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Fig.1 Sketch map showing the distribution of Early Miocene lakes in central Tibetan Plateau
1—Early Miocene lakes; 2—Connecting channel of Early Miocene lakes; 3—Early Miocene carbonate rocks
(dolomite, dolomitic limestone, limestone and marl); 4—Early Miocene clastic rocks (sandstone, marl,
conglomerate intercalated with marl); 5—Miocene basalt; 6—Early Miocene denudation area; 7—Modern lake;
8—Dirill hole; ZKT1 signifies serial number of drill hole in Wudaoliang Group, whereas dash line indicates
boundary of Early Miocene lake
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Fig.2 Stratigraphic column of lacustrine sediments along drill hole ZK1 in Wudaoliang Group, showing

sedimentary epoch (C1—C8 indicate eight early Miocene paleoclimatic cycles and their serial number)
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Table 1 Carbon and oxygen isotopes of Miocene lacustrine strata at the depth of
62.6~69.86 m in drill core ZK1

ke B /m Ak 5"3C /%o o/ %o 580/ %o /%o
D0001 62.60 REVeH 1.980 0.008 -7.018 0.009
D0002 62.82 AR RS 2.225 0.005 -7.124 0.008
D0003 63.04 IREPIR A 2.099 0.005 -6.908 0.006
D0004 63.26 IAF IR 2.424 0.002 -6.944 0.006
D0005 63.48 Hz KA 1.830 0.004 -7.204 0.007
D0006 63.70 AR e s 2.184 0.003 -6.874 0.006
D0007 63.92 AR e 2.116 0.007 -6.967 0.008
D0008 64.14 VRN e 2.101 0.004 -7.020 0.005
D0009 64.36 AR RS 2.262 0.007 7371 0.009
D0010 64.58 ERRE A 2.508 0.004 -6.695 0.006
DO0011 64.80 AR e 2.156 0.004 -6.756 0.006
D0012 65.02 VRN e 2.157 0.001 -6.749 0.004
D0013 65.24 VRN Y& 2.029 0.005 -7.074 0.007
D0014 65.46 AR e 2.140 0.004 -6.739 0.007
D00151 65.68 IREF SRR 1.552 0.005 -7.458 0.009
D0016 65.90 it e s 1.671 0.002 -7.134 0.006
D0017 66.12 VAR R T KA 2.034 0.001 -6.930 0.005
D0018 66.34 Mi?% WA 2.039 0.001 -7.208 0.004
D0019 66.56 VRN e 1.987 0.002 -7.162 0.005
D0020 66.78 Rﬁ%ﬁﬁ%ﬂéﬁ%’ 1.812 0.002 -7.598 0.005
D0021 67.00 KO 2.139 0.008 -7.525 0.00
D0022 67.22 5 AIRD 2.101 0.004 -7.194 0.008
D0023 67.44 IAF IR 2.288 0.007 -6.459 0.009
D0024 67.66 IAF IS 2.095 0.008 -6.251 0.009
D0025 67.88 KABIKA 1.989 0.005 -7.120 0.008
D0026 68.10 AR e 1.900 0.008 -7.086 0.009
D0027 68.32 WA KA 1.963 0.004 -6.922 0.007
D0028 68.54 WA K 1.938 0.008 -7.042 0.008
D0029 68.76 WA 1.810 0.008 -7.213 0.009
D0030 68.98 IAF IR 2.668 0.009 -6.325 0.010
D0031 69.20 IAF IR 2315 0.008 -6.553 0.009
D0032 69.42 IAF IR 2.164 0.009 -6.790 0.011
D0033 69.64 FRt 2752 0.008 -7.530 0.009
D0034 69.86 Hz KA 2.522 0.006 -6.723 0.008
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Table 2 Carbon and oxygen isotopes of Miocene lacustrine strata in
drill core ZK1 at the depth of 140—145 m

5 B /m Ee iz 8 1C/ %o o /%o 5 %0 %o o /%o
D1399 140.0 VASREN Y/ o 2.091 0.006 -6.986 0.008
D1401 140.1 VASREN Yo 1.454 0.002 -7.161 0.006
D1402 140.2 VeI 1.775 0.005 +0.956 0.007
D1403 140.3 TRt 1.382 0.004 -0.985 0.008
D1404 140.4 VeI 1.901 0.005 -0.596 0.008
D1405 140.5 VeI 1.997 0.005 -6.946 0.007
D14070 140.7 TRt -2.159 0.001 -8.062 0.005
D14072 140.72 FREE IR -1.741 0.002 -7.565 0.006
D14074 140.74 AR TR -1.480 0.005 -5.935 0.007
D14075 140.75 0 P RERI e 0.496 0.007 -6.962 0.009
D14076 140.76 AR TR 0.963 0.003 -7.436 0.006
D14077 140.77 JeRE 0.335 0.001 -7.219 0.004
D14078 140.78 IREEH AP IR 0.065 0.002 -7.033 0.003
D14080 140.80 KA H e KA 1.156 0.008 -2.665 0.009
D14085 140.85 KR B IR 1.525 0.006 -0.259 0.008
D14090 140.90 TeRE 1.528 0.002 -7.015 0.008
D14091 140.91 R I 1.706 0.003 27171 0.007
D14092 140.92 IKEe KA 1.556 0.008 -7.238 0.009
D14093 140.93 TRt 1.898 0.003 -7.164 0.005
D14094 140.94 VASREN Yo 1.761 0.002 -7.047 0.005
D14095 140.95 AR TR 1.952 0.007 -7.061 0.008
D1410 141.0 W R K 1.913 0.003 -7.037 0.009
D1412 1412 W R K -0.460 0.002 -7.986 0.009
D1414 141.4 FREE IR 0.191 0.005 -7.482 0.007
D1418 141.8 TRt -0.872 0.008 -7.864 0.008
D1421 1421 TRt -1.634 0.007 -8.079 0.007
D1425 142.5 TRt -2.055 0.005 -8.289 0.006
D1430 143.0 TRt 2.115 0.006 -6.743 0.009
D1432 143.2 R 1.837 0.001 -6.624 0.003
D1435 143.5 R 2.017 0.008 -7.872 0.008
D1440 144.0 WK 1.832 0.006 -6.630 0.007
D1445 1445 R 0.211 0.005 -7.398 0.006
D1450 145.0 PR -0.133 0.006 -7.602 0.006
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Fig.3 C/O isotope change of lacustrine strata at the depth
of 62.6~69.86 m in drill core ZK1
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Fig.4 Carbon and oxygen isotope change of lacustrine strata in drill hole ZK1 at the depth of 140~145 m
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Table 3 Isotopic ages of rocks over and beneath Early Miocene lacustrine strata in Tibetan Plateau

TR A el R 541 W47 v EREMa PERRIE
REAEHH S8 1 FLIERRE N R R B e GEIAT P A-Ar 26.5+2.7 SCHRI9]
AR IHERE 85 53 ORI 3 2R AR K B USRS £ U-Pb 27.6£0.5 SCHRLO)
AR LR S5 45 ORI F R SR 2 T A R B MR P AAr 28.84+0.15 SCHRION
AR S5 45 ORI FB R K 2 T A R B KA P A Ar 28.81+0.26 SCHRION
AR I 86 4 ORI RS T 2 R IE KSR MR P AAr 28.86+0.70 SCHRION

AP PR A L BT T 2 T A T 2 UM 4 K-Ar 14.51+0.23 SCHR10]
AP PR A L BT T 2 T A T 2 UM 4 K-Ar 12.81+0.40 SCHR10]
AP PR E (L BT T 2 T R T UM 4 K-Ar 12.85+0.56 SCHR10]
U] B 05 3 R 1 I 2 DR e B AR OB 1t 2 W 2 e [1 2T Rb-Sr 45 £ 13.5£1.5 SCHR[11]
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Table 4 Deposition rate of Miocene locustrine strata in central Wudaoliang basin

I i)/ Ma 23.5~223 223~21.1 21.1~19.9 19.9~18.7 18.7~17.5 17.51~5.1
WRE/ m 140.7~1274  127.4~107.5  107.5~95.3 95.3~82.3 82.3~26.5 26.5~14.2
FUALH Z/ (mm/a) 0.011 0.0166 0.010 0.011 0.0465 0.010
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mm/a(3% 4),

XF C5 e M e A AR TR (R 62.6~69.86 m)
JEBE 7.26 m MR O | 38 28 B LR 3R e 40 R
ST, B8R o A I T A E 1R SRR
T UL R 0.0465 mm/a (£ 4), IBARE
62.6~69.86 m 5] L2 A PLELAS 8] 4 156.129 ka, B
AN JEL 9y A T [l ) - SRR S TB) 2 R 17 .4 ka,
FZ3E 19 ka ML ] (eccentricity cycle)®, HR ik
[ (6 PC/%0) VRTRNEZE (6 50/%0) AT (1),
(2), MR SE (1) BRAE SR 195~
21.0°CH 19.2~19.9°C ([l 3), Sz Wil AH T AR 0 ] oy
AR SR AN K AR HE R RS X T 3R 8
(RN 737

6 4i it

T 35 X6 R e D b S T A A O R T 4
DA SR A R R, R A HaE R T b
TG A U 9 Al SR BB AR AL, RS T
o D A T T B oty AR A5 A A R oy A B T )
S RIS, AR X H B o R R
A& B IHARHEAE T TR B R G s R R |
T3 A BT T R R B R 2 150 m B T AH
TUR LA = B A K e A 3 IR AN TR
MIVE A s TRIE 50.0~51.0 m H B0 AH ORI
R A SRR TR R T A AR B B 4 TR
R AR B S e M2 A0 FL R IR 140.7~14.2
m WA BT A R R e T Mi—1 )5 7 K JE
(1.2 Ma) iy S BE ] PR BE 62.6~69.86 m 1 AH T
R AR Z 0% T 9 W JE I (17.4 ka) i ST
], o 38 92 2 ot K I 4R B AR (24.140.6) Ma, 45
FBF AR (14.520.5)Ma, HOBn 5 Rl & & i) (]
KK 10 Ma, T R AR ORS00 s D

AR BT AR AR BB L 19~21°C, F- 3 24 20.0°C,
XiF TR BRI BT | Ul B R R R
HA R S 50

T S T T R I TR R S AR
AR YIRR, A C7 MK (2 15 Ma)
iR Rkl SR fe 2 DR ZAR L Z )G IR KIE T
B, 229 13 Ma JFERTE MU M vk 552 77 780 i J5 b
TR E 2 B TH 28R 4000~4500 m = BT %4
BRAEAR LA R W U N Bk ARV
SR I R KR R 32T AR Tl Kb
KB MR FESMEIRE, S 80P OB R R T
(14.5£0.5) Ma TARIE T, i TR R b D BUZR A7
BRI C SXe R 1) BSURE 25 B O, AL AR
A B2 i I — S LA A T RO SR, R T
DR T AH DTS 5 TR TR B S ) 57 28 A8 Ak 1 X EE oG
B, WSCH S IR A SONE A T T4 5 H 2 5t
BHY LI

5% 3k (References) :

[1] Schackleton N J. Oxygen isotope calibration of the onset of ice —
rafting and history of glaciation in the North Atlantic region [J].
Nature, 1984, 307 :620—623.

2

Zachos James, Mark Pagani, Lisa Sloan, et al. Trends, Rhythms, and
Aberrations in global climate 65 Ma to present [J]. Science, 2001,
292: 686—693.

Palik Heiko, Richard D Norris, Jens O Herrle, et al. The heartbeat
of Oligocene climate system [J]. Science, 2006, 314 :1894—1898.
PRAFRR, EoR R, s AR, S WHn DB I S 00 T i X 2.8Ma
DAk 1 #1878 I s (). bRk, 2004, 33(2):159—164.

Chen Shiyue, Wang Sumin, Jin Zhangdong, et al. Environment

3

[4

change of central Tibet since 2.8Ma recorded by lacustrine deposits
[J]. Geochemistry, 2004, 33(2): 159—164 (in Chinese with English
abstract).

[5] WEHI#R, Thompson L G, JHti K. oty HLAE piC v A O] oK 39 D ok
SAREARAIC SEBTTE )], P EFED ), 1997, 27(5) 447452,
Yao Tangdong, Thompson L G, Shi Yafeng. Climate variation since
the last interglaciation recorded in the Guliya ice core [J]. Science in
China (Series D), 1997, 40 (6):662—668.

[6] SR, S iy, WIS, 2. 7 58l s J5UI b v th IR 497 ot O I8 f



% 36 % 45 5 ] SR L R e I # e ST T8 SR TR I A TRtk 4 I o7 3R AR Ak Kty AR i [T 975

IR R A 1 ) M BUE AR, 2006, 25(7):782-791.
Wu Zhenhan, Wu Zhonghai, Hu Daogong, et al. Features of Early

Beijing: Geological Publishing House, 2009:153—169 (in Chinese

with English summary).

Miocene large paleolakes in the interior of the Qinghai —Tibet
[J]. Geological Bulletin of
China, 2006, 25(7):782=791 (in Chinese with English abstract).
RN, Wb, WA, A AR A TR S I o 2 A B
JE T TR RE )] ML AE R, 2007, 81(9):1277—1288.

Plateau and their tectonic significance

Wu Zhenhan, Zhao Xun, Ye Peisheng, et al. Paleo —elevation of
the Tibetan Plateau inferred from carbon and oxygen isotopes of
lacustrine deposits [J]. Acta Geologica Sinica, 2007, 81 (9):1277—
1288 (in Chinese with English abstract).

Wu Zhenhan, Patrick J Barosh, Wu Zhonghai, et al. Vast Early
Miocene lakes of the central Tibetan Plateau [J]. Bulletin of
Geological Society of America, 2008,120 (9/10):1326—1337, Doi:

10.1130/B26043.1.

[10]

[1

AL, MTEIE, TA, LA L DX A 5 i AL
[]. HBTE AR, 2004, 23(7): 670—675

Li Jindong, Bai Daoyuan, Wang Shenghui. Ages of volcanic rocks
and planation surface in the Canmei mountain area, north Tibet [J].
Geological Bulletin of China, 2004, 23 (7):670—675 (in Chinese
with English abstract).

Blisniuk M Peter, Hacker R Bradley, Glodny Johannes, et al.
Normal faulting in central Tibet since at least 13.5Ma ago [J].
Nature, 2001, 412.:628—632.

Wang Chengshan,Liu Zifei, Yi Haisheng,et al. Tertiary crustal
shortening and Paneplanation in Hoh Xil region: implications for
tectonic history of the northern Tibetan Plateau [J]. Journal of

Asian Earth Sciences, 2002, 20:211-223.

KRBV, by, BIET), AT R T A A i AL S BT
M. dbat, HUBTH B, 2009:153-169.

[9] [13] Liu Zhifei, Zhao Xixi, Wang Chengshan, et al. Magnetostratigraphy of

Tertiary sediments from the Hoh Xil basin: implications for the

Wu Zhenhan, Wu Zhonghai, Hu Daogong, et al. Cenozoic Cenozoic tectonic history of the Tibetan Plateau [J]. Geophysical

Tectonic Evolution and Uplift Process of the Tibetan Plateau [M]. Journal International, 2003, 154; 233—252.

Carbon and oxygen isotope changes and palaeoclimate cycles recorded by
lacustrine deposits of Miocene Wudaoliang Group in northern Tibetan Plateau

WU Zhen—han, WU Zhong—hai, HU Dao—gong, PENG Hua, ZHANG Yao—ling

(Institute of Geomechanics, CAGS, Beijing 100081, China)

Abstract; Carbon and oxygen isotopes in drill core of Wudaoliang Group have well recorded Early Miocene
environment changes and palacoclimate cycles in northern Tibetan Plateau. The Wudaoliang Group as thick as ~
150 m consists mainly of limestone, dolomite limestone and marl, with a discontinuity occurring at the depth of
50.0—51.0 m in the drill core. Carbon and oxygen isotopes change considerably at the depth of 140—145 m,
where both maximal é O and minimal é "C occur two times. 6 O and 6 “C reach to the minimum at the
depth of 140.7 m, corresponding to global cooling Mi—1 recorded by the deep—sea drilling of oceanic deposits at
the Miocene/Oligocene boundary. Seven eccentricity cycles of 1.2 Ma are recorded between 140.7 m and 14.2 m
in depth, and 9 minor cycles of 17.4 ka are recorded from 69.86 m to 62.60 m in depth. It is further inferred that
Early Miocene lake in northern Tibetan Plateau initiated at (24.1+0.6) Ma and ended at (14.5£0.5) Ma according
to Palaco—climate cycles recorded by carbon and oxygen isotope changes of lacustrine deposits, and that annual
temperatures changed from 19°C to 21°C (~20°C on average) in Wudaoliang basin in Early Miocene.

Key words: Wudaoliang Group; lacustrine deposits; carbon and oxygen isotopes; palacoclimate cycle; Early

Miocene Tibetan Plateau
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