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Fig. 2 Drilling column diagram and temperature measurement curve of geothermal well in the Zhaoyuan geothermal field
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Fig. 5 Statistical histogram of heat production and relationship between heat production and depth

of the Zhaoyuan geothermal field
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Table 1 Results of heat production of 5.0 ~ 36.0 km
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15 | 6.18 | 1.336 | 1.604 | 0.648 500
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i ﬁ (c)| (¢) | () (‘B_T) () | o)

(C)
1| R5 | 80 |106.96| 134 | 178.51 | 156.05 | 126.5
2 R6 | 78 | 104.03 | 131.35 | 174.15 | 147.18 | 132.8
3| RO | 79.0| 95.81 | 123.88 | 171.79 | 143.47 | 124.5
4| R12|79.5 | 103.46 | 130.83 | 172.90 | 141.97 | 135.9
SIRI3|81.3|123.47 | 148.84 | 178.74 | 149.82 | 146.5
6| R14|52.3| 73.03 | 102.88 | 166.39 | 151.14 | 100.5
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YRUAS SC S i B35 1) A AR ORI 1.3 wW/m’ 52
km DAN B2 Bery A PR BUE R 1 p A A X
4(50 MPa JEJJ 264 ) TR AR BUE N 4= B
T EmA RN, AR a2
By st 5 P 8 1 PR (B AR A, BRI 545
R 3,

7.1.1 #H HIEEHRITRS=
) ?gﬁﬁﬁiﬁﬁ;{;? ;”‘“ﬁa £ 3 RIEHAREHITHERR
e oy R AT Table 3 The results of thermal structure of the
g=—k- ﬂ lithosphere in Zhaoyuan
dH
\ . . N = | i H i PR | HISEHR | BRI
N N o m B =L ¢
E'F%[W/(m; K) J,d7/dH i #h g (Cr o G b Do e | G (PW/m) | (mW/m?) | (mW/m?)
km)  FUSRAMGEE GO, PR
B S b SR A & ( DRZKOT ) 500 ~ 1300 m 2 — | 0-2 2 1.3 2.6 70. 61
JZEBIR ATy 31. 8 °C/km, A A G R 5 6 2~5 3 112 3.36 67.25
T A 10 6.1 5~10 5 0.93 4.65 62.6
%*E*FH%#(DRZKOI ) 500~ 1300 m E’&F 15 6.18 | 10~15 5 0.73 3.65 58.95
AT RGN ME 3.2 W/ (m - K) |, 5 R 20 | 6.28 | 15~20| 5 0.57 2.85 56. 1
WA ¢ =-k(dT/dH) THEZIX s &2 0 23 6.4 | 20~23 3 0.42 1.26 54. 84
2 A s A X 25 6.32 | 23~25 2 0.4 0.8 54.04
102 mW/n? ”‘ﬁ@mmf@‘“‘: E’j‘o HHTUE 30 6.4 | 25~30 5 0.4 2.0 52.04
N R T R i 2R 40 0 RO BRI TAE iz X K 3 6.5 130-32| 2 0.3 0.6 51.44
H BRI (A AT BOR) FH IR 2592 B FH 24 40 km A9 3K 35 6.7 |32~35| 3 0.2 0.6 50. 84
M= SRR PRI R AR 73,24 20 1 F R0 R Lo 0T B T

+6. 18 mW/m’( Jiang Guangzheng et al. ,2016) ,
FhSH T RS A YOI 5 R B A b BAGE 102
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T2 AT DA Y 4328 1l DX 5 1 e 3R
A AR A 22,5 mW/m?, B M58 $A 0
22.5 mW/m’, X P R R 73. 24£6. 18 mW/
m® 50 AT A B X M AR A (50. 74 6. 18)
mW/m* , i — A X N R L 10 1.98
~1 1 2,52 A A B IR < g v 5E L 5T
SR 55 A0 B 0 o D AR S b DX Pt A I O g < SR v4
7o B AT 4 R — B (TR % 1986 1 i B4,
2020) ,

Y B3R A B AT % X ARG H G 102
mW/m? H1 = &84 $4i #4 Bk, X A3 i 28,76 =
8.76 mW/m*; &3/ it b SE U PR T R A8 ™
ARG 22.5 mW/m®; TRERHLIE A 50, 74+
6. 18 mW/m*, =F B2 1 : 0.8 : 1.76, Hu A H
WA 2 —Je ok H IR e
7.2 HhFAEH IR E SRR

ZEA LSO, AT DX b ARl DR ABE A A5 75 o ]
7 FR ARG B XA SR (73,24 mW/m?) i
P L L DX B K I8 s 3 T2 ) 3 A )
Bt AT R OK I 8h R 45, SR 5 1 5 PR R V5
] 2 km &b 4 55 04 TR K W 24— T Uit 24 11 35 Bl 7 24
MRS RS  FEa RS B b AW 32 Rk [ b TR
AR (50. 7426. 18 mW/m?) A A1 UM PTG R 5
AR A PR (22,5 mW/m?) IR R BB (28,76 +

KAFEK

vy

=) I IREHIE S5
=2 (HbFE R
i +  22.5mW/m?* + + + +
= o+ 4} + 4} - + o+
i FAR Xt i

t (50.74+6.18)mW/m? (28.76+6. 1mW/m* +

oK n 16 B4 4 %K
hot water granite cold water

Bl LA E bind )
hole location thermal spring
Pl 7 22 A )t PR R R ARE A A
Fig. 7 The conceptual model of geothermal genesis

in Zhaoyuan thermal field

8.76 mW/m?) , Il B AN Wi 7t = (4 A 2 2 120 ~
148 °C) ,1E29 3.6 ~ 3. 8 km TR [ F 51 9 5% Wby 24 AH
22, (A5 B K 1 25 1R 2E T K 7 28 58 TE AR T ok
[ R 473 38 ) Lz B 30 M 3R A0 TP B b $4 S  IX (M
) o PR SRR I 4 ———F1 - 7 24 FN 22 3g Wiy 24 %)
Z X HL N HOK I R S T EZAEH . © PR3
FERAREIK (VB 7K ) 428 T ) TR DT E 47 o 7y 32
BLEIE ;@ AW ZAEZ 3. 8km RAL AL, MIMTTE
BRI L A R A A 24 22 N B
e H R F B W24 7E 56 DU 2R LURATS A 16 sl IR, 3
fifi b T P 25 T 2 o ) 7 B A P N A v R R, B
AL NNE [1] 28 3 09 44 18 B, 6 LR A A & 30,
NNE [1] F1 Wiz (& 7) A 2R BT 98 15 ~20
m, KB REKT 2 km, Wi 40 iRA 0k 4 7030, 7 B
SePERST MR TE AT 30 K B 3 B ) 56 R AT
F1 W3 3 sl 2 A W, /b2 D T ek R
SRR HhAEIE Bl e — AR K IR s 25 U R B
TGS T2 T AR 7K SCHb R B2k |, Hb AR
W F1 W84 & K MR, KT 10 m°/h, 2285 F1
4w KRS , 2D HE R 1T 2R R
(NI TRI=

8 ZEig

(1) 38R o BT B 1 XA A S R U
S IR I TR RN R T R R B ) A AR
2.5~5.3 W/(m « K)Z[E,FHEHR 4.0 W/ (m -
K), @ T e F g #E R 2.5 W/ (m - K) ; #KH8
AL R VR A, I X R B (R 31.8 C/
km , 255 T T S8R | 2 AL b G 1
102 mW/m*, B I X R 3 1) b A b o 1

(2) TEZFh MR IR AT T, A S0 R AR i iE A Hk
THRZ AR B, Al S A TR 228 128, 6 °C 5 it
T IIKE IR EE LT 3634 m,

(3) I FH b 5 00t B0 02 DX R A A AR
A3 AT RS S DS A— 3, O DL A A i 4
HIZ X 452 BB SR o A B, Sl o T, 1% X b
Pl i BE A Ok A AE AR (73,24 mW/m?) 19 5T
Hik-t A X i A (28.76+8. 76 mW/m?) 19 BT Rk, H:
H s SR P ST A S M BG4 L 2 R 1
1.98~1 1 2,52, A R AREE 1 J T gy 7 7

(4)Z XM R G« Wz AL Biufigg, 1T #AoK
NI TE K 1 TR T R T W RN RS B T 2
FRUERIN L, I H IR B W7 24 2 AT 16 3l s AR vk
R PIZR IR R IT 4 E M T 24 3. 8 km A3, X HLIE
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Study on geothermal flux and geothermal genesis of Zhaoyuan geothermal
field in Eastern Shandong geothermal area
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Objectives: The study area located in Easter Shandong area, which belongs to the northern part of the north
Shandong uplift.

Methods: In this paper, the thermal conductivity and heat generation rate of rock are measured by testing 40
typical core samples. Combined with temperature measurement data and collected data, the composition of
geothermal flux in this area was analyzed and studied. Typical geothermal fluid samples in the area were collected
to obtain hydrochemistry data.

Results ;: The measured rock conductivity in this area is from 2. 8 to 5.7 W/(m - K), which is generally
higher than the average thermal conductivity of the upper crust. The geothermal gradient is 31. 8alyz. The
geothermal flux calculated by thermal conductivity and geothermal gradient is 102 mW/m’, in which the heat
conduction component is 73.2+6. 18 mW/m” and the convection component is 28.76+8.76 mW/m>. The ratio of
crustal heat flow to mantle heat flow is 1 : 1.98~1 : 2. 52. The calculated average reservoir temperature by quartz
thermometer is about 128.6 “C and the thermal cycle depth is about 3634 m.

Conclusions ; The geothermal flux in Zhao yuan geothermal field is contributed by both conduction heat and
convection heat. The contribution of crustal heat flow is half of mantle heat flow, and the thermal structure of
lithosphere belongs to the “hot mantle cold crust” type. The research results enrich the geothermal system theory in
this area and provide some theoretical support for the development and utilization of geothermal resources in this
area.

Keywords: rock thermal conductivity; reservoir temperature; geothermal gradient; conceptual model;
geothermal flux
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