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Fig. 2 Geothermal geological section of geothermal field in Dongying depression
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F1 FEMRMABAMAFNELE(FEEALEREI)
Table 1 Geothermal data of geothermal wells in geothermal
field in Dongying depression (according to the planning of the

geothermal area in northwestern Shandong)

I 5 R (m) | FE R CCO | MR B EE (C/100m)
HEIE 1 1632 61.0 3.43
o # I 2 1303 54.0 3. 44
I 3 1595 62.0 3. 34
I 4 1575 65.0 3.59
I 5 1503 64.0 3.73
M H: 6 1750 74.0 3.78
H S 7 1645 64.0 3.45
ATt 8 1541 64. 0 3. 84
I 9 1799 71.0 3.54
I 10 1509 62.0 3. 64
I 11 1420 54.0 3.21

TEHE 77 10] b DI )2 1 I A B I
14. 0°C B R B 20 ~40m, fH 3877 AR L o J2 1
JRE it HL R0 T T g R RO R . MR AR
AR A i » T B2 R BE Ml 45 H 5 A
(Ma Haoming et al., 2002; Li Xuelun et al.,
1997) o — M #5540 3 IR B B R S 2 AR
o VU 2R 00 T AR M A AR T RN LR BE A
Pl sl R 25 R B DU R R A ROR T AR Y
F s JUHR U] 8 A DR D LN Ml
o T[] M B BB 0 AR R BT I AR LI RT I
IR RE R 5 LAY O R IE B L DL A O
B IR R

Wt 5 8 B8 39 T AN TR) A Y )2 L i ) R 1
ANl o AE TR — B o 2 St 3 B T A 1) A2 A B
e Pz EBeb a e n R R . LA
E )2 B MR R R 2 e S
(19 J2= B » i 3k o B2 R X e A L 3 i e (3 2D

2 FAERBBREMYDEEELSHEHEXRR
(FEAuHEx)

Table 2 Relationship between thickness ratio of mudstone and

sandstone in Cenozoic strata and geothermal gradient

(according to the planning of the geothermal area

in northwestern Shandong)

L5 JZ0L | RAE S WA TR (V) | MR B B (C/100m)
) Ng 50 ¢ 50 3.5
% 30 Ed 77+ 23 5.6
X 72 Es 23+ 77 3.79
KR, 2 Es 7327 4.24
9 Ek 56 ¢ 44 5. 49
2.3 =i

DX P9 2 7 110 I e 4 FH it 4800 1R 7K b 2 26 B )L

Cl-Na Jy F 7 Hr 45 R IR 3.,

X 3, B AR Na® & & 3480~6321mg/L,Cl-
& 7212 ~ 11189mg/L, SO, & & 11.48 ~
912mg/L, M A BF 1654 ~2130mg/L, # {kL B 12100
~18583mg/L,pH {H1E 7. 0~7.7 Z [a], #b #4 3 &
FE I BORACIE WL 4. 2 3 £ 1 3t SR A B
P o AT 3 BBt DR I 5 2R ORI Y 45 e
PAPRIE AL 2 28R

£33 FEMMEMABAMBRERKLESIREE
Table 3 Hydrochemical analysis of geothermal fluids

in geothermal fluid of Dongying depression

FEfh S B 1 FESh 2 FEfh 3
A 2L Ed Ng+Ed Ed
Kt 57. 66 39. 52 30. 8
FH 5 Na™ 6321. 00 3980. 00 3480
(mg/L) Ca?! 737.10 530. 30 436
Mg?* 70. 41 80. 13 84. 2
Cl- 11189. 56 7212.59 8620
SO, 11.48 11. 48 912
A HCO*~ 105. 95 162. 54 ]

, F- 0.73 0.57 0.59
(mg/L) I 1. 90 2. 60 2.78
Br 25. 50 8. 00

NO; 6.976 4.83 7.9

Mn 1.73 0. 85 0.372

EIRE T Ba 36. 88 21.29 24. 4
(mg/L) Li 0. 99 1. 04 0.50
Sr 35. 61 33. 36 27. 2

SRR (mg/L) 2130. 71 1654. 30 1840
AL (mg/L) 18583.00 | 12100.57 14700

pH 7.48 7.70 7.0
KA T Cl-Na Cl-Na Cl-Na

2.4 FHSHHE

Hy - SRR R TR L 2 RN 2 O 2N U e R 2
N TR, 2y o8 N TR K B R
AR TR AR LI 5 R AR B X M A BT
RIZM AR B AL, #K A 60m A7 HR R
PEAL, #RK A7 HETR 45m 247,

AR YR ) 25 W 0 T 6 AR G T VG I X b A HE AT 3
A5 WD, W FE AN 2016 4F 10 H ~2018 4 12 H ,
B WEI 6 VR, ) i A A 1 7K A L 7K 2E AT
AW & WLE 5,

H P AT AR R K 2 60m 22 Ay, B THIZ M
PO EZH T AR, B, A HERE Z K 0 R T
W B TR 40m 224y LR 25 0 )5 L K A B b L fE
B RO R T R KR 62 C A . 2 W I
KA A5 2 o —22. 16m, K A BE IR 29. 16m (2005
410 HD 2B b A K 7K IR KA 8 5 ) 7K A -2
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Fig. 4 Rose flower diagram of the main component of geothermal fluid in geothermal field of Dongying depression
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Fig. 5 Dynamic monitoring curve of geothermal field in Dongying depression

TFET 25m, Y R FEHE 2. 23m/a, MK R K
TR F B2 RGO B2, BEE F R 8 0 B AR b
M1k,

3 MR LT BT

3.1 BFLHIRHE

H B A B8 - R AR R B A3 B R N (GR 4D
DX A b R AR A TR T R AR K T T8 K b JB AR AR
R DI 708 11 B B AR R VR X ) R AR I AR
T op 5 [l R AR IR A SC R B BURAE B K AL 22 R AL

i 2% 4 T, DX Py i B R T Ak B — ik 829
~19375mg/L, i /)N T BLAR W 7K B9 £8 B (35000g/
L) o i B R AS AT 68 2 ol 9 7K 5 A7 K 5 AR 48 7K Ak 2
TORE, Hb B & Cl/Br i K F 3R K, Br/IL
Br/F Lt ik T BUACHE K, U6 W b PR A4 HL A R B v
UEAEAE . XN TE B AL AR S A AR BE IR R O, AR
B IEEARBE KB KM )Z  RABEK AR AR
N L FAOK

Bl N R N (1 R QB VTR I e
Bi 24 7 5 2 b AR A R R T R AR K L ZE T8 K

R4 FEMREMBABMBRES FHELGRER
Table 4 lonic characteristic scale factors of the geothermal

fluid in geothermal field of Dongying depression

FE il WAL
rNa/rCl Cl/Br Br/1 Br/F
G5 (mg/L)

1 4844. 18 1. 16 1547. 72 2.0 0. 843
2 4808. 35 1. 23 1493. 61 1.75 0. 81
3 5394. 69 1.31 1335. 31 1. 60 1.23
4 4169. 30 1. 36 890. 21 4.0 1. 58
5 5013.61 1. 30 833. 39 3 1.78
6 4926. 60 1. 28 833. 39 3.33 1. 82
7 3642. 38 1. 96 806. 11 2.22 0. 65
8 5394. 67 1. 28 722.51 4. 14 2.74
9 8251.51 1.12 810. 33 4. 60 4.95
10 10554. 73 0.92 986. 4 4. 87 10. 37
11 5568. 24 1.11 719. 20 4.59 4. 15
12 16518. 98 0. 86 1284.93 2.68 10. 42

13 19375. 16 0.73 761. 66 15. 00 25
14 18583. 00 0. 87 438. 81 13.42 34.93
15 12100. 57 0. 85 901. 57 3.08 14. 04

16 829. 02 2.19 1212. 2

Ef | 812344 | 1.22 973. 58 1.69 7.69
HAR K 35000 0. 80 300 1116.7 67.0

S ARAC AR o AR G245 110 38 138 oy b 25 R DX 1) R AR 0
PR fe v 5 B R A K R S L TR TR 1 K A
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x5 FEMMPEMHBAMBTRERCENKR
Table S The isotope test data of geothermal fluid in

geothermal field of Dongying depression

| oD 3180 H J OBC | RIEJEHC
| Ko %o (TU) (%0 A (ka)

1 |—64.69| —8.46 |22.3+£2. 2| —56.23| —20.69(5.91140. 24
2 |—31.57| —3.46 |20.341.6|—28.11|—22. 29| 7. 4540. 30
3 |—63.12| —8.94 |22.342.6|—54. 18| —21. 62| 4. 5440. 17
5 |—68.42] —9.23 |26.842.4|—59.19|—20. 77| 5. 9140. 23
7 |—64.22] —8.99 |19.4+1.4|—55.23|—17.19]7.10+0. 28
8§ |—73.49] —9.52 | 4.740.5 |—63.97|—15. 76| 5. 37+0. 20
10 |—71.13] —9.22 | 4.440.4 |—61.91|—20. 14| 1. 1040. 05
13 |—54.82| —6.87 |21.542. 2| —47. 95| —19. 78| 8. 3740. 34
14 |—67.30] —7.78 | 1.140.1 |—59.52|—18. 76| 3.89+0. 14
15 |—74.65|—10.02|24.342. 0| —64. 63| —18. 43| 6. 5740. 26
16 |—66.35] —7.72 | 4.140.1 |—58.63|—18.57| 6. 764-0. 21

6 75 U b AR F b B IAE A 6% O-0D 6 R
Fig. 6 Relationship between 8O and 6D of

geothermal fluid in geothermal field of Dongying depression
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Fig. 7 The conceptual model of the genetic mechanism

of geothermal field in Dongying depression
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FEURTS B IEH AT T X LT B K B A JE TR
Yo AR DR B T >k B T AR K R B A7 OK A1 48 KR 43
NAETURYIE U5 718 4 7 5 i 8 e, b d i i
DX )N o) A2 3 R 25+ b R 36 DR SR8 9 T T T B
M i #4 (Liu Fei et al. , 2008; He Yunxiang,
2009; Sun Ruigang et al. , 2010; Tian Su, 2012),
7R 5 1M1 b BA P BSG PA] AL BHRARE G A Y DL [T 7

5 Z5ip

(1) 7R85 1M1 B b 38 28 5805 =F 3 09 o (0 b 4
BEUR  ELA DL ZE b AR S Y TR B Ry B ARAE

(2) A 78 T Hb B F b A K 18 i A 2 24 Bt
FL B 7R 7K 5 3R FAOK BH B 7 2 L Na® 4 % i
FOAE T UL CL & i e - M S0 /K, J& Cl-Na
RIK ., AT LR R, — B 12~19g/L,

(3) 2R 785 T 875 b A8 AN [] O Y 1 7K1 & 4L )
(N L I U . o o ) B TNy N 2
KABANETE .

CA) 7R 8 1T b A FH RO IR 8 35 A AR R 1) ot it
JCE R BEYT R R A — o B BT R (.
RE AT RK  JE8 FEE BRI R TR
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Abstract

According to the boundaries of uplifts and sags. tectonic fault zones and the range of geothermal
anomalies of tertiary and fourth tectonic units, geothermal area in northwestern Shandong province is
divided into several geothermal fields. On the basis of thermal storage depth and thickness, hydrochemical
types, water volume and water temperature of Guantao and Dongying formations in northern Shandong
province, along with local geothermal planning, development and utilization and administrative
boundaries, this study further classified the geothermal field in Northwest Shandong province into five
geothermal blocks. Based on drilling data and regional geothermal geological data of the geothermal field in
the Dongying depression, as well as previous research results of recent exploration projects, this study
analyzed the characteristics of burial conditions, supplementary and drainage conditions, geothermal field
and hydrogeochemical characteristics of the Dongying geothermal field. The results reveal that the
geothermal field in the Dongying depression hosts abundant medium- and low-temperature geothermal
resources. Thermal fluid is confined pore water of clastic rocks with high salinity and high mineralization
degree, and results mainly from infiltration and recharge of atmospheric precipitation in surrounding
mountainous areas. This paper establishes a conceptual model of geothermal field formation mechanism,

which provides an important basis for the rational development and utilization of geothermal resources.

Key words: Dongying geothermal field; boundary conditions; geothermic geological feature; genetic

mechanism; conceptual model



