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Timing of Quaternary volcanic rocks in Hebei plain
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Abstract: It is important to date the Quaternary volcanic rocks for understanding the neotectonic activities in Hebei plain. The
500.25 meter drill hole CK3 located near Haixing Country of Hebei Province revealed 4 layers of volcanic rocks. The *Ar/”Ar age
of the first stage of Quaternary volcanic rocks is 2.36+0.05 Ma. Combined with the magnetostratigraphy of CK3 core, the time of
volcanic activities in Hebei Plain should be about 1.3 Ma, 35—70 ka and 10—15 ka, respectively.

Key words: Hebei plain; Quaternary volcanic rock; “*Ar/*Ar geochronology; magnetostratigraphy

About the first author: PEI Jun—ling, doctor, mainly engages in the study of tectonic geomorphology and neotectonic activity; E—

mail: jlpei@qq.com.

PEFE UL KX L, EEAFEARILE ZRuR IR SR8, HRGEEM A, Iy
M DR 220 R I SR I KW, ARdb s Xy 28 K E IS — B R LA T Dok s o &,
RIA) AR S S TR A ST, AR R . AR AR 0 Bt DA O AL 8l 32 A i SR 1 2 v

WhE HEA: 2015-02—-09; BB HH#A: 2015-03-26
EEWE: FEXK A RPREE ST H 41172177) 9 [ US55 H (1212011120085) 845 %8
EFRN: 254, 1977404, B, i, RIBESE b, A3 b ot 2ol 20 DA DXSalh) 1o B ) 15 M ARAF 5T E—mail: jlpei@qq.com,

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



1766 i [

b J 20154F

St 22 R] [) Bt L A R L P R O 4R T B, 0.4
Ma ZEATIE AL, 2 0.1 MaZE A 45 )02, Tl
Jir 55 DU 48 KL 32 A TR T R 0 S T U
T IX, Z R B AESE DU 22 DURZ P, 2 if X e
R BN KOG Y AR A T S i
PR AT IR T A LA K s | B S A L K E
FERIRA, LS B R0 O E RS MEAR IR e H
ta 52 FIE A LA AR BB ik R R
(A b JZ2 G 2256 EL Ly bR v R B A [ 7 2 4R
P BOGINAR LA o 6T AR A 32 2 )2
XFHCAfE A3 I S G b 2 2 RS I A
AERAE KA BRI GE_EUS T —E b, {047
S A 5 DU AR LR B 2 Y AR Sk ] 4 B ok
L AR AT LU A A2 T 6P 7 B 0
T AR & AR s R B K LS B, R IX —afF 2 1k 1L
AR B R R AR, T TR
S0 K liE sh DT s R, R, AR SC ARG
LIRS FLA O T X, EHUR S K LA T
J&& “Ar 2 Ar MR, 255 #E 200 5% LAV AR T A 2K
LG shEHR

1 MRS =

TATAEP 2R I T s, 2 A AR DR ) 3 1T
Rty o Bl FER—BhRa B RS KRS
A S0 BRI, S D4t i 2 7E
W FiESEUUR, A A DOBR AR R, AR
Z A LI 5 45 S 150 B 0T b S D AR 30 i Vg 114 e R
(11t X565 D) 2 )22 PR 2 e K, O FLARUHIE e P b J 2
2 N AR A b A i ST RN 52 T LT R
55 DU 20 s 2R AE SR,

B A AR PRI A R X AR G AT BE = A 1
T s e g il A G AR R, AR b s R AR IR,
A7 FEIAL T D R B, TERb G BRI 2k E
F14) T W )2 7 2w 4 73 A0 2 M, 2 AN A 1T — 3T
3L S R 2R R RS P R AR R
A i A7 b A At ba DX, H b Al 4R S ) 7
W R M) B 2T R R RN Y BRI B AF — 2
M RIC, AR R AL (CK3) i T TR S
WU [ A2 By, SR R4 BN L (E 1) /N LE
— o Ly HE R AR B A e, A T 2% B AR AL 3
km, ZR BRIV 24 23.5 km, L TRVEK 35.11 m, 75

WRZ30 m ™, B R O AR EE o, AR L
W TV, B EE R, HE KR TR
To AREL LI MR HERR R B EE K
o DUEEIRCE BER D)2 5 R )2 AEY, ESR A
SEFAN AN K LS B A i B i 3

CK3 FLFLI 500.25 m, YTFH)ZE £ h #E A |
e (37 T R AR RS - B> b g ek 1
TURR, D LA IR 0 — IR S W AR AL TR, o5 4 82
THE I 83.9 mb 2 . CK3 FLALE /% il A sl st
W4 )2, i R 2050 13.14~16.18 m KA
102 R TITBE IR 4, 33.37~48.02 m I I 60, % 3% i £
ke LR UTEE I X BBk LR A, 145.8~
154.05 m JR &% (0 % BT UUEE K A % TR K £ Ak
71, 222.16~233.80 m K B —B (0 2R e LR
B o

2 SEHEPR

0T NE KA A X, PR, 2
W, A—ARRE, WAL A, RIS
JEHER T WUBERE BR8] 2), AFI ARSI A 122 5
AT IS VA W T v = N P S B v e o8 A R 1A
Ko AT DRI R SR B A A, FR O
SO T AR, AR A IR A SE A X ST
Koo i AR AR 24 52 50 %5 (OSU Argon Geochronology
Lab CEOAS Oregon State University, Corvallis, USA)
SENL . KR AN RAERE ST AL A T /N, R TT A
321, JCREBE 8 S B G T i AR S A itk — 2P
TAE, JHV R Tl AR A e S B2 ) S A R I R A T I 4 2 250~
500 wm, FEFEE RIELARE &5 ook T S T A
A BRI S AN AL, S R I S LA 5 1) B B Ay
DR 52 o R e R i BT IR 50°C Y
I Uk b P VR B O 1N RS R R 20 min, AR5
P ALK BE S, R (70°CZe A7) MET . HIH
AR, BE T A ASOh, 2% 2L EREX
ISR TRIGA A% SO HESEAT BRGT o BRGSO
aiiE I 10 W COL O B BOin B UK, SR )5
TEE PSRBT I MAP-215/50 #E4T Ar [A] 47 % 4%
BT o bR AL R Y B 5 ik B i A 2 L S
BR[21]o B AR TR ArArCALC 11, 45
SRR CK3ALES 1 LKL I ER X E i PEAE 1
}9(2.36 £0.05) Ma, MSWD 4 0.68, 5 [z ZF £k 4%

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



FA2E ol

AL RS 2 K A I 1767
2 17 118° 119°E
! r PPEEN T .
s = o’ -
-EE o T R il
f’ M ]
/ {ﬁ ~ - L
* 7 HG1
N 7/ ’
39° -
4y /Ef
-7 T J’
v

K’é/
38° - / E ,

[ s

[/ s

[o |#intrE :

[vv ]kws -

[ = | N

[\ i 0 15 30km oDX2-4

1 BIFSE X B SR it 6 R Al LA 5 P (1 SCRiR (6148 k)
Fig.1 Geological map of the study area and location of CK3 drill hole

(2.29 £ 0.13) Ma B — (181 3), L AF I ZA) 46 iR
(314.23 £25.92) BE R TR CAr/ *Ar, (HAE R 2EE
FEIN . PRI, ©Ar /P Ariatas B2 52
31’

3.1 CK37LA L=/

T I )2 = AR U T A2 R AE 5 DU 42 A 0
KIS A 7 A R KRR RE LS . SC
FR (231X B HH i T DA 1 K L DR T 2R 0 1) oy M
WFFE I 45 A [ AR AR 2 e 25 51, Bk Eisr T
4.5 Ma LR (b REN A3 . G 2 2% Rk
J& 5 IE, £ DU 20 A v L REA PEAS BN, 2K TR
PR () AR M AR R P, A M AR A AR Y
SBRIR) I, PRI i Ay 2 AR | R A e A b 5
ZAFRIAT BRI T2 — . CK3FLfgM: 2
TF 5 1 DU X A 7 ] B R0 oy b i 5 ot ) 1
3 T 5 S0 = R DR S T A 2 R B IR 7
FIEE AR IR ARAT, 4B 7R 56 DU 20 LUK 4 193 K 1L 42
PETBHARAEZR M F AR 200 < 56 1 0
£ F Olduvai # 1 W 1 LA, HAEAR L) 2.12 Ma;

55 2 W T Jaramillo F 5, HARRLH 1.34 Ma; 553
WAL T X B 2 55 3 4% )2 Z ), AR R
35~70 ka; %5 4 WIAb T4 1 555 2 22 Z A], HAR
IR T 10~15 ka8 4).,

A SCAE CK3 AL 1 W KA R 2 A m
YA CArE ARSI R H R (2.3640.05) Ma, 5 R4
H)JZ2AHER D29 212 MadE AT E 22 57 0 1 X —

SRR O Ar/ P Ar IR ZE T 18 e RER 1
GIXT L 30 g 252 /) — 99 K L A ot RS 5 210 14
Ma 9 “Ar/ Ar 4F1%, 45 7T 68 H T2 9 5T A9 P04 Rl
TRAFTFE, AR G2 0 B 356 5, JF L3S
— B AR AR IR, (2.36 £ 0.05) Ma FOARE IR HL AT
AEE ALE S, PR, R AR 1 5 ) He rT BE A7
FEIR] L

4 JIT S ST ) R P e ) 5 [ b o R A
BVIRT HERs, REEAT 2053 B il P 5541 2 A 1 S ARy
TEFNAN A ZEF8), S b 230 A M AR 4 .
Ry} 2 R AR T P 1) e D M J2 JEE S b R, i [ e
o JZBAEARE R DA R AR R, )2 DURRR B
52 e R R AR 22, il S DU IR A 1 s

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



1768 i [

=
=

20154F

R
A
[ [
F {1

111
AR N R S R
AR (| R (RN
R L A L) I (RN

L

tran

=

-
E

b
f

= N B

e B
* l l l i
[ |.I-|. | [
R
N
S5l
=

B GXx

A

M RE L

K2 CK3 LAk A IR A
Fig.2 Typical photographs of volcanic rock in CK3

2l UBEER DURUR ] SRR 2, X in 1
b J R B AB A P 91 -5 ] ol i A P A4 06T L £ e
JE o BEARHLZ Heife e TR TR T 22 1 3 )2 (] 1K
D] 2 i A DORR M J2= T TR R b J2= A JC 1 T Y
R B, T VRS Y e Y T DR B DU 22 LI A A

DURRIEIIBEE - CK3 LA Cad s Y RER P 21 S5 B i
ZA B L BTG PR M R A5 R AR SRR AR | — 2L,
BRI AL XS A AR 2 L R AN R, i
JE R 5 I ] RO X L R b i B IE R LR
PRI, AR SCHRAIE ©Ar/ P Ar iR EE 2R, ICTESS 13k

http://geochina.cgs.gov.cn H1EHLT, 2015, 42(6)



a2 ol AL RS 2 K A I 1769
8 0.7
7 0.6
6 0.5
5
< 0.4
S , S
k% BPAESY = (236%0.05) Ma o
. .
, D]:‘_. . . . . 02
1 0.1
0 10.0
0 10 20 30 40 50 60 70 8 90 100
YAr /%
0.0040 FEERHRAERY = (2.36£0.05) Ma
0.0035 PR =314.23 £25.92
0.0030 MSWD = 0.5
5 0.0025
P,
< 0.0020
0.0015
0.0010
0.0005
0.0000
0 1.6

K13 CK3 AL KA “Ar/ * Ar AR
Fig.3 *Ar/ ”Ar age of volcanic rock in the CK3 core

A 2 1 CK3 fLiE 7R B LR DUORUFAEDTRR ] Y, 5
PRI RE S 1 T K I E B O E AR IS, 25 1 4 il
AR AR E N RERPE S BOXS EBR AL T n] SEAK AR,
DO A 3 399 L e R P 2 0 e AR AR
AE
3.2 Wit FREMEL N LARK

L JEUE DU 22 K s SR 2 20k A TR &
BfLA0, A IE 2, B 2 RS M, R DL A
RLARFE g 32 T By i JZ AN e 7 S8 R0 53O B
T THAS 300 STV M 30 R THA7 HE 3 L S I
FRFESPREET /N CK3 AL & 2 A K LS
R JZ2 08 bE K P AR AR X6 7 v 48 A7 01 B

Bk N 3 39935 2, SR R R BRI AE CK3 L
WA ILR(E 5),

FRAE CK3 FLAEE T Z 25 5L, JRIA Sk v P 3 X6 1
Olduvai R PSR ROZAENL T, 1B K LA i
W 245 2R W 7R 8 O R A 18 B AS BB X &
Olduvai HPEF 4. “Ar/ *Ar I 45 5 ) 22 1
W2 RAAF IR 7 (2.36 £ 0.05) Ma, 47 30 980 g
G5B R SO Pk, A7 T Jaramillo B PE SR 2 R, 1
B> AR R R . /LK “C Fn ESR
AERNREME 2R, B2 R 35~70 ka Fi110~15 ka.

555 DU 20 LR ART A S I AR AR U g — i AR R
AR, F5m TRE W T U, [AFE AT

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



1770 i 5| s iy 20154F
A 1/°
TE/m &E -90 0 GPTS
03 =
20 BE5 w
40 3 E
- I s‘
60 — g
N o = 0.781
B 0.988 )
100 41 E = 1'07’2,.Eramlllo
1204 F== S
140 5 == -
160 5 E== 8
EN= c
180 4 == ----1-778 ) ‘é
= 1.945. 8
200 4 00— s

(98]
(]
[
Ll
T

w
[\®]
{ame)
1l
TT

i

[

(o)
i plveben
I L 1 Ay Y O
O L (Y O

S
IS
=)
O A i L

——— | ®:

[(\o)
[\®)
(e
Ll
TTTT
11
T

e

T o0 | ewmmt - %R

¥
72
-l

Z B
ﬁ 1
Xl

ABRA

4.18
4.29
(Ma)

Cochiti

}2qIID

=

a  |BK
N5z
EE

ARt

K4 CK3 AU e R P21 e S e A AR R L
Fig.4 Lithostratigraphy and magnetostratigraphy of the CK3 core in correlation with the geomagnetic polarity timescale (GPTS)

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



FA2E ol

AL RS 2 K A I 1771

GPTS

B/ Ma

/LI

soyunig

B ?

Jaramillo

gII
H
&

Olduvai
Crrr
A

5 AL IR LA R

Fig.5 The age of volcanic rock in eastern Hebei plain

e A e oA K VT N T e S b I S G
B, B O MR RS SRR 1) adad ok
e M ERAE =2 A LIRS O L e 4
5 S e il A B9 D e S, R IR i X2 Py 22
U] 5 A R i 7 iy B4 b g Fg 4 5™, G2
TR AR LR v [ 2R T A P R 2 el v B =
U N RAS ORI TR DS LY o

ARSI RS CK3 FLITE /R B KL B AR
B EE AP 22 LG S, AR SRt
VW SORIE B FLAR A B L Z A O L A DY
ZOAFAE 5 WL BIEAT RIHE, BRI EFOR
KUEB . AP ROR B A S 2 K L 3
s EORSE A, BES U LORTEAIAY K 1L oA 51
SRR, T LA RGO K MR Sk
LM S o R AR ] SRR S

4 4

A QLS PO 20 K LA G SR B 30 S
SERENG BT, CK3 LA O A B AR 1 K s

AT/ YA AEIE R (2.36 + 0.05) Ma, {83 T B 5 Eri
KILTE B . CK3 fLA O R 7RI A6 S AR &8 26 Y
20 TR SR H5 2 1.34 Ma . 35~70 ka F1110~15 ka
B3 IA TGSl Z2 AR B KL T Sl s A5 X
PUZe LISk 2805 T 2 gt iz 2y, ik s EE A6
J 5 Z2 UK L 3 A S SIRHE

High R KBRS FH R ANHSERET
ey L F M TR R R EKI IS, REFHA
T pEgEE TN SN T ELE T BRES
RAENFEEAXFUTE,

S & 3HK (References):

(1] BRELRL, (5 . T L0 DU 20 4 BT (M. JE 5t HBJsT  hieE, 1987:
1-186.

Chen Wanghe, Ni Mingyun. Quaternary Geology of Hebei
Province[M]. Beijing: Geological Publishing House, 1987: 1—-186
(in Chinese with English abstract).

[2] BRZEAE, b2, Al 55, AR a4 VR FIDFAR[T]. Hhse it
Ji, 2001, 23(4): 581-587.

Chen Xiaode, Shi Lanbin, Lin Chuanyong. A research on
Quaternary volcanism in north China[J]. Seismology and Geology,
2001, 23(4): 581-587(in Chinese with English abstract).

[3] HBIFAE, T DY, A, WAL AR U 20 KL R KL 2

ST HRREAE [T, W T 55 50 DU 20 T, 1983, 3(2): 87-102.
Shao Shixiong, Zhang Yufang, Han Shuhua. Quaternary volcanic
deposits in Hebei Plain and the periods of their activities[J]. Marine
Geology and Quaternary Geology, 1983, 3(2): 87—102 (in Chinese
with English abstract).

[4] Petraglia M D, Ditchfield P, Jones S, et al. The Toba volcanic super
—eruption, environmental change, and hominin occupation history
in India over the last 140000 years[J]. Quaternary International,
2012, 258: 119-134.

[5] TH LW, X i, VPR, AF UL M/l S il ) ESR AR B

ST, F AR, 2013, 29(12): 4415-4420.
Yin Gongming, Zhao Bo, Xu Jiandong, et al. Electron Spin
Resonance data of the Xiaoshan volcano in Cangzhou, Hebei
Province[J]. Acta Petologica Sinica, 2013, 29(12): 4415—4420(in
Chinese with English abstract).

(6] BAZHE, A5 B, B, 4. kil CK3 LR PR )2 555
PUZE LG SE ], i AR, 2014, 16(3): 411-426.

Hu Yunzhuang, Xu Qinmian, Yuan Guibang, et al.

Magnetostratigraphy of borehole CK3 and record of the Quaternary

volcanic activities in Xiaoshan of Haixing, Hebei Province[J].

Journal of Palaecogeography, 2014, 16(3): 411—426(in Chinese with

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



1772 h [

b J 20154F

English abstract).

(7] A M, T ARIK. AL 2 U AL A S B M RE DS (D).
BRIL2E, 1983, (2): 196-204.
Li Huamei, Wang Junda. Palaecomagnetic study on drill core from
northern Bohai coastal plain[J]. Geochimica, 1983, (2): 196—204(in
Chinese with English abstract).

[8] Euik, XUS7 %, AR, 4. ARIUF A8 U & T BRAYEEOFE (D], H
JEIHAT 5T, 2003, 26(8): 52—60.
Wang Qiang, Liu Lijun, Xu Haizhen, et al. Re—study on the lower
boundary of Quaternary system in the north China plain[J].
Geological survey and Research, 2003, 26(8): 52 —60(in Chinese
with English abstract).

(91 BRELAL, FRIESE, BRI, 25, EhifE i Rl S EARDUR RO REVE )2

SE[I). TSR S 55 DU ZE HUR, 2006, 26(1): 9—15.

Yao Zhengquan, Guo Zhengtang, Chen Yukun, et al
Magnetostratigraphy of marine—terrigenous faces deposits in Bohai
bay[J]. Marine Geology and Quaternary Geology, 2006, 26(1): 9—
15(in Chinese with English abstract).

[10] ¥ [EHF, SRIESE, BRI, 28, B vh 17 BZ1 85 fLAYRE P2

2EMFEE[I]. 45 PUZRIFEE, 2008, 28(5): 909-916.
Xiao Guoqgiao, Guo Zhengtang, Chen Yukun, et al.
Magnetostratigraphy of BZ1 borehole in west coast of Bohai bay,
northern China[J]. Quaternary Sciences, 2008, 28(5): 909—916(in
Chinese with English abstract).

[11] E38, 36T, FEHEER, 45 MIS 3 Ky BRIk i Yt X

RSN L[], HPULLATSE, 2008, 28(1) : 79-95.
Wang Qiang, Zhang Yufa, Yuan Guibang, et al. Since MIS 3 stage
the correlation between transgression and climatic changes in the
North Huanghua area, Hebei[J]. Quaternary Sciences, 2008, 28
(1) : 79-95(in Chinese with English abstract).

[12] ki, F7H, 15, 5. WRHE CQI4ALER I R IE R 2

HARARIENELT]. HEBTITE, 2009, 55(3): 376-384.
Shi Linfeng, Zhai Zimei, Wang Qiang, et al. Geochronological
study on transgression layers of the CQJ4 borehole at Dagang
area in Tianjin, China[J]. Geological Review, 2009, 55(3): 376 —
384(in Chinese with English abstract).

[13] Yao Z Q, Xiao G Q, Wu H B, et al. Plio—Pleistocene vegetation
changes in the North China Plain: Magnetostratigraphy, oxygen
and carbon isotopic composition of pedogenic carbonates[J].
Palacogeography, Palacoclimatology, Palacoecology, 2010, 297:
502-510.

[14] 5B, ZOREH, sRAle, S5, e 0 12 0 215 DU 20 3t 22 3 43 B
HUT R [T, HB AR, 2011, 85(8): 1352-1367.

Xu Qinmian, Yuan Guibang, Zhang Jingi, et al. Statigraphic
division of the late Quaternary strata along the coast of Bohai bay

and its geology significance[J]. Acta Geologyca Sinica, 2011, 85

(8): 1352—1367(in Chinese with English abstract).

[15] = FER, T80, EH, 55 LR Belo LRk b2 858 %

MR X [J]. HUBREEAR, 2014, 88(2): 285-298.
Yuan Guibang, Xu Qinmian, Wang Yan, et al
Magnetostratigraphy and tectonic significance of Bgl0 borehole
in Northern coast of Bohai bay[J]. Acta Geologyca Sinica, 2014,
88(2): 285—298(in Chinese with English abstract).

[16]H 5, A, B, &8, KEI L IX G2 fLRE M )2 451

Je AR /R [7]. MU, 2014, 33(10): 1642—1650.
Xiao Guogqiang, Yang Jiling, Zhao Changrong, et al.
Magnetostratigraphy of drill hole G2 in the Tianjin coastal area
and its tectonic significance[J]. Geological Bulletin of China,
2014, 33(10): 1642—1650(in Chinese with English abstract).

[17] XUZAML. R M. bt BRg i RAT, 1999: 1-125.

Liu Jiaqi. Volcanoes in China[M]. Beijing: Science Press, 1999: 1—
125(in Chinese).

(18] 222k, B0, 1A, 46, fH A il T AL s Rim 7R i e Bl 42

R T TG B200). Hb2FRTZ, 2011, 18(3): 121-140.
An Meijian, Zhao Yue, Feng Mei, et al. What resulted in new
tectonic activities in the eastern North China Craton in the
Neogene?[J]. Earth Science Frontiers, 2011, 18(3): 121 — 140(in
Chinese with English abstract).

[19] 2= =08, FRHE, TR, 55 i 1 A B S AR b o A ik

R[I]. Hi~FRTZ%, 2010, 17( 4) : 64-89.
Li Sanzhong, Suo Yanhui, Dai Liming, et al. Development of the
Bohai Bay Basin and destruction of the North China Craton[J].
Earth Science Frontiers, 2010, 17(4): 64 — 89(in Chinese with
English abstract).

[20] 1< R /N KGRI RAAE S HTE AR AR 0], HHE 2y 5
5T, 1997, 13(2): 53-56.

Feng Jinliang. Characters of Xiaoshan acolian deposits and their
formation age[J]. Geography and Territorial Research, 1997, 13
(2): 53—56(in Chinese with English abstract).

[21] Duncan R A, Al-Amri A M. Timing and composition of volcanic
activity at Harrat Lunayyir, western Saudi Arabia[J]. Journal of
Volcanology and Geothermal Research, 2013, 260: 103—116.

[22] Koppers A A P. ArArCALC—software for “Ar/’Ar age
calculations[J]. Computers & Geosciences, 2002, 28: 605-619.

[23] Cox A, Doell R, Dalryple G B. Geomagnetic polarity epochs and
Pleistocene geochronometry[J]. Nature, 1963, 198: 1049-1051.

[24] Wang Qiang, Yuan Guibang, Hu Yunzhuang, et al. Microfossils in
tidal flat strata on the northern Huanghua area since the MIS 3[J].
Acta Micropalaeontological Sinica, 2008, 25(1): 1-18.

[25] ZERUbK, £, Ta) 08, S5, i 008 UG 2 e i1 G 285 4 1 g
FOUCRLaIBE[T]. HL A 55T, 2004, 27(3): 177-183.

Li Fenglin, Wang Hong, Yan Yuzhong, et al. The significance of

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



a2 ol AL RS 2 K A I 1773

the depositional hiatuses on the coastal plain of west Bohai bay
since the late Quaternary period[J]. Geological Survey and
Research, 2004, 27(3): 177—-183(in Chinese with English abstract).

[26] DTG, FSEERR, 2R3, AL IR X 2 H i 7 R S
RZWFFE[I]. H LT, 2010, 37(6): 1733—1739.
Wei Wanshun, Zheng Guisen, Luan Yingbo. Characteristics and
influencing factors of the shallow geothermal field in Beijing
plain area[J]. Geology in China, 2010, 37(6): 1733— 1739(in
Chinese with English abstract).

[27] HDGHE, ARER, R T I, &5, RN Z AR T & A 34 e
IR EESE[T]. LT, 2011, 38(6): 1660—1666.
Tian Guanghui, Lin Li, Cheng Wangqing, et al. The construction of
dynamic monitoring network for the development and utilization
of shallow geothermal energy in Tianjin[J]. Geology in China,
2011, 38(6): 1660—1666(in Chinese with English abstract).

[28] T SCHr, XU, ERan, 5. o bR BTR K H 1Al ). o
5T, 2013, 40(1): 312—-321.
Lin Wenjing, Liu Zhiming, Wang Wanli, et al. The assessment of
geothermal resources potential of China[J]. Geology in China,
2013, 40(1): 312—321(in Chinese with English abstract).

[29] LT, AR}, 422, 45, I b 7 S Hb B (4K SCHb R Ab 27 R
TE LA [T]. Hf BT, 2013, 40(6): 1935—-1941.
Wang Weixing, Li Gongke, Li Hong, et al. 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).

[30] IR, ETLA, 422, 45 b7 S b FA T bl 37 43 A B R

TP EPFIL. hEHLE, 2014, 41(6): 2099-2109.

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

AU, FREEAR, T AL S0 SR DR BORS 3G 5 mi R 2%
SEESIFFE]. TP RS, 2013, 40(3): 981-988.

Luan Yingbo, Zheng Guisen, Wei Wanshun. The experimental
study of the factors affecting the rate of thermal conductivity of
silty clay in Beijing plain[J]. Geology in China, 2013, 40(3): 981—
988(in Chinese with English abstract).

B I, R, AR, AR i E R P — AR AR B A Y
TE SR, P E T, 2014, 41(1): 19-38.

Ge Xiaohong, Liu Junlai, Ren Shoumai, et al. The formation and
evolution of the Mesozoic — Cenozoic continental tectonics in
eastern China[J]. Geology in China, 2014, 41(1): 19— 38(in
Chinese with English abstract).

XA, B 5%, BT, 45, DI T A i e i R AR
5 23 e RIUAR) i o o At R 0], vl [ L I, 2010, 37(6): 1545
1558.

Liu Chuncheng, Dai Fugui, Yang Jin, et al. Seismic interpretation
of Eogene— Neogene geological structures and tectonic styles in
the sea area of Bohai Gulf basin[J]. Geology in China, 2010, 37
(6): 1545—1558(in Chinese with English abstract).

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



