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Occurrence Characteristics and Potential Evaluation of
Geothermal Resources in Dunhuang Basin
GAO Shan', ZHANG Ling-peng' ", ZHANG Lei', NAN Yan'

(1. Fourth Institute of Geological and Mineral hxploratlon of Gansu Provincial Bureau of Geology and Mineral Resources, Jiuquan 735000, China;

2. Key Laboratory of Mineral Resources Exploration, Gansu Province, Jiuquan 735000, China)

[ Abstract] In order to enhance the understanding of the characteristics and potential of geothermal resources in the Dunhuang Ba-
sin to support exploration and development initiatives, through the application of geothermal exploration techniques and hydrogeo-
chemical analysis, the methods including hydrogen and oxygen isotope testing, Piper diagram analysis, the K-Mg geothermometer,
and thermal storage estimation was used to investigate the chemical properties of geothermal water, the recharge source and age, as
well as to calculate the thermal storage temperature and geothermal water circulation depth. Furthermore, the potential of geothermal
resources in the basin was comprehensively evaluated. The results indicate that the thermal reservoir is primarily composed of argilla-
ceous sandstone, pebbly fine sandstone, and glutenite located in the lower member of the Neogene Shulehe Formation, with the ca-
prock consisting of Quaternary loose rock as well as mudstone and sandy mudstone in the upper member of the same formation. The
primary heat source is heat conduction from the upper mantle and deep crust. The geothermal waters are dominated by Cl-SO,-Na
hydrochemical components, with temperatures ranging between 28. 7 C and 38.0 °C and total dissolved solids (TDS) values varying
from 1 146 mg/L to 3 250 mg/L. Isotopic analysis, including 8D, 80, *H, and '*C, reveals that the geothermal water represents a
mixture of deep groundwater and modern precipitation. The estimated reservoir temperatures range from 39. 49 °C to 42. 75 °C, and the
calculated circulation depths are between 1 020. 65 m and 1 268. 34 m. These findings suggest that the geothermal resources in the
Dunhuang Basin are derived from deep groundwater circulation, replenished by atmospheric precipitation from the southern mountainous
regions. The calculated thermal potential modulus of the geothermal fluid is 1.78 x 10° kJ/(km*-a) , indicating significant resource
potential for future utilization.
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s B EA . 2024-07-19 EITHH.: 2024-1220
E&WE . Hl& b FEE# 34 (201503-D03,201701-D19) ; H it & #u8™ 5 2022 4EFEBIH T H (2022CX17)
FE—1EE . SL(1985—) B BUIE, HMA T BRI, WF5E 5 1] K TER M T S i A BRI 4 . E-mail :286369895@ qq. com,,
*EEEE . BN (1984—) B DUK, HATEE A, IE R S TR, BF58 75 . /K T 3R BT 3t B0 R Bl A % b 5 ¢ 5 S A B A . E-maail ;
13919840909@ 163. com,

ML . www. stae. com. cn



R T NI N N -

7954 Science Technology and Engineering

2025,25(19)

FUEIE A — g7 E SR, A Sk s
TR L, B NG Vb L F R AR 4 e
EAS FECBRIBIET RPN BOR BER T, 20E
R R X e FH 3 O v AR RE VR T SR S AT, Hb AR
JE R R LR SR S AT T T A R A
REVR UL IR K BE TR A5 M, AT KR B R
X HUERRL H SEL ik g “irh AT B LE K,

20 AECk, M E g RLiE 2 B K )2
FAPY, AnBR b B0 3 0] 2 ML £ 3K 108 000
MW H B RO ST T AR TE AL T4 1 Kk
[ A W R S R D o AN 1| /= S <
galt ARdEt KA R S X AT
FEMCR M, TS e R0, o [ 3 B R
A FEE AN BP0 S 7 AT IR
ER] S An M 1,06 x 10" t, 4 F g =0
85% o H R HiuA T i i | PN S R R i D
AL, H A 3 32 sl ok U, A K TG s R
B A, A R AR R E B A, B
HTCE A B H N 10 43 A B2 R 11 1 XT3t 76l B
16 AbTTFRZ HAL 5 7 P FH M B b A5, 420
AP ITEMY  HR TR R A DR A% S 5 i A
TR P AR 1.41 x 10" ¢, JFRIETIE KR,

1999 4 LIS, SO0 AH 4k it T b A h #RFL 4 HR
LI 1 002. 83 ~ 1 800.00 m, /K JZ17 590.00 ~
981. 00 m,fL I HI/KIREE 28.7 ~ 38.0 °C, HfLiifiK
H 1000 ~ 2000 m®/d, 85 R IE S U AT -
B VTR L S AR PR IR H 20 D
40 FARLIA , 2 A7 O BT FRHIE N B3 X SORE b
Fa 3 Mo 7 R AIE | b BROR R 28 750 45 40 sk O 2 T A
R AT, 2ok BRAEDT) ik RIGAEDS gk T Mk gf
VR KA AT s T R H 2 A0 T IR 2
KT AL 5 5K 5 06 250 B 5 T s oK K k2 |
RS [0 R S i KK I B AT % 5 I 4% ) %)
GHIE AT T HERSTEAN

IR SCHLER Ak 2% 21 43 AT FH R 43 B b 3ROk Ok T8 &
HAE A #2) SR SR A R R | Piper
Ik K-Mg HbHGRAR L K SCHbER b 22 ik & 1)
T S b TR R R B AR 1% | A TR | b ROK
IRUR B AT b PO IR AR R AE IE PP LR UR T T, AR
SCH R, WFSE BSR AT R 0 O A AR IR {2
PV T IR R AR 24 Wy 30 DA R b B % U 1 )
BRI EES

1 HHRE=

SR SR UK -ty Dl S O A 2
JeR B PR3 A= AR B 0, R Y WU D T A T e

(] SPIUBER] n B 2R e [m] | 48 7 7 e [l 5 B B 30
BE] 5 AN I ) Ho )R S i [ R
BN S R B T H A 04 350 1 DX 1 22 4 s 43 1, U
TR 22 0 Y0 A0 FH T AH , 20 b 3 2% £ DL ff i A
Ao MELLE HE [m] 2 H R PE I X g 2 )z Kk
B, AR S 22T U, 52 mE G R L 36 ol 7 )22 A b
GRWTBA T, 45 A i T DTS2 DR, JE DL -
AT BT O 3R Z, 28 M At i v 1 572 ik
T, MR B B R 3 e A T AR 7K PR AR
PEIRAIE 2 B T B [ 2 S X
T 22 Zh MY B AR G s 1 S5 R AR T B R Y
P T R A IS 2

SOKE A M I AR TR B R A S AR AR R,
PR M TG IEAS R, B PG 1] AR R0 50 P e RE v
Fe TR M JZIE S Pl g b 1R 4 IR
Faxds e 1 R, OO M SO I T
TG b T PP YR ) 32 B DXl TR ME 11 B 4R, AP
K25 150 km, FFdL % 20 ~ 60 km, & Tf FLIA 3 300
km® , ARYEEFLISER  IRTNRD A TELIRE A |
WA A b & s SA S M aeb s B2, e
L EERT 1892 m K THHIERZ T, #HriERE
i 387.50 ~ 720.00 m, FH8FE A K A AN A
graBka SRR 6 KA A5E 0 RS E e s, -
DY RN o=yl oW 121 57/ S Db [ = AT
WE RTHEMNRZT, BWRLTRE, AR
BB 3 JE Rk 150,00 ~ 315.00 m,

2 HEEFRIR

SR GBI T H A8 Hw™ 5 H k8 A e i
Jey A B A SR P R B AR 4 R B L) g
S DR K SCHBERAb 22 55 AR TR, TRk 38 148 9
AT TS, B AT A IR T R AR R AL
b A H R L S R JZ N AR MK I R4 |
KAESAANE 1 s, REEK BT kel 8 41, K
M K* Na*, Ca’" Mg’* Cl”,SO; . CO; ,HCO, .
NO, JiEES CO, MR | GLAR R 5 i 1 B A (total
dissolved solids, TDS) . pH Fe’* Fe’* NH,  AI’* |
F~ NO, Br~ I~ Li . Sr.Zn.Se.Cu Hg .Cd.Ba.Cr"" |
Pb Mn  As Ag 335 ik i A ; RERE IR M
FEfh 4 40, K F Br I Al Pb Cr .Se Fe Mn Li Sr,
Cu . Zn W7 CO, MmEERRIL 15 WTR MW E o RERE
[ 2 3 A, K 8D 8" O3 SRAE BT 1 IR 0 &
FEA 3 AL R H M, R A P LA AR A
N UETE 0T A H R A AT 7 A T R R A D
JE Ay A e ST | v ] M R 2 e 7K ST b T PR
BEHb AT T SE I, A5 S LS AT 5

ML . www. stae. com. cn



2025,25(19) fRr Ly, B L SRR b PR IR AP R B 1 P 7955

’ RO4 7K1
1 ‘\\"12 1800.00‘13 ‘.200,00

1 OWHEVU AR RS 2 S IR TR ;3 A VU AR T RS 4 D9 5 R TARAL;S Rl - oty S BUR A 6 W ENSE
W RAERE 7 AP BN 58 S — TR ;9 Dy IMIRA KR 5510 SRR 11 S M1 Se e e 512 S 3

g 13y WRVRREEOCE RS | o IR FRRFA B AL S
- IR/ m ’ RJZH T AKARIFREL/m

1 SR AL 1 TR (B FSCRR(25])
Fig. 1 Structural unit map of Dunhuang Basin (modified from Ref. [25])

3 MIRER

3.1 IAAEYFAE

R O 7 B R L i J2 56 L P (R 2) SOk
i b A L b 2 AR B SRR X b (R 1) AT
R SRR Z b B A T A 22 A T 3 R T AT B
Wb A APRRE & AR ARD A 55 IE R 57,50 ~
410.00 m, & 7KJZB M 590. 00 ~ 981.00 m B¢, &K
JEIEE36.00 ~ 150.00 m, #ufif 240 FUIR A5 FL B R
8% MIALRAS KK 10% . F 1 H/KIEE ) 28.7 ~
38.0 °C, 7K R 1000 ~ 2000 m*/d, &I
EEALLRER BB KEER, KRR
R SO RRNHCS FUBE R G 4 B i
R A [F A R 581.00 ~ 648.00 m FY Pk
F=
3.2 HURIBEFE

I R b R 37 FRAE 2 T J H A TR
BRI B SR AR O 2 B A B R AL

TR (32 2) A0, EUE B 50 m DL R TE IR
IREEMRT 17 °C,50 ~ 400 m J& 1L i 1 R Bt | S 44 1,
TRAHE K 4. 86 °C/100 m;400 ~ 800 m B I 4 I
AN, JE S A, S MR AR EE R 2.0 C/
100 m;800 ~1 200 mBt MR AL R 1.5 C/100 m;
1200 ~1 600 m Bz Hb i #6 BE 4 1.25 C/100 m;
1600 ~1 900 m BrHb iR AL B 1.08 C/100 m, &
ERTE  HIEFENT0.73 ~ 6.10 °C/100 m,FH
HIEBSEE N 2. 14 °C/100 m, ARG H k4 rh-
BRI B 2 b TR A R AT
3.3 JKILZEHFME
3.3.1 AL FedFAELL 5

R S5 2 b b AR R o3 FVRRAE AL 53 20 T
50 (R 3 F4) AL MUK pH A F7.78 ~ 8.71,
X5 pH Ay 8. 23, @ AR K, I B E A (total dis-
solved solids, TDS) 4~ F 1 146 ~ 3 250 mg/L, ¥4
1654 mg/L,JE UK, H oK i Ag BT, FH 2+ DU
Cl™ SO;™ Na™ N E IR /351 k 592. 7 .549. 62

¥ FE Mk . www. stae. com. cn



B R 5 TR
7956 Science Technology and Engineering 2025,25(19)
0.00m  DROIH DRO2H: DRO3H: DRO4
...... e ~ > . . . .
P
...... L P grrs
""" =z Qh+Qp — g
: () : .
251.10m L =
_'__' \315.00 m | . 298.00 m 297.00 m [= ===
=  E ———— s kR =
= == (%2 ===
SBLI0m S 607.00 m
638.60m e s 648.00m F
aaaaaa 705.00 m
............ — 3 nerR
______ b 2)
= _'..g 962.76 m [Ereeae
— = 1017.00 mfes v e~ ——— ———
— 00283 m | == !% 10
— ; ===
== [ s
1600.00 m =
1 800.00 m
1922.14m
1 Rz 52 PHZ 3 4 WERAT ;5 ED ;6 HIRITID S ;7 ARDA ;8 AEMIRE ;9 HikS;
10 PS5 11 RS 512 i 250 B IR
B2 e LR X
Fig.2  Borehole stratigraphic correlation map of Dunhuang Basin
F1 FEDMMPERFLMENACREE LR
Table 1 Geological age and thickness of strata tapped by geothermal exploration holes in the Dunhuang Basin
JEE/m
Hi1JZ B4R be
AT DRO1 DR02 DRO3 DRO4 L
EHIIES 251.10 315.00 298.00 297.00 e
BT R AL B 330.00 270.00 350.00 310.00 e
B AR B AT B 57.50 120. 00 314.76 410.00 pH =
% % 961. 40 CRIF) 1217.15CRI%EF) 40.07 CR# %) 783.00 (A E)
F2 BUER A EIRFL AR FLE IR R iR B R
Table 2 Ground temperature and ground temperature gradient table of different sections of
existing geothermal wells in Dunhuang Basin
DRO1 DRO2 DRO3 DRO4
RE/m iR/ IR/ iR/ iR/
IRE/C REE/C RE/C RE/C
e [C-(100m)~'] " [C-(100m)~'] " [C-(100m)~'] " [C+(100 m) ']
50 17.0 — 17.0 — 17.0 — 17.6 —
400 38.5 6.1 34.0 4.86 26.7 2.77 23.0 1.54
700 40.7 0.73 — — 29.5 0.93 30.4 2.20
800 — — 42.0 2.0 30.3 0. 80 32.7 2.30
1 200 — — 48.0 1.5 — — 43.0 2.70
1 600 57.6 2.3 53.0 1.25 — — 55.1 3.45
1 896 — — 56.2 1.08 — — — —
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Table 3 Analysis results of conventional components and characteristic components of

geothermal water in Dunhuang Basin

R . DS/ SRR/ p/(mg-L°")

o R/ C pH » . 7
L= (mg-L7h) (mg-L7") K+ Na®  Ca* Mgt COT HCO; I S0z~
DRO1 37 8.05 3250 805 8.99 797.0 165 82.7 0.00 79.7 1252 854
DRO2 38 8.71 1737 710.6 9.40 346.0 76.2 126.4 0.00 436.9 312.7 606.2
DRO3 30.2 8.39 1 644 132 3.67 470.0 17.2 17.2 13.1 126 492 416
DRO4 28.7 7.78 1 146 134.6 3.30 352.0 33.5 12.4 0.00 190. 4 314.1 322.3
R DS/ S/ p/(mg-L=1)

o IR . - —
L5 (mg-L™") (mg-L™") Noy F  H,80, HBO, S Li 1 Fe Br VEE CO,
DRO1 37 8.05 3250 805 2.2 0.734 13.4  0.386 5.05 0.021 0.002L 0.019 0.22 7.9
DRO2 38 8.71 1737 710.6 22.26 1.2 15.7 0.75 1.091 <0.005 <0.2 0.297 0.1 —
DRO3 30.2 8.39 1 644 132 0.02 0.564 0.81 0.452 1.63 0.03 0.002L" 0.01 0.016L* <0.005
DRO4 28.7 7.78 1 146 134.6 0.98 2.2 9.9 — 13.5 0.0194 0.38 0.048 <0.005 —

T : 0. 002L.,0. 0161 7R REAS H i F By 5 2 4 A 4G 3 B, DGk vt s LR
x4 FEBUMWEBEMTKERBSIIER
Table 4 Analysis results of conventional components of shallow groundwater in Dunhuang Basin
EREHT K TDS/ S /(me-1,!
= - {EE/OC pH : Xf[ . ; P (mz-a27 ) - . — -
KIS (mg-L7")  (mg-L7") K* Na*  Ca®* Mg+ COj~ HCO; cl SO2 NO;
7K1 15.0 8.83 616 293 5.41 109 24.1 56.6 19.6 193 115 143 1.70
7K3 11.0 7.94 560 386 3.99 65.9 70.8 50.6 0.0 372 72.4 118 0.549
7K4 13.0 9.58 488 171 5.63 118 1.90 31.4 32.7 139 64.3 139 0.028
DJ13 12.0 7.88 1526 810 10.1 216 63.1 158 0.0 491 228 535 0.111
®5 BUEAHMHK D0 UCH HIRER
Table 5 Analysis results of 3D, §°0, “C and *H of hot water in Dunhuang Basin
RS LB/ C pH TDS/(mg-L.~") 3D/ %o 380/ %o “C/ka *H/TU
DRO1 37 8.05 3250 -68 -9.1 23.24 +1.20 <1.0
DRO3 30.2 8.39 1644 -83 -11.0 7.46 £0.35 <1.0
DR0O4 28.7 7.78 1 146 -8l -11.3 17.98 +0.46 <1.0
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Fig.3 3D-3"0 diagram of geothermal water in Dunhuang Basin
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Fig. 4 Na-K-Mg equilibrium diagram of geothermal

water in Dunhuang basin
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Fig. 6 Piper diagram of groundwater in Dunhuang Basin
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42.75 C ,FIIAHIRE 41. 14 °C Ui B S0E 2 b 34
i@ G AN . BUE A HOK K-Mg AR5 45
Rk 6 .
F6 BUERHMIK K-Mg BirITHEHER
Table 6 Calculation results of K-Mg temperature
scale of geothermal water in Dunhuang Basin

WIS DRO1 DRO2 DRO3 DRO4
p(K*)/(mg-L™") 82.7 126.4 17.2 12.4
p(Mg**)/(mg-L") 8.99 9.4 3.67 3.3
SEWFE 1 H KR C 37 38 30.2 28.7

A SRR/ °C 42.75 39.49 40.59  41.71
S AR T34 R/ C 41.14

iR K AE P TR B AT SR FH S T S R 3k R AT A
B Rp

Z = T“ + 7, (2)
K(2) 9. Z AU BOKTGEARRE, m; T R #4464 11
JE,°C ; T, AR IREE | °C ;G MR RS B, °C/
100 m; Z, R 16 A P B B /m, BORE 25 1l T 347 b
EESEEAT2.14 ~ 2.51 °C/100 m, 6 A 4%
JER O m, PR 12 C,

SO, SUEF e ROKE AR REAN T
1 020.65 ~1 268.34 m, b E A B L H G R AR R
57.89 ~ 563.32 m, UGG AT A — e IR E 1Y
PORIEIA , BORE 75 My SRl 4 FL T 38 BROK G BRI
JEINZE 7 FioR .
4.5 HBEBEH

SR Z Ml P YR T K PR Ml PR TR AR i
(CHB AT 5 b T B A BEVE ) (GB/T 11615—2010) K&
O A EHARFLZORE, 2 BOGAGE IR 5 A LL I KA e
PEERAES B, R AGE AN LR 7 ED
E -E, +R
T4 <)
(3) e M b R AR T R, )/ (ke -
a) s E MR T R K/ as E i GR AR T
KA k) as R OB AR A AN A B k) a3 A
PR DX (BUE TR X A 8] 31 22 & 80 A km

CVTL, SO L M M A R B T T MO
1.78 x 10° kJ/(km*-a) , JF & FIFH & 7143 X Jd A L
TE &R P F71X 00 23 b b A A P i g A
BOTHEAang 8 pimn,

M =
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5 #ig

(1) SOk 35 b b R b T 55 8 R, 07 3 AR i 4
2T Belle b W Bk | & kA b A B LR
JER B KB BYRE A S SUE 4t i Ry
FHAR B FLIR AU 2 | 56 VO R AN U 5 8 R
T BB P e e A 2k W A R B R
RORPIIGE TS 2, PO 2T L b | Hb 78 U5
ARG T BT K52 1 3 LU X R KA 4R )
2RI R W 2 AT HLZ | S5 VR 25 HN SW-NE [
Wt % K B2 (1L IR PR p 1) JL IS 8 76 TR AR 2 3
RIS AR R AR OK AR AR AT, B D
PATEUR  FORZ b P R SR A 1] 7 i

(2) MK K fb 2225 %k C1- SO,-Na #Y
K, /D% h SO, - Cl-Na-Mg BU/K SF-H4 pH K 8. 23 1%
fit Pk B A (total dissolved solids, TDS) > 1 g/L,

IRACZE 53 BT UE S b A K 2 i [] <y 7K B AR I R
BRI I R K, FLAE TR AE P 2 R A R KR
Ao 3D .8"0 [A3; Z Mk 52 b Bk g K S 7K AL
B, H M CIRA 2R 43 HTUE S b K R TR R s ] 44 B
oK™ o ZEEHT, BUE KR < KT 5
PR KRG K

(3) MUK FEFRIRE L B A I FL A% S iR
JEVR 57.89 ~ 563.32 m, Ui HHEUE 2 A A 1
A R 7K ek M AR TR VR T 7 b A A B T
BR1.78 x 10° kJ/(km?-a) , FF RS K@i A
TR IX, &0 A3 A ROF & A 208 b
HAAGEIR , v R4S AR S 2R

(4) H ol v E iR i £ v - A2 AR 2 DU RUER
BeA 2%, AR5 SRR 23 b PG A7 A I ] X 4 v
TA] P A JE L Al 225 b M S VRN 18 S MEL 1E
FARAFFE L FE T, AR A Ke ¥ Se/% Sr S5 [l 2R 1

RT BEZHHAENIRFLITEROKERRE

Table 7 Calculation of hot water circulation depth of geothermal exploration hole in Dunhuang Basin

R L% HIRi=S PEEIREE,  EEA CPRMPGREE, RN SAEERILIGE UK EER
L5 W/ m C i/ C (C-100"'-m™1) W/ m JEAR R /m B/ m
DROI 1 600.00 1 600.00 39.5 12 2.51 30 638. 60 1125.62
DR02 1922.14 1 896. 00 38.5 12 2.14 30 705. 00 1268.32
DR03 1.002.83 962. 00 33.2 12 2.14 30 962.76 1 020. 65
DR04 1 800. 00 1 800. 00 37.8 12 2.40 30 1017.00 1 105.00
*8 FEZMMMTREREBNEHRE
Table 8 Calculation of geothermal fluid heat potential modulus in Dunhuang Basin
S WHGFARTIFRMAE,  HPGRAC T RMGE, PR RE S R/ Ry LRl FRFH
e [10°(kj-a") ] [10°(KJ-a™') ] [10°(Kl-a~") ] km?  [10°K)- (kmea) '] WA
HET 1 080 22.1 149 676.47 1.78 &8
=fEil

1600 A )4,

fﬁﬁi'ﬁﬁf

800

TEFE/m

-800

-1 600

b o [ [T

7‘]‘8

1 )22 hE)2 ;3 AR DU RINHCH ;4 WP BT 35 Wiba ;6 NPBRE 7 WA A
8 W HLZEAC T ;9 SHREIIWTZ ;10 SRR ;11 gt R AR F ] 512 S 3
K7 ORI RS R R R
Fig. 7 Conceptual model diagram of geothermal field in Dunhuang Basin
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