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Abstract: As a part of Hexi Corridor in Gansu Province, the Zhangye Basin is located in the middle reaches of the
Heihe River Basin, with high topography in the southeast and low topography in the northwest. The existing

exploration data show that the Zhangye basin is rich in hydrothermal geothermal resources. Based on the study of
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geophysical exploration, geothermal drilling, geo-temperature measurement and hydrogeochemistry, this paper
analyzes the occurrence characteristics of geothermal resources and discusses the genetic mode in Zhangye Basin.
The geothermal field in the Zhangye basin belongs to the sedimentary basin type of low-medium temperature. The
geothermal reservoir is composed of sandstone and glutenite of Neogene Baiyanghe Formation with layered
distribution. Temperature of the geothermal reservoir ranges from 47 to 82 °C calculated by using the potassium
magnesium geochemical temperature standard. The caprock consists of mudstone of Neogene Shulehe Formation
and Quaternary unconsolidated sediments. The geothermal water type is mainly clastic pore water. The
characteristics of hydrogen and oxygen isotope indicate that the main recharge source is atmospheric precipitation
in the southern Qilian Mountains. The deep faults in the northern margin of Qilian Mountains and NNW-trending
basement faults in the basin are good conduits for deep circulation of the geothermal fluids. After receiving
recharge, groundwater migrates along the water-conducting fault zones or rock pore fractures. Heating by the deep
heat conduction, it occurs in the pores of clastic rocks and forms geothermal resources in this area. The results of
hydrochemical analyses show that the geothermal water in this area belongs to continental sedimentary water
containing dissolved water in rock salt formation, and the hydrochemical type is of CI-SO,—Na. The contents of
fluorine, SiO,, total dissolved solids and total hardness increase with the increasing water temperature. The tritium
value of hot water in the area is generally less than 2.0 TU, indicating that the formation age is relatively early.
The results of carbon-14 analysis further confirm that the formation age of the regional geothermal water is more
than 20,000 years, reflecting the characteristics of a long geothermal fluid supply path and slow runoff. The

research results can provide important reference for exploration and utilization of geothermal resources in the

Zhangye Basin.
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Fig. 1 Seismic inferred structure in the Zhangye Basin ( modified from Ref. [20] )
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Fig. 2 Geothermal geological profiles of the Zhangye Basin
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Table 1 Geological age and thickness of strata tapped by geothermal exploration holes in the Zhangye Basin
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Table 2 Statistics of geothermal reservoirs of pore type tapped by geothermal exploration holes in the Zhangye Basin
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Table 3 Hydrochemical analyses of geothermal waters in the Zhangye Basin
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SO NOj B MEEW (N f # W # W L0

LZDR1 45 3432

ZYDR2 46 3513 5094 7.6 12.1 1017 1429 37.0 0
ZYDR3 76 5427 4879 7.1 46.0 1586 885 648 0
MLDR1 77 5810 1131.0 7.7 61.7 1522 250.0 123.0 0

3748 7.6 8.0 1044 842 399 0 217.1 1293 701.6 6.2 14 2836 12.0
ZYDR1 56 4497 286.7 8.5 13.7 1409 56.2 356 23.8 743.0 1331 828.0 3.7 2.1 354 20.2
167.5 1285 804.6 3.5 19 31.1 16.0
773.1 1449 1242.0 29.2 3.5 642 26.3
596.0 1754 1408.0 37.2 3.6 59.8 32 10.80 1.04 0.027 <0.02 <0.01 106.00

5.84 0.23 0.001 0.06 1.16 698
3.77 0.62 <0.002 0.02 220 8.40
5.41 0.87 <0.001 0.33 0.77 7.63
5.59 1.48 <0.002 0.58 1.40 51.80
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Fig. 6 Plot of 6D and 'O in water samples in the city of
Zhangye and nearby area
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Table 4 Results of hydrogen and oxygen isotope analyses of
geothermal water in the Zhangye Basin

P (VA WKL 5%0/%  oD/%  H/TU
H2 Al K -9.7 —62 58
H3 L REPN K -7.9 —61 51
H4 BT KA K -6.9 —46 49

PQI LA SRIK -6.0  —47 55

PQ2 3T POkt SRR -74 =53 51

Y36 FRARIE IR K -7.6 -52 55

Y37 TR HIR WK 6.9 -51 65
Y5 FRIBHTEL WK -7.1 -50 57

Y41 lISUN] K —6.5 —44 47

Y10 TR X TR -7.8 -56 39

Y11 TR X TR -9.2 -63 21

Y14 TRIBIA X HEIK -9.2 -58 16

Y47 LIS EEMIN HEIK -9.9 —61 20

LZDR1 et UK -10.5 =77 1.5+0.7
ZYDR1  SKIOEWDHIX  HiF#UK -10.4 -76 <1.0
ZYDR2 FRIHR T UK -9.5 —74 <0.5
ZYDR3 RIS FE UK -10.0 =77 1.3+0.5
MLDR PN R HUK -10.3 —76 <0.5

(<2 TU), 7] LLH 5 & 1953 4E LLRTIE 0 R K <&
K7, CH i R K, A e L B 1953 4R R A
NG BT KB WIS IX K FEAGPH (B WL 36 4, W LA
TR UK A9H (A5 /N T 2 TU, BB 0K A 1953
ELARTE B K. 5546, 8 MLDR1 3. MLDR3
F . ZYDR3 F: 3 R K HC o b 45 5, BB 4 L
S50 (6.06+0.67) % . (0.78+0.45) %, (2.89+0.95) %, 4

BT L AE I8 45 51 R (23.17+0.92) ka. (40.08+4.67) ka.

(29.3142.72) ka, X FF—HFESE T AR X HOK R T
R K, TERAE S R 3T 20 ka.

4 eSS H

4.1 A s SR S B

LA VOR R A, S 30 7% o P i 5L 2R A A 1Y
1l 7Y TP b A, B DB R OB GE A T A
[ 5 7 Be b . bR AA R 3, JE R R S LB AL A
i, HOE AL — R 1 004.40 ~ 2 188.00 m,  FAfiE
J2 LB R KR B A Ve A R B R 2, A B T AR A i AR
AR AT, BROE R A T 5T B g Y AT T, M
T FROK UL R I A i S R R R T T e, B R R Y
PRBE T B A R BAR S, X LA R AT A
LZDR1 J{, ZYDR2 J. MLDR1 J|- B 45 18 1 Jin B 4 4]
A, (HILEHER R, A AR I R R S, DU ith
2R Al B A8 I 5 X B A i TR 3 LA T R W, A A
INFGE . b R FROK AT R 7E T F R R A R T
ST, MU KR DRAG R 2 A v I B R A I S LA
RAK-SEAEAER, R R AR KA o & A 2
AR, T B e R HAOK

ZEA AN R, SR I AE B AR R UME S
28 K FRGRAE HIAIL T T BB o P I b A 5% U, (H
TE BT AEE TSI T MR K AR
4.2 IR BRI R S B

R Hh s 4 7l b BRI o 1% Bl I A% 4 A A K £k
SRR, 45 G PR AR S AR R, 1R B Bk b
TR AT b B XA IR B AT A R A T

B 4410
13.95 —1g(C2/C,)
Ao T—— HAAE IR /°Cs
C—— #UKk P KA i B e B/ (mg L) 5
C,—Hokh Mg B i B R /(mg L) .

K Mg™ iy Bt ik B 0L 3% 5. 49108, sk A &
A Hb AT P IR Tl 47.82 ~ 81.49 °C, 454 1 S bR
R KR, T LK) B 5K 4 4 b AR T HAOK ) TR
A by v I IR AR DR A I B AE 47 ~ 82 °C
ZIE(FES5),

R4 DX A il R D L 5 ), K A A i b A SR X
Hiy R 3R R EE R 2.04 ~ 2.67 °C/100 m, H iR IR B 4
30 m, fH R R 7.6 °C 3E 1 5 (2) WA 2 T #oK
OFIEINATE

—-273.15 oy

T-T
Z:—G 0+Z() (2)

K Z—— M PR AE FR IR FE /m;
T— AR L /°C;
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Table S Estimated temperature of geothermal reservoirs in the

Zhangye Basin
L LZDR1 ZYDRI ZYDR2 ZYDR3 MLDRI
p(K)/(mg-L™) 8.05 13.73 12.06 46.04 61.70

pMg™)/(mg-L™") 39,92 35.58 37.04 64.80 123.00
SRR C 45.00 56.00 46.00 78.00 77.00
MEPGHEEC 47.82 60.29 57.04 81.49 80.80

T,— i IR /°Cs
G—— M AR RS /(°C- 100" m ™) ;
Zy— Tl - BR JE /m.

28 1153 5 W 4 M b R PR K Y B BR R N
1588.91 ~ 2 813.27 m, 5 T A #h ¥ FL I 6 IS A T L 3%
T 500 ~ 800 m(5& 6), i FH #Afif )5 T 38 — i TR B 24 B
N A H BRI 28

R 6 KA ARIRFLIEN K EIRRE

Table 6 Estimated circulation depth of geothermal water in geothermal exploration holes in the Zhangye Basin

1% fLE/m 0 TR B /m g/ C MR BREE/(°C-100" - m ™) IABHR S LA /m HEM ORI BRE /m
LZDR1 1500.59 1500.00 45.60 2.58 1004.40 1588.91
ZYDRI 2601.22 2600.00 67.14 2.32 1 804.50 2301.12
ZYDR2 2053.08 2000.00 47.70 2.04 1509.10 2453.53
ZYDR3 2174.00 2120.00 63.40 2.67 2020.00 2797.42
MLDRI 2269.18 2200.00 64.60 2.63 2188.00 2813.27

4.3 MR RN 45 ok R Kl 1E

R XoF b AT b A A L SRR TR 3R A AT
B, TR A0 A b T PR R R U O R AR K . 5K
I 7 bt T AR T L DX A A i N, R T AR b AT B K
] Ik 800 mm £ AT, X I i iz 5 KU, TR Wi 24 K
W WA B L, i B XK S & F, 1 3P
YRR SR 2, X T 7K 898 B L 4 A TRAE FLs % 77 A=
FHIRZN LR o 9K 30 7 M JE T AR % M e 4 AR b 2%
14 BT A AR T B 2 b, A0S 1L DX 2 M B A 2 AT
3000 ~ 4 000 m, HA B4 AN i AR B, i db 1l X
ARG, 5 A G2 & 22/, BRK UL =K,
FHE I iy T PR AD 24 A VR T2 A R AR 34 1L X R K

AR 34 1 b IR K W7 24 0 25 b ) NNW i) 25 JiE
S8 % L AR TR OE A Y R4 oK GE o AR 1L X
KA K FVK S K B RE A A K SC A8 TR TE

B 2 R B K, 3 e b 2 TR K W 2 i R A kb 4 B A
Hu BB, 76 TR IAE T 00 4E FH T b 7K % 7 8 L, O
EAATEILBR R & . BB R i g 2 b, 7Kk R
F1 22 9AE FHF i SE 18] NW 4237, K S8 0 2.20%0
LAy (7). BFSE X s K 8 T 07 45 ROEE il s R
7K, B i B AR KD 45 R TR, AR T R R R X —
R

5 %#it

(1) 5K A 7 b A% T Jo 52 JZ2 R 20 A1 B8 D0 AR At 7Y
HRER i St A T, A D BT T AR FRORT G L T2 RE S
AL B AL B, PRIEOR B IR e B e i AR
HoEA R GE T M HOK AR T K RIA RS R h, TR IR
4 R 3t A T 5 T L S 2 ¥ I AR i B 4 28
A, M AR FEE R B Rt SRR B8 B4 o R i T
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Fig. 7 Schematic diagram of conceptual model of the geothermal field in the Zhangye Basin
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(2) 5K 4 A Hin Hh BRE AA7K A 2% 28 B0 Oy C1-SO,—Na

AP, SiO, i IR 5 KIR KBUR IEH X ER, Bt
B FL SiO, 1Y T K H e TR T T S 3 )

BB BEREE, I AME T BB R AR
AR p(C/p(Br). yNa/yCIOE 12 5i G i L L)
FAT, 2% P K o Ry U A ) ek AR

(3) [F 37 R 2 B, 5k 4 0 b T #00K o KRR
R ARANE, Ja8 AL, X H R #OKCH A, 970N
T2 TU, Ud W1 B[R] 48 5L 5 4C 43 Br 45 HLIE 52 1 B oK
TE BRI B L 20 ka, A 2 i A5 0V 0 14 F I 25 47 1% 1
W I SR — 25 SR

(4) A4 T 00 4 b iy FAT B ) b T 25 428 Tk B K
IRAR 2= R AL, 3 10 B b BR b 2% T b X A5 X A
Tk R R AT A B 4 0 R AR T B R BUAE 47 ~ 82 °C,
Sy TR B, TR B B 2 R — R B Al A
T HLFOK TG R .
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