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Fig. 1 Tectonic location and tectonic unit division of the Xiong'an New Area (modified according to reference'")
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Table 1 Test results of major elements of experimental samples
2H103/%
LIRS RERE =XV =
REES SRR =t At Si0, ALO, TFe,0, Ca0 MgO K.O NaO TiO, P,0, MnO LOI
Al D033 ZRINA  BEASA 2686 156 035 2088 1527 032 0.02 0.08 0.03 001 33.92
A2 D033 Zkildl LEHRASA 2385 002 010 2298 1647 0.01 0.02 001 000 001 3599
A3 D033 FZ#ihd HEEzZE 217 001 014 2999 2146 0.00 0.02 0.00 0.00 000 4548
A4 D163+ Zkildl hEEZE 128 004 0.17 3006 21.55 0.07 0.02 0.00 0.00 001 46.02
A5 w BB ST REA REKE 936 028 0.14 4562 420 0.14 0.03 0.00 0.0l 0.01 40.06
A6 FEME A / SEEPRE A 055 021 008 5426  1.00 0.06 0.03 0.01 0.00 0.00 43.55
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Table 2 Hydrochemical characteristics of reaction solutions in the dissolution experiment
Ay mg L K Na® Ca™ Mg™ cr
i 30.07 579.57 37.40 19.28 790.63
53 /mg L Noe HCO; co%” NO; pH
i 2.79 341.37 32.64 <0.05 8.49
R 3 AXRBMEIEIERARENES
Table 3 Temperature and pressure selected for the dissolution experiment
LR R/ °C CO,4H/MPa J£71/MPa PR TaE) R/ °C CO,53H/MPa J%71/MPa
1 40 3 10 7 40 6 20
2 60 3 10 8 60 6 20
3 80 3 10 9 80 6 20
4 100 3 10 10 100 6 20
5 120 3 10 11 120 6 20
6 150 3 10 12 150 6 20
R4 FHRHRNBRMERITEER
Table 4 Calculation results of dissolution rates of experimental samples
R ‘ _ ‘ _ %@iﬁ%ﬂoﬁg'cmﬁhﬁ' _ ‘ _
AR S A8U0ZREAss ASRHES  A4BRE RS ASIBRIKE  AGERIDIE K
40C 10 MPa 3.70 3.82 4.14 4.60 / 130.90
60 C 10 MPa 2.24 3.49 1.66 2.03 28.99 43.16
80 C 10 MPa 2.75 3.02 0.99 1.01 29.79 44.30
100 °C 10 MPa 2.87 1.88 1.70 1.89 26.95 35.53
120 °C 10 MPa 3.80 2.60 2.16 1.81 29.60 50.75
150 C 10 MPa 0.93 1.83 1.10 1.33 17.48 28.15
40 C 20 MPa 5.18 5.02 5.82 4.58 53.34 168.47
60 C 20 MPa 3.47 5.04 5.54 4.50 56.86 160.61
80 C  20MPa 4.64 4.14 4.64 4.06 55.37 128.20
100 C 20 MPa 4.69 3.57 3.10 2.83 50.84 108.19
120 °C 20 MPa 5.98 5.38 3.42 3.49 38.80 113.99
150 C 20 MPa 3.92 4.66 2.02 2.03 37.08 88.38

s 7 b JZ2 7K P R ol R e R ) i B K
(3) F 2= 5 i i il R 25 R B B A T A

Mo TELI KT, A= A FE A M R AT

(0~6)x107g - cm > - h™' Z ] (18] 2a~d), JK A B il

HRAT (20~180)x107°g - em * - h™' 2Z [A] ([&] 2e~f),

B B AR R 10~30 5.

3.2 IKUEFEELAHE

AR 52 36 15 52 BV R Ca™ Mg ik B 0 3K
L5 IHR Ca' . Mg R EE R n i B HLBEIRLE | R
AAAE LR, I 5. 18 3 iR

SEIRFN. VIR Ca™ . Mg 1k B B fin
U B 3 SR R B R A, BT PO T R — 2 18
Tn—HLE T B A RRAE, HLAE 100~140 °C 75 Bl PN B &2
BN SRR Ca® . Mg ik JBE 8 i it Ay 5
B IR X — &5 2 5 0 S i R B R )
AR —3K
3.3 AT

A WL S T 78 ot A o ) SR T B R
TROUL A5 A4y, 38 EE 0 BT AS [R) A il 1) 38 Dl R A8, 45
.



Bt Ha4l /R 2 X T B 2R 55 0K L A B K 2 e T T A B A0 SE A 5T 813
8 8
= (a) —eo— 10 MPa —e— 20 MPa = (b) —e— 10 MPa —e— 20 MPa
= 61 . = 6
S ™ Qo A
2 '\_\ P ‘\\.\. e — / g
= 44 '\_,'__,./ . = 4 o t_'/
i’%} 5 / iﬁ'ﬂ . \'/& _\H'
# #
& g
O T T T T T T O T T T T T T
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
g/ C M/
8 8
= (¢c) —e— 10 MPa —e— 20 MPa = (d) —e— 10 MPa —e— 20 MPa
g 6- '““tm_ g 6-
‘“&w . w&w .
= M \'\ - = M ‘\-.., o
# 24 '\\: ) 2 —- e
& i = i
& - % -
0 . . . . : . 0 . . . . . .
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
TR/ C g/
80 200
= [® —e—10MPa—e—20MPa = ® o —* 10MPa—e— 20 MPa
7 1] e
£ 601 ——a g 150 G
£ . & -
% 40- N S 1001 TN
g oianammen = ~e
N *—__ +_,.—-¢\‘ tlijr
# 20 =501
& & __*‘“—-VA\‘\.
& e
0 . . . . : . 0 . . . . . .
20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
TR/ C g/

(@) AL, ¥ =8 (b) A2, BUBRAZRA (o) A3, FiE RS

B2 SEEHAIAMERMRE. ENTLEL%

(d) A4, PRHETB A () AS, IANIKE (D A6, 5P B K

Fig. 2 Dissolution rate curve of experimental samples with the variation of temperature and pressure

(a) Al, Powder crystal dolomite

A6, Sparite arenaceous limestone

(b) A2, Laminated dolomite

(c) A3, Mesocrystalline dolomite

(d) A4, Mesocrystalline dolomite

x5 ZBEIERMEE Ca® Mg iRE

Table 5 Concentrations of Ca”” and Mg™" in reaction solutions before and after the experiment

(e) A5, Micrite limestone  (f)

HE RS SEHHTBS T /mg L SEBG e E /mg L BT i /mg L
/OC /MPa Ca2+ Mg2+ Ca2++Mg2+ Ca2+ Mg2+ Ca2++Mg2+ Ca2+ Mg2+ Ca2++Mg2+
40 10 37.40 19.28 56.68 346.98 69.44 416.42 309.58 50.16 359.74
60 10 37.40 19.28 56.68 151.00 36.68 187.68 113.60 17.40 131.00
80 10 37.40 19.28 56.68 143.50 34.35 177.85 106.10 15.07 121.17
100 10 37.40 19.28 56.68 141.07 35.08 176.15 103.67 15.80 119.47
120 10 37.40 19.28 56.68 147.30 35.12 182.42 109.90 15.84 125.74
150 10 37.40 19.28 56.68 44 .89 31.52 76.41 7.49 12.24 19.73
40 20 37.40 19.28 56.68 422.04 84.65 506.69 384.64 65.37 450.01
60 20 37.40 19.28 56.68 359.91 80.98 440.89 322.51 61.70 384.21
80 20 37.40 19.28 56.68 273.30 62.40 335.70 235.90 43.12 279.02
100 20 37.40 19.28 56.68 299.05 74.40 373.45 261.65 55.12 316.77
120 20 37.40 19.28 56.68 319.70 69.70 389.40 282.30 50.42 332.72
150 20 37.40 19.28 56.68 303.34 62.99 366.33 265.94 4371 309.65
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Fig.3 The curve of the increase of Ca’ and Mg”" concentrations in the reaction solutions with the variation of

temperature and pressure after the experiment
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Fig.4 Comparison of photos of experimental samples before and after the experiment

(a) Powder crystal dolomite, before experiment (b) Powder crystal dolomite, after experiment (c) Laminated dolomite, before experiment (d) Laminated
dolomite, after experiment (e) Mesocrystalline dolomite, before experiment  (f) Mesocrystalline dolomite, after experiment (g) Mesocrystalline dolomite,
before experiment  (h) Mesocrystalline dolomite, after experiment (i) Micrite limestone, before experiment  (j) Micrite limestone, after experiment

(k) Sparitearenaceous limestone, before experiment (1) Sparite arenaceous limestone, after experiment
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Fig. 5 Comparison of photos of experimental samples under microscope before and after the experiment

() HEH DA

(a) Mesocrystalline dolomite, before experiment  (b) Laminated dolomite, before experiment (c) Powder crystal dolomite, before experiment

(d) Mesocrystallinedolomite, after experiment (e¢) Laminated dolomite, after experiment (f) Powder crystal dolomite, after experiment
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Experimental simulation of dissolution to dolomite in formation water of Jixianian
Wumishan Formation in the Xiong'an New Area

JI Shaocong'*’, ZHANG Qingyu'*’, LIANG Bin'*’, LI Jingrui'*’, BA Junjie'*”,
NIE Guoquan"*’, DONG Hongqi"*’, MO Guochen"*’
( 1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR, Guilin, Guangxi 541004, China; 2. International Research
Center on Karst under the Auspices of UNESCO, National Center for International Research on Karst Dynamic System and Global Change, Guilin,
Guangxi 541004, China; 3. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo, Guangxi 531406, China )

Abstract  With the richest geothermal resources and the best development and utilization conditions in the central
and eastern China, the Xiong'an New Area is the home of three large and medium-sized geothermal fields—Xiongxian,
Rongcheng and Gaoyang. The Jixianian Wumishan Formation in the Xiong'an New Area has good reservoir
endowment, large water yield and easy reinjection, which is the focus of geothermal resource exploration. At present,
acid solutions, high-salinity water solutions or sea water which are prepared by researchers themselves are mainly used
in simulation experiments, but less formation water is used as the experimental fluid. In this study, the dolomite of
Wumishan Formation in the Xiong'an New Area is taken as the research object, and the formation water of Wumishan
Formation in the underground is taken as the experimental fluid. The dissolution simulation experiment under high
temperature and high pressure has been carried out to analyze the influence of temperature, pressure, lithology,
structure and other factors on the dissolution of dolomite. This experiment adopts the simulation experimental device
of dissolution kinetics under the conditions of high-temperature and high-pressure independently designed by Karst
Geology Research Institute of the Chinese Academy of Geological Sciences. The formation water from the whole
section of Wumishan Formation in the geothermal well of the Xiong'an New Area is taken as the reaction fluid. At the
same time, considering the two factors of temperature and pressure, a total of 12 groups of experiments in the range of
40 °C, 10 MPa to 150 °C, 20 MPa have been carried out to simulate the dissolution of formation water of Wumishan
Formation in the Xiong'an New Area on dolomite from the shallow burial to the deep burial.

The experimental results show that dissolution rates of samples in the formation water decreased with the
increase of temperature in general. The rates experienced a rapid decrease before a slow increase and then a rapid
decrease again, with an obvious increase from 100 °C to 140 °C. Dissolution rates of samples in formation water
increased obviously with the increase of pressure. The variation of Ca’* and Mg®* concentrations with temperature and
pressure was consistent with that of dissolution rates with temperature and pressure. All samples showed a certain
degree of corrosion under the experimental conditions, mainly the corrosion of the sample surface. The samples with
less developed pores and microcracks only corroded on the surface, which blurred the sample surface. The samples
with developed pores and microcracks were eroded and expanded along intergranular pores, intercrystalline pores and
various fractures, and finally connected to a certain extent. Therefore, the results of this study show that the buried
dissolution of carbonate rocks will decrease in the burial diagenetic environment, with the increase of depth and
temperature. But there is a window with higher dissolution capacity in the range of 100 °C-140 °C, which may be a
favorable temperature range for the formation of dolomite karst reservoirs in the Wumishan Formation in the study
area. For the samples with undeveloped pores and microcracks, it is difficult for soluble fluid to enter the sample for
large-scale corrosion, but only to stay on and blur the sample surface during the experiment. The samples with pores
and microcracks developed are corroded and expanded along intergranular and intercrystalline pores and various

fractures and fissures, and are finally connected to a certain extent.

Key words Xiong'an New Area, Wumishan Formation, dolomite, formation water, dissolution experiment, karst

geothermal reservoir
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