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Abstract: The analysis of geothermal water of Guantao Formation in eastern Jiyuan-Kaifeng sag shows that the
geothermal water is hydrochemically neutral water, salt water and extra-hard water, mainly Cl-Na type, and its
chemical characteristics, controlling factors and characteristic coefficients are significantly different from those in upper
Minghuazhen Formation, Quaternary groundwater and surface water. The geothermal water in Guantao Formation is
sedimentary type of lixiviation water in continental salt rock strata, occurred in sandstone pores, with regional faults
and fissures as channels for heat conduction and migration, and terrestrial heat flow for heat conduction and warming,
accompanied by constant lixiviation, evaporation and concentration. On the other hand, due to the well sealed
geothermal reservoir, the migration of geothermal water is much stagnant, which contribute to the complete reducibility
and higher concentration degree of geothermal water. Compared with Kaifeng-Lankao fault depression, the geothermal
water in Guantao Formation of Kaifeng fault uplift shows higher degree of reducibility and concentration.
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Fig. 1 Location sketch map of the study area and

geothermal wells
(Modified from References [ 17-187])
1— — Wi 24 (first-order fault); 2—IK e Wi %4 (second-order fault); 3—
FTEX 2R (boundary of administrative region); 4—ff5% X (study area) ;
S5 Fig 4 P f s B4 7 B (location of reservoir geothermal well in
Guantao fm.); I—3 WG (Jiyuan fault depression); 12— B K7™
(Wuzhi fault convex); I3—J& PH - &t Fr Wi B (Yuanyang-Fengqiu fault
depression); 4—IFEWrFE (Kaifeng fault uplift); 15—JF 3 - 2% 25 Wi
(Kaifeng-Lankao fault depression); F1—I0l 3% — % % W7 2 (Liaocheng-
Lankao fault); F2—XBM —FF 3% (Zhengzhou-Kaifeng fault); F3—Hr
% - LW 2L (Xinxiang-Shanggiu fault); F4—1IK 15 B 2! (Changyuan
fault); F5—ARATILZA WS (Taihang Mountain east slope fault); F6—
1 /< Wi ¢ (Tangdong fault); F7—i& £ - 77 ¥ 7 2¢ (Junxian-Wantan
fault); F8&—E PG W7 2 (Fanxi fault); FO—% ] W7 24 (Huanghe fault)
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Fig. 2 Comparison of thickness and porosity of geothermal reservoir

single aquifer in Guantao Formation of different areas
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Table 1 Basic information of geothermal wells in Guantao Formation

FFEH T RE Frdt- 24 2 i
IG5
KF1 KF2 LK1 LK2 LK3 LK4 LK5 LK6 LK7 LK8
THARIE R /m 1520 1450 1288 1556 1300 1312 1578 1624 1261 1382
i JZ B BE S (°Clhm) 2.79 2.92 4,06 3.55 3.25 3.50 3.53 3.31 3.31 3.76
HbJZJEEEE/m 881.36 69248 61580  330.83 68400 67200 37197  668.10  646.22  643.75
FKZ R m 351.81 25235 15610 27031  197.58 23300 32096 30690 35330  358.40
FKA R Im 78.9 58.1 38.5 51.5 55.0 49.9 52.0 495 47.0 54.5
K IRLEEC 84 82 74 72 76 75 72 73 70 74
HIK RS/ (m¥h) 96 80 103 97 130 107 120 126 131 115
ALK/ (MY (hem) ] 2.08 221 11.49 4.20 11.82 413 6.35 6.67 6.78 5.35
K BRI 46.1 36.1 9.0 23.1 11.0 26.0 18.9 18.9 193 21.5



http://www.fineprint.cn

551 g A DRI VIR < B P L 3K A 22 R B LR R 109
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FE - 22 2 W B PN oK 7 BRI 38.5~55 m, F F1 KR
70~76 °C, Hi/KHE 97~131 m¥/h, FALLIHKE 4.13~
11.82 m¥(h+*m).

S m

3 B DX MBI TR T 2
Fig. 3 Temperature logging curves of geothermal wells in the
study area
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6.5~8 Z 0], J& F K s BIAL 4l Hb #oK pH DU BE K
F 8 55 VU Z M /K K b g K o Jg kK. e 2E
POK ) B R R (TDS) A F 10~50 /L, ¥k Eh kK,
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Fig. 4 Schoeller diagram of water samples from the study area
1~3—FF 3 WX (Kaifeng fault uplift area); 4~6—7F&F— 2% 2 Wi G X
(Kaifeng-Lankao fault depression area); 14—/ 2 H1#K (geothermal
water in Guantao fm.); 2.5—8H {4 41 1 #4 7K (geothermal water in
Minghuazhen fm.); 3.6—355 VU % 3 7K (Quaternary groundwater); 7—
i FK (surface water)
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Table 2 Test results of main ions in geothermal water
X i%r& BUKEE pH TDS/(mg/L) I(ér:iﬁ/ imﬁﬁl (m(r:na;;L) (m'\rllngc://L) (mr(;]:;I//L) (rr]sr;)(izl}/L) (223%) KA
KF1 Ng 6.7 31393.00 10969.00 339.72  174.00 44,79 542.47 3.42 1.85 Cl-Na-Ca
g KF2 Ng 7.2 174217 393200  221.90 61.33 17.30 298.51 1.38 1.77 Cl-Na
Bi scki Nm 83 72216 20.00 8.30 0.20 0.20 0.98 0.90 7.30 HCO:-Na
* *CK2  Q 76 617.92 21.90 427 4.05 3.76 211 2.29 7.69 HCO;-Na-Ca-Mg
LK1 Ng 7. 14210.00 421.28  205.73 35.08 7.01 228.35 13.04 242 Cl-Na
LK2 Ng 7.5 10507.93 123409  147.79 20.48 418 167.49 12.65 2.86 Cl-Na
LK3 Ng 75 124789 154040  173.11 24.85 5.93 199.98 12.62 2.75 Cl-Na
: LK4 Ng 7.3 1871850 3256.68  286.26 55.51 9.58 297.48 8.40 2.66 Cl-Na
: LK5 Ng 6.7 17720.00 1870.00  124.42 31.73 5.59 260.37 14.37 2.31 Cl-Na
% LK6 Ng 6.7 19710.00 1957.00  168.28 31.00 6.25 275.52 12.45 2.31 Cl-Na
'i;rf LK7 Ng 7.8 1223292 1562.32  184.15 25.07 6.15 186.23 14.47 3.30 Cl-Na
¥ LK8 Ng 6.8 20158.00 1981.00  132.82 40.07 5.10 276.82 12.51 2.05 Cl-Na
*CK3 Nm 81 159465  34.50 26.25 0.43 0.26 12.07 5.66 9.08 Cl-HCOs-Na
*CK4  Q 7.7 1030.00  476.30 9.92 2.52 7.13 4.82 1.13 14.23 HCO;-Na-Mg
MK *CK5 #mk 7.8  886.35 271.17 3.72 3.10 2.05 2.38 3.15 331 HCO;-S0,-Cl-Na-Ca

e BdES | A SCER[20-22]; SRS R LL CaCOs 115 COLT Sy 0, RV A .

B LA AT AT, B DX B 2 HROK 7K BT R A S
22 IR BIAL B 0K . S R K S
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BB 2 T W R S T - 2 S R AR AR L T
FAY B P £H b B K LA S 1 TDS {E -5 A8 FE , B KF1
Ca S R E RN Cl-Na-Ca BUK SN, HAEH N
Cl-Na #I/K.
3.2 KFEEHBEED
Gibbs &= (& 6) B R AIFFE DX 1 P 21 b 4 K 35
REETF 78 R AV FH X3k, 30 25 KRR AR 4 il DX O,
BRI AZE R ER 57, 2 KRAFEKAE
SN, AT REIRAFTE A KA 52 0. Mg?/Na*
5 Ca*/Na* &+ L E oo B 22 (B 7) v [ Je 0 i
DCFERARFAE, F5E XAF P 2 oK 2 rp T2 kR
R DI, Ty ) R R R X S RS . TR L, iR
X AR Pl oK F 37 B A 2R R W e, 3t
BT X PN AT BB A2 5 WARAE RS, FETF -2 %

W I3 PRI 25 110 28 2 v 0 1 R o A A g 4 o B
RTFFE WX, 28 R W 4n1E & 2 BOK h i i A%
A ER B 7 (U Ca®* \Mg> \HCO,™.CO ) Mk FE R, 1
5 O ER S B 7 (1 Na* . Cl- SO ) e i T 2
IR 5T XA P ZH At b oK R H i SCTd A 7k Ak 2
0, AL AL IE 5 DU ZR R K R K AE R 6.7
HREA A T SRR R B X, B e 5 kAl
PAEA B A R

HiT K A PR AR B AR R B e 4 AR AT AR S
Z K (yNalyCl) LA 2 K (100xySOLyCl) L £ 1k R 8
[yCl(yHCOs+yCO,) JERHIE R EOK S B =), 5 X
TOKBERIE R BE AR 3 s, BIFST XA g 2H 31K
AR RBINT 1R EE 1, RIS A 2%
TEIK AOHRRAE 5 H/INF B AL B oK FNEE DU 28 4 R K,
FEU AL T B A | 5 A R AP IR, /K AR SR AR
TR KR R IR ER S . SR, 308431 B 2E A K AR A8 ot
FZEON/NTHAREREK yNalyCl BFEE(0.85),
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Fig. 5 Piper diagrams of water samples from the study area
1-3—JF £ WTRE X (Kaifeng fault uplift area); 4~6— T $f - 2% Wi X
(Kaifeng-Lankao fault depression area); 14—/ P2 #1340k (geothermal
water in Guantao fm.); 2.5—WIfL 41 #4 /K ( geothermal water in
Minghuazhen fm.); 3.6—%% /4 & #i T 7K (Quaternary groundwater); 7—

H1F K (surface water)
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Fig. 6 Gibbs diagrams of water samples from the study area
1~-3—JF B TR X (Kaifeng fault uplift area); 4~6—7F$f -4 Wi G X
(Kaifeng-Lankao fault depression area); 14—/ 2 H1#K (geothermal
water in Guantao fm.); 2.5—Hfb 84 Hu #47K ( geothermal water in
Minghuazhen fm.); 3.6—55 VU % i 7K (Quaternary groundwater); 7—
17K (surface water)
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Fig. 7 Relationship between Mg*/Na* and Ca*/Na*
1~3—FF 3 Wik X (Kaifeng fault uplift area); 4~6—FF3:f— 22 Wi A X
(Kaifeng-Lankao fault depression area); 14—/ P2 #1#4K (geothermal
water in Guantao fm.); 2.5—HWI{L 8140 i #4K ( geothermal water in
Minghuazhen fm.); 3.6—%f P & i /K (Quaternary groundwater); 7—
. FIK (surface water)

R3 MERMTREHERY

Table 3 Characteristic coefficients of groundwater in the

study area
I3 5 BUKZER  BRARH WAL SRR
KF1 Ng 0.62 0.63 292.59
KF2 Ng 0.73 0.46 168.65
FrEf e
CK1 Nm 8.43 91.84 0.13
CK2 Q 2.03 108.59 0.27
LK1 Ng 0.9 5.71 94.24
LK2 Ng 0.88 7.55 58.66
LK3 Ng 0.86 6.31 72.72
LK4 Ng 0.96 2.83 111.71
Frbf- s g LK5 Ng 0.47 5.52 112.67
W LK6 Ng 0.6 4.52 119.22
LK7 Ng 0.98 7.77 56.5
LK8 Ng 0.47 4.52 135.1
CK3 Nm 217 46.9 1.33
CK4 Q 2.05 23.47 0.34

Fig. 8 Relationship between salinization coefficient and TDS
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