5 45 55 6 1 hOE R Vol.45, No.6
20184F£12 A GEOLOGY IN CHINA Dec. , 2018

doi: 10.12029/gc20180601

SRARET, JUETE, ROV, SUNE, R, R, AP, RIEAR, Ik, ARG, R, RRIEBE, WImY. 2018, T AAA ME TS
PRIBHITREAE[T]. *P BT, 45(6): 1087-1102.

Zhang Senqi, Yan Weide, Li Dunpeng, Jia Xiaofeng, Zhang Shengsheng, Li Shengtao, Fu Lei, Wu Haidong, Zeng Zhaofa, Li Zhiwei, Mu Jianqiang,

Cheng Zhengpu, Hu Lisha. 2018. Characteristics of geothermal geology of the Qiabugia HDR in Gonghe Basin, Qinghai Province[J]. Geology in
China, 45(6): 1087—1102(in Chinese with English abstract).

BB AR AT B f i A

RAE AR RN RAE KEA BHE FF REA Y@L
S BEE BER WWH

(1. P B FAE B R SIRRBERFAE PO, i 4252 07105132, F i B BT, Fi# 8T 810001 ;3. 48 M K 5%
B F IR AR AN 35011654, F i 4 KSR AR RPN B TR, F il BT 810008;5. F Ak K PR M AL 5
HARFR, T K& 1300266, FEAF RN S5 WFH AL RN T ERFHHFEREELRT, H KX
430077;7. W B A AR LA R B 1, 7T R E 071051)

RE L T MM BT 255 M sk Py IS A AR S A0 LKA , S0 ) GRL TR AL, TR B MG TR
AT, A3 AT I Bl 8 0 S22 T e 1 T A AL, 3R B B A4S EGS 7y TR SR 96 7 5 fi 25 T 3%
fil o GR1FLINIRZS TR W, 2500 m VRAL IR 2 R 150 °C, #E AT 3G B ZFLIRBE 3705 m Ak i R IR TR M 236 °C
2500~3705 m B PRI R 71.4 °C/km, 55T 55 3 IR THCE RS ; 2800~3705 m Bt A KT 80°C/km,
JEPAERLL LT E . LA MR AT 55 4 MR T IR TLAR RS 3 32 T A TR 2104.31~2500 m,
TP 246.90 km®; THCEFERITAN G5 R R, 3~5 ke TR BV HEL, 100 45 N AV TE & FL A ALAE 52 0 3805.74 MW, L) 2%
HRMCEE T, 2L HE N 76.11 MW ;3~6 km W AE 2L 12 7788.26 MW, L 2% I RIS, LA 1 155.77
MW ;3~7 km JEAEREAL A N 13639.25 MW, L 2%I1R IR, BEHL 25 B 0 272.79 MW,

X BRI TR YRR R M

RESES P342 XERED:A  XEHS:1000-3657(2018)06—1087-16

Characteristics of geothermal geology of the Qiabugia HDR in Gonghe Basin,
Qinghai Province

ZHANG Senqi', YAN Weide®, LI Dunpeng’, JIA Xiaofeng', ZHANG Shengsheng’, LI Shengtao',
FU Lei', WU Haidong', ZENG Zhaofa’, LI Zhiwei’, MU Jianqiang’, CHENG Zhengpu', HU Lisha'
(1. Center for Hydrogeology and Environmental Geology Survey, China Geological Survey, Baoding 071051, Hebei, China;

2. Department of Land and Resources of Qinghai, Xining 810002, Qinghai, China, 3. School of Zijin Mine, Fuzhou University,

Fuzhou 350116, Fujian, China, 4. Institute of Hydrogeology, Engineering Geology and Environmental Geology Survey of Qinghai,
Xining 810008, Qinghai, China; 5. School of Resources and Environment, Jilin University, Changchun 130026, Jilin, China; 6. State

s BH:2018-03—-28; BB HH#H : 2018—06—-10

ELTR . PR FHE AR A A (DD20160192.DD20179033 .DD20179621 ) %),

TEE RN IRARET, T, 1962454 i+, 2 s O TAR , 2 A F b T 57K TR H SR EE F5Y TAE ; E—mail: senqizhang@126.com,
ERESE T8, B, 1986 454, i, TR, 322 A5 bbb 5 5 7K T3 S A2 AF 5 TAF 3 E-mail : pengyou0808@163.com,

http://geochina.cgs.gov.cn H1E LT, 2018, 45(6)



1088 i 5] b J 20184F

Key Lab of Geodesy and Geodynamics, Chinese Academy of Sciences, Wuhan 350116, Hubei, China, 7. Geophysical Exploration
Institute of China Metallurgical Geology Bureau, Baoding 071000, Hebei, China )

Abstract: Based on regional geology, geothermal geology and integrated geophysical exploration results, the GR1 hot dry rock
exploration well was completed in the central part of Qiabugia Town in the Gonghe basin. The GR1 well is the highest temperature
hot—dry rock exploration well in China, which has laid an important foundation for China's first EGS demonstration project. The
temperature measurement results show that the temperature at the depth of 2500 m is 150°C, entering into the hot dry rock section.
The temperature of the bottom hole at the depth of 3705 m is 236°C. The average geothermal gradient of 2500—3705 m is 71.4°C/
km, which is higher than that of the other 3 hot dry rock exploration wells. At 2800—3705 m of GR1 well the geothermal gradient is
higher than 80°C/km. The exploration results show that the depth of the hot dry rock is 2104.31—-2500 m, which is oval—shaped in

the east—west direction, with an area of 246.90 km’. The evaluation results show that the total theoretical resources of the Qiabugia

hot dry rock is 1638.16EJ in the depth of 3—5 km, equivalent to 55.909 billion tons of standard coal.
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A A0 R IR AR B T 259 BE 1 1) 30 £ (Brown
etal., 1995; F K485 ,2016) .

FE T HCA MR FE A [ & R 1 A A 398 5 750 b A
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FrR O BN TR, 3T 0T L 28 5% MR A Y
o AR RE ) A\ 15 7K A R 55 (Panel DOE, 2006) .
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T LA GR1 T #CA B L (LU Ak
“GRI14L”) &ALIE 3705 m, fLIEIRE 236°C, J&
H AR L e e 1 T A S8 T R
WhAT B SEME . A SCHE S L GR1 LT VA B R FL
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Fig.1 Geotectonic location map of the study area ( after
Zhang et al.,2007 )
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Fig.2 (a) Strata in Gonghe area; ( b ) Strata of GR1
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Tablel Statistical table of rock masses of orogenic belt surrounding Gonghe Basin in the Indosinian periods
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240~241 (5K7KHA, 2017)
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Fig.4 The distribution of hot springs in Shangtamai—Kecai—Dongpo Village of Gonghe
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Table 2 Geothermal and hot dry rock drilling statistics in Qiabugqia area

e v G [B%iE LK JEh TeiE i FE
RE Jb4h I i)/ /m HE/m LRI /m /'C
MRS Rl 2. 2 /i 4R 100°44" 00.00”  36°18' 00.00” 1961 628.54 2690 627.29
QRI GRIER 100°36" 29.06”  36°17' 23.07" 1999 969.00 2786 932.16 70.00
DRI (82 | i} 100°36" 44.06”  36°14' 31.04" 2011 1453.58 2776 1354.00 87.60
DR2 WHNACT 100°36' 07.08”  36°14' 08.01" 2012 1852.38 2796 1440.90 98.60
DR3 JERBEHER 1009377 06.057  36°15" 47.09” 2014 2927.26 2806 1340.25 181.17
DR4 WAL LA L 100°37 15.05”  36°18' 01.07" 2015 3102.00 2889 1402.00 182.32
DR5 WM ANRERE  100°36° 3400”7 36°16' 40.05" 2015 1501.60 2860 1490.00 86.70
GRI1 F iR 100°38' 56.01”  36°15' 08.99” 2017 3705.00  2863.8 1350.00 236.00
GR2 Fi] 7, 2 100°41' 2523”  36°14' 03.37" 2017 3003.00  2648.7 940.00 186.00
23 [B) S H R 3BT o PE R AT, B T P R T 3 1) | A R X fR O
BT LR R O e T IE RAAMIGE R A LR rTSE B
BN RS A . HE T AT MG FE LA I GRI AL b A b T F 25 5 Bk 35 4 A

TR ZE 10 km REDKPFRIBROR, Z M Tk A fLARIE AL, [R5 8173 J] i e i 55 A
A 3021 km B — BALT SR, BRI SZl RN R, B2 GR1 AL T BT 5E
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Fig.8 The distribution of hot dry rock wells in Qiabugqia area

3 GRIFLFESHE RBE TSR
Table 3 The temperature measurement results during drilling with thermometer in GR1 well

WEEm  JREEC HE/m EIC R /m IE/C B /m It EE/C
100 285 1100 89.0 2100 134.0 3100 174.0
200 31.0 1200 96.0 2200 137.5 3200 179.4
300 38.0 1300 102.5 2300 142.0 3300 183.0
400 45.0 1400 106.5 2400 1455 3400 192.0
500 52.0 1500 111.0 2500 150.0 3500 198.0
600 59.0 1600 115.0 2600 153.0 3600 203.0
700 65.0 1700 119.0 2700 157.0 3705 236.0
800 72.0 1800 122.0 2800 161.0
900 78.0 1900 126.0 2900 163.0
1000 84.0 2000 131.0 3000 169.0

2 VLA B A AL 2 DA i b B (1051 4
L4 ,1982) o 2500 m LA FHBH IR R LR E
A (E 9b) |, RIAARIFGS IO T 7Kz 3l (K & I
%£,2000) ,IRTCIX SRR AL S, JB A TCEE
GR1 fL 2500~3705 m F Bt *F- 24 Hb 35 46 B2
71.4 °C/km, /5T 55 3 R THCA IR L 5 2800~3705 m
B Hb IR AR BT 80 °C/km, S H Ml T A 5 A, Y

1 2K T 80 °C/km, H1 2% 40~80 °C/km, K % 30~
40 °C/km T #1555 U5 S S i i, GR1 L& B9 T
A RE SR BT
4.3 FTHRAGERFIFE

GR14L 1350 m DA N IBe e A b ixie , athae
RN R ABE) fEixiE KA A BRI (B
=) KR A (E10) , h—2 R AR, TR
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1650~1750 m H-Bt, AV K 6 HodDRE AL i TN
o, B Lo T =t 5 A KT U AE GRI
fLrp e XL, R B SE K A bl (R
) AER A R A Lk KA R e RN —
KA HHDRBRR (R A B —RKRAERS, A% R
FI i R B T AL, IO E Ry g = i

GR1 4L 1900~2350 m FH-Be Oy 17 B T IH A
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KB KR AR G| 22 A ULk A A0 Jbk B T
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b, K B A, TRER T WLEEAE BS54 vk £
EPOKTURRT )

BRI S GORE 1A MAE R AR 5 300 m
JEBEA R R, BAR R, T A B 8 m M5
KAE)Z 300 m DA SRS e 88, 2 1 AR Y 5%
M, &R I B DAL T, I R AR S 2
FARCEJRT T, Ho, SR B IR R 44.0~
94.8 m, ;i /NEJE 172 m, A0 R K AR, BEAKRR
Ho ML T IBCARIRE 29.0~94.3 m, e KIS
134.5 m, A0 K 3~13 cm, B8 AR EHOR, £ 2Y
PR 0.1%~0.3%. # B AW LTS, W
I 2250 m ik, D A ERIR, JCE Y, SRR 34.1
m, A — B2 2E .

GR14L3000 m LT, @t hy Sy H-BEE O F
RKRE AV — B BB, RHYRIR S O LB
Bt/ R S 07 10 5 AU Jr ) — 2, R RE A,
FLIGL o i v = A 9 5 07 s B A O R R B S
(Haimson et al., 1997; Li et al., 1998 ; Matsuki et al.,
2004; FJJ%,2014) .

4.4 FHiRYITEEHE

P MG T IR 23 (25 O P PR A 2
REW, Z T RAEIR 1 0.651~1.71 kI/(kg- K) ,F
¥11.08 kI/(kg- K) ; #5%0.34~3.16 W/(m- K) ,F
¥71.86 W/(m-K) ; %F 1.66~2.71 g/em®, ¥ 2.64
g/em’s,

4.5 Fi IS EFFIE

P MG T IR 6 1146 5 O L R T

MR 5 R R, U & & 3.18~12.25 pg/g, 14 6.09

ng/g; Th & & 17.55~31.60 pg/g, ¥ 24.19 pg/g; K
B 3.14%~3.19% , F- 44 3.49% o A1 UG A A
K Rybach(1988) #i it T H43 ik ilb A 71158, 15
AR A R 2.41~5.73 pW/m?, SR
3.63 pW/m’, /= T 7R g i XA e 7 24
PEA R 2.1~2.8 pW/m’ G5, 1995) | (EAIE T45
LR M AL B 7 O A PRSP (E 1Y) 4.22 pW/m?
(a1 4 ,2016)
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Table 4 The statistical table of HDR exploration wells in Qiabugqia area
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Fig.12 The heat source information provided by east—west MT
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Table 5 Preliminary divisions of investigation and evaluation stage for China's dry hot rock resources

TAERT B e vyl ARIEGES BRI B PRI
A [ R THeos RIS A VPO e E X PP 1050 JiAE LA 21
DX T-#eh BHR T A EY Wi D FHREEX ke 1025 75 XH - #os BRI &
WX YT HAEIRTO TR S Bl C HARELIX Fiwr 47 1Ry & 105 VIR E s A
T B IR AT R A WM B Eh&EFF RS CIERRER ISR (I WAR R AT o Lt Ky
TREATHAWIERBEFN  TRHREBIE A T TREELT AL, BT

155.77 MW; 3~7 km ¥ 7€ % Bl 45 & hy 13639.25
MW, DL 2% RIS T, B TR 272.79 MW,
5.5 BEIEH

HAT, A MA R XA 7R 50 J7 28 BBk
FL 3, AR 20 R T 3k (1) 7K 366 i A X FEL b 45
WNREEIZ b X EE B P B B> EGS 7 i TR 5 R
T 6, AR 2 0 2 b T Be AR rh Xt
W, AT 5 T IS R IR S5 A

e 2 [ B RSB T #U4 FORGE 11X (FORGE:
Frontier Observatory for Research in Geothermal
Energy, T # 75 Hh #4 6E Ay Wy B¢ 22 & 0 58 3 F &)
(Simmons et al.,2016) #2H (9 EGS T.#2 ik 2K .
T2 DU 25 A S B RIR B 1500~4000
m; i 175~225°CA5 E 25 bt i, 16 MATIE
AL =S KNS R AEK SN
F AP BRI 4 2927.2~3705 m, T
PRIE YR 2104.31~2500 m, BRI 5 T A A
& LR B R M 236°C, 75 A T HCE T R
BT IE SRR R KBS 56 [ RE R FORGE
THRITERE A A At 4] ER 35 99 R 2 350 ke &b 1K ZR A
i (Milford) EGS 37 AL T Ff- 1" (7K

6 4% i

(1) GRIFLEEHRIE MA& T & B AR
UM Z R 932.16~1440.9 m, Ve A A0RE 8 4 56
JRIE BB, BRI IR M Al R A4, S T #CA BR IR Y
TR PR T AR IR A T A B
RSN RE Ny VR T 8~32 km AR P[] K 4
50 ke 87345 il /2 LB g = S A8 b A A
P RIB B AR B DT 12 IR A

(2) GR1 4L 2500~3705 m H- B i 1 £ 71 il B —
R 2, e BA - BRER TG X I AR 4 3, Jm T
oA TORE . MR A5 R R, 2500 m BRAL IR
150°C, i A T#EBr . ZALEBE 3705 m &b B IS

TR JE M 236°C, 2500~3705 m )T H A B S 24 b iR
BB BE A 71.4°C/km, 5 T oA 3 IR T #CS #h 2R L .
2800~3705 m - BeHIIEAS KT 80°C/km, J& Hh 4% i
S o

(3) GRIFLTE T #E BLAEHE 1105 m, A pE 1%
KR INES (R ABE) B A R AL R A RBE
ROBRBBE) ZRKAEK A RARAC hg =S,
300 m AT H BT IE AR AR 525, 4 I BB
X EE TR W REE LT, R I B SO &
Pk 2500~3000 m Bz, A A SEBRT Ik AR 4 H
XK F B AT WL aEAE 54 kA ST okt
. THAR LA 1.08 kI/ (kg K) , #F
FFH]1.86 W/ (m- K) |, % B3 2.64 g/em’,

(4) GR1FLEF 4 IR T HH BRALEE 1A DA
TR, F1H_EEAEDE ARG 191 21.2 km, B
1] 5 14.3 km, T2 246.90 km?®, K IR L FZ 15 5 e s
JEMT AR BN, 7E 21 km BTERIE N, 12 T VAR
KEANEEE .

(5) PN SRR IT LA ME T HEK 3~5 km ¥
FE WL, 100 4F N 1 15 78 & HL 2 L2 12 3805.74
MW, DL 2% R T, LA R 76.11 MW ; 3~
6 km W AEARENL 21N 7788.26 MW, LL 2% SR i %
i, BEHLA N 155.77 MW 3~7 km IR ML
H13639.25 MW, DA 2% ) SR ISR I, 28 HL A &
272.79 MW,

References

Barbier E. 2002. Geothermal energy technology and current status: an
overview[J]. Renewable & Sustainable Energy Reviews, 6(1) : 3—65.

Brown D. 1995. The US hot dry rock program—20 years of experience
in reservoir testing[C]//Proceedings of World Geothermal
Congress: 2607-2611.

Chamorro C R, Garcia—cuesta J L, Mondéjar M E, Pérez—Madrazo, A.
2014. Enhanced geothermal systems in Europe: An estimation and

comparison of the technical and sustainable potentials[J]. Energy,

http://geochina.cgs.gov.cn H1E LT, 2018, 45(6)



%453 F el

SRARIA A T SERIAR MA T HCE A A TR E 1101

65(2) : 250—263.

Chelemanski, Zhang Yi, Chen Ming. 1982. Practical Geothermal
Science[M]. Beijing:Geological Publishing House(in Chinese) .
Feng Yimin, Cao Xuanduo, Zhang Erpeng, Hu Yunxu, Pan Xiaoping,
Yang Junlu, Jia Qunzi, Li Wenming. 2003. Tectonic evolution
framework and nature[J]. Northwest Geology, 36(1): 1— 10 (in

Chinese with English abstract) .

GB—-T-11615-2010. 2010. Geothermal Resources Geological Exploration
Standard[S].

Goes S, Govers R, Vacher P. 2000. Shallow mantle temperatures under
Europe from P and S wave tomography[J]. Journal of Geophysical
Research Solid Earth, 105(B5) : 11153—11169.

Haimson B C. 1997. Borehole breakouts and core disking as tools for
estimating in situ stress in deep holes[C]/ International
Symposium on Rock Stress—RS Kumamoto 97: 35-42.

He Zhiliang, Feng Jianyun, Zhang Ying, Li Pengwei. 2017. A tentative
discussion on an evaluation system of geothermal unit ranking and
classification in China[J]. Earth Science Frontiers, 24(3) : 168—179.

Jiang Hongcai, Zhou Ruiliang. 1994. Distribution of geothermal water
in structure system of Qinghai— Xizang(Tibet) plateau and its
prospecting[J]. Bulletin of the 562 Comprehensive Geological
Brigade, Chinese Acadmy of Geological Sciences, (11/12) : 243—
259(in Chinese with English abstract) .

Jiang Lin, Ji Jianging, Xu Qingin . 2013. Geologic analysis on the
prospects of the enhanced geothermal system (EGS) in the Bohai
Bay Basin [J]. Geology and Exploration, 49(1): 167— 178 (in
Chinese with English abstract) .

Li Shengshuang, Sun Weidong, Zhang Guowei, Chen Jiayi, Yang
Yongcheng. 1996. Geochronology and geochemistry of the
Heigouxia metamorphic volcanic rock in the Minging tectonic
Belt: Evidence from the Paleozoic ocean basin and its closing
era[J]. Science China Earth Sciences, 26(3): 223—230(in Chinese) .

Luo Biji, Zhang Hongfei, Xiao Zungi. 2012. Petrogenesis and tectonic
implications of the Early Indosinian Meiwu Pluton in West
Qinling, central China[J]. Earth Science Frontiers, 19(3) : 199-213
(in Chinese with English abstract) .

Li Y, Schmitt D R. 1998. Drilling—induced core fractures and in situ
stress[J]. Journal of Geophysical Research Solid Earth, 103(B3) :
5225-5239.

Mackenzie G D, Thybo H, Maguire P K H. 2005. Crustal velocity
structure across the Main Ethiopian Rift: results from two—
dimensional wide— angle seismic modelling[J]. Geophysical
Journal of the Royal Astronomical Society, 162(3) : 994.

Matsuki K, Kaga N, Yokoyama T, Tsuda N. 2004. Determination of
three dimensional in situ stress from core discing based on analysis
of principal tensile stress[J]. International Journal of Rock
Mechanics & Mining Sciences, 41(7): 1167—1190.

Panel DOE. 2006. The future of geothermal energy: Impact of
enhanced geothermal systems on the United States in the 21st
Century[J]. Geothermics, 17(5) : 881.

Polsky Y, Capuano L J, Finger J, Huh M, Knudsen S, Mansure A J C,

Raymond D, Swanson R. 2008. Enhanced Geothermal Systems
(EGS) well construction technology evaluation report[J]. Physical
Review D, 17(10) : 2529-2551.

Priestley K, Debayle E, Mckenzie D, Pilidou S. 2006. Upper mantle
structure of eastern Asia from multimode surface waveform
tomography[J]. Journal of Geophysical Research Solid Earth, 111
(B10) .

Rybach L. 2010. “The Future of Geothermal Energy” and its
challenges[C]//Proceedings of World Geothermal Congress, 2010:
25-29.

Song Bowen, Xu Yadong, Liang Yinping, Jiang Shangsong, Luo
Mansheng, Ji Junliang, Han Fang, Wei Yi, Xu Zenglian, Jiang
Gaolei. 2014. Evolution of Cenozoic sedimentary basins in Western
China [J]. Earth Science——Journal of China University of
Geosciences, 39(8) : 1035—1051(in Chinese with English abstract) .

Stiegeler S E. 2008.A Dictionary of Earth Sciences[M]. Rowman &
Allanheld.

Simmons S, Kirby S, Jones C. 2016. The geology, geochemistry and
geohydrology of the FORGE Deep Well Site, Milford, Utah[C]//
41st Workshop on Geothermal Reservior Engineering, 2016: 1-10.

Wang Chenghu. 2014. Brief review and outlook of main estimate and
measurement methods for in— situ stresses in rock mass[J].
Geological Review, 60(5): 971— 995 (in Chinese with English
abstract) .

Wang Jiyang, Hu Shengbiao, Pang Zhonghe, He Lijuan, Zhao Ping, Zhu
Chuanging, Rao Song, Tang Xiaoyin, Kong Yanlong, Luo Lu, Li
Weiwei. 2012. Estimate of geothermal resources potential for hot dry
rock in the continental area of China [J]. Science & Technology
Review, 30(32) :25-31(in Chinese with English abstract).

Wang Changgui, Lv Yousheng. 2004. Gonghe Basin : A new and
worth— researching basin[J]. Xinjiang Petroleum Geology, 25 (5):
471-473(in Chinese with English abstract).

Xu Tianfu, Yuan Yilong, Jiang Zhenjiao, Hou Zhaoyun, Feng Bo.
2016. Hot dry rock and enhanced geothermal engineering:
International experience and China prospect[J]. Journal of Jilin
University (Earth Science Edition), 46(4): 1139—1152 (in Chinese
with English abstract) .

Xu J F, Castillo P R, Li X H, Yu X Y, Zhang B R, Han Y W. 2002.
MORB- type rocks from the Paleo— Tethyan Mian— Lueyang
northern ophiolite in the Qinling Mountains, central China:
implications for the source of the low **Pb/**Pb and high "*Nd/
"“Nd mantle component in the Indian Ocean[J]. Earth & Planetary
Science Letters, 198(3) : 323—337.

Xu Shuying, Xu Defu, Shi Shengren. 1984. A disscussion on the
devolopment of landforms and evolution of environments in the
Gonghe Basin[J]. Journal of Lanzhou University (Natural Science),
20(1) : 146—157(in Chinese with English abstract) .

Yang Jingsui, Shirendeng, Wucailai, Wang Xibin, Robinson P T. 2009.
Dur'ngoi ophiolitein East Kunlun, Northeast Tibetan Plateau:
Evidence for Paleo— Tethyan Suturein Northwest China[J]. Journal
of Earth Science, 20(2) : 303—331.

http://geochina.cgs.gov.cn H1E LT, 2018, 45(6)



1102 H [ Hb J 2018 4F
Yuan Daoyang, Zhang Peizhen, Liu Xiaolong, Liu Baichi, Zheng M), H2ERTZK, 24(3) 1 168—-179.
Wenjun, He Wengui. 2004. The tectonic activity and deformation GB-T-11615-2010. 2010. HiFABE I BT A FLAL[S].

features during the Late Quaternary of Elashan Mountain active
fault zone in Qinghai Province and its implication for the
deformation of the northeastern margins of the Qinghai— Tibet
Plateau [J]. Earth Science Frontiers, 11(4): 393—402 (in Chinese
with English abstract) .

Yang lirong, Yue Leping, Wang Hongliang, Zhang Rui, Guo Huaijun,
Zhu Xiaohui, Zhang Yunxiang, Gong Hujun. 2016. Quaternary
stratigraphic realm and sedimentary sequence of the Qilian
Mountain and adjacent areas[J]. Geology in China, 43(3): 1041—
1054(in Chinese with English abstract).

Yang Lizhong, Liu Jinhui, Sun Zhanxue, Wang Andong, Wan Jianjun,
Zhou Yi. 2016. Study of the characteristics of radioactive heat
production rate and hot dry rock resources potential in Zhangzhou
City [J]. Modern Mining, 563(3): 123—127, 133 (in Chinese with
English abstract) .

Zhang Henglei, Hu Xiangyun, Liu Tianyou. 2012. Fast inversion of
magnetic source boundary and top depth via second order
derivative[J]. Chinese Journal of Geophysics, 55(11) : 3839—3847
(in Chinese with English abstract) .

Zhang Fawang , Wang Guiling , Hou Xinwei Li Jianhua, Li Yujing.
2000. An Analysis of the formation of geothermal resources and
the effects of groundwater circulation on the wall rock temperature
field—taking the Pingdingshan Mining Field as an example[J]. Acta
Geoscientia Sinica, 21(2):142— 146 (in Chinese with English
ahstract) .

Zhao Ping, Wang Jiyang, Wang Ji, an, Luo Dinggui. 1995. Characteristics
of heat production distribution in SE China[J]. Acta Petrologica Sinica,
11(3) : 292-305(in Chinese with English abstract) .

Zhang Senqj, Jia Xiaofeng, Zhang Yang, Li Shengtao, Li Zhiwei , Tian
Puyuan, Ming Yuanyuan, Zhang Chao. 2017. Volcanic magma
chamber survey and geothermal geological condition analysis for
hot dry rock at the Weishan Volcano in Wudalianchi Region ,
Heilongjiang Province[J]. Acta Geologica Sinica, 91 (7) : 1506—
1521 (in Chinese with English abstract) .

Zhang Guowei, Guo Anlin, Yao Anping. 2004. Western Qinling—
Songpan continental tectonic node in China's continental
tectonics[J]. Earth Science Frontiers, 11(3): 23—32(in Chinese with
English abstract) .

Zhang Xueting, Yang Shengde, Yang Zhanjun. 2007. The Plate
Tectonics of Qinghai Province — A Guide to the Geotectonic Map
of Qinghai Province[M]. Beijing: Geological Publishing House (in
Chinese) .

Bt e 32 25 STk

Wk R WE B, sk I, S s, MR TR, B Aok, BURET, 230
2003. 7 Z8 04 3 1LY 1A B T A Jm AN T [T]. PR LML, 36
(1) : 1-10.

TR, A, K, 22, 2017, 3838 E bR TT A 4 25T

LW, JE i K. 1994, 75 P o SRR 1 R R s 1 1 oK o A B4k
PT7 R[], v EHUBREBE 562 284 RAEF], (11/12) : 243-259,

TVEAK, ZE Y, RO . 2013, 9 I T A b 1N FH G 8 TR i 4R R 4
(EGS) By S/ Hr[J]. Ho5 S5R, 49(1) : 167-178.

Gtk 5K, M ZEAT. 2012, P25 04 BN S L) 96 RS ARG A Bl
Rl B LR 15 7 L [J]. Hb2ETT 2%, 19(3) £ 199-213.

ZRESE, INTIAR, TR FEH, R S 7K. 1996. 76 2 14 i i 1 75 2
T AR F L R ARAR 2 R R A 2 — ot A AP G B PR A i
FRIGUESELT]. P RN (ERRHE) | 26(3) £ 223-230.

YIS gHEE, &R, R, 1982, ST AR M]. JUaT: HiJTT i it

KNGS, IR, JEART-, VLGRS, 360 2E, R4, B 05, 35—, 1Ry
i, 228 k. 2014, v [ PG R AL ACUT B AU AR (0], Hh Rl 2
——HE TR AR, 39(8) 1 1035-1051.

TEHEW), B12E 5, Je AL, I, BOF, ARG IR, Bems, s, fLE
e, % Bk, 25 1T 2012, v B T A M SR U5 T 1T AN 0]
B SR, 30(32): 25-31.

T EkE, B A 2004, LR ———NEAFIE S A3 A ] e
FIhHLR, 25(5): 471-473.

TR, 2014, Hiu vy g 3 R, By vk Iml e e B D). M iR
P, 60(5) : 971-996.

VFRAR, 5T, 2RI, I 2, 1535 2016. T4 TR RSG5 70 1
IR [ PR 3 R 3 ] R B [0, 3 PR 22 23k (b BRBF 2R
46(4) : 1139-1152.

AU, A, 0 AR 1984 MR 4 H b 3 R B S FR B
PII). MR E2E R (AR , 20(1) @ 150—161, 188.

TEIEH, SRR, XN, XUEFE, FBSCHE, ] 305t 2004, F i 58711

VB 547 B 565 DU 20 ) i 3% 30 S HL I I e 1 5 88 s JR AR AL 4 1A A8 T2
HUHI[T). Hb247T2%, 11(4) : 393—-402.

R, AR, Tk, skE, S, R/ANVE, ko /, 5 R %
2016. B3 1L S 4B IX 45 DU 26 b 2 X K] 5 D RUF 5 [0]. Ho B b s,
43(3): 1041-1054.

War i, XUAHE, P2, TAEAR, T HEZE, JRL. 2016, T A A
A ERARRAE e I B UETE 10, AR, 563(3) : 123-127.

FRARE, BU/NE, kb, M, ZEEA, IR, BRI, 5K, 2017
SR ITAR TR L X L 3 S 5 T A M A
FAFAIHTI]. HUFE2AT, 91(7) : 1506—1521.

sk A, ZR2pR, W4T 2004, b R A i e Y PE R0 —AA TR KB
MY S50, H2FRTZ, 11(3) : 23-32.

Tk I S, A A, e 2007 5 A AR 5T —— 1:100 7
TR R 1 A5 [ M ). st s L.

SRAE A, B2, XURAf. 2012, B F B S AU RETR 71 95 TR IR
B P R[], HEBERY BT, 55(11) @ 3839-3847.

TR NE, FSRE, BERHh, 22 EAE, 2= K. 2000. Hb T /K A6 ER X R
Tk 3 114 52 ) B AT PR IE A3 W —— LA TOULL ™ DX 41 0.
sk, 21(2) : 53—142.

BT, VEAE A, TELRZE, W 5 . 1995, v [ 75 e b X 44 A AR 43 A
FHIE[T]. A 254k, 11(3) @ 292-305.

LR

http://geochina.cgs.gov.cn H1E LT, 2018, 45(6)



