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Abstract: Zhaoyuan is located in Jiaodong uplift zone. Proterozoic altered granites are widely distributed. The
trace elements are enriched in geothermal fields. In order to ascertain the occurrence conditions of the trace
components, the granite geothermal reservoir and geothermal resources. We use hydrochemical analysis, reservoir

temperature analysis and effective energy conversion methods, establish Gibbs model, PHREEQC model,
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reservoir estimation, and obtain the occurrence conditions and reservoir environment of trace components of
thermal water. The results show that (1) Zhaoyuan geothermal water, similar to seawater, is ClI—Na type. The total
dissolved solids (TDS) of geothermal water ranges from 1359.7 mg/L to 5302.0 mg/L, and the mass
concentrations of strontium, bromine and metasilicic acid are 26.20, 7.50 and 88.00 mg/L, respectively, which
exceed the national medical thermal mineral water quality standards. (2) The Linglong granite in the northeast of
the geothermal field has high strontium content, ranging from 334 mg/kg to 1 805 mg/kg, which is an important
source of strontium. (3) The reservoir temperature of geothermal field is between 107 °C and 215 °C, and the
mixing proportion of cold water is between 33.6% and 58.9% calculated from silicon enthalpy diagram. The
calculation results indicate that available energy is 19.73 TJ/a, 5479.57 MW-h and 471.16 toe between 40 and
60 °C. The total available energy is 301.57 TJ/a, 83 771.53 MW-"h, and 7 203.06 toe over 60 °C. The trace
components come from lixiviation between strontium-rich granite surrounding rock and groundwater. The
enrichment process of trace clements is affected by geothermal reservoir. This study may provide a better

understanding of the characteristics of geothermal water in the granite thermal reservoirs, and enrich and promote

the theory of geothermal water-rock interactions.
Keywords: geothermal water; trace components;

interaction
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Fig.1 Geology and geomorphology and sampling points of the Zhaoyuan area
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Table 1 Mass concentration of constituents, TDS, alkalinity and calculated Pco, of 15 samples

ke PN pMg?)  p(Ca®) p(€r) PSOT)  pHCO7)  p(Si0)) DS W MR Peo
AmgL")  /(mgL') /(mgL') /(mgL™) NmgL")  /mgL™) /(mg'L™")  /(mg'L")  /(mgkg' CaCO,) /% /Pa
S1 11 100.0 1150.0 353.0 19 400.0 2280.0 104.0 0.6 34 800.0 109.0 1.06 69
Z1 1575.8 10.1 240.9 2664.8 99.6 252.2 — 47173 200.3 0.15 9300
72 1618.1 5.1 2314 2731.8 123.4 149.4 60.0 4853.9 128.1 0.03 730
73 1748.7 12.5 251.6 2990.1 125.7 146.3 88.0 5302.0 113.4 0.11 1400
74 17314 1.8 253.1 2922.1 116.4 186.7 80.0 5206.9 156.5 0.01 1300
75 1343.1 9.3 224.8 22363 119.8 281.8 55.0 41364 200.5 0.46 3800
76 455.3 3.9 55.2 587.7 52.8 308.7 46.0 1359.7 253.1 0.03 580
77 1449.6 35.7 270.9 2596.0 80.4 275.8 28.8 4603.2 2232 0.05 560
V43 968.2 63.1 189.9 1765.3 93.4 291.9 15.0 3256.6 248.2 0.02 1400
79 1647.5 114 238.4 27882 112.1 202.0 60.0 4970.1 167.3 0.02 630
Z10 1766.5 16.6 251.1 2961.1 122.2 266.8 24.0 5286.3 222.0 0.01 750
Z11 773.6 8.4 74.9 1144.1 76.2 242.0 48.0 22534 204.0 0.14 270
Z12 1398.7 26.3 218.9 2360.6 94.0 316.1 15.0 4277.8 268.4 0.03 1900
Z13 100.6 56.2 98.9 11559 494.6 313.0 — 21726 252.7 4.80 1800
Z14 1188.0 4.2 162.1 1924.7 346.8 224.1 85.7 4027.5 181.9 1.80 1200
Peo,(F 1) 685 mg/L, /K AL/ K Ca—HCO, &I, Hi F oK k¢
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Table 2SI of minerals of sample Z14

LRYEA N SI LRYEA I UR7E2 SI

A -1.52 AT -1.86  FREBEKA 1.28
WaE -0.83 COy(g) -1.55 PFA -2.22
R -2.88 Haf 0.03 A -0.96
A 0.54 Vel -2.81 =hF 2.87
EA 0.40  Fe(OH),(a)  —0.16 A —0.47
A —2.05 WA -0.01 PR/ 0.33
A 0.65 KT -1.07 S -0.11
HA 0.00 aE -1.09 GSa) 0.12
il 0.04 PaEN -438 A 2.52
Sy -0.26 Eh -1.35
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Fig.2 Piper diagram of the shallow groundwater and the
geothermal water samples in the Zhaoyuan area



- 190 - K SCHi B T b R %551

9 ~ 310 15 % [&is # o B SR IR HIL, S2 B b oK
Poo b= Ah i id . Wi, mill = KiEK a5
Hi R BOIK BEAT Y 7K A AR A R PR EE T R 1
AR B OCHEEH
4.2 b F#UK Gibbs #5543 Hr

Gibbs""1970 4E 434 1T RS REAK L K L K F i
JK I TDS 437, A 7K I K AL 2= R AR 2 2232 RS
RN | o AR B i RN 2% e 4 S FE Y S . 4R
L b R PROK 57 7% Je 6 db il R ) S, 280 VA R
& Na', CIRY S #h B K, 3% 5 4 3 (NaCD & 1) 1 ¥ i
Ao A AR AR (] 3) Bom A A Wb K A
B Na', CIfs &k B /K i AR, W 7K AH X T 4 T #0K BAy
PR Y Na'™, CUs AR FR B . B 1 B bk M(C)/M(CT +
HCO;) {5 [l 4 0.66 ~ 0.99, M(Na')/M(Na'+Ca®") i [l
0.50 ~ 0.97, B KT 0.5, FEZZEK . e di T2 5%
Mo 53 4h, BlS T iR a . SCA T W) 05 A2 i A
7K Ca**, HCO 41 43 1 2R IR, Il 3(a) A1, 5T
DX b $AK 53 A AE 25 K - A -2 dm A o DX, B I A
B R AR K ] DR A KRR i X, 4230 g K X
17K TDS h 34.8 g/L, 11 4b 3 T #K 55 /K #E 19 TDS>
3.00 g/L, {7 FJali K X o
4.3 Hb T ORI SR G o B

ANFEIEZS R SI0, dtik BA AR i i i, BT
300 °C i, £33 A I 2 T Si0, By ¥ f# 1 JL-F A % &
03 RN Y 52 e, PR — A Si0, 1R Sy Hi AR R o
ST IX p(Si0,) FEA 4311 78 B (o787 R )& LT
(E 4), B TR #8080 7 R SCIRE o R T 3R 15 #440
MR R R VR L HR)Z R KR A LB, 8
o - P i 1 RN R RS O R R R AT AN B DR K
P(SIO,)-FAAit K 55 T FROK A5 119 72 28 5 b v 0 7K 28
418.68 J/g 2& mi Ky A 5), Horh C i\ 4eh5 C, 55 B £i
AR B, B9 LLAH C/B, R ZEIRPR &, SEC 258 A
Wi BE 2 T D, D s R AR AR % B ZE R R B
Si0, i it W B M AR A (B o 75 T 2R VR R 1 A L
BE N SR Z IR O 1 A IR B R R VR R A T
F 3, O A MK Sio, 1A, )28 K
TRA T p(SIi0,) SIG A T B, BRI R 2% K
TR G AR ) FL 198 X, SiO, & 4k B R (1012
BIKIRA AR X2

X, =(H,-H)/(H,-H,) (D
X, = (S, —8)/(S —S.) 2

A H——brifE b R AE /(T g5

10° g
HCO;—Ca <-— —» Cl—Na ik
10° 3
F e
P /
PSRt Y/
10* 3 =" . :
- A
- e ”%g/ > “’
- P A _ -
on e ue SRS z i =
g 103 -7 e W //,—4/ ﬁ‘:/k,‘é'\ &
= L J
o LA AR
2 ~— Bl TS~ ~
i{ﬂT7k T~
<~ T N ~
10 & T — il j:ﬁ[%k%‘éﬂﬁliﬂ‘\
10° L | L | L | L | L "
0 0.2 0.4 0.6 0.8 1.0
M(CI")/M(CI+HCO3)
(a) M(CI)/M(CI+HCO53)-TDS i [
10°
HCO,—Ca <«— —» Cl—Na 1%
10° & .
E 1
104
o L
& =
E 100k «
g =4
A ¥
[_1
102
10 RN ™~
E KA
10° ' | ' | ' | ' | ' "
0 0.2 0.4 0.6 0.8 1.0
M(Na*)/M(Na*+Ca>)

(b) M(Na')/M(Na*+Ca2)-TDS%37fi [l
3 HBIEMX M THIK Gibbs E
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Table 3 Parameters calculated with the silicon enthalpy method

T %»&%mﬁdﬁ T%LE%RE HEM Bk ‘%?Sw%

HAGERE/ C RPGHRE/C KB/% Wbl BIE/C
72 88 107.23 126.00 185 336 12573
Z3 87 119.11 171.33 28.5 53.9 172.65
Z4 79 119.87 170.12 29.6 58.9 172.25
75 81 106.40 123.96 15.2 39.3 125.33
Z6 34 134.17 217.11 35.5 90.2 215.71
77 26 119.49 170.57 281 922 16742
79 60 117.45 164.44 277 700  167.90
Z10 35 — 92.10 — 744 97.08
Z11 44 121.91 180.34 32.6 81.6 176.60
Z14 82 121.54 173.83 29.7 58.6 176.11

B 6 BT Xith THKEE-IEFTTRER

Fig. 6 Silica-enthalpy equation model of the geothermal water in

the Zhaoyuan area

0, TE 70% ~ 92.2% 2 []; #b 3% H 5% 19 IR A Hh T /KR
R E T BOK IR EAR 34 ~ 60 °C, 0, H 75 16 B
IR M BOKOKRE 27, JREE Sy 26 °C, HER R KIR G
P fe e, 3K 92.2%

28 BRIk, %8 22—75, 214 % 5 ASKEE, HIL iR
SRHE T BAOK B SR IR B S E D 154.4°C0 AT
N HOK AR B TR % R Sio, I —
T E LG 20 YT R R i — 25 4 B A DX ]

I 2w 9 - fi 1 fie i, 3k WATCH R 53
K R i B Z2 R ), AL 20 ~ 200 °C Hi T HUK R
YIS, SI=0 75 1 ) b T 5 il -DT Ve TR A, S
0. SI<0 43 5| FR/m 0 Wb F it i A . RABFRA . 1

BH.AfEA KA MR A . Aabk BB M
WA A S5 8 AT ) T it A FE 107 ~ 128 °C K
SA, W B DX JR] Sy £ ek B DX ], S0 S Ti RE E FEL R
Wy R 2 0 L GR AR, Qi 7 B . BERAR T IR
IR HL R HOK Y 8 A W IR A, AR A I R X R

1

PO AR AE IR BE (R 3) . R 3 WA, & T 100 °C 1Y
TKBE T 2 2 R AR TR B 5 M 5 2R 7R R B K,
TS B 1 25 R ZE VR R 1 A LB 5 A 5 TR 75 1R
PR B AAETERE 2K . BIRBR B R/
POKRE R 75, #1256 15.2%, PAETE B 2510 17.56 °C; fik
K2 Z6, B2k 35.5%, Ak IR BE 25 (A 82.94 °C. &
P b A7 b B 3R PR Y R A K TR A EE A
33.6% ~ 58.9% Z [a], /KHE Z6—2Z11 AY¥ K IR A L1

5

43

-6

-8

105740 60 S0 100 130 140 160 180 200

TR/ C

— kKA - BHIG - KENA - SA
AT - WA - A - WEa
- MgZtilfn = fiK A o BERA - A5
A e A Tl <« #Eha

- CaZfhifi — Wf - i fa
= NaZfhifn - FRHCA - K3

7 L4 MTROKST Y SIHREE
Fig. 7 Plot of SI vs temperature for the geothermal water of Z14

—-



- 192 - 7K 3L TR M

%5

AR T Hik - T YR A R O FAB L BE L, EL 5 2% T AR IR
R RE RS T 6 B 1 AR A IR — B, T A B B 2R TR
A5 05 5 207 W10 PRT e vk A0 T T A E 5 IX 9
PR EE A

4.4 FERFEHOTE (GAA R/

AR [ B B U5 (IEA) A CHR 5 [E 48 3 ] 15 B gg
THFSE ) n] DURE T $OKOBET SR B8 5% 5 0 T A7 JORL
(9 PRE 15 b R REAR ) 30 o X e B A i R g T LA
O AR 3 A % A DX B 2% 3 i s it 4 43— E R A
A RE R . MR BE$E AR e il o BRAR K SO i~ 7
TR B DL RO BOKRE I B B RE 10

C = Fpu(T,— T,)x 0.004 184 (3)
E=F, (T,-T,)%x0.1319 4
A=(E/C)x0.03171 (5)
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Table 4 Parameters of the geothermal water and geothermal

energy indexes

b TR A . AIKE, KA B R m RS R R Y
T 20 °C 120 °C B, Hi#h 5 & 2 B 1K 9% ~
16951, PRI, ] A48 et 8 4 47 2 b T $ROKOK AR 53 Ry
325, Ri<40 °C, 40 ~ 60 °C. >60 °C f /K FE, 2 #1 Hi b
PAEFR, W2 5 Frzs . <40 °C, 40 ~ 60 °C, >60 °C 7K+
B BE B R FH 243 5] K 1.74, 19.73, 301.58 TI/a, #ig
iy DX b B0 U L R A, M AR OK T SR IR E 60 ~
100 °C 2 [a], #ufi% 2 IR EE 107 ~ 128 °C, i f 4 4y & &+
L, AT T AL . AN PR AR Oy, (H R
% S8R I R R LR IR R K AR R B
AR A F B A RS YA IR S 1 AR
FIB TR 45 35 A R
*5 RBERSFRRELEBREEA

Table 5 Geothermal potential of the hot springs in various
temperature ranges in the Zhaoyuan area

REE/C oMW, E(TIa") 4 HAEESFARAE/ (MW-h) Wi R/toe
<40 0.06 174 098 482.02 41.45

40 ~ 60 0.83 19.73  0.75 5479.57 471.16
>60 10.89 301.57 0.88 83 771.53 7203.06

IKFES Hm Kk/m F,, ~ F,./(kg's") T/C T,/C c/MW, E/(TJ-a")

Z1 3470 659 39~5.1 64 20 094 26.16
Z2 218.1 — 39~8.9 88 20 2.52 57.21
Z3 252.5 — 9.7 ~30.0 92 83 1.13 23.58
Z4 400.0 61.2 17.2~26.3 79 75 0.44 11.47
Z5 400.0 66.3 3.7~49 100 81 0.40 11.03
Z6 280.0 65.9 6.7~13.2 46 34 0.67 15.78
z7 2000 593 0.8~0.8 32 26 0.02 0.62
78 22377  66.2 0.5~0.5 23 20 0.01 0.18
Z9 2804 624 1.8~3.7 60 54  0.09 2.18
Z10 2266 614 1.2~13 35 33 001 0.34
ZI11 3600 62.8 0.8~1.5 44 32 0.07 1.77
Z12 270.1 599 L1~12 22 18 0.02 0.60
Z13 81.8 398 2.8~2.8 99 20 0.92 29.07
Z14 2480 63.1 20.8 ~20.8 82 30 454 143.05

5 Z5ig

(DR AE b 7 I 2 T FAOK R K fb 24 2 1 27
SUBVE . 28 K - 4 -85 i R SR A AR RS2 R, 1
B E EEORE T2 ROk S KA K A2
WK -HAEEAER .

(D)RZHFHOK 5R)ZH T KL 33.6% ~ 92.2%
) L TR A R, ¥ KR HE A g, R 1) I
I, X A 28R R S B o LR KA SRR RN R
2 AL

Q)X A . Hof ., \Eiwa . KE A, 31
KA. i, A5, 5, BREBKA . K-o bk
AEZ R PIAL T AR, K-S AR A R T
Z MR ICR N 5

(4) 473 1 34 H 2 G 35 1 b B BB T, (2
BT IRAG 0% 3 ] B2 44t 323.04 TU/a BN RE, W] FF %
PEEAH 4 T A BARHRETR 7 715.67 toe, I & S8 K.
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