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Geothermal field characteristics and heat generation rate of radioactive
elements in Taishan rock group at Chenzhuang uplift, Shandong Province

TAN Xianfeng, WANG Hao, ZHANG Zhenyu

Shandong Provincial Lubei Geo—Engineering Investigation Institute, Dezhou 253015, China

Abstract Radioactive elements exist in rock in the nature, which will release energy in the decaying process. Radioactive heat
production is one of the main sources for lithospheric heat. Some basic information has been obtained about Chenzhuang uplift, Shandong
Province as a hot dry rock exploration and study site. This paper calculates the radiogenic heat ratio of the rock core using Rybach heat
generation rate formula, on the basis of analysis of terrestrial heat flow and geothermal field. The vertical distribution of heat generation
rate at GRY1 borehole shows that the heat generation rate was larger with greater variation above 1650 m, and reached 4.72-6.78 wW/m’
at depth of 1430-1645 m, where biotite adamellite and chloritized adamellite mainly exist. At the interval of 1645-2500 m, where the
rock is mainly composed of granite, biotite bearing diorite, and gabbro, the heat generation rate decreased. Overall, the heat generation
rate of granite changed slightly, which was about 2.0-2.5 wW/m’, while that of biotite adamellite and slightly chloritized adamellite was
higher with larger variation.
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Fig. 1 Tectonic structure and bedrock buried—depth
contour map at Chenzhuang uplift
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Table 1 Regional heat flow measured in boreholes
IGE HRFR R/ ]
. - P/
L% MEEAL H%/m (W- (c- -
B  (mW-m™)
(m-°C)™") (100m)™")
. RE I
K2 1714~1914  2.684 2.82 75.4
Bl R
4345~4900  2.604 22 57.4
e 4200~4300  2.152 2.7 58.2
RIR2
farh#s  3770~4150  2.659 2.15 57.4
3600~3700  1.365 4 54.4
Y13 WABIT 2705~2763  2.453 3.4 52.3
FEhB 2510~2705  2.286 42 59.5
B30  FRAEME 1529~1642  3.885 5.74 82.1
MG
K3-9 1810~1835  2.985 3.6 63.2
REA D
GRY1+FL BREEMAZ 2000~2500  1.474 2.903 69.5
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Fig. 2 Temperature logging in GRY1 borehole
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Fig. 3 Heat contribution and time variation curve of heat

generating elements
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Table 2 Content and calculated heat generation rate of
radioactive elements at GRY1 borehole

o Th/ u/ K/ H R
HE /m

(kg-m™)  (ngg) (ngg) % (LW-m™)

1290 2633 4.33 1.99 6.45 1.381683
1390 2647 11.40 2.19 2.50 1.554657
1458 2656 56.10 1090 231  6.784030
1600 2661 27.40 10.70 1.71 4.735484
1685 2652 17.60 4.66 1.85 2.542133
1800 2712 13.40 6.35 4.29 2.974663
1942 2642 16.70 3.54 3.64 2.354550
1990 2641 12.70 3.73 2.69 2.043680
2068 2696 22.10 13.10 2.28 5.101436
2125 2671 13.10 291 2.64 1.881089
2205 2661 12.20 8.21 2.73 3.163705
2260 2940 10.80 2.53 2.72 1.799256
2381 2659 12.40 6.52 2.73 2.747141
2470 2675 13.40 764 267  3.111785

M GRY1 LI AE IR GIRIE R E (K4),1h 1645 m
S AT LK GRY 1 FLINHEYR 1250~2500 m 38 Fil P4 A AR 43
FPIBL. 1650 m D, AR RRARBUE IR, HARIREOR 7
1430~1645 m /£ KL F] 4.72~6.78 wW/im®, 1% X 8] F 8 i &
BARTRKAERK A R RAL KK A, 1645~2500
m X 8] FZE AR A B R A RN A WAL, AR R
ARG . AR UL, AL R A T AR IR LB — A
2.0~2.5 pW/m’; T & BB 5 BF — KAE R RS A ik — KAk
A E R R, HAREEOR .
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Fig. 4 Vertical distribution of heat generation rate
at GRY1 borehole
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