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Abstract: [Objective] Hainan Island is very rich in geothermal resources of the uplifted mountain—type, with 46 geothermal fields and
hot springs discovered. Studying the geological background, geothermal geological characteristics, genesis, and resource potential is of
great significance for understanding the occurrence regularity, exploration, and development of geothermal resources. [Methods] Based

on comprehensive regional geological surveys, geophysics, hydrogeological, regional geological surveys and geothermal fields (hot
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springs) survey data, to carry out a comprehensive study on geothermal geology of the uplifted mountain—type geothermal resources in
Hainan Island . a systematic analysis of geothermal geological elements, basically clear the geothermal geological characteristics,
genetic model, and the potential of the resources, pointed out a favorable area for geothermal resource exploration and development.
[Results] Geothermal fields (hot springs) in the south—central uplifted mountainous—type of Hainan Island.are mainly located in the
east—west and north—east near the deep—seated faults or the intersection of fractures, in the high value of the heat flow and high
anomalies of constant temperature layer, broken by the fracture of the Mesozoic granite is the most important heat storage. Geothermal
fields (hot springs) groundwater recharge are atmospheric precipitation, along the heat—controlled fractures and deep earth heat flow
convection, heat absorption in the deep cycle process gradually formed geothermal fluid, in the fracture zone thermal storage for the
enrichment of thermal mineral water body, in the cover of the weak drainage out of the surface is the formation of hot water springs.
Hainan Island uplifted mountain—type geothermal resources, the total amount of recoverable thermal water of about 8.1x10* m*/d, the
recoverable resources 26.17x10* kcal/d, equivalent to 126.81 MW, equivalent to the standard coal of 373.83 t/d, according to the
temperature of the geothermal resources and the scale of classification, respectively, are divided into medium—temperature,
low—temperature and medium—scale, small-scale geothermal resources. [Conclusions] The areas near or at the intersection of
deep—seated faults in the southeast and northwest of Hainan Island, the high value area of geothermal heat flow, the exposed (or hidden)
area of Mesozoic granite intrusion, and the areas with high surface water temperature are favorable areas for exploration and
development of uplifted mountain—type geothermal resources.

Key words: uplifted mountain-type geothermal resources; geothermal geological characteristics; deep-seated fault; fracture zone heat
storage; resource potential; Hainan Island

Highlights: The first systematically investigated the regional geological structure background, geothermal geological characteristics,
and comprehensive evaluation of the formation of the uplifted mountain-type geothermal resources of the southern of the Wangwu-
Wenjiao Fault on Hainan Island. Basically clarified the distribution, mechanism, and potential of geothermal resources in the
southeastern of Hainan Island, identified favorable areas for exploration and development, and provided recommendations for the

resources development and utilization.
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Fig. 1 Distribution map of fault system, regional tectonic units and geothermal fields (hot springs) in Hainan Island
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Table 1 Classification standard of geothermal resources by temperature in Hainan Island
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Table 2 Statistic of water temperature and classification table of geothermal fields and hot springs in Hainan Island

s MR | IR IR AR JKi/eC RS2 ha=s HuAA | R IR AR JKi/eC RS2

1 Bl A 95 i 24 73 e 51

2 WA 93 " 25 ZHER 51

3 A IR R 78 26 D[ T el b A FH 50

4 [RSITE 77 27 TR 48

5 R e 75 TR K 28 AR 48

6 el I 77 29 (E b 47

7 TR TR 72 30 LSRR 47

8 LTREIR IR 68 31 HAf AR H 47

9 B YEH 68 32 5 YRR 46 R TR oK
10 PRI I R 67 33 TRy I 44

11 S LB 66 34 SR R 'y}

12 JUH L 34 64 35 FEARIR S 42

13 T A 60 36 AR LT 40.1

14 FEIRIRL 59 37 BRI - LT L 40

15 R 58 38 TR SR 40

MR A

16 WL 58 39 R R 40

17 V0 H R 57 40 J\ BT AR 40

18 PG 5 A 55 41 bl R 38

19 AT A 54 'y} EANE TP 37
20 InZE i R 54 43 TiHT A 36.1

[BRIFY7Y

21 RUELLL i 44 1 53 44 AT Il R 36
22 KR 52 45 AT REIRL R 36
23 PR 51 46 ™ BT 34.8

b B R A KRR 1 M A L T LR ) B
Tg- =P R L (BT 1) 5 5 HubA T BAOIGRLBE ph M AR
FEL P i) iy P AR, 3 BT )= 5 K BT )2 22 &
PRS2 7K il F e B BB AL, K )R AR AR
T AE A AR ) SRR S AL 1)

TR A 2 A SR K IR B R R 84°C, Tl [ K
TRFEA, MR FH 0 A3 R AE #K R, KR KT 70°C
(R R4 57 T AL 4 1) Sk )2 3
2.6 IKILEFFAERFER

GRS B S A ML B F K B 20 B 9 RE GEX
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#,2016; 7K, 2019), 5 g 5 FEE 1 178 M oK £k
FEALTRHIE(R 3),

(B TLLNa™, Ca?* . K" ¥ FE, Na" & &
25.1~1590 mg/L, Ca* & i+ 2.4~664 mg/L, K' & &
2.8~58.7 mg/L. JURMYT ARG H I H Na*, Ca>' %
B, A 3 A LR

(2)BE-FLL Cl, SO, HCO, I, Cl & i
12~3410 mg/L, SO,” % & 25.9~292 mg/L, HCO, 7%
i 48.8~164 mg/L. JUMIVTHIES HI M CI & i
e Al 3 AR L

() KA A IG F, AR, F2EAH HCO,—
Na, HCO;*SO,—Na, HCO,*Cl-Na, Cl-Na-<Ca,
HCO,~Na-Ca S5, g1/ Cl-NaCa B, L
il b HCO,—Na Y, Wi v Hi# & HCO,»SO,~
Na Y, ‘B b & HCO,+Cl1-Na %Y, Uil 7T A H
HiA & Cl-NaeCa KU (& 4; % 3).

(H PR F &, S 2.4~24 mg/L,
IR EFEOKK BbRE, HA ST

(5) A L2 B3 L VAT e FE A A i A0, HoAth
PR, JuliT A L BRIk 6.2 /L, B H A
R 1.73 g/L, & i T KRR AR PR A K
PR

(6)pH {HA T 7~9 Z[a], Ak 7K

(7) JUBBYT ARG B Na®, Ca*", Cl & &
S B A RE B D R A TR L, M EROK R 4
BRSO, AT KNG, SR KA AR T
IR AJREIK

(8) LA | v . B 3 1 B Vg 2 7y b AR
B Na*, CLIHAE M 1.61~5.60, K T K V4 1{E
(0.85), VLI LI IK g KA A 2K o i Juith
VL., B B AY Na® . C1HE 2 51h 0.45 F110.53,
INTFUE K-, U I b KA MK A2 (3K &

=3

K%, 2019),
2.7 HhEAK ERR

FITESE(2009) , X (2016) | 5K (2019) ] H
Vi R K b A T R SR HAOK [R5 25 8D A1 650 %l ik
174081, 8D F1 800 Yo Al BE s AE R K
2 b, Sh AR, M R SR UK 2 F B R
IR o IR L ER Ak 2 20 B FK Al 2 e B 25 2L 3%
W, It e 1 e A R SR AT K 45 (3R 3)5 ARl
Vi i I ML TR A L e )47 2 a0, O B
TCEFRIL(FR 4), i IS ARG /N, X
DA A T R SR AR = R YR T b e DR ol b e 1Y)
FRBE; AR I 5 B Y b B FH B bk Ak 27 43 A 5%
Ak, 0B R AR AL B AR S 7E 74~118°C Z

1— B S A4
2—JUHR YT M B T

33—l G R
) 4—FF IR
o S—HE FRIRR

(&l 4 iR 5 R i K A 2= 255 Piper 8]
Fig. 4 Piper diagram of hydrochemical types in typical

geothermal fields in Hainan Island

B B SR P M BR L R

Table 3 Summary table of hydrochemical analysis of typical geothermal fields in Hainan Island

Hi A FHEF/(mg-L™")

B F/(mg-L™)

pHIE W fLE/Ag L")  K{b22R
AW KT Na© ¥ Mg¥  Fe' I SO HCO, Si0F NOy  F
s 28 672 28 007 <002 120 259 586 128 094 120 8.98 0.299 HCO,—Na
WA 57 844 192 18 <002 236 66.1 134 151 029 140 832 0.467 HCO,*S0,~Na
B¥ 79 185 88 034 <002 115 7338 164 113 050 240 839 0.678 HCO,*Cl-Na
JUIIT. 587 1590 664 4.5 1.0 3410 292 73.2 126 173 24 747 6.21 Cl-Na+Ca
MHE 160 393 190 26 <002 741 255 488 100 1.7 48 789 1.73 Cl-Na+Ca
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[, A AR AR A S B TR B AE 171 ~202°C Z[A]
(2 5) . —MUh, FPEEEAR A AT R IRAL #A 4%
J2 TR A T VA SR, A I IR BE A R A TR
B, T AR AR 2 SR AR K A RS R
HEFTHRA S, & TR AR, 7EmS &
T T 15 -4 TR B (3.5°C/100m) 14 i P i 75
SR TEIRZ R 27°C, 15276 R 5 S A
FNR R AGEHRER N 4~5 km(F 4),

SR T I B R B A M AR FE L S P b R
fiE, AT LK DX BT 5 1 B R A = 98 8y - $A5 32
B YR T Hb 58 RS S i 0 1 B, R 3 Ao
S b 7S R I B AR B, K ARAS 2 i, 7K
Fhim, A RIGA, A O fAE o R BT, TR
TRBE IR BE & S A KR . I 7K 431 Dy e
L i h, 7 w5 2 5 Ak LA SAOK SRR, B R
SR A AE AT SR KAV X [ DY JE A K S 3 B,
AL P E MR F KRG, KIRFEAR. 32
R LAAE 4 B T R A B W S R, 35RO
S5 U R AN LR B e B B AR (BT 5) o T 896 1) b
P SRR B TR IR A, 5HUKIR A, W R
WA | AR B AR, an L T AR R e
P

3 HBEERTRTE SV S AR A
3.1 HIEIEEHIER
PR S B A LR I A 46 AR L H Y 3
P AR RARPE AR . PR A= GEXEE, 2016), F1
IR SCHB A B ] R R, THE AR
Ori = pwCwO(tr —tj) (3)

K Qp,=0k/t, BT B R] /Y Hb A 5% U5
(keal/d); Q=Adn/t, 7K ARG (L/d) ;5 ¢ At

B (d); pw NHUKERE (kg/m?), A FAE2; Cw Rk Y
FLHZE (1 keal/kgeC); tr FII KK (°C) ;5 ¢ MAFE
SRR, R B HL 27°C

P T b AR R SR FE AR TR B | AT RK B AEAE
R 5, — Ml —Ab i SR 25 5, T A IR
] SRR BRI Y 10 F5 4247, BOR b3 53 08
A

FEABEFAAL 1 keal/d #RE 8 MW BYHRG0C 2

1 W=3.6 kj/h=3.6/4.1868 kcal/h=0.8598%24
kcal/d=20.64 kcal/d, LA, 1 MW=20.64x10° kcal/d,

WA, W 5 B R BRI 46 PRI
i 7R A FE R IR 9 AR UK 20 8.1x10% mP/d,
A SRR RN 26.17x10° keal/d, T4 126.81 MW, AH
MFhRE 373.83 vd(F£ 5. % 6). Hip, 16 M HiFH
A RPOK AN 6.97x10*m?/d, Al R =N
23.03x108 keal/d, #T4 111.6 MW, #1244 THrE 329
t/d(F 5); 30 ANl IR AR UK R L8 1.15%10* m’/d,
A SRR 3.14x10° keal/d, $T4 15.21 MW, #H24
TRk 44.84 /d(F 6) .

R 4l b A U b ST 48 A FLYE )(GB/T11615—
2010) (e A BT [ [ 5 0 i B A B A 3 L))
S5, 201 1) b (5 7)), $ [ b i 2 TR SR A4 BE
(1 10 A5, 416 e 5 v R A 1t 2R B A b B BE TR R
oL NEY 2 IR YR . b, A b A
6 N (ALRAEE KT 10 MW), 23557 B, JL
YT, 24K Bl | e E A, NP 10 4
(FRAER/NT 10 MW); AR IR 4 A~ (AR A=
T 1MW), 2350 BREE . 23 e iR,
/NEIRIR 26 (AR BER/DNT 1MW),

32 HEEBRENERSEFALENEHRX

3 0 X T S 1Y 46 A b A R S b R

M 25 A, IR XTI 5 A B B BT )

R4 BELARMMAEMSERMRESTRAKBERRELE

Table 4 Radioisotope analysis and the hot water circulation depth estimation of typical geothermal fields in Hainan Island

TSR Z/(Bq L) FHESF/(mg- L") PAHIRSE/C )
HuPFH 44 75 — —  HUKPEFRREEAG L /km
2Ra/10°  *Ra Ha HP K Na* Mg K-Mgitr  K-Nailibr
Al 2.8 67.2 0.07 99 171 4.11
W 142 1778 0512 0.334 5.7 84.4 1.8 76 203 5.02
By 49 4.65 0.088 0414 7.9 185 0.34 106 172 4.16
Juhivr 23.42 3991 0.059  0.073 58.7 1590 45 127 164 3.90
B 78.2 50.57 0.58 0.615 16.0 393 26 97 169 4.07
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Table 5 Resources estimation and classification of geothermal fields in Hainan Island

P HuAAH 44 B KIR/PC TTRBOK R/ (mP-d") TRV R/(10%eal-d)  ATREIEEHT SR SEEMW BB %
1 PN 93 7000 4.4740 63.91 21.680 Al
2 PR (FIUREIRE) 55 1200 0.3312 473 1.605 /B
3 B 68 6700 2.6849 38.36 13.011 Al
4 FLREYT AR 64 7800 2.8297 40.42 13.712 Al
5 LRI 66 7708 2.9475 42.11 14.283 i
6 [V B el b A 50 2367.36 0.5380 7.69 2.607 /N
7 FiiH b A 36.1 5774.98 0.5224 7.46 2.532 INHY
8 HOR A 42 2265.28 0.3371 4.82 1.634 INEY
9 LAl A 95 4040 2.6420 37.74 12.803 il
10 AT A 54 1032 0.2747 3.92 1.331 /N
11 T H i3 60 8030 2.6051 37.22 12.624 Al
12 RUE L A 53 4640 1.1891 16.99 5.762 /N
13 T 44 2972.5 0.5004 7.15 2425 /N
14 HaAR B 47 1385.47 0.2740 3.91 1.328 /NI
15 BRI - LT A 40 3934 0.5074 7.25 2.459 INEY
16 I\ - R A 40 2887.48 0.3724 5.32 1.805 /N

it 6.97x10* 23.03 329 111.6

x
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Fig. 5 Geothermal geological map (a) and genetic model ideograph of Guantang geothermal field (b)
158U 2— R PR RS, 3— =S4 P IIIE R A 4— W2 5S—HIBURZR: 6— AN G B, 7— 3 T /KA 8— R AIAR; 9—b
UKL 10— MBI R K 2 55 11— TR RO s 12— =20 P R A Wi iy s 13— =B 28 PR A LA 5525 14—
KA T 15— PR AR S 5 16— HOKBFLA S S5 17— IREAL &S 55 18—l fL K2 55
19— MBI 5 20— KIRARE LR 21—

PR R AT R G, SR Tl BRI WA ZIRE 3 M IT,
TR Ml BB I R A R (2) Wr I 1 XA St B8 D3 2R A 2 1)

(1) TP B RS L oty Y i ARG PR A Ty TR, R )| UAR I RR W 2O ERF A Gk
PR TR LR AR A AR PR DX TR LB XA = W2, 2500 f) 1 2 T J2 A A 4 o) A PR R 8 ) ) A
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fJZ A, PBHE R R B o fE 2 KR R E X
(3) MR B T | IR 220 A TP AR B PRLILE, 9 g 85 2K g 70 60 G I PSR A T 224 B o B
X, 52 W TR 1 1 el e e T B P AV HAZ AL KRHPIR R AR R A

(4) e p I R LI R K . MUBLBOR At e (BBt DX B e 114 e T /A L ) 3t DX P e
L IR AT TR dR VG AL 2 SRR L B R B IR OT A9 A AR X, Al gt 2
fEREX, [ R L R s A IR A A M X AR T

(5) 1 SRR IR A I | IR R A SRR R s A SR BRI T A& A A A ARIX, 4n

®6 BELRERARESMERMNESAE

Table 6 Resources estimation and classification of hot springs in Hainan Island

s HuFH A2 FR Kilbec  FRHUKffE/(m’d)  FRBEEE/(10%eal-d™)  ARRBEHEESTAEE BEEMW UBLR2E

1 V0 HR R 57 541.44 0.1598 2.28 0.775 /A
2 IR 54 70.85 0.0189 0.27 0.091 /N
3 HEARR SR 42 216 0.0321 0.46 0.156 INEY
4 EARESZET 37 603.36 0.0600 0.86 0.291 /N
5 B 75 296 0.1385 1.98 0.671 NH
6 WL SR 58 25.92 0.0079 0.11 0.038 /N
7 AIRER R 36 61.92 0.0055 0.08 0.027 /N
8 e IRITEN 46 494.4 0.0930 1.33 0.451 /NH
9 TR 51 463.68 0.1099 1.57 0.533 /N
10 THHR R 58 26 0.0079 0.11 0.038 /N
11 IR SITEN 77 1228.8 0.5976 8.54 2.896 Al
12 ZIERIR R 68 174.53 0.0700 1.00 0.339 /N
13 i R VR S 72 401.76 0.1768 2.53 0.857 INEY
14 PRI IR 67 1054 0.4134 5.91 2.003 rhAl
15 AR ERR 40.1 384 0.0499 0.71 0.242 /NS
16 e iR 77 563.24 0.2742 3.92 1.329 Hhgl
17 % TR 34.8 850.18 0.0659 0.94 0.319 /N
18 RS 59 157.92 0.0497 0.71 0.241 /NH
19 TSR 48 46 0.0885 1.26 0.429 INEY
20 ATl R 36 1382 0.1236 1.77 0.599 /N
21 iR 38 25.92 0.0028 0.04 0.014 /AL
22 REZ L 47 75.12 0.0149 0.21 0.072 /N
23 e U T SR 78 667.9 0.3318 4.74 1.608 rhtl
24 ZHER 51 129.6 0.0307 0.44 0.149 /A
25 pNIEHEE 52 254,02 0.0627 0.90 0.304 NH
26 PR 51 174.53 0.0414 0.59 0.201 /N
27 IR 47 157.25 0.0311 0.44 0.151 /N
28 R 40 256.56 0.0331 0.47 0.160 /N
29 AL 48 38.88 0.0081 0.12 0.039 INEY
30 TR 40 298.94 0.0386 0.55 0.187 /N

a1t 1.15x10* 3.14 44.84 15.21
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Table 7 Classification standards of low temperature

geothermal fields and hot springs

i 432 IR
MBI — —
B aemw OTR ey REPR
FERR /A AR/
PN >50 100 >5 100
i 10~50 100 1~5 100
/N <10 100 <1 100

T A FE AR A2t ie G A8 U b S A T (GB/T11615—
2010); ML SR UL 2 bRl [ A T Y 1/10

HYEIAH F6. F16 WAL PG MW s F1 Wisdss &
T LA 5 I b A FE AR ARL A A o 4% 1, SRR
S iP5 L R b B T (4 ) s X
(Pl 5—a); LAl A FE 7K 3 s, b b FE R A i
JERTIA 170°C VU L, EATR)Z /K AR HCE b 3R
FERRTT BT

4 #t $

(1) Vi B 5 A 1 1t T80 ey B VR0 1 32 2 s i A
FRIRVG AR 0 TR KB, TR K22 S 34 &
TR, 550 P R T 2 4 il AR A A, A2 W S e e
FAIAE B 7 e d L A

(2) M 5y 6 S5 7T W25l 1 i Ly b 750 b A
P B 30 SR A 23 A, S 60 A A R SR 4423 A TR
P 1) T T - SCHWT R LA X, T R IE- R % B
VL-306 . JUIT-B K TR 3 AT 1 3 /2R 74 ) A4
(ISR ) 7 AN B - =WV | 28 %8 - 2 2 W S84 20 A 1)
2 AN BRI AR R SR ) 7

(3) Vi B 5 At 1t T80 1ty B VR0 0 PG 2 R
U5 b 52 VR sl b g 1 A B, HROKRMNA R R K,
3 128 T 2R A b e TR AR TR AT A B, T 1 A
Tt B et AR S A KA, 7 5 2 55 Ak LA FROK SR HE
LI B S YA B L e i e R O
A, SPOKIRA, TR LR | R oK .

(4) Ve B P L R TR IR 2 5, © IR
HIRY 46 A HiPA AT R AR UK 24 8.1x10* m'/d,
A SRR 26.17x10° keal/d, Fr4 126.81 MW, AH2Y4
THRBE 373.83 t/d, 4% M FH A SR KL . RS 432
J& T AR A NRI I SRR . TR SRR
R SN TR B N G i Y VAN NG L S

X HAEAER AR AR I B (BP0 X HATH
PRt 2= K Tk Ay e DX B L b TR 3l R B B AT
KA X

R L Al e A T K L R, TR P R A
fCH B —, AR AR 2, AU s PR I TR ve
(8 AT AT PEAIT S5 76 B 15 AR P T LA e ) R AR
g, FE P AEUE R A R X, A A Bl Ak
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