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3 A s 5

study area

1 HFE 5

JEIE Z A 7 TR g D R JiR T A A DY
FHA XL, UL AR AR L4 32° ~35° K4 84° ~
93°, KM FE A Tl il P HL — S ybIT 8 Gl FBELY
W) — BT EER A 2 18], D — A S 2R V4 o JER A 91 A%
A, Ferg AL vE 24 300km, K2 650 km, HiFRZY 22
10" km? (J& 1) o eI A3 HAT 38— e 110 ) 5t A
Jey, ACER AL FETE B, ik o b S B , R O e
JEIE A (2B HESE , 2019) o JEIE A R A ST AR AT
WERA IR Z PR TN — M REES
M, L H AT Rk 0H DX PR AR P A T AR
B M Z TR Y 91 d 58 B 0 v A AT AR 2 3 U2
o ( ESIF, 20205 FHEMRSE, 2020) . JEHE A HTE
HAARI I 22 Dy 1 i i 7 L 24 7 L B Bl KB
WG 3 B Kl i % 4 R A B B i) E
I T (ESIFI{HMEMR, 2018)

T G A B B U 2R, B RS
(ORI = R il iy = N T S S L S P =y
N U= Nt S S5 L) VDL e SY W= 3 e P/
@i iis, o M = A SRR, ST
AR R R RE R, B ME IR 2 IR A
A BB R R AL, AT IE B3 X K
TAHREER = A AN s L AR
ela )=, XA kRia R 2 BA A LIS R
PG ALRR S P 25 O RF L (BRSO A8, 20155 10 2%
5, 2018) , oy 7 M A T SRR A1 T R A Y 2
fiio A0, AR AR Z 22 N JE I A3 ) 22 4F
R X R A KRR AUK & WIE Lm0 i e 4% 1F (oK ar
BT, 20015 BT, 20025 FREARST, 20055 HLAT I
4§, 2010, 20115 %4, 2015) , (AL, X L824
AT L KR ORGP BRI AL T A8

WA IR PRAT A5 1R — B JE 0 b W HLAN
AR R R IT S 2o i v 1 5 110 X i A0 8 55 B
T, EHAR SR T B A BEFE R, R oKk Al L%
WAL — 38 SRR T FIK Bl ) 2 1, AR A 22 R AL |
KI8T RE AR R K 0 48 ) A6 3R R AIE S5 0
TR ATl SR PR AT R B A ARG 8 R T S
AR 5 3 T K (322 3ROK) B K AR AR
(50T , X BIE TS DX i ARAT A% 1R AT 00 48 1 )
T8, IR DX ORI R AR K A5 90 1) S 2% A 12
LA B A 3 S U3

E86° 30’ N35° 00’ E87° 45’ N35° 00’

2
Je 7
L 34 @3
B n
L
] 2
VER k] i
K
g
e
- b
S 3
ith
2 5y 9y sz
52 V] 5 i
T a IUQJQs ! iy HL AL K
Q11
o7 96 94
it
" 2
np 5
& o °
7K :
e " E\Il‘
RAKE ) 8" y
i % 32 0¥
HRRTER g3
i 9y %56
o 5 i
2425 28 39
s 23 27 20 4140 i3
51134 222%1%5620 ¢ 30 435844
1@2 17 18719 Pt 45 R 1 ﬁﬁ
¢ R % , 5z
¢° ij s
: b
WA+ 50
(O] A s 22 4 5 w0ob 9%

E86° 30" N33° 00’ E87° 45’ N33° 00’

B2 R AR B 23 R — R T i X IR 7K R il 3 7K R
(AR
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Rejue Chaka-Zangxiahe area, Qiangtang Basin
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Table 1 Statistical table of the water samples from study area
e e i
mpE l;zf ﬁf = ﬁﬁ[ﬂ;ﬁ Kbemg || meemE l;jf 2’;“‘; - fﬁgﬁ KA
Q1 Sh-01 TR Q26 Sh-26 TR
Q2 Sh-02 AR Q27 Sh-27 TR
Q3 Sh-03 Wk Q28 Sh-28 TR
04 Sh-04 SC-01 ST-01 LR Q29 Sh-29 SC-09 ST-09 LT
05 Sh-05 SC-02 ST-02 TR Q30 Sh-30 LT
Q6 Sh-06 SC-03 ST-03 TR Q31 Sh-31 TR
07 Sh-07 TR Q32 Sh-32 WK
Q8 Sh-08 SC-04 ST-04 TR IR Q33 Sh-33 WK
Q9 Sh-09 17K Q34 Sh-34 TRESR
Q10 Sh-10 SC-05 ST-05 TR Q35 Sh-35 TR
Q11 Sh-11 TR Q36 Sh-36 TrER
Q12 Sh-12 WK Q37 Sh-37 P
Q13 Sh-13 SC-06 ST-06 AR Q38 Sh-38 Rl
Q14 Sh-14 LTHR Q39 Sh-39 p%s el
Q15 Sh-15 T TRIR Q40 Sh40 Pl
Q16 Sh-16 TR Q41 Sh41 A
Q17 Sh-17 TR 042 Sh42 Wik
Q18 Sh-18 SC-07 ST07 TR Q43 Sh43 TR
Q19 Sh-19 SC-08 ST-08 TR Q44 Sh44 By 35
020 Sh-20 TR Q45 Sh45 TR
021 Sh-21 TR Q46 Sh46 ST-10 TSR
022 Sh-22 TR Q47 Sh47 TR R
023 Sh-23 TREIR Q048 Sh48 WK
Q24 Sh-24 TRER Q49 Sh49 TrR
Q25 Sh-25 TRER Q50 Sh-50 VEIK
F2 MREKEKUZHFESR
Table 2 Chemical compositions of the water samples from study area
R mg/L re/'s IKH A A Na*/ SO,%/CI"  TDS
U cr S0,* HCO;” CO;> Na*  K* Mg?* Ca®* NH,* HMAE wE cr x100 (mg/1)
Sh-01 16742 220 345 /9126 224 178 991  0.394  Zifkimm Kk 0. 81 0.49 27826
Sh-02 43912 531 377 /24143 781 528 2508  7.381  GfbAEmAE ok 0. 81 0. 45 72780
Sh-03 5640 916 581 /2832 202 716 114 2,067  GifkiEEm Hhok 0.74 6.01 11001
Sh-04 8000 4893 120 /4313 422 1153 965  1.243  GfpiEm ok 0. 80 22.62 19866
Sh-05 338 460 173 / 299 27 47 78 <0.15  FEERghm Rk 1.31 50.33 1421
Sh-06 1488 3415 79 /1382 33 343 520 1.231  GRigdhE K 1.37 84. 87 7260
Sh-07 625 1559 65 / 454 13 191 344 <0.15  BRiGRaHA K 1.07 92.24 3251
Sh-08 37 40 182 / 33 2 14 50 0.375  FRigghA %K 1.32 39.35 359
Sh-09 12 65 100 / 17 2 13 32 0.175  ERfgRihE %K 2,09 197.12 240
Sh-10 20 113 115 / 31 3 18 38 <0.15  [ElRghm ok 2.35  213.20 337
Sh-11 26 153 603 / 33 3 93 9 0.507 BB Bk 1.87  215.13 1008
Sh-12 35 409 272 / 38 4 77 104 0.197  FRigRghAE %K 1.63  434.61 939
Sh-13 9182 5382 235 /5165 326 1280 803  1.754  GifbEEm ok 0.83 21.68 22373
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Sh-14 5409 4114 622 628 3831 211 1322 39 3.128 TR Eh Y ok 1.05 28.13 15548
Sh-15 1035 393 584 55 716 97 162 23 0. 401 it R 75 JIK 1.02 14. 04 3010

Sh-16 1652 785 332 382 1250 32 340 16 1151 Giigghm Rk 1.12 17.57 4407
Sh-17 6942 3925 923 656 5259 128 1145 35 L.512  frfRhm Rk 1.12 20.91 18357
Sh-18 31 48 356 / 41 3 27 73 <0.15  FRERGHTY K 1.99 58. 44 579
Sh-19 27 193 841 / 39 4 141 110 <0.15  FERH JK 2.16  268.31 1354
Sh-20 42 299 361 / 35 4 89 91 <0.15  FRERG%E ok .23 262.63 920
Sh21 261 103 250 / 181 15 38 33 0.202  fRiRghE Wk 1.03 14.59 881
Sh-22 263 34 170 / 179 11 16 30 0.225  BRigRghAE ok 1.01 4. 84 704
Sh-23 330 40 213 / 211 15 16 48 0.248  mRERHNEY oK 0.95 4.53 873
Sh-24 375 37 238 / 274 17 19 38 <0.15  FEERRME K 1.08 3.60 998
Sh-25 492 40 255 / 309 21 24 44 <0.15  fRfREHm JK 0.93 2.98 1184
Sh-26 84 57 321 21 120 13 24 41 <0.15  ERRRME %K 2.12 24.99 659
Sh27 1016 1617 275 / 928 73 204 156 0.310  FRERGhE Rk 1.35 58.85 4269
Sh-28 308 503 251 / 268 29 82 82 1.006  ffRghH Rk 1.29 60. 39 1522
Sh-29 206 188 728 / 330 14 44 79 0.336  EBRMRMNA ok 37 33.75 1588
Sh-30 68 108 228 23 93 9 39 26 0.330  FRigghAE %K 02 58.90 571

Sh-31 1543 2257 410 / 773 68 641 168 1.960  ZAAkLEER JaK 74 54.09 5860

Sh-32 4181 5689 208 /2645 294 1208 542 1.874  GfbiEm K 94 50. 32 14767

Sh-33 182 256 210 / 148 9 44 55 0.347  GRiRghm ok 1.20 52.01 904

318 21 52 191 0.156  SAfbEm JRK
0

[

Sh-34 549 477 196 / 0. 86 32.13 1803
Sh-35 1107 285 367 31 716 37 122 68 397 GEARBERY JaK 0.96 9.52 2702
Sh-36 3636 1111 187 /1855 41 287 497  1.375  GfkiEm Rk 0.75 11. 30 7614
Sh-37 662 1202 129 / 180 26 204 351 0.974  EAkEER JaK 0. 40 67. 14 2754
Sh-38 1351 2855 193 / 571 70 496 580  1.807  SfkfEm JRK 0.63 78.15 6116
Sh-39 3304 7633 383 / 1683 238 1635 664  1.963  SifbEEM K 0.75 85.43 15540
Sh40 358 1181 131 / 138 13 229 185 1.033  GAkBEm JakK 0.57  121.99 2235
Sh41 2565 7059 353 / 1020 87 1740 515  2.173 SFALEERY Rk 0.59 101.77 13339
Sh42 960 10966 275 / 1259 66 2159 471  2.592  BRRghE Rk 1.94  422.41 16156
Sh43 82 280 172 / 62 6 45 87 0.472  Gifih %K 1.11  130.01 743

Sh44 104 424 148 / 64 3 43 152 0.657  GfkiEm JRK 0.92  150.76 1038
Sh-45 22 750 146 / 22 2 88 194 0.463  frfpghm Rk 152 1272.22 1225
Sh-46 10 746 151 / 13 2 67 229 0.354  EifRENI JHK 1.91  2652.54 1218
Sh47 11 827 132 / 14 2 62 257 0.487 TR B AL K 1.96  2831.65 1305
Sh48 475 239 54 14 324 22 36 34 0.557  WRERENA JaK 1.01 18. 61 1183
Sh49 56 44 194 / 54 4 21 30 0.490  HRERHNEY oK 1.44 28.97 403

Sh-50 326 155 84 / 222 18 20 39 0.457  BRigRghE ok 1.01 17.58 864

T TDS Dy fige vk [ A S ik

®3 MTKEEFERES XK

Table 3 Discrimination index of the chemical environment

VU540 (ARSI RECR T 15, R X E2 N
Ak —R LIRS
3.2 KABRESMEIFE

of groundwater

W4 S0,%/Cl x 100 yNa/~Cl KN A N .
e D QAR A 2 U=ty s 1 ety | B AN
Sk 15-% s gy Bl 53 7K 10 7K 1 e 2 SR AT I 3 5)

el
)F:ijiéJEB: 1 ~15 1~2 i%éi‘l}% *ﬁsﬂ‘j?ﬁ%ﬂﬁiﬁﬁ?xﬁ [:[39 E%%T@Jﬁumﬁﬂﬂ%km
I JRIX <1 <1 SR W AR S SC-10 a0, IR EE R W3 4,




2021 4£(4) TEYH A M BE A% R — AT b X SR K K Al 2 RRAE B B R S 541
x4 MARKERESEESE
Table 4 Hydrocarbon gas contents of the water samples from study area
M RSE FIC A (/L)
R A 5 ik
e i 25 Pk ST h T4 Sk R
SC-01 0. 30 0. 004 0. 004 0. 004 0. 004 0. 004 0. 004
SC-02 0.32 0. 004 0. 004 0. 004 0. 004 0. 004 0. 004
SC-03 0.21 0. 003 0. 003 0. 003 0. 003 0. 003 0. 003
SC-04 0.97 0. 004 0. 004 0. 004 0. 004 0. 004 0. 004
SC-05 1. 10 0. 004 0. 004 0. 004 0. 004 0. 004 0. 004
SC-06 0.14 0. 002 0. 002 0. 002 0. 002 0. 002 0. 002
SC-07 0.24 0. 003 0. 003 0. 003 0. 003 0. 003 0. 003
SC-08 0.19 0. 004 0. 004 0. 004 0. 004 0. 004 0. 004
SC-09 0.27 0. 004 0. 004 0. 004 0. 004 0. 004 0. 004
SC-10 6.50 0.61 0.23 0.02 0.03 0.02 0.02 M I 918 2K L i
2 _ {HN —9.9%0, WKl 4, %F Ho 45 R oK R 1 SRR R
oo m ATIE AT AR B, BT X SR R RVEAE TR
SRR , B2 IR KRN
| gl 4, 4 5 A A R 2 2 X B g, ST-01, ST-
B o0t 02 ,ST-03 .ST-04 ST-05 ST-06 %5 6 {4:KE i 77 Z 1
020} H i H 1E;ST-01 ST-02 ST-03  ST-04 %5 4 {4 i [7] 13 2 ffs
[ B, SRIERIBE SRR T ST-06 41, LA TR A BF5c X
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Fig.3 Methane contents of the water samples from study area
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R, AR % 8D A Y A8 Ak L - 108. 0% ~
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x5 KESERMENLER
Table 5 Analysis results of isotopes of H and O of water

samples
FE i = 3Dy swow (%e) 3" Oy.syow (%o) d
ST-01 -63.9 -7.3 5.5
ST-02 -71.3 9.7 6.3
ST-03 61.2 -8.0 2.8
ST-04 -64.2 6.7 -10. 6
ST-05 -77.9 -10.6 6.9
ST-06 61.3 6.7 7.7
ST-07 -105.9 -10.9 -18.7
ST-08 -108.0 -12.5 -8
ST-09 -107.5 -12.9 4.3
ST-10 96.2 -13.2 9.4
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Chemical characteristics of fountains in Rejuechaka-Zangxiahe area of the
Qiangtang Basin and their geological implications

ZENG Shenggiang' , CHEN Wenbin'”, FENG Xinglei'”
(1. Chengdu Center, China Geological Survey, Chengdu 610081, China; 2. Key Laboratory of Sedimentary Basin
and Oil and Gas Resources, Ministry of Natural Resources, Chengdu 610081, China)

Abstract; Recent years, the chemical characteristics of fountains, which can reflect the redox environment and
hydrodynamic conditions, have been widely used in prospecting for petroleum, natural gas and natural gas hydrate.
In this paper, 37 samples of fountains and 13 samples of surface water have been collected from Rejuechaka-
Zangxiahe areas of the Qiangtang Basin to analyze their chemical compositions, isotopic compositions of hydrogen
and oxygen, and contents of aqueous hydrocarbon gases. The results show that the water types are mainly Na, SO,
type and MgCl, type, with subordinate NaHCO; type and CaCl, type. The general high mineralized degrees of the
fountains reveal a good preservation condition in the area. The average content of the ammonium ion is 0. 895 ng/
g. In Zangxiahe area, the ammonium ion content is up to 7. 381 pg/g, which is consistent with the widespread
organic-rich shale in the area, indicating the relatively high organic matter content. The isotopic results of hydrogen
and oxygen show that the H and O isotopes of the water are near the precipitation line, indicating that the fountains
In addition,

originate from meteoric water. a certain content of aqueous methane has been detected in nine

fountains, and the content is relatively high in Baiyun Lake area, showing a good hydrocarbon potential. The
comprehensive study reveals that the Zangxiahe and Baiyun Lake areas in the Qiangtang Basin have good source
rocks and good preservation conditions, showing a good prospect for oil, gas and gas hydrate resources.

Key words: Qiangtang Basin; Fountains; hydrochemistry; hydrogen and oxygen isotopes



