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Abstract Hot springs, which belong to the direct manifestations of deep-derived magma activities, are ample and intensive in
Changbaishan volcanic field, NE China. Greenhouse gases emitting from hot springs take up an important part of the total flux
contributed by the whole volcanic field. However, there remains no research on greenhouse gases flux estimation of hot springs in
volcanic fields of China. A new apparatus named GL-103B digital bubble/liquid flowmeter is used to measure the gas fluxes of the Lake
shoreline hot spring belt, Julong hot spring area, Jinjiang hot springs and 18daogou hot springs in changbaishan volcanic field.
Combining with the previous studies on gas compositions, the total flux of greenhouse gases emitting from hot springs in Changbaishan
volcanic field has been estimated. The results of greenhouse gases flux in this area, 6.9 x 10t - a™" for CO, and 428. 44t - a™" for
CH,, could be compared to that of Pantelleria Island volcano in Sicily, Italy. As is revealed by this study, the digital bubble/liquid
flowmeter could be considered as a suitable choice for greenhouse gases flux estimation of hot springs in volcanic fields.
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Fig. 1
Changbaishan volcanic field ( modified after Hahm et al. ,
2008 )
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Table 1  The main composition(vol% ) of hot spring gases from Changbaishan volcanic field

£ LFH/ 2011, 27(10)

IR AR P din| H, Ar N, 0, CH, €O, iz >3
W SR 2003 4E 8 H 0.2 9.3 0.99 5.71 81.11
2003 4E 8 F 0.07 3.85 0.48 2.69 92.7 B 2006
2005 4 8 J 0.07 3.07 1. 65 0.24 96. 42
0.4 12.13 1.75 1.64 84.74
0.2 14. 13 0.37 0.17 86. 65
0.13 9.92 2.28 0.52 89. 46
0.26 19. 04 7.25 1.5 68. 8 s
0.07 3.68 0.99 0.17 95. 65 Rx%,2010
0.13 8.83 2.28 1. 69 90.75
0.26 14.13 1.44 1.93 81.78
0.07 3.07 1.65 0.24 96. 42
BIp TR RAE 2003 4% 8 A 0.04 2.12 0.27 0. 63 9. 8
2004 4E9 A 0.2 0.02 5.9 0.44 0.75 93.97
2003 4F 8 H 0. 01 0.54 0.17 0.41 97.52
2004 49 A 0.03 5.9 0.56 0.07 93.23 o
2003 4 8 A 0. 001 0.07 4.4 1.03 0.47 95.19 Ri¥%,2006
2004 4E 9 H 0. 01 4.25 0.29 0.23 94. 49
2003 4 8 f 0.01 0.01 0.54 0.17 0. 05 97. 41
2004 4£9 A 0. 002 0.01 5.06 0.27 0.12 92. 74
0.03 4.95 1.23 0.25 93.15
0.74 1.59 0.39 0.07 96. 05
0.014 3.44 1.02 0. 09 93.99
0.015 8.83 2.21 0. 46 88.79
0.012 2.41 0.51 0.16 96. 58 HiEE,2004
0. 005 5.05 1. 14 0.33 93. 47
0.003 4.63 1.22 0.07 92. 74
0. 692 3.58 0.5 93. 86
0. 004 4.96 1.47 0.08 90. 74
1994 47 A 0.2 11.15 85. 68
1994 47 A 0. 049 0.04 2.14 93.27 T EEIES,1996
1994 47 F 0. 037 0.05 5.14 94. 52
1995 4F 0. 501 0.045 2.25 95.43
1995 4f 0.379 0.075 4.2 0.23 94. 86
1995 4E 0.348 0.12 6.5 0.34 93.4 T EES, 1997
1995 4F 1. 685 0.03 6.55 0.28 81.68
1995 4F 0. 149 0.14 10.6 89.35
BRI 2003 4 8 A 0.22 4.56 0.17 1.98 90. 31
2004 4£ 9 F 0.07 7.16 0.08 2.99 90. 8 B 2006
2003 4 8 A 0.11 1.83 0.25 0.52 97.05
1994 47 A 0.017 5.76 0.35 1.61 92.92 .
1995 4f 0.291 4.55 0.1 1.53 93.72 R 2., 2004
1995 4 0.02 0. 09 3.86 1.25 94.28 T E &%, 1996
1995 4f 1.503 0.13 8.18 1.61 82.17
1995 4 0.02 0.09 3.86 1.25 84.28 S, 1997
1995 4% 0.025 0.12 9.04 1.57 79. 02
R AS RN 0. 004 84. 81 2.39 .19 8.01 T, 2004
1994 47 A 0. 065 1.33 87.52 0. 44 7.9 b E e, 1996

T i 0 (2004) 5 345 (2010 ) FROR R R SR A ] ]
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Fig.2  The working principle diagram of GL-103B digital
bubble/liquid flowmeter
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Table 2 The variation of concentration ( vol% ) of CO,and CH,
from Julong hot spring area and Jinjiang hot springs between

1994 ~ 2004 ( Gao et al. , 2006)

b RIGEAR RIERAR  MILER EVER
co CH, co, CH,
1994 ~1995  94.14 0.34 85.82 1.61
1997 ~1998  93.57 0.26 92.62 1.57
2002 95.21 0.11 91.97 1.14
2003 95.96 0.5 93. 68 1.25
2004 93.61 0.29 90. 8 2.99
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Fig. 3 The comparison of the fluxes of hot springs in

Changbaishan volcanic field
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£3 KALAKUREBRSEHMEENELER (2010 4F7 A)

Table 3 Gas flux of hot springs in Changhaishan volcanic field( July, 2010)

Acta Petrologica Sinica

ELFIR

2011, 27(10)

W5 | 91K 92 K %3 K %4 K 55K AWCC)  KI(C)
1(s) 1.1 1.0 1.1 0.9 1.0
AR Qv(mL - min~") 2367.0 2523.0 2388.0 2845.0 2523.0 29.0 76. 8
Qv-bar(mL + min ") 2445.0 2436.0 2531.0 2529.0
1(s) 1.2 1.3 1.6 0.8 1.1
Bl 1555 Qv(mL - min~") 2210.0 2057.0 1603. 0 3005.0 2431.0 29.0 73.2
Qv-bar(mL + min~") 2134.0 1966. 0 2226.0 2267.0
1(s) 1.8 1.7 1.2 1.5 1.7
Qv(mL - min ") 1461.0 1494. 0 2122.0 1736.0 1573.0 28.0 59. 4
Qv-bar(mL + min ") 1477.0 1692. 0 1703. 0 1677.0
i(s) 1.5 1.7 1.3 1.8 2.1
Qv(mL - min~") 1759.0 1555.0 2057.0 1445.0 1261.0 28.0 59.4
Qv-bar(mL + min~!) 1657.0 1790. 0 1704. 0 1615.0
1(s) 2.3 1.7 2.0 2.5 2.9
Qv(mL - min~") 1128.0 1573.0 1279.0 1069. 0 909. 7 28.0 59.4
Qv-bar(mL + min ") 1351.0 1327.0 1262.0 1192.0
i(s) 1.0 1.1 1.1 1.1 1.2
BT IR Qv(mL - min~!) 2476. 0 2409. 0 2346. 0 2247.0 2157.0 28.0 59.4
Qv-bar(mL + min ") 2443.0 2410.0 2370. 0 2327.0
1(s) 1.3 2.0 1.3 1.5 1.7
Qv(mL - min~") 1952.0 1330.0 1952.0 1725.0 1573.0 28.0 59.4
Qv-bar(mL + min ') 1461.0 1745.0 1740. 0 1706. 0
1(s) 1.5 1.8 2.0 1.6 1.5
Qv(mL - min~") 1703. 0 1486. 0 1292.0 1611.0 1759.0 28.0 59.4
Qv-bar(mL + min ") 1594.0 1493.0 1523.0 1570.0
i(s) 1.5 1.1 1.2 1.1 1.6
Qv(mL - min~1) 1692. 0 2346.0 2089.0 2247.0 1630. 0 28.0 59.4
Qv-bar(mL + min ") 2019.0 2042. 0 2094. 0 2001.0
1(s) 10.9 3.2 1.9 1.8 2.5
Qv(mL - min~!) 243.6 817.9 1393.0 1430. 0 1369. 0 28.0 35.5
NP Qv-bar(mL + min~!) 530.7 818.2 917.2 990.9
AR 1(s) 2.8 2.0 1.9 2.0 2.5
Qv(mL - min~") 948. 5 1298.0 1371.0 1337.0 1040. 0 28.0 35.5
Qv-bar(mL - min~!) 1123.0 1206. 0 1238.0 1199.0

TE <o IR E], B0 s 5 Qv by A e A5 3 A S M HIEMGE B, B0 mL - min T 5 Qv-bar S 2 S ACHE HGE B R 25 ST B0, Sk

mL + min !

F4 KALAUREBRSEHMEEMNELER (2011 £7 A)

Table 4  Gas flux of hot springs in Changbaishan volcanic field( July, 2011)

I A i H 1 B2 K 553 B4 55K KHL(C)  AKE(C)
t(s) 1.6 2.6 3.0 5.4 0.9
Qv(mL + min~") 1621.0 1024. 0 868. 4 493.5 2972.0 14.2 10.2
s v-bar(mL + min~") 1322.0 1171.0 1001. 0 1395. 0
Wi ¢ 1(s) 6.0 1.9 0.5 2.4 7.3
Qv(mL + min~") 439.9 1407. 0 4692. 0 1114.0 266. 4 14.2 10.2
Qv-bar(mL * min~") 923. 8 2180.0 1913.0 1604. 0
1(s) 2.6 2.0 1.6 1.8 2.6
Qv(mL - min~") 1024.0 1330.0 1611.0 1453.0 1024.0 17.5 71.3
4 Qv-bar(mL « min~") 1177.0 1322.0 1355.0 1289.0
HIEO 5 ) 2.0 1.7 1.9 1.9 1.9
Qv(mL + min~") 1304. 0 1564. 0 1385.0 1378.0 1378.0 17.5 71.3
Qv-bar(mL + min~!) 1434.0 1418.0 1408. 0 1402. 0
t(s) 1.1 1.0 1.2 1.1 1.1
B 15 SR Qv(mL - min~") 2325.0 2523.0 2229.0 2305.0 2305.0 17.5 71.3
Qv-bar(mL + min~") 2424.0 2359.0 2346.0 2337.0

TE o PR i, BT A s 5 Qv Ay BRI ek A5 5 A SR HIEIE ik, 85037 K mlL + min "5 Qv-bar Sy 22 YRS 1k W0 25 SR P S R, B0

mL + min ™!
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CH, il AR 23000 5
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Hop E £ CO, 8% CH, By HECE &, 0708 ¢ -
min "3 T FoR I R], B A ming Qu AR LR A HEGE
BB mL - min e SRR CO, 8L CH, Bk
BE N iR R B 522, 4 SFRERAS T I AR EE IR IR AR, s
Lo mol ™' ;M Sy CO, (BE/R ik, A0 0y g+ mol ™', 1A
A, AP R SR AR P HEBGE SRR Y

MRYE E ARG 5 A S, BOBIR BB HER R CO, &N
211.33t - a~',CH, HERGE RN 0.23t - a™', HIT IR R T HE
T CO, ME R 31270 - a™'  CH, HEJRUH & R 0. 21t - 2™,
/I8 PR B HE R €O, il R 0.6t - a”', CH, HERLE
001t - a' W SR — R ZL A SRR, BT
25 25000m” , HEF- 5 K 1 AR P iR SR S ARHIEGE B 244 3750mL
~min”' PRI, WU IR SR AR T HE LAY CO, 38 B R 6. 88 x
10*t - a™' ,CH, HESGH &8 427.99t - a ™',

SRR, A il O R T HE R CO, i e 2R
6.9x10% « a™' CH, Hijiid £k 428. 44t - 2™, Hh T
IR SR AL Tl TP BRSOl Ao BT 5 R e
el , AR RO R Z . X — ML 5 3 K FI Pantelleria
Island K 111 X 3 52 AP HERCAYS CO, HIBE (4.74 x10%t - a™') 41
24 (Favara et al. , 2001) o MGk, Y 6F 55 PR 4208 T B Rt
WA — IR SR, AR SO A AR N, Bk, SEbR
AR ke DX IR A HE RS R TR R

6 4k

(1) I B s B 3 I 4 P 1 s R SR SR Y
HEMGE &, IF-25-6 A AR AR B4 B T U A RS
FH 1k X R SR BT HERO €O, 5 CH, 3@ & 435K 6.9
x10*t -+ a ' F1428. 44t - a”' B FHEE 10 -2 X5
PG P HLE Pantelleria Island J¢ 111 X 3 AR 6 25 S HEK
FUABTHE Y

(2) K F Lk L X = SR A 25 R R, W IR
SR (0 R A HE O B S IR K, R O TR IR SR R T
TR, /NG VA SR T SARHE RO e e S T K L
AR B DA B SRR B W8 R e R R =2 )Y
FHIEIE AR, BRI K 1T, kO SRR AR A

(3) AN A Ll KR 2 SR HEBORA 40 4 4
LRI 45 SR T X N L O X (A3 i e —
M) A TRLAR FEA T 0 W 5 4 1 ) A . SERRAIE I, A A
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