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Source and evolution of underground hot water in faulted
lacustrine basin: A case study of Dongying Sag

XIONG Wei

(Exploration and Development Research Institute ,Shengli Oilfield Company ,SINOPEC,
Dongying City,Shandong Province 257015, China)

Abstract : The faulted lacustrine basin in eastern China is rich in underground hot water resources. The lack of isotopic and
trace element analysis tests for underground hot water in this type of basin limits the research of the origin and evolution of
underground hot water in this area and restricts the exploration and development of underground hot water. In this study,
Dongying Sag was taken as the main research area, the constant ion characteristics, ion parameters and other indicators
were first used to classify the underground hot water in the research area. The source and evolution process of underground
hot water in the faulted lacustrine basin were discussed by using temperature and pressure characteristics of different types
of underground hot water and the water—rock reaction products of reservoirs. Studies have shown that there are three differ-
ent types of underground hot water in Dongying Sag. The first type of underground hot water is meteoric water which is con-
centrated in Dongying Formation and Guantao Formation, and it is in an open environment of normal temperature and atmo-
spheric pressure that experiences a certain degree of atmospheric infiltration transformation and evaporation concentration
of atmospheric precipitation. The second type of underground hot water is the lake water which is concentrated in the three
segments of Shahejie Formation, Dongying Formation and Guantao Formation, and it is in an atmospheric—overpressure
transition system that experiences water consumption concentration , CO, injection from organic sources and related water—
rock reactions. The third type of underground hot water is the origin saline lacustrine water which is concentrated in the

fourth member and the third member of Shahejie Formation, and it is totally in an overpressure system that experiences wa-
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ter consumption concentration, CO, injection from organic sources and karstenite dissolution.

Key words: geothermal resources ; source of geothermal water; water—rock reaction; geochemical characteristics ; Dongying
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Fig.1 Salinity variation of underground hot water
with depth in Dongying Sag
B I 22 5 (151 3) .

551 MR ORI AL EEBAR, NT 5 o/ L AR
TRMRAY 2547 U JB T NaHCO, B K | R 3 4F - 51 5 43
HhnifiJE T CleHCO,~Na B« HCO,*C1-Na 7k , H
S T 2 CICEYBER LR 52%) e HCO, (FF-
Y BE IRt R 42% ) ¥4 1, BHES F 32 22k Na* (P 24 B8
IREE R 89%) . AHEL T4 2 5 32 FHwUK 2 128
MR #UK BB ES T HCO, Bz CO 5 W S A 5 o
B R GNa'iCl ) B, o 1.10~2.25, 3
1.57, 338 K F 1, B i T80 2 50 3 2 R Uk,
A5 5 AL (r(CI=Na®) rM g ) 81K S -27.8 ~ 3.52, °F
¥R -13.2, 0 R f(E, B BAR TR 2 S 32T
POk . BEERIR 2B (:S0,.7x100/rCl ) &L, F 4.2 ~
67.3,° 3120202, — KT 5, 434 [ 555 3 25 1
THOKZEL, W T 2 28 R Uk . BRERER P
7 28 (r(HCO, +CO.> ) /rCa® ) N 0.2 ~23.2, 2 Ky
4.8; kR R T RECEAR T 1S T 253
e T HOK

552 M P HOK B AL AR R 5 ~ 72 /L AR
PE TR SR vE T2 K CaCl, I JK , /b4 i NaHCO,
RUK, $e &7 R 31 R FEAn e AR & F Cl-Na Bk
LB 7 2 CI AR G EE AR LR 92% ) , FHES
T LA Na* A B 8 0 350 FRAE CF # B2 IR Loy
85%) , HoA P BH B 7 s K. SN REUh %,
0.79 ~ 1.42, -4 0.92, £ 1 43 1 T 0.88 ~ 0.94,,



F26k H3M AE . Rl RH IR ) 2 POKOR IR L2 1k -23-

[ —CI-HCO, -Nai,
HCO,;Cl-Na

II —CI-Na

[II—Cl-Na-Ca

Ca” (meq/L)

Cl (meq/L)

B2 FEMEM THKNEESTFAHRM Piper B

Fig.2 Piper diagram of chemical composition of underground hot water in Dongying Sag
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Fig.3 Relationship of mineralization of different types of underground hot water with their sodium chloride coefficient, desulfurization
coefficient, metamorphic coefficient,and carbonate equilibrium coefficient in Dongying Sag

AL (g/L) I (CC) o2 1 R
100 200 300 400 0 50 100 150 200 0 0.5 1 1.5 2
T 1 T T T 1 T T T 1
[ — C1-HCO, -Nas§ i . Ng i
HCO,-CI-Na = Ed
II —CI-Na o ] Es
1000 ¥ 1[—CI-Na-Ca - LB -
" xESZ
1500 HEsp

2 W a o
000 ji.-. -1
u

2500 ifan

R (m)

= Es;

« Es,

3000 (g™

3500

2 i -

4000 s -

4500

4
Fig.4

3 MR HURORDE R st Fe

3.1 FAEZFEE T KRR

55 LM T HOK I RN, LLRZK 32, 1]
B HCO, Ml CO 5 IRy , 22 KUK A B
M HA 122023 G R IO R 1, AR T R A

FEMEARR KB M THKEIR

Temperature—pressure field characteristics of different types of underground hot water in Dongying Sag
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Tablel  Correlation matrix of constant ion content of Typel
underground hot water in Dongying Sag

BTY Na+K*  Ca® Mg cl- S0, HCO;

Na*+K* 1.000
Ca* 0.628 1.000
Mg?* 0.348 0.753  1.000
Cl- 0.992 0.859  0.408 1.000
S0, 0.132 0.078  0.329 0.063  1.000
HCO,~ -0.430 -0.155 0.644 -0.421 0.531 1.000
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Fig.5 Typical diagenesis phenomenon of different types of underground hot water reservoirs in Dongying Sag
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Table2  Correlation matrix of constant ion content of Type2
underground hot water in Dongying Sag

BT Na+K* G Mg Cl S0 HCO,

Na*+K* 1.000
Ca* 0.580 1.000
Mg** 0.469 0.653 1.000
Ccl- 0.982 0.682 0.404 1.000
S0,> 0.094 0.145 0.076 0.052  1.000
HCO,~  -0.057 -0.216  0.279 1.000

5 CIAAE 250 0.941, 8055 1 55 2 254 T #uk
P TR 5 Ca A R EPAE, 0 0.789; 5 Mg
SO M HCO, A EAEAFEH: . Mg 5 Ca™
PR R 0.195, FH MR 2%, 5 SO, M R ECH
0.700, HCO, 5 HAh B 7 A MRS 2z, HI 2 i
K (F23) o WAL ULA 3 254 T #AK H (Na™+K")
Ko CUELAT AR ok 5 B i Ak i 2, 1T Mg Fl SO, B
A —E WO, HCO, A ST R . 55 3 284 T
POKRAF RV U BN SR MDA, & R
VBETRA AR T BOK AR 4 1 3 B
HE & (Na™+K) B C, BEAR T H R #oko 484 1
VR BE 11 Mg ] SO 3 e IR, W A B LA
SRR (EISELEZ) ., W=BAREES.B

-0.299 -0.120
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Table3  Correlation matrix of constant ion content of Type3
underground hot water in Dongying Sag

a'+ a g . 4 .
BT Na™+K* Ca® Mg cl S0 HCO,

Na*+K* 1.000
Ca** 0.789 1.000
Mg 0.259 0.195 1.000
Cl- 0.941 0.890 0.345 1.000
S0,* 0.212 0.285 0.700 0.242 1.000
HCO,~ -0.081 -0.305
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1 KM THA HIH SPSS21 FAEXTEE 1 24
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HCO, o Hrp 1 F 26 (Na'+K*) 1 CL iy 3
Jin (oL & HE L 95%) , 52 WA Ca™ (1Y 35 /i ( 5T Bk 5 4y
63.7%) , 555 1 T HOK ) S 1 B 5L B 8 Y 1E
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