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Paleo-environmental Significance of Oxygen and Carbon Isotopic Records

in Lacustrine Limestone from Anjihaihe Formation, Northern Tianshan
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(1. Key Laboratory of Orogenic Belts and Crustal Evolution of Ministry of Education, Peking University,
Beijing 100871, China; 2. School of Earth and Space Sciences, Peking University, Beijing 100871, China)

Abstract: Oligocene Anjihaihe Formation in northern Tianshan represents lacustrine sedimentary
before the rapid uplift of Tianshan in Cenozoic. The variation of sedimentary facies at the top of
Anjihaihe Formation and overlying Shawan Formation indicates the influence of the uplift of
Tianshan. Field measurement was carried out in Anjihaihe section, and lacustrine limestone was
sampled from Anjihaihe Formation for sedimentary facies analysis and oxygen and carbon isotopes
analysis. The lacustrine environment during Oligocene was reconstructed. Results reveal that
Anjihaihe Formation is mostly formed in semi-deep to deep lacustrine environment and in shore
environment at the top. 8O values and 8" C values in Anjihaihe Formation are relatively higher

than normal lakes; 8" O values of the middle part are slightly higher than those of lower and
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upper parts; at the top of Anjihaihe Formation, §'® O values drift negatively significantly. On the
other hand, 8" C values are much higher in the upper and top than those in the middle and lower
parts with few exceptions. Regional climatic data and simulation of atmospheric circulation
indicate that the variation of isotope in Oligocene is not the result of air mass change and
monsoons. Given the data of oxygen and carbon isotopes, along with sedimentary facies analysis,
it is concluded that Anjihaihe Formation is characterized by a worm and humid environment while
the subsequent top part witnesses an obvious fall in temperature and the climate turns cool and
dry. Considering that global climate showes no distinct change at the end of Anjihaihe
Formation, this regional change may be to a large degree relate to the active uplift of Tianshan
caused by the far field effect of India-Eurasia Plate collision during Cenozoic.
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Fig. 1 Simplified Geologic Map of Northern Tianshan
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Fig.2 Lithostratigraphic Histogram and Field Profile Photos of Anjihaihe Formation

AR TR A
3 SREMACRERRXE

3.1 HRAEBES5RKBAE

SR ()47 28 003 o ) b o R 2 B 0 7 9 R AT
ST A B IR AR T VR 5 B IR T E S 5
. MR % GasBench 11 ¥ % i 5, B3 X
MAT253, F&EZ) 100 pg BERERFE M I AE]12 mL

SR IRR T B YR e 22 I R A R 88 A Hir 18 A4S
Johr e CRE S GBWO04416, GBW04417 , GBW04405
M GBWO04406) , i 1 w4l < (4B 99. 999 %,
WK 100 mL « min ") #EAT 600 s [ HEZS 4b B,
HeZs J5 A 5 3 100 % /K B R & T 72 Com#idk
v I g - 5 7 il A S0 B i B )R T 4 b
Fean 5w e b B P 5 5 R CO, Rk &
it 70 C K Rk AN A (BLRS A Poraplot Q, 75



402 wo®R H F ¥ F R 2016 4
F1 HRXHETHER
Tab.1 XRD Results of Samples
B 5 o 5 AJ14-5 AJ14-5 AJ15-3 AJ15-6 AJ15-9 AJ16-1 AJ17-2 AJ19-1
ARARBU B Y 9 14 10 9 16 22 11 12
ZHRHRFT B % 6 5 10 19 9 15 7 27
25 e A1 PR AR B 4 i 3
iR XL N2 O] 85 77 76 72 74 68 31
= A R BU B % 4 1 10 26
HEEBSE/ % 4
R R BN % 1 4 1
AR SE/ %
R T A RS % 2 54
S RPN % 1
T R BN % 1

4 25 mX0. 32 mm) Ml 5 H A 2% BT <K 75 855, i A
F| MAT253 BUig AL AT 2 . — M 18 PMRAE 870
BN 8" C B 0K B2 24 T 0. 1%,

3.2 AmER

B S VT AR O A 0 S R A 2 it
F(ERDEW SO M —11. 6%~ —2. 5%, F
R —6. 7% £2.4%; 8" C{H R — 6. 9% ~4. 1%,
EBER —0. 8% 3. 0%0 . MR 4 A AR AL IF
e MR A PEAR A, PR R A A S 4 ER ) TRER
(400~420 m), E#B(330~400 m) 1 #(200~330
m) A1 T HB0~200 m),

B B g AT A T SR (R o 3R AR Ak B A (8] 5) 3R
B1:8" O HAS 1k Bl 8 K B 4 A8 20 09 R fE B @
P Al =, T R AT L A A LA T AR AR, T0S
83 1715 0" C B AE A [R5 07 4 22 51 B 8, rh S
B R R Ay NE (E N R = A s R
IE L TR 10y 4 AFE a5 L, TR i L
2R I B R o RS . 8 OfH S 87 C fHAE
AR R AL I 27 T BT G B S B R

4 7 &
4.1 HEER

I e R B A SRR S B 3 0 iR Y T i
A K5 T K A2 4 A T A0 T 5, Bl R 3 o 2 R AR TR
fifp T 45 S AT T X AR AR R b 2 s O JRUA B9 4R
IRl AL R AR o PR, 7E SR AT R 6 3R BOHE A R
R AT A6 ELHE A 19 R 67 3R 2 RE A8 AR R
A ITALE %

W WL S 7 R TR 5 A A R L K e B i
ARZS S BOA W 5 W 45 B Gt B, Ul R o [ £

x2 FTBRATYERECENRER
Tab.2 Test Results of Oxygen and Carbon Isotopes of Calcite

B S | WA e 318 Ov-pouft/ % | 8 Cy-ppff/%
AJ13-1 Ve dh A K —10.9 —5.9
AJ13-2 YRUATE R IREY & —11.6 —6.9
All4-1 IRTE T R —17.5 —0.2
AJ14-2 R8T A: RLAT IR —7.4 0.6
AJ14-4 T dh A b —11.2 0.6
AJ14-5 Jedh K —10.1 —0.4
All5-1 o e 8 kAT KR —5.6 3.8
AJ15-2 TRV E R K -17.3 0.7
AJ15-3 T KA —4.6 0.4
All5-5 o e B R AT KR —5.2 4.1
AJ15-6 | B | &SR A KA =17.5 0.8
AJ15-7 ERERAKE —5.9 2.0
Al15-8 AR K —6.9 0.9
AJ15-9 JE B A K —5.7 0.6
AJ15-15 BV —7.7 -1.0
AJ16-1 Ve B K —2.5 —5.6
AJ17-2 | i Je i fi —5.0 —3.2
AJ19-1 T TR A K —3.9 —3.3
AJ12-6 e i B4 R IR —7.3 —3.1
AJ12-5 R8T A: R AT IR —6.1 —0.1
AJ12-4 Ve TR R —4.7 —2.9
T

AJ12-3 R o i KA R —6.2 4.0
AJ20-2B K8 T A: KL AT IR —6.2 —3.3
AJ20-3 T 2 06,455 5% e 445 8 —3.4 —2.9

TELRES L E B F S F AR V-PDB 2R [ £ £ {2 5 [ bR R
e R V-PDB 8 K,



% 3 4 2 B E . RLWAGEEETERMRERBRIEE TG FIREZ L 403

¢

(c) FEEhATL3-] (d) HfhAT14-1

(e) FEGAII4-2 () FEMATI4-4

(z) FEMhATIS-2 (h) FEMHATIS-3

3 HRERERERR
Fig. 3 Microphotographs of Samples



i3 2016

,‘%‘l_
£
X
ar
e
&
F

404 B2

(a) HEAhATI2-4 (b) FEAhATI4-5

(c) FEMhATI2-3 (d) FERATI2-5-2

B4 HERFRE
Fig. 4 Hand Specimens of Samples

4501 450
ﬁgr
=
Ny
B3
4
350
Ny
B
& T £
i # r
o 250 b 250
il K
= =
+
_P ................................................................................... v
150 150
5= B
= =
}'
50 1 1 1 Y 50 1 | Y
-15 10 -5 0 -10 =5 0 5
8"0y posfE/%0 8°Cypoafti/ %o

(@) 8" Oyppuffl (0) 8"Cyppufll

5 HRmERRMCETHLESR

Fig. 5 Variation Trends of Oxygen and Carbon Isotopes of Samples



% 38 E~

B F AL GE L ESTANMARERBER I E T EIREE L 405

KRB A 27 5 WA . Hendrix 5576 5 44
$or ) 17 B 22 A VR YA ) 1T 24 40 ko) A S48 458 5 K4
WO % CH DXORT AR AR B N R T 2 km, TR AL
R B E RS Z A iRAE S,
K GRAO B AR A R ARG, — AR 8" Oppp (.
fIXF —15. 4%, ol B J2& A 1E sl iy &5 1. R
SCRE S AT IR T — 15, 4%, B 48 R B
FE— 6 B i A7 A VR 52 i Y b X [R) 07 38 4H AR 23
B B R B A Ak A R A T e A Ui T TR Y R
A A R B R R B, 5 A, 2 B A T L
JESE CRE S AJ12-5-2) FLH BB A CRE AL AJ12-5) 1Y
SUOEAETEWI R 225, 43 5 — 3. 6% F1— 6. 1%,
FAFAE T WA, =& 1 8 O (8 1% 1% 8 T A
/] o AL o AT LA ORI 2 IE O A 5 i FH B A s A 42 g )
00 AR R L AU [ R E AR R TR AR Y
DURIE .
4.2 #HANHEHASFE

YA A S O ORI B B Y R A
1 T Hb 515 5 A PR R A G TR A 5 = BT
TE 1 30 A ok T2 5 T AR A Rl [R) 67 22 R AIE 22 001) b
& BRI B A B R R VTR 0O 5 8V C

50 pos /%o

-12 -8 —4 0
I T T 6
Ooo
o 4 2
o)
o o S OO o g
2 &
42 3z
o o O° OO Q>
%
o
0 ° o Ml 17°
— WAL
--10
(a) REWRI AN
8"°0\pos T/ %0
-8 -6 -4
r T 5
o
o
< 3 Q\s
g
a
¥
1
41 =
° -1

(c) ZIRUGWL L

{5 R Z R F K d A5 28 K 09X RIS, 3 A
R WG R 5 B BOR T 0. 75 FF T80 39001 1% 0 R sk
FREL VLY 6" O (H5 6" C 18 T BBk T K iy 4
JC 38 H A A OC R BUNT 0.7, PR WIA
Y 8" O {8 742 1k 38 /0N, Hods 7= 5 40 i ek B2 A8 Ak K
HEA-ZE KA . AT R G a5 R WL TR
PR WA 04 K A T B ST () e EG itk i T FR ) AR ik ()
AL ZEAE AT TR AR -3, BRI, AT LA /R
XSk B K AL B

AR SN 4 £ Vg ) 2 R AR DL K A& A 43 ) AT 4R
T [ (57 28 (B AH S PE 3 /1 (IR 6) 4 45 B 5 — I 30 38 7
PIRE s . HT A BB BG4, ORI R A IR R A
GEHL R« AR AT AR R R O (O R BR
0. 115) LA R #5384 A0 M (M ¢ R 8% A 1T b 43031
4 0.511.0.531 F1 0. 604) R 55 , ¥4 78 /N T P -FF i
WA B SR (0. 7 Fl R T , 22 4 i To] 4 I 35 Ry o
A I E A [R] 6 R AL AR e X I K R AT L
M AT LA 7R DX A5 1 B AR T e J2 A O AT
SRIL/IN AR LG T b &R R T S H )2 B G R, 1
B 7 20 A2 1 TR 24 R I W s PR P BT L R T
I — A 30 7 b K S b T % 1A B AR S A,

8"°0ppsfH/ %o

-12 -8 4
T T 1
o
° o
-1
s\§
o
-3 5
1S3
w
o MllME -5
o — sz
° 47
(b) 225G 4L TR AT
8"°0\ s 1E/ %0
-8 -6 -4 )
r T T 6
o
o ME 12 8
— B A X
a2 =)
° g
18]
1, %
o ° 00 o
° ls

(d) ZEEFAS.TH

Ble HmEmRAMLREXXER

Fig. 6 Correlational Relationships Between Oxygen and Carbon Isotopes of Samples
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