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Abstract: The Lunpola Basin, which is located in the hinterlands of the Tibetan Plateau, is the most sensitive territory for uplifting

processes and related responses of environmental changes.It not only records the continental collision process and the deformation
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history of the lithosphere and crust, but it is also considered the most preferred study site to investigate the paleotopography,
paleogeomorphology, and paleoclimatic evolution. In order to reveal the late Eocene to early Oligocene paleoclimate in the Lunpola
Basin, a total of 67 rock samples from the second member of the Niubao Formation at 382 Daoban section in the southwest margin of
the Lunpola Basin were selected. Based on major and trace elements, a variety of chemical weathering ratios and indices, including
the combination of elements (C value), Rb/Sr, St/Cu, St/Ba, chemical index of alteration (CIA), elemental weathering index (a), and
Ln(Al,O,/Na,0O) were used to assess the intensity of weathering regimes and paleoclimatic evolution in the source area. The results
showed that arid paleoclimate was prevalent during deposition of the second member in the Niubao Formation. However, there was
an apparent cooling event at the boundary transition of the Eocene-Oligocene (EOT), which was not only confined to the Lunpola
basin but also widely documented in the Tibetan Plateau and other regions along the circumferential margin. This Eocene-Oligocene

cooling event is considered a well-developed continental response to the first global Cenozoic cooling event in the Lunpola lake

basin.
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Fig. 2 Stratigraphic correlation of lithological comprehensive column in the second member of Niubao Formation at 382

Daoban in the Lunpola Basin with Dayu section in the center of the basin

g AL (NHLNO,) i & T4 a3 h, 72 1150°C
FEFEW TR Al 14 min, BUB 3 88 = ok 1 ik
T A, RIE ¥ 88 7 B, 1 B AR g2
Primusll X $F2k 515 (XRF) 58 R S 4
FRICEM N MR EA R A SEE T
PR3 7L (ICP-MS) 58 8, # 74 pm(200 H A& &
T 105°C HEAAHHET 12 h )5, FREGH B AR RE S 0.5
g BT Teflon ¥ AL, KUK HINA 1 ml & 4l
HNO, 1 1 ml =4l HF, $ Teflon %5 A E,
FFEJEHCT 190°C HEAE T Ak 24 h DL L, SEEE AL
B HFITHCE T 140°C BB 28T, IFmA 1
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PEIX KA FEEE MR B o 41, Ln(ALOy/Na,0) W REHS
5 i Hb Sz e Ak 22 XUAR 09 i B R /0N, A X A8 e
Ln(ALO,/Na,O) B S W 1 ik B2 1 1 i <M, b2
WAk 8 i, T AH XA AY Ln(ALO,/Na,O) {ELIU
T8 78 KRl U XAk 22 KA AE I icss , <of 3 i+ 5
(Montero-Serrano et al., 2015; Jiang et al., 2016) . M
P 3 ] LT A A $1), 382 38 BE Na J0 % WAL 5 4K
o"Na) Al Ln(AL,Oy/Na,O) {H T i W 11 XUk I8 5t
P CIAT A 45 AR — 50, 38 BR 78 IS Ak
BB 85K, B JSTE 40~130 m X i), o*'Na Al
Ln(Ale3/Nazo)ﬁﬁﬁ%ﬁﬁ%%ﬁﬁﬁﬁﬁ{%9 7 130~
196 m X [H]HHF—2L30/N, B S 7E TS B0 1 B S 2
1Ak, ALO,. K,0/Na,0 5 CIA,,, 5 2 K t]
DL T X 431 5 L 3 Fniat T 045 (Goldberg
and Humayun, 2010), 763X B CIA o K HTTE AL
CIA,..1..=Al1,0,(mol)/[Ca0" (mol)+Na,O(mol)+

HZP1 eZP2 AZP3
®ZP4 xZP5 -ZP6

-ZP7 ®WZP8 eZP9

AZP10 ®ZP11 XZP12

304 -ZP13 —ZP14 mZP15
#ZP16 AZP17 »ZP18

XZP19 =ZP20 —-ZP21

25 - ®ZP22 ®ZP23 mZP24
ZP25 mZP26 +ZP27

204 ZP28 % ZP29 +ZP30
m « -ZP31 —ZP32 @ZP33
] mZP34 ®ZP35 AZP36
£ 15 m ZP37 xZP38 -ZP39
e i ZP40 ©ZP41 ©=ZP42
R 101 ] ®ZP43 AZP44 xZP45
[ ] XZP46 -ZP47 —ZP48

8 ZP49 mZP50 * ZP51

5 ZP52 < ZP53  ZP54

- 6 - 4 -ZP55 —ZP56 ©ZP57

f - = i i mZP58 #ZP59 A ZP60

0 — R 8 : " 3 - XZP61 XZP62 -ZP63
a"si a®™g a®Ca a*K a®Na a"Rb a”Sr e"Ba a”Fe ®ZP64 —ZP65 MZP66

5 RN AM 382 EHMRIE S BE KRB TRRNULELR

Fig. 5 Weathering index of some elements in the second member of Niubao Formation, 382 Daoban Section in Lunpola

Basin



2023 4F(3) VUSRS YL 7 1 2 R 20— B W G i T — St b ek A 22 e 5 oy AU 587
1004 100+
80+ 80+ T
= 60 % 60
O z
= (@) o
< 40 i & 40 e
20 20
ozl : : . olbl : : .
1 10 100 1000 1 10 100 1000
CIAmoIar CIAmoIar

6 AlLO; K,0/Na,0 5 CIA,,, = E (3 Igbal, 2019 20
Fig. 6 ALO;. K,0/Na,O vs.Chemical Index of Alteration CIA .. plot for the representative samples(modified according to

Igbal, 2019)

K,O(mol)]o X J&—Fi g et i CIA 31582858,
FEATERR F<100, il AP K F] 500, £ ZE DL,
DA U B 4t T — A B R Y £ 2E KUAE R R A R
(Goldberg and Humayun, 2010) . 382 i HF % 11 4~
CRZ T BRE i CIA i PR EI AN S, JEFEH 1,11~
2.81, ALO; & N 2.74~18.57, 1M K,0/Na,O 7& 1k,
T 1.35%~29.7%, ALO;. K,0/Na,O 5 CIA,,.. X5 K]
(] 6) 34 {715 H A8 335 7 47 ol A4 £ 4 — B DO RS 40
BARS AR, 5o E K AR S A
B—3.

25 FITIR, 382 1E PEH T 4= £ 20 — B iU AR IR i)
Al XA TR EC B B S AR DL A AR AR A, 4
A B e R AR T SR I A R, ASURG B it B A L
TSR A TR i 1 AR X R IR O, T ) R Ry =
B BE A A e A o B . T B T 3 R 0~
130 m), % Bt CIAE il 1 62.4~74.7 2 ] (CF- X1
67.3), o’'Na it Bl 76 2.9~24 Z [8] (°F ¥ {4 9.46),
Ln(ALOy/Na,0) 7l [l 1F 2.45~4.57 2 [a] (°F ¥
3.54), £ TAE AR I Ab T 1 A BT BUE Y R E X, B
7 M AR RT R SR  RUAR A Y, R 2 U I ) 2 IS R
B R bR 38 LS S AT A SR, o SR
XPREYE o T B A 30 1w 8 (130~190 m), £ &
EOT [X ], CIA'YE [l 7E 59.1~70.54 2 [a] (3F ¥ {8
63.67), o' Na i Fl 76 1.72~7.4 Z [0] CE ¥ {H 4.9),
Ln(AL,O;/Na,0) L FE7E 1.93~3.38 Z [A](FEI{E 2.9),
I XA BRI A T 50 18 A3 B BB R ARAEL X, AR 3R
AENFJE VS | TR AT S o BT 108 (190~280
m) A A5 T B, CIA™YE B 7E 57.7~75.2 Z [0] (G- 34 {8
66.15), o*'Na JLFITE 1.37~15.14 Z Ja] CEH{E 3.73),

Ln(ALO,/Na,0) JEFRITE 1.69~4.1 Z [a] CF4{H 2.54),
T R AL A8 b A X T2 1T B B M B /)N B 1 R
P, HAAERIZUE 3l o St v 0 <f 251
IR, A3k 7 7 A B 2 — BRI T R s B AR T
5, BT 08t 2 SR — A B e i FE
TS B, B n BB EOT 4 BRI IR ZF e 18 %
7 1l DX A A A
43 BEEERBSXESEGR

U TE— 3t 1) B = N U AE TR
Sl b, 7E T 9 s AR G o X A T
4N, 7 i e B AL I BLR G Y s AR A ] i i
71N, B B T 2 R T A S ol MR MR e 4 T
& (Wang et al., 2014) . MENES /R A A9 AR FRE
1 3R W o tH— SRt A T AR A,
W 5 HE I Fe,O, 1 1 FEAIK, B6HH B A Ui B %
FH i I8 2 0 0 1) S AL PR B 2 AL A ¥ T 2R 5% (Sun et
al.,, 2014) . B AAHEA PR FA R 8 Corg /R
H7E 33.8Ma H BLIE AL 35, ik iR R A AU [R) o7 R
§°C 1 8"0 WIS A AL /R H R B S AR A T
W LB T BB ELAT R AR T A 3 (B, 2020) .

UL AR, B bt 2 R T2 7 e S AR
AR KA 2 AR A Y B i, 5 A )
W, R ARV B N, R S s B, B
B A AR T 4R 2 A B I8 1Y 72 fk (Ridgway et
al., 1995; Hansen et al., 2004; Pei et al., 2009) , 5 /i
7o R AL ST SR 2 UL 33.9 Ma 22 Ay S B I i
I 25 2 A 1 R Y RAAE, 15 33.9 Ma Z
AR5 AR, RUITEZ A — ]
BB (i, 2008) . PE T A A RIELR T F
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) e AR A 5 B A i T i T 22 A2 I
e, BEBZ I A R B AT B N e T
J# (Dupont-Nivet, 2007) . 75 7 = it B 4 H 15 I b
DXYL A A 3t Y A i i Bz 5 4 4 1 LA
B AR RSN 3, 2 RO I R i R A
FE ) ) 0034 vy, R 1 I ) A SR A 2 28 o U 2 T
WA Sy B R Ve T B (R AR, 2015; FIEER
45, 2018) o FE[A]—IF ] B, ST ER R AL LA BT TH:4)
PR IE T A 15 T8 A8 AL R TR R8N, B 2] L
Vi tAr s o T BN BT T, 0B IZ R A
% 1 % A FE ¥3 (Hartenberger, 1998; Meng and
McKenna, 1998) . [N itt, 76 M Gh ot —F et &
A 1 I Tk A e D A R L X Y
PR — W R AU AL A, J BB AR AR — IR
WA T A7 ) DAY e

5 #ig

(DB 7 20 382 TE B Th 4~ -4 — Bt fir Ay
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WIHY B T, Si0,/ALO, HH 511541 CIA Z [H]
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KANIFE ]
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