 310 345
YBJO57 0.3 3.47
C 180 170 190 200 200 210 220 220 230 220 230
t 0 30 65 100 135 170 205 240 275 310 345
YBJO58 0.59 6. 87
C 160 150 180 200 220 230 250 260 260 270 290
t 0 30 65 100 135 170 205 240 275 310 345
YBJ059 0.21 2.52
A X C 160 160 160 180 180 190 190 200 200 200 210
t 0 30 65 100 135 170 205 240 275 310 345
YBJ060 0. 48 5.59
C 200 210 230 250 260 280 300 310 320 350 360
t 0 30 65 100 135 170 205 240 275 310 345
YBJO61 0.73 8.53
C 190 220 240 260 270 300 320 330 350 370 370
t 0 30 65 100 135 170 205 240 275 310 345
YBJ062 0.92 10. 8
C 200 230 260 290 310 330 350 380 400 410 430
t 0 30 65 100 135 170 205 240 275 310 345
YBJ063 1.13 13.3
180 220 250 270 300 330 350 360 380 400 400
YBJ064 t 0 30 65 100 135 170 205 240 275 310 345 1.02 11.9
t 0 30 65 100 135 170 205 240 275 310 345
YBJ067 3.92 45.9
C 200 330 440 560 660 760 830 910 990 1050 1130
t 0 30 65 100 135 170 205 240 275 310 345
YBJ068 3.83 44.9
C 210 330 450 560 680 770 860 940 1050 1100 1190
t 0 30 65 100 135 170 205 240 275 310 345
YBJ069 8.25 96.7
C 240 500 770 1010 1260 1480 1710 1910 2140 2300 2480
t 0 30 65 100 135 170 205 240 275 310 345
YBJ070 15.8 185
C 280 670 1120 1660 2220 2740 3320 3890 4490
B X t 0 30 65 100 135 170 205 240 275 310 345
YBJO71 29.1 341
C 280 1200 2040 2740 3410 4010 4530
t 0 10 20 30 40 60 70 80 90
YBJ072 51 598
C 360 390 860 1570 2100 2630 3090 3600 4130 4620
t 0 5 10 15 20 30 35 40 45 50
YBJ073 94.4 1106
C 420 500 730 1180 1680 2190 2650 3210 3750 4320 4880
0 5 10 15 20 30 35 40 45 50
YBJ074 10.3 121
C 350 420 460 500 540 590 630 690 740 800 870
YBJO75 t 0 5 10 15 20 30 35 40 45 50 16 187

T ot SR 1R, 20 s 5 C A — 7 PRI IR (¢) <

LM B T CO, A BEBF AP S &5 2R (R 2), R H
MATLAB 8, M¥E77RE0(3) , 5 T HFE X 505 T
CO, AR AR LRt 18] 28 1) R KR, I 315t A0 B 2
il il IR (4) SRR/ TE A T A XSRS T
CO, SIRA R O 4 0.5 ~27.9g - m ™ « day ™', B X Wy
3.5~1106.4g - m™> - day ' (£2),
D ARAFIRTE DX B P32 T, X% B 5 R e 5 dh
Gt pr B2 R A B DX 3 UM I R G e B 1)
/\’fE%?-F%HH?)%azf)u%ﬂliiﬁ AL (1B 5) , PH e 4% iR Sinclair
(1974) P TR RoE . LA O i, B4t

= BRIV, S0 ( x 10 70). 43K KRR R

B, WK 3c

R I

BB A XEGE BRI R R (B 5a) 1P 4
3 HE RS RS 0 A0 1 TREA (A, A, A1 Ay) L3t
B3 HFAEARN T HE R (A ~Asmean T Ao ) KL E
o Soff) SREFH AR (S) , 5058 X7 2 R ik
E

Pt = Atea st + Az 12 + Asean 13
=0.8g-m™* - day™' x0.12+5.5g - m™> « day ™' x
0.64 +13g - m™> « day ™' x0.24

-1

=6.7g - m * - day
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> | [ m—et -
] 10 = E ) E
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(=2}
] AL 'iii
& 5
2 -~
o
5 &
_‘-_é 10° 'Y )
% ° " P,=0.12A,,.,+0.64A,,,+0.24A,....
=
# °
= A~ A o= 0.8 gm*day!
= Agpenr= 5.5 gm*day
Asnean= 13 gm*day’'
ol L E I (N N | .
12 5 10 20 30 50 70 80 90 95 9899 99.8
A BUTH(%)
10*

Pgu= 0.09B 1000*+0.79B 0001+ 0. 11B3pean

Biean= 4.4 g'm*day’’

Bear= 62.7 g'm*day”’ -
=441.5 gm*day’ o

1 3 1#% R C O R% Gl 4t (gr-m*-day™)
2
T

(S ) S S [ I 1| Y (S I
12 5 10 2030 50 7080 90 95 9899 99.8
(%)

K5 LEEREETR CO, BHGHE & B BURBUBIAR i ]
(a)-ZREHLMN N A KEZAFHA AL A, Ay BEIGE &
B RBUIR ML ; (b) - ARG EEL N B X =4 T4
A By By By B H A4 RBUR ML . T HE N A R
Fig. 5

10°

Log probability plot for log soil CO, flux values

measured in Yangbajing geothermal A area (a) and B area

(b)

The probability distributions of CO, flux (red solid circles) and the
partitioned three populations ( green lines) of two areas are shown.

The red solid circle in the black rectangle is the inflection point

[lAE, B X (& Sb) s Ui~ 2B i o

Py =Bt + Boneafs2 + Baeanf
> day™' x0.09+62.7g - m~* -
- day ™' x0. 11

=4.4g - m~
day ™' x0.79 +441.5g + m >
=98.5g - m > + day '
BEAMI AR A B X AL, S, =2km® Al S =2.25km’

BB R LIS R0 R ARESGE AR AR AT E 2 ) 3619

FIFHAZ(6) , 50 9 DX sl A 4 1) P BRI Ut = A
UL,
ox =Py xS,
=6.7g + m™* - day ™' x2km’ x365day
=4.9%x10°t - a”'
o =Py xSy
=98.5g - m™> + day "' x2.25km’ x365day
=8.1x10"t - a™
L, 3/ T E A SRR,
¢ =@ tep
=4.9%x10°t - a”' +8. 1 x10*t - 2™
=8.6x10"t - a”!
PR BR, /G A X RS
CO, ST BB 6.7 + m ™" + day ™" ;B XA FH
JGE N 98.5g - m ™ -+ day ™', Chiodini et al. (1998) (5%
DAL T3 /NI A FH A P GO0 X, IR = A R i o
43.1g - m™ - day ' MRTABISE B XA HGE i 98. 5¢ -
m ™ - day "' (% 3) o AT BEMGE RATFAE L3R 2 51 R
H EZAFE Ol B A IEROE T SR 0 RO 32
I fi] (2719 | e T B 45 R R 1945 1] ( Hernandez et al. , 20015
Lan et al. , 2007) , U1, ZHF| Vuleano J 111X ,1989 ~ 1999
AR, HIEROB TR CO, MR H (¥ 8 L YE Dy 44.3 ~
64000g - m > « day ', &V Liu-Huang-Ku K (11 #i $4 [X , 2004
~2006 4B HGE REAEALS T7g - m ™« day™' (%3) B
ARHL T Chiodini e al. (1998) WY/ # H 438 502
Tl 2 PR A R i, BT IX R i e B T RE L R AR
AR, AN PEAR AN ) 3 A 1% 2, 2012 4F 5\l
SRR OE KT 1998 472 X 3 A M 1 R 0 &
QBFHMIZ I R AL B AFAE 2 5 (Chiodini er al. , 1998) , A58
SALAPAE A 22 5 s QMU R A2 A D) k158 22 15 i, R4
Nk, A58 AR LS AN Chiodini et al. (1998) R4 s
AbF ) — B 2, R IIA FHFRATAY A0 I A A SRS
Tl 2 SR R TBGE 1 ) 7 2 I AT Y, 1% 07 5 T N T
AT S L b AR DX S AROS G R OO R B
W .
TR B,/ T B AR AF 1) R Rl PR i CO,
7 8.6 x 10*t( AT AL 4. 25km”) , 535 725 F) Vuleano k11 [X
1x10°t - a™ AR HOMAR ( Chiodini et al. , 1996) . F/\ I
FAHH BT AE B LB 4 PRt VY R 28 A BRI Sl i 2 X
Wz —, TR R AETE A R T A AR KD AR X
(Yokoyama et al. , 1999; Hoke et al. , 2000; Gao et al.
2009 ; Zhao et al. , 2009 ; Chen et al. , 2010, 2011, 2012 ; Guo
et al. , 2007, 2013 ; Guo and Wilson, 2012) , 5%} ik 2635 A= X,
Al AR T 2R S0 10 2 AR TOE i i I S Y
AT LAS, 005 A 2 UACHE R R AR

(A IX)

(BIX)

3.3 EHRMEENREESN
F/ U A KX L3RRI CO, P BEGE
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Table 3  Comparison of the micro-seepage soil CO, flux data during quiescent period between Yangbajing and other typical volcanic/

geothermal areas of the world

CO, BB CO, Fei

BRI AKX T ] TR (km?) (t-a ) (g-m2-day™) Bl A
Yangbajing, China 2012.7 2 4.9x10° 6.7 AR
Yangbajing, China 2012.7 2.25 8.1x10* 98.5 AR
Yangbajain, China 1998 3.2 5 x10* 43.1 [1]
Yellowstone, USA 2006 1 1.5 x10° 410 [2]

Mammoth Mountain, USA 2008 n. d. n. d. 218 ~3500 [3]
Liu-Huang-Ku, Taiwan 20042006 0.034 7.8 x10° ~8.2 x 10° 582 ~659 (4]
Latera caldera, Italy 2003 10. 8 1.1 x10° 278 [5]
Hakkoda, Japan 1999 0.58 4.6 x10* 219 [6]
Miyakejima, Japan 1998.5 0.63 5.3 x10* 231.7 [7]
Miyakejima, Japan 1998.9 0.63 3.1 x10* 134.8 [7]
Stromboli, Ttaly 1995 0.3575 7 %x10° ~9 x10° 53.6 ~68.9 [8]

Vulcano, Ttaly 1999 n. d. n. d. 6.4 ~1.2x10* [9]

Vuleano, Traly 1995 0.65 1 x10° 435 [10]

Vuleano, Traly 1989 2.6 4.2 x10* 44.3 [11]

Nea Kameni Santorini, Greece 2010 ~2012 0. 0225 1.5 x10* ~2.4 x10* 1809.3 ~2943. 6 [12]
Nisyros, Greece 1999 0. 346 3.9x10° 30.9 [13]

Cerro Negro, Nicaragua 1999 0.58 1 x10° 4827.6 [14]
Rabaul caldera, Papua New Guinea 1997 9.5 8.8 x10° 252.6 [15]
Auckland, New Island 2010 360 3.6 x10° 27.1 [16]

Teide Volcano, Canary Islands, Spain n. d. 144 2.2 x10° 4.2 [17]

B :

] Chiodini et al. (1998); [2] Wermner et al. (2008); [3] Lewicki et al. (2008); [4] Lan et al. (2007); [5] Chiodini et al.

(2007); [6] Perez et al. (2003); [7] Hernandez et al. (2001); [8] Carapezza and Federico (2000); [9] Cardellini et al. (2003); [10]

Chiodini et al. (1996); [11] Baubron et al. (1991); [12] Parks et al. (2013) ;
] Mazot et al. (2013); [17] Salazar et al. (1997)

Pérez et al. (1998); [ 16

6.7g -m™ - day ;B X5 98.5g - m™* - day”' ,B X IR
HOBEZN A X 16 £, 5P XEERN E FRE R E S
BRI B — 2t . BE— 2D IR UE 1 3T 40 X IR P
P, 25 G R 58 X A 1T i ARRE , AT i CO, Rk
AP R R 3 A4 O R o A, DF 90 X R AR R
ST R LA rE A A BB M BT U0 (18] 3a) , [
XNEELF /PR (E 3¢) 3% 0 TS T il 2= R
BRI T RIFMB R IEIE , A XA T AR-AF R A1
PRI, Wi 2k RS R E , CO, AR HGHE B {5/, 7T BE
AR s S Ll R XRE I T el B K&
REARLIERTZ , X AW & RS, BGE s m . @
I AE , Nelson et al. (1996) A1 Brown et al. (1996 ) K 4i5 b
BRYTER ORI N\ A R T REAE AR R K TR A K
FVHLEAE T, ok A T M BR IR 1T 7K DL A v
CO, M, DR ZURETICE R (SR IR 55, 2010) , R, 5 9% 4%
WEte /NI ER 1) 3 PG S BAR, W) b T30 i
CO, SRR T Y FRIE, 25 LTk, KATIN, flé/\
FEHEH IR T CO, RN RICHE FEZ AL

R EE AR AE WA BB 28 il

[13] Brombach et al. (2001); [14] Salazar et al. (2001); [15]

3.4 SEkiESHE

Yokoyama et al. (1999 ) #R#f5 2 /\ I Ho 34 HI S {& He [R]47
FHAE (R, A% He/*He HAH) K C [0 2 BILLAL, A K
LA R 5 MR AR SR AL AR BT A BT
ZE(1998, 2001, 2002 ) RAEHIFLIX. C [FIA7 2 AN RiZIX S
PR] R R U T A T o LR BT A e A B A L A5 3%
MO IR o A AN B XIS XA R R T 2P R, B
FONBIEE S I A T — P IR XGRS R0
IR # AR SO 2 A\ I ) SR EAT He (C 4E[)
LT, TR0 T R DI = A

F /TR IR ARRAE L 3eo BFRIXHA S
PRI He [RIAZZR (C A2 [ 38 A6 Hh B B2 B b 5T 5 Bk )
PRSI 22 I SRR 5 A0 58 8 T DU 4 SR L
F24) . He [A7 R MM5400 7 A SR BIEAGH 47 I0 2
PRGN/ Fr i AR D2 2 Sk (' Je 2 %%, 2001, 2007) 5 C F25E
[F) 0728 R ) MAT252 £ Rl 3R B ol ik, 4 & 43 Bk i
N +0. 5%, FEANSM BT W, Wang et al. (2009) . 2 /\ 3L
P S ER AL 2 R AE 8 (32 4) " He/* He [ Ho (L h
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B 6 *Ne/*He 5 R./R, % E (KB4 Lan et al. |
2007)
Fig. 6 Correlation between™ Ne/*He and R/R, of

geothermal gas in Yangbajing geothermal filed ( modified
after Lan et al. , 2007 )
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10°4 Air
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i Crust
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(*He/*Ne)/(*He/*Ne).,

E7 R./R,-(*Ne/*He)/(*Ne/*He) , [Elf# (JIEIEHE Hoke
et al. , 2000)

Fig.7 Correlation between R./R, and R./R,-(**Ne/*He)/
(*Ne/*He)
(modified after Hoke et al. , 2000)

of geothermal gas in Yangbajing geothermal filed

0.100R, ~ 0.138R,, & F #b 5% {4 0.03R, (O’ Nions and
Oxburgh, 1988) ,{k T 12 {H (8 £ 1) R, (Sano and Marty,
1995) . RIHIF 58 XA BA RS b 52 3 TC IR 45 19 RFAE
(E16) , KERATFE SO T2 X, B I KSR F 2R T
5%, [Al BA 1% ~3% RYE IR He 4143 (1€ 7) o

8" C 2L B A Bl A U5 1) T %2 2 %K (Sano and Marty,
1995) , ENAFHIH §°C 4+ F - 11.33%0 ~ — 6. 79%0 2 7]
(#4), CO,/ He-8"C MR R B /R (K 8), 2/ A H
FE A S X R 2 X AR A B = AT G IR E
ZAUTCAT A A AR vhef g A 419 MORB S50 (M) |
SRR E NI (L) BTG TC(S) .
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Fig. 8  Correlation between CO,/’He and 8" C of
geothermal gas in Yangbajing geothermal filed ( modified

after Lan et al. , 2007)

5 45 S TEAS C 4L4R 9 TR, A% SCR i Sano and
Marty (1995 ) i FF0 A3 1A 45 IO ALIR
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Sf(PC/2e) (7)
1/("C/’He) , =fy/(*C/*He)  +f./(*C/*He) | +

S/ (PC/ He) (8)

Su+f+fs=1 (9)

Hr, O AR S HMAR 18 AR ML, S fInib thE, A
K H Sano and Marty (1995) #1 Li and Bebout(2005) ) M, L,
S HRITEE M = (8" C = - 6.5%0, CO,/’He =1.5 x10°) ,L
=(8"C = +1.9%0, CO,/’He =1 x10"),S = (§°C = -
22%o0, CO,/’He =1 x10") ,

AR FEY, 2/ B s T <R R C R IR
R A K 54.9% , TTFUA WL 41. 6% , 157 3. 6%
P C [ ZRHAE AR , 35\ JF A IR = AR P g £ 2
SRR T oot , He LD HE SRR Y RFAE . E /A 13
B IR R A A CURALAL, FTRE -5 B BEAR e 0 v
Ko ML e TR HL A BT B F 224 T b2 1A 9K
R E AT AR LR, &S FBHPILAED T 28K
BRI FAE, o 65.0 ~ 55. 0Ma JE T Lgn  Yen 165 fr
IR LA SR T 5T 78 0 R B AR AL TR 4 (X B Ji: 5%, 2003 5
REEE, 2005) , REILEE(2005) F A N A -FHS A



RS HEMAR EEMB RGBT R THR:

BEiR B T RAS T A2 BUA R DN Tlkm, 3% — 55 R 3L W] 1E <
FRRERL T L 5E A K (15 ~ 25km) Y AR, UL, B AY
8" CLL IR = 2.5 37 1 ML VB FH 0 28 5 85 3 5 ( Goff et al.
1995) o [ ARl FRL R DU TR BB 7, AF 58 X T &6 40 ~ S0km
ABAFAE S | S % 30 PR 4 )22 (He et al. , 2010) , 3% A 5
SURBIIE AR B TR

2\ A A F 7 P LB e, Ho A B S 2 B
FE PRIV o L B R Y K 48 0 D K i S P 1 A
MYERL, 203 T S 2B 7E AR T (Turner et al. , 1993, 1996;
Chung et al. , 1998, 2005; Yin and Harrison, 2000; Williams
et al. , 2001, 2004 ; BE*#%E, 2006; Zhao et al. , 2009; Guo
et al. , 2007, 2013; Guo and Wilson, 2012) ., E[IJ& -3V Yl K bk
Eﬁfﬁ?ﬂﬂ"ﬁﬁﬁﬁﬁhﬁ*iﬂﬁ%aﬁlﬁi‘r B R A A
W T RS GE 18 T 5 3% 3% ( Nelson et al. , 1996; Brown et
al. , 1996) . TEAKBEMBIELE TR Ok B THBERGEHR 30 T
IK LA B iy CO, AR, BRI Ok, 2 3 /A A 42
PEPFIEAS T (9 AR R, 0 AR -4 B8 T 241 g 9 e B e
K IEARAS , T IEH0E TR & SR B0 3l e o R Z 04 1l
XZ—(BERFE-, 1999) , Z ik RIS, 248 4 i
FUGEHRE , R ESARIL RS T RIFaBiEnE, 2
SE B AR TR R 14 128 B 3838 O 2 /\ b 38 R 6 P
b DX 3R 2 SRR OASE LA B ) b DX B AL T 6 B 25
A IR K I SR IR AL 22 R AE , FATIA N IR = SRR

PR AT BE 32 28 32 5 T m U ) 4 BORL KA T AUE A
IR T ORI TR oS3 7e , 5 A D B Ok BT

W I AR P e PR

4 2nllg

(1) T30 U 2 st A DX ) RV R T 2 AR )
e, RS IR 0 AR A 82 i ] < ﬂjfi‘dtﬁ%
BB R E LR R A X LIRS T i 2= SRR GE
WA EZ—;

(2) 2\ HH A H A B W X [ - 25 R B 5t 53 5 8
6.7g -m™ « day ' F198.5g - m™* - day ", 5 X B AR ] K
SRR CO, RSN 8.6 x 10™t, HE3t F 5 KRR B 11 K
11 Vulcano JC LB HCRASE 1 x 107 [ b i 3o 285 SR 2 1, A< fF
FEHON T3ROS i % SR RGE B RGOk (AL
SRAE M TS A BT AT, %0 T B T A E
s e SRR AE A K L X A X S A0S T i 2 SRR G =
HIBIFSR 5

(3) 3\t A A T 3 SO 32 ORI T I R A i e
FRIBCE & U] B8 £ 2245 T R b 1) 244 1 R0k AR A
BARRE AR

Bugt SN EEF%*?%$/\#,.‘%Jﬁwﬁfké’ﬁ%&‘u
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