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Research on formation mode and development potential of geothermal
resources in Beijing—Tianjin—Hebei region

WANG Guiling', ZHANG Wei', LIN Wenjing', LIU Feng', ZHU Xi', LIU Yanguang', LI jun’

Abstract: Haze in Beijing— Tianjin—Hebei region is relatively heavy; at the same time, this region is rich in geothermal resources.
The development of geothermal resources can contribute to the energy structure adjustment and the control of haze in that region. In
this paper, based on the analysis of the fracture, strata, terrestrial heat flow and geothermal gradient of Beijing— Tianjin— Hebei
region, the authors summed up the formation mode and hosting conditions of convection geothermal and conductive geothermal
resources respectively. The quantity, exploitation situation and the development potential of geothermal resources were also
calculated. The result shows that geothermal resource reserves are equivalent to about 138.3 billion tons of standard coal, and heat in
geothermal fluid of the local region amounts to about 11 million tons of standard coal. Nevertheless, the exploitation quantity is only

equivalent to about 10% of the total resources, and hence the potential for geothermal resources development and utilization is huge.
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Fig.1 Contour map of terrestrial heat flow in Beijing—Tianjin—Hebei region
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Fig.3 Formation mode of convection geothermal resources in Beijing—Tianjin—Hebei region

http://geochina.cgs.gov.cn H1E LT, 2017, 44(6)



a4 o

T RFAE TR X b B I AR 2 S T Y 1079

I ATFLIE . PR K 150~1500 mY/d, 7K
nJ ik 34~73°C,

HOB T RAAEE A B R s ke
AR, FEMZE AL RS RINA S KRS T
FE4H, BJERE 300~1000 m D), EEM RS AL K
RS AR DAY YR B S HE TN A MR
800~2000 m, 1= FH &5 M HEYE 3000 m 247, BAFFI K
1 400~1500 m¥/d, J- FI/KIRIAF] 60~80°C , fi i Al ik
104 °C , JZA DXL e o A IV 2
3.2.3 FKRFHEE

SR S E T A 4 TR AR R T
] AR YR & A 3L R 4 B (63 51538 4 B (e
BB e B I T B HEE R 1 AT, 1
I A (B R S A SR M 2 W S TR R 2 A0
BT MR A R A1) oK G
3.2.4 4k & &

At 525 T AR X 2 i B i 2 AR
JCF IR PO R B, SR, FLBREE K, vk
25, N A R E R 2 BT AR R AR
R U R X FAR G 55 2, AR X TR
H AL A 5 DR E 2 OCEZAPER .
3.2.5 AR

ZF I, S DX RN Z £ 5 0 M AR U R
R AN 4 P, b i A 20 A (R P A

4 km 7
RyfTylh

AT L SIS HZ  7E S LB R85
PEFKIZANE 2, 5 BRI TR 2 2
T F PRI AR | IR IX ST E A 25T,
BOELT DTSR 0K S HGE AR
4 G
4.1 FEGHIED
4113 ME R

X BT M X HD PG REA T T R AT, X T
A bR T LK, 25 TR T R 2 T i, LA
(] ERF 6 A2 AT B S5 AR R DA SR - (1) #R it
TRAE 4000 m DAPY, #4205 25°C L) |5 (2) Bt
HI7KE KT 20 m'/h,

XTI AR BERHR D B M X 5 2
S A4 ML HRBS E R T 2.5°C/100 m 3K Bl SE VBT THT
P, MR B it 2 R DR AR DAAE SR B
ARG, B S22 T SR FH M R A P A o
412N A E LM &=

PR 0 N 5G4 P R o | P 5 AT R
i A A7 B IR AR ] R A AR
AR, [ S M AR AR T IR & K ] I
Kk, GG T ARG, ST AR I A4 AR
K FAR TAEMPEM T kit T T % —

MR ARZLR , B M7 BRI oA

4 km

— e b

N EREE |

W B

GRYZK1

ST

| {6 738 R

"Q 3:;::-.i.. ro

24-

38:

P4 FURILHUR AL SRR b P P A 5

Fig.4 Formation mode of conductive geothermal resources in Beijing—Tianjin—Hebei region

http://geochina.cgs.gov.cn 1 [EHLTT, 2017, 44(6)



1080 i 5] b J 2017 4F
PRI O FRGRLAR ] R R M IR A AT R AR R E R MR IARAEAE & 6.75 L m’,
HH AT R P T IR AR T TR R A nses (R0 , [RI 98 4514 M PR AR A T R R B 3y
IR ) i HEME T SN i A EARUERE 2,514t

XFOTER Z s Y s PRTT IR, 3% 1 T A S T 4.2.2 R 3R HF AL

B o HbPREE I R P AR TR s M AR IR T R
SR FH NSCRE TR 5 M AR ARG A7 1 2 B AT
5 A 7 B 2 R AR A AT R R R
FVFRER D SR REOE LR A0 s MIEAR M T %
HETFFR 10047, THAE 15% 0 M AV i, MR s P S Al
AR AR T ARV R

4.2 R

4.2.1 BARAFIE

ST Ml X K AR M R R T AR R (4
Hi AT R A AN PE O 5 XA I P A (A AR
%, 2004; J7iEH %, 2015; MRELGE, 2014), iZHLIX M
PGEVRAE YT A PR EREL) 138342 t(FK 1), 4F H AR
PRA I RAAE ST AR MERE 1100 77 t,

U R X R L R PR VR T B, AT
JiE R 2.04x10" KI, PTG AnifEdE 0.69 12t HiHR
PR AT IT SR A 2492 1300 T3 m/a, i BRG7 A4 ] I % A
42.15%10" kI/a, Yr & niEdE 7.29 77 ta,

I A 11 e AR s B PR 2 0 A T P S B
20 M ERATHIX o b 194, REET 145) 6
HA R SR 1 T B 1 3t R M PR R R e R, 200
AR XGRS Y 59% , AR B AR EL B R B
MR LB RET R R AR
JE T 9 - L B R R, A i R A U 1Y
12% 6% ; HoAth B DX B8 5 i AR XA /D o DTN 2 s A
M HRGEUE )z A A T EEE M DX SR X, A A

SR XTI 2 T AR, IR R R
2 IR Y 75% , KT 2 5 22%, b Ui i
Do BGATEL X, R i B IS A
K, ik 1.6x107 kI, Y& bRt 54.6 12t BEIHEHTIX
HR YT S AR R 49.5 12t T AL fy T 18] T 4 43
et NS =

Fie LA T XA 43, SB[ A1 45 F T
PR T TR BT A AR R T 30 )7 va 47 80
AXCE AR IR E X R, Hip KT 10
A ALFEBREN X Z M A X E b9, &
B TIRIX . b 614, 24010 T 433 (g
TBESEJEIX . AT 3~30 05 t/a Z B A 294>, bk
PEUR— e A, T A T AR X S e
X, HAth b X /NT 3 07 ta, A] PR IR FF &V S —
J, BT T PGS AL AL X AT

WS iR AR AS R0 X PO R 5
A3 AT G A LA, 0053 HE Rt T JE DX b AR U
TR IIRBCO X, B AT T B R T AN [ e X A
PERA AT 2 F o PP 45 3 (/R K T M P R R
TR TIAEA X B i, P SR XA g 45 07 X
S X WO T 4% 10" /km?, b
B R 5 LU AR AR 4y | e e b DX R b 5 AR
b DX b BRI T A, At b DR X A I N T
4x10"Y/km’, Ll X H B IR 2 R s R A, I A
FHRE 7 T AR > b AR ST

F1 RREMRMAREETNER—K
Table 1 Evaluation result of geothermal resources in Beijing—Tianjin—Hebei region

2 EIIRE A AT

Mo Mo BT R Mo BGRAATT IR B
H &I HE4% TR
HoPGEAAAE  H B AA T
B PE AR % R Iml e 4
B WU T ARE MR PR e FERE MR o B o
B o S . B Proksde  RERE fERHMAGE A
fEfr MERE TORE ML /00"mY)  /(10'mYa)  JPRAGE o s .
H/10ta)  (10°m’a)  ARTT IR /(10t/a)
A10'kT)  A(10%)  A(10k))  /(10%) /(10K /a)
/(10K /a)
Jext 994 3.39 1.49 5.09 2.57 7.38 131 4.46 743 123 421
K 8980 3070 1770 60.50 152.00 44.10 6.46 22.10 7.95 1.48 5.06
@k 305 104 62 211 558 174 24 83 26 5 16
it 405 138 81 276 712 225 32 109 42 7 25

http://geochina.cgs.gov.cn H1E LT, 2017, 44(6)



H44E ol

T BEFAE U RTH DX R B DR S T I S 1081

5 3 ®

51 HEHMHPFEFLZIREFAEN

25 b R X b R R T AR A T
RAHRRRER R TR DT L&A TR JF
KA ZRE FRSeHE 2T E AR &
FHAS I IX 2 — (DT, 2010; FRERE, 2017; Fi B
BEAF, 2015), KRt A HEmE A e EHEA 5 —(CE
A5, 2000), TIA A4S SRR R SEZAAK
RISEHAA T, 2B g oA R R 2 S K
ARIFLFARIEX , JbatthA /Ng LA ARk
XA AE T A AR R R A 2 A R X ke A
by R JE T R R FH R I R S A R T AR 1Y
FANIX A /N B sl Pl 42 AL, FI 35 TR R
S2HRCHAETA A 46 HR ) , 7Kk 28.0°C~98.0°C , Hi#AH:
75HRCHRTAIH 472 ) , 7K 33.0°C~98.0°C, 2013 4F
HPGRARAETF KA g 807x10° m?, FEA R )7
IR VRV VBRI FPE FRAESE . BTSRRI ALY
326.72 JT NR/AE IR TR R 68390 m?, FRFH [ FA N
89.386 hm’, FiE M4 382 hm’,

AR DX AR 7 b 75 b PR U 1 32 A I EH Ry
fEBZ VeV O PIAE L FRAE R UEYT 9% A (E 2R TR,
2001), Horrgs KA 43 FH T ALBE , 2013 4E b 5T K
HE L TAT b B A B2 T AR 43 51 A 201.4 % 10°ma
1953x10* m*/a.2123.814x10° m*/a, L3 HY X i #4
TR B A R AR AR v R B T A
PRUEREL) 8400 J1 t(F 1), n] SZHEAEWE 1HIFR 24 27.912
m?o FAXT T, B M X7 AR S AT &
FIFT7 X AR R B2 [ 5987
5.2 HRIEFEZF BAEBEEEFENRM

TR D DX H G RS T & B T R
DT B8 ™, FE b PR GE IR T & T T B A
TSR ARIES . 58, TR HE AR WA, TE B
T UAHIAEERE R =, 2R L0 T, Pl A
RIBWIF R R AR PRI AR R
T RSB TT R AR (b SR e AL
AR B HR ) 5 R RS T B (R R,
2010; FEENI, 2016), HU, HH [8]#E B AR W) WAL
B, R D b ORI 5 T K 0 R B O i
PEAE T IS RIAT AR AR . RHEETT 2013 4F 6 [l i
g 1553x10° m?®, B RV R 41.91% (PREREE, 2006);

AT AR A ] P SR Ak ] 46% (EEAE 4, 2002);
P T e B3 gk b A [ R S T AR
IR RBEFEATE RN (5K EE, 2006), X LR
() Y2 A, DA S s BB IR R T B AR S H AR
(OO S, (A5 S X M R IR ) T K B
HoAt b X TG T AR 3

[ i, b AR5 5 A T & R I Al A 7 3 — 26 ]
A, T, HiT KA S ) 24 T X AR
PETIT K 1 B D) R, 08 b BRI [T 8 Ak 5 2% L AR
22 M ACH KRR ST R R (S N 4,
2006), HK, AR AR WEIAR R K] 2
SIS WG RE R P FH A4S B A AT 1T H A AR X
I W Z2 o0 N T, FLANAG AR H0 TR
IE B 1 BT 5 A R (DB RESE, 2011), [A]
B, AR A P R DX MBS R ) T 5 R R R vy,
b b DX F5ARR o 75 b AR TR A F 2 AR B4 A (XA
85,2012) BXLE[A]REEZ N T 7 Hb DX bR 5 A TE
TR A 5T &, TR,
6 Ziie5E
6.1 &it

H A IRAE S —F el PR AR IR, HA b BT
N HA v] A BE VR TG IE L LA AR 34 . Rt B b X
55 g BUR 0 25, DUBRIE Ry 32 10 BE IR 45 4 R 15 7
AR, T Y M IS IR R L PR A IR R, &
BT e 1 FH AT 7 SR B0 A 15 BBV HE IR, o B
PER SR A L X Z G W R E T, FK T M2
R A7 7 Ay A Lt 760 b A 98 U8 %) A BRI T 7K A
o Y A A T, 5 1) 5 A 1 e AR b RO U 1 A
R X UUBUZ R (AR B R T E K B K i
s a], MR EIR E 2 A B A WA IR A AR
B FER— P R P el AR A A
it )23 52 URFR IR A, e 2t J2 43 A T RO
TR AR ARG s BRI A At 2R s o

SMVARTI R, mUHESE M X R IR 3 5 [T 0 4 1
T HB R GARAE AT IR A T B AR L 29 8400 TT ¢t
A SRR WAL 27.9 42 m?, 4T & AT s HE R
RZI 2421, AR 2013 4F, gUHR 4 X VL g
T AR 245 4300 J7 m?, T REIAEE ST K
6.2 Eil

R 55T LB [X b BB YRR 5 T 2 IR, 4

http://geochina.cgs.gov.cn H'EHL T, 2017, 44(6)



1082 th [

H

=

2017 4F

Bl =iEAX >8x10')/ km?
[] R A 4% 10 -8x10")/km?
[ ki X <4x 107 /km?

[ ] MREmX

100km

5 AU D BT 1 X K

Fig.5 Partition map of geothermal resources development potential in Beijing—Tianjin—Hebei region

BONBIR JUAST7 IS T A -

I, BN AR A PP . EE AT
L 2HE L LAt AT PR 2 s X AR v
TR DX A /N B b DX b A 5 ) £
o S PR PR S BT e AR SRR AR o
U, B AL MR TR IR B R 4P A R BT AR
HOF SR X B B e A Ry AN 3 G ol
THE 24 TR AL, B RV AL, & BRI A AT Jey 56 A M 0
P, SSEHBR A LG FUR AR AN, 5=,
TR TR BE A T o TR R AR
WOK” B JEOU , B e B 24 S8 2 A DL
YRR DX TT i P RE A AR S e s v I A ik
8 A S B M AR I A K TR 4 IX R B
ST Z AR M o 550U T G R AR B

T IR FARE DA Bl e T 2570 1] 25 R R O 5 %
Jih T BTG RE H AH F TRZ MR R LB AT
TR AT A , BN T M R B IS A T A F 5
SR

Reference

Bin Dezhi, Liu Jiurong, Wang Xiaoling. 2002. Geothermal resources in
Beijing [C]//Beijing Geothermal International Symposium (in
Chinese with English abstract).

Chen Moxiang, Wang Jiyang. 1994. Geothermal Resources in China:
Formation Characteristics and Potential Assessment [M]. Beijing:
Sciences Press, 1—39 (in Chinese with English abstract).

Chen Moxiang. 1988. Geothermal Resources in North China [M].
Beijing: Science Press, 1988:1-214 (in Chinese).

Cui Baole. 2010. Study on the development of hot spring tourism in

http://geochina.cgs.gov.cn 1 [EHLTT, 2017, 44(6)



a4 o T PR A RS X AR VR R S Y AR 1083

Bazhou in the the Beijing— Tianjin— Hebei economic integration
process[C]//Comprehensive Docking in the Same City and the
Beijing— Tianjin Corridor Economic Integration Academic
Conference (in Chinese).

Fang Lianyu, Li Jun, Kang Puqing. 2015. Report of geothermal
resources evaluation and regionalization in Hebei Province[R]//
HengShui, The Third Party of Hydrogeology and Engineering
Geology, Hebei Bureau of Geology and Mineral Investigation. 6.10.
(in Chinese)

Gong Yuling, Wang Liangshu, Liu Shaowen, Ye Tengfei. 2011.
Thermal structure and thermal evolution of the Bohai Basin in
Eastern China.25—42 (in Chinese).

Hu Shengbiao, He Lijuan, Wang Jiyang. 2001. Compilation of heat
flow data in the China continental area (3rd edition) [J]. Chinese
Journal of Geophysics. 44 (5): 611 —626 (in Chinese with English
abstract).

Jiang Ling. 2015. Energy Consumption Structure and Carbon Footprint
Analysis of Beijing— Tianjin— Hebei [D]. Tianjin: Tianjin
University. (in Chinese with English abstract).

Li Gongke, Wang Weixing, Li Hong, Yang Fengtian, Wang Linhai,
Fang Wanling. 2014. Temperature distribution and controlling
factors of the Tangquan geothermal field in Hebei Province[J].
Geology in China, 41(6): 2099— 2109(in Chinese with English
abstract).

Li

—

Ningbo, Yang Junwei, Yu yuan, Li Xiang, Ke bolin. 2017.
Combination with development and innovation for efficient use of
“Two Geothermal” in Beijing— Taijin— Hebei economic zones[J].
Urban Geology, 12(1):1—4 (in Chinese with English abstract).

Lin Li, Gao Baozhu, Ruan Chuanxia. 2014. Report of geothermal
resources evaluation and regionalization in Tianjin [R]/Tianjin,
Tianjin Geothermal Exploration and Development— Designing
Institute,10 (in Chinese).

Lin Li, Zhao Sumin, Wang Xinyi. 2006. Ultilization state and
protection project in Tianjin Geothermal Area [J]. Editorial Board
of Journal of HPU (Nature Science), 25(2):105— 110(in Chinese
with English abstract).

Lin Wenjing, Liu Zhiming, Wang Wanli, Wang Wanli. 2013. The
assessment of geothermal resources potential of China [J]. Geology
in China, 40 (1): 312—320(in Chinese with English abstract).

Liu Jie, Song Meiyu, Tian Guanghui. 2012. Discussion on the ore—
bearing characters of the Jiaoyuan Fault in Songxian County,
Henan Province [J]. Geological Survey and Research, 67— 73 (in
Chinese with English abstract).

Liu Kai, Liu Yingchao, Sun Ying, Liu Jiurong, Wang Shufang, Liu
Zongming. 2015. Characteristics of deuterium excess parameters of
geothermal water in Beijing[J]. Geology in China, (6): 2029(in
Chinese with English abstract).

Liu Xun, You Guogqing. 2015. Tectonic regional subdivision of China

in the light of plate theory[J].Geology in China, 42(1): 1- I(in

Chinese with English abstract).

Ma Fengru, Lin Li, Wang Yingping, Cheng Wanqing, Zhao Sumin.
2006. Discussion on the sustainable exploitation and utilization of
geothermal resources in Tianjin [J]. Geological Survey and
Research. 29(3):222-228 (in Chinese with English abstract).

Qiu Nansheng, Hu Shengbiao, He Lijuan. 2004. Theory and
Application of Study on Geothermal Regime of Sedimentary
Basin[M]. Beijing: Petroleum Industy Press, 26—29 (in Chinese).

Sun Ying, Liu Kai, Liu Jiurong. 2015. Report of Geothermal
Resources Evaluation and Regionalization in Beijing[R]. Beijing,
Beijing Institute of Hydrogeology and Engineering Geology. 6(in
Chinese).

Tian Tingshan, Li Minglang, Bai Ye. 2006. Geothermal sources in
China and its exploration [M]. Beijing: China Environmental
Science Press. (in Chinese).

Tian Guanghui, Lin Li, Cheng Wanqing, Zeng Meixiang, Liu Donglin,
Song Meiyu, Cai Yun, Wang Ping, Zong Zenghai. 2011. The
construction of dynamic monitoring network for the development
and utilization of shallow geothermal energy in Tianjin [J].
Geology in China, 38(6):1660— 1666. (in Chinese with English
abstract).

Wang Guiling, Zhang Wei, Liang Jiyun, Lin Wenjing, Liu Zhiming,
Wang Wanli. 2017. Evaluation of geothermal resources potential in
China [J]. Acta Geoscientica Sinica, 38(4):448—459. (in Chinese
with English abstract).

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

Wang liangshu, Liu Shaowen, Xiao Weiyong, Li Cheng, Li Hua, Guo
Suiping, Liu Bo, Luo Yuhui, Cai Dongsheng. Distribution
characteristics of terrestrial heat flow in Bohai Basin (in Chinese).

Wang Wanli, Zhu Xi, Wang Guiling. Method of forecasting the
temperature in constant temperature zone under warm temperate
climates[J]. Renewable Energy Resources,2016,34(8):1112 - 1116
(in Chinese with English abstract).

Wang Weixing, Li Gongke, Li Hong, Hou Jiayu, Fang Wanling, Yang
Fengtian. Hydrogeochemical characteristics and origin of the
geothermal fluid in Tangquan area, Hebei Province[J]. Geology in
China, 2013, 40(6): 1935—1941(in Chinese with English abstract).

Wang Xuegong, Li Yongzhuang. 2001. Characteristics and evaluation
of geothermal resources in Beijing— Tianjin— Hebei Region[J].
Geothermal Energy, (6):1—7 (in Chinese).

Wang Yang, Wang Jiyang, Deng Jinfu, Xiong Liangping. 2001. Heat
flow constraint on the abundance of uranium, thorium and
potassium in crust and lithosphere of the continental area of
China[J]. Progress in Geophysics, 16(3): 21— 30 (in Chinese with

http://geochina.cgs.gov.cn H'EHL T, 2017, 44(6)



1084 o | H [ 20174F
English abstract). FEF, T R AR RN S KL 2011 EZR TR S A AL f
Wang Zhigang. 2016. Discussion on energy saving measures for AL M)A E R R S R, 25—-42.

atmospheric and vacuum distillation unit [J]. Green Petroleum &
Petrochemicals, 1(6):1—5 (in Chinese with English abstract).

Wang Zuwei. 2000. The Development countermeasure of Tianjin
terrestrial heat resources [J]. Territory & Natural Resources Study,
(3): 50—51(in Chinese with English abstract).

Wei Wanshun. 2010. Evaluation of Shallow Geothermal Energy
Resources[M]. Beijing: China Earth Publishing House (in Chinese).

Zheng Liying. 2015. The Characteristics and Evaluation of Geothermal
Resources in Beijing— Tianjin— Hebei Region[D]. Beijing: China
University of Geosciences (in Chinese with English abstract).

Zheng Xiaoxia, Li Lingjun, Zhao Wenji, Zhao Wenhui. 2014. Spatial
and temporal characteristics of atmospheric NO2 in the Beijing—
Tianjin— Hebei Region [J]. Ecology and Environmental Sciences,
(12):1938—1945 (in Chinese with English abstract).

Zhu Rixiang, Xu Yigang, Zhu Guang, Zhang Hongfu, Xia Qunke,
Zheng Tianyu. Destruction of the North China Craton. Sci China
Earth Sci, 2012, doi: 10.1007/s11430—012—4516—y.

Zhou Guofu, Gong Lili. 2014. Factor analysis of carbon footprint of
Beijing Tianjin Hebei Province energy consumption and
influence [J]. On Economic Problems, (8):27—31 (in Chinese with
English abstract).

Zheng Keyan, Dong Ying. 2009. Bring superiority of geothermal
resources into full paly and promote the renewable energy
construction in China[C]//Geothermal Symposium of West Pacific
branch of 2009 International Geothermal Association(in Chinese).

Zheng Zhizhong. 2017. Study on the characteristics of hydrothermal
geothermal resources[J]. Energy & Environment, (1):54— 55(in
Chinese).

Zhou Zongying, Liu Shiliang, Liu Jinxia. 2015. Study on the
characteristics and development strategies of geothermal resources
in China[J]. Journal of Natural Science, (7):1210— 1221. (in
Chinese with English abstract).

Zhang Guobin. 2006. Geothermal resource distribution and existing
problems in exploitation and utilization [J]. Coal Geology of
China, (s1):25-27(in Chinese with English abstract).

S 30k

TEAER XIS, /N, 2002.40 5T b I [CY// AL 5t M A ) B A
WHEIBCEE.

[ AR . 1988, fEbHb B M]. JLET . BlaE AL, 1-214.

WREETr, TEAR . 1994, v [ M A5 U5 — — I8 B S RV Ak M.
ot BhE L, 1-39.

FEFEAR. 2010. BT EEHLZE B — Ak i A N 7T I SR Dl & e F
FE[CY. R A T B2 B R 28 B — IR f b AR 25

JiiEE, 208, FEE . 2015, b4 Hh A PR BRR A A DA 5 X R
A5 [R]. A7k, WA ML Ry 5 =K SCT R HLTTRCBA, 6.10.

EAZEhR, TGS, VRSN, 2001, rf FE K i b X R M BA G 50 Y 2w (56
O[] Bk PEAR, 44(5) :611-626.

T35, 2015, FUHESCHI X BEIRTY TR 2544 S0k K2 38 43 BT [D]. o K
KA, 2015.

ZEUCRY, T A, 2%, e, TR, 57 5. 2014, 677 SR M Ak
FH b 385 3 43 A1 e A5 i DR AR (0] P [ 3 R, 41(6): 2099—
2109.

2T, WA, T, 25, fTRARK. 2017, FF RS B AS A (2 ik
ST I RE R R J]. IR AT HL T, 2017, 12(1):1-4.

MREL, v B, B A% 6.2014. K T M BB IR R O 2 IT AN 5 IX
R [R], T, KA 25 TF % 5B, 10.

MREE, BRI, F0 . 2006. T IK T A R FAR G R AR 3700 55
WFFE[]. TR T 254 (A SR R4 ), 25(2):105-110.

XU, XU, INAL, X2, EATT, XIS, 2015, JEaTHbIX Hi ARk
S SRR HTI]. R, (6): 2029.

T SCH, RSB, F W0, £ 5. 2013, A G IR L R
(31, o EHLIE, 40(1): 312-320.

XA, RIEER, MEHE. 2012, TG IR IT & 1) FH PR B il 545
TR R ELI]. T A 515, 2012(1):67-73.

XN, P 5. 2015, v A AR Bops) 1 DXCRI [0, v e i, 42(1):1-17.
IR, FRER, M, BT R, B AR R 2006, KEH G IR IR
ATRESEMETT & A ) D). Hb PR ST, 29(3):222-228.
ERAR A, 5 2SR, 00T 48, 2004, 0 45 B I 2 1 RS 5 0

FIM]. dbst: Al Tl s R, 2004:26-29.

VAL XL XA 2. 2015, db 5t T i 3R IR BLIR 8 2 2 5 X 3 417
EHRIACE AT HIK SCTARRHLTTCBA, 6.

MG, PREE, BTG, WM, XIAHR, RIEER, 5525, T, R
2011, R )Z Hb B BE TT & A FH 2 245 W ) 8 [0]. v [
I, 38(6):1660—1666.

FHEE L, 22WTH, (1. 2006. H LG IR KT AL MY, dbat:
[ IR AL

T5eEs, ke, Brakiz, 1 SR, X, BN, 2017, AR
WP [T]. HiER2EH], 38(4): 448—459.

TR AR, XU, P55, 2, 2R AR, 5 R T, Xk, B, 2R
F+.2002. F5h 1 A0 40 R b AR A3 A REAE (D). Bl R ), 47(2):151—
155.

TN, AR, TSR E Wl DX 2 A T T ik (0] T TR
e, 2016, 34(8): 1112—1116.

T AL, AR}, 2%, R, BT s, i . 2013, 3637 S HbFA
T A K SCHER fb F R AE K L IR 0], [ b SR, 40(6): 1935-
1941.

TEAERA, 265, PE LA, TR R, B, RAG DG, Bers, FEI TS, fLEE
Je, Bk, 22 T, 2012, v E R B T HAA MU A GV AN (1]
B S

TE P, TEAE W, A5, ABSEE. 2001, v [ K il b5 A A Rl 4l
Bl R R TP ]. HUERP) 7 E I, 16(3): 21-30.

http://geochina.cgs.gov.cn 1 [E 11T, 2017, 44(6)



44 ol

T RFAE  HUHERE X b B P AR 2 S T Y 1085

AN 2016. H AR Ch TR R AR A A RE JR A 8 1 3 ) —— 5 R
i DX R R TR ) S S R R AR ], A A Y BE S e, 1
(6):1-5.

TAHLAR. 2000, KCHEETT M AT USRI IR B 2 R 569, [ £ 5 H 4R
YRUERTE, 2000(3):50—51.

F2 T, A, 2001, BUHEREHE X PR AE K SRR ()], HhPEE,
2001(6):1-7.

T3 2010. 34 )2 Hi i BE 9 P F- g (M. db 5 v R R M s R,
2010.

ik D@, 2006. [ 3k A8 M AR IR 4 A FFAE FF &R FH LR A7 7 n] it
SHENYT]. P R T, 2006(s1):25-27.

bR, . 2009, K44 M HGE IR AL S U AT R A RE R A

PR[CY/ 2009 [ B F B 23 V6 KPS 2 MBI 25

SR HE. 2015, J EEF M OB AR A b A AR A S A RR AR BT T
Hr[D]. dtst: Fr EHLE K E R D).

FRIEES, AR AZE SO, XSO 2014, BUENELHE X KA NO, T35 YL
TEWFFE[I]. AR AEA], 2014(12):1938—1945.

FBAE . 2017, FK I A PR RFAERFIE (], BEUR -5 R85, (1):54-55.

JE L, CE TN, 2014, 5UHESE AR IR TH FE 0 A L 308 S HL R PR 2R 4y
Hr[J]. &35, (8):27-31.

JELAEE, XU R, X4k, 2015, v AR IR A 5 & TR [T]. A
SRYEPEAAR, (7):1210—1221.

IR EFE, B SN, A, TRz, SR, RN, 2012, At so v im g
WY E R R, 42(8): 1135-1159.

PEXZMEHNHNE ALKHLE

The discovery of Dali skull probably leads to rewriting of human evolution history

(HREEIR]

R IDE N NELSI VI Es o PN < e S il ]
e A TR 20 TTAFRTFEARMDGE  7Eid 2519 1277
ARETAR , B BTS2 . PN B R A
REHK AT TS AL AR . X MR
SENTA BAE ISR L, A D REE N R S
JELTERFAE AFIEIF T . S AN H 0L T
VIR, BUR TR AR e R 6

KRBT 1978410 PR A 3, i Bk A
PRAFRILSE 8 ) B AR Ak T o 1979 AEAENSE

G — U IR R N\ S B I, HHE TSk B T ELSE

SHEPNEEY S PN ¢

http://geochina.cgs.gov.cn 1 [E 11T, 2017, 44(6)

Nk, T 180 JAEFI KRB R p W, Z 5 16 K2 14
TTAERTIE R o 1981 48, i [ Rb 2 B B 1 5 B 8 4
W, R Sk B T 2 RRIE S AR W N — 2K, B0
BNRIEARAZ B T AR BT A RSE0

1 T2 0 55 A5 GE i A I o — e P AR ==
FIE, B T LR AREE . SR, R
Bt~ A 5 B Al 5 HURR 27 i A - Bl R
X RZG SeT A TIRAB GG LB, K7 k85 20 1
20 60 AF AR 7 JEE v RO Ll & B L O Sk
ARARRL, #RA 25 ST R T 5, (02 Sk 25 8
R nEL

JEE I AF Sk B R 78 4 AR R I LS 2R
TG o ARJE PR 2R K NSk i R A
VAR A 1K AT B, BT 7R 4 P R —
e IR AL A0 A RE U, AR i NS5 RO K i iy A%
Aot abmds, RN R TR S, X
6145 31.5 J7AERT A B IS R NSRRI ERAE 26
TAERI RIS NS E 8 B e ishis
ATRESEZ T I, SRR AR i B f— BEARRAF A
ZEI i 1z5 S Ay I E NS R RS (o S A e o Q)
FRW BTN, JEAw AJE

(ETE =2 ST N 0PN A RPN S s Sl L ]
CUNRLN N S 2 1t e 0 S (=N =) S
AU CUF I AE A s B EAE .



