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Decelles et al. , 2007a; Kapp et al. , 2007), #X %k
(2013 ) 38 1 X J& 35 23 i g 350 R0 70 22 2 S50 1 T
HEAT 20 L, R JE B 4 Rl O Ry = A — G i
BT, B rpER s b e B | T S B (LR ) |
KT B (BRI ) o Kapp 25 (2007 ) @ id % e
U NI T TS EA N =i e S Sl G K VA
O Ar/Y Ar PIAE B 2 Hl b 2 ) AR AR R tH—rh
B, EEBIAE (2009) 78 7540 N & A fLky 4 &
PRy ARy A A SR TR , A3 B JE B 2 Bt A
JE I R 7 T — T 1, X2 4 (2020) 26 T4
PR 302 N A BRE I e ALl s e )2 FL T U-Ph &
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P 1 e SRR i AT TRT 1] (a, B Decelles et al. , 2007b &) K P j#0E H 4 WM & DIl 5 P 1 8 & g
AL (b, 45 1 ¢ 25 J7 R FR g 5 141 @ #5040 )
Fig. 1 Simplified tectonic map of Xizang( Tibet) Plateau (a,modified from Decelles et al. , 2007b) , Regional geological map of
study area, and the position of the section in southern Xiede village (XDXS) (b, modified from 1 : 250000 Regional Geological
Map of Nyima Region®)
TYSZ—HE 5 ATV AE 4345 s BNSZ—BE AW — ST S 137  JSZ— P 2 1 2 W) — B VT 4E 547 s SKSZ— R C MR EE 5
1YSZ—Indus—Yarlung River suture zone; BNSZ—Bangong Lake—Nujiang River suture zone; JSZ—Jinsha River

suture zone ; SKSZ—Southern Kunlun suture zone
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T BRI FON 5 I E] 51 43 il A T AR
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B AR S A B T I 1 B AR R R o S )
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3.1 XH&EXAEDFNER

AU XRF M, FARICE] 10 Fh 32 5 0 & Y4
e & &, B Na,0, MgO, AL,O,, Si0,, P,0,, K,0,
Ca0,TiO, ,MnO, ,Fe,0,(wt%) , VA Sz 14 #1445 Zn,
Cu,As,Sr,Zr,Nb,Sn, Ag,Cd,Ba,Cl,V,Cr,S(ppm)
TENMEITTERE, o Zn,Cu, As,Sr,Zr,Sn, Ba, Cl
HFEE D RS (<5%) |, 5 220 B b P S0 M
AU B S H (8 T Ag I Cd BB A7 e K i 5
WA (>10%) , 7RG 220 B P A A, AR SO 22
Sy, MR IR AN A & RoR, LU b
2274
3.2 ERSHWER

XS PME S B 2 B A ) T O D Rt
A7 B30, 26 1 Fs o] It 5 4> 32500
(FH PCA F£7r), H PCAL H Zn, Cu, Sr, Al,O,,
K,0,TiO,,Fe,0, 411 ; PCA2 i As,SiO,,Ca0,MnO,
F1 MgO 401 ; PCA3 H Zr,Nb, Sn il Ba 4 i ; PCA4
i V,Cr,S fil P,O, 40 ; PCAS H1 Cl 1 Na,O ZH %,
Cr JLRAE PCAL FI PCA4 ity HAT 45 g A 2y 260 %o
{8, BB Cr BEA BE IR A | [t B BRI 2 K
WA FOR S VI G HEFIES Cr 5 V W
BB YICR , e 7UE 2 BE5E T, W v/
Cr {ER FN Wit BUK A& S8 AL 8 JFAE B ( Tribovillard et
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al. , 2006; Jenkyns, 2010) , X IR Hi il 23 1) PCA4
Hi, CaO Z5H7E PCAL Fl PCA2 ) HA #5128
T X {H , DA PME £ /e (XDXS) HI1H |, CaO B
AU YR, R AR A AR TR AR K AR B Az DTRR
KB, F JEH] Ca 5 Mn F1 Mg Z [0] (9B M) 3£ 561 | ik
¥ CaO KI43%] PCA2 . P,0, 7E PCA2 £l PCA4
0 24 EL A 55 v 0 28 A A X, UL AR P PR £ R
(XDXS) #lm b, £/ 1 EFRT R P 5k A A
X, HEF P 5 S,V,Cr ZIAAFE %S VI A Yy b BR
A2 A i F2 (40 Huang Yongjian et al. , 2007) ,
IR H] 73 2] PCA4 Y

FAEC R B 5 A F A4 B 22 STk ok
76.75% , H: H. PCAL (5 F] 27.92%, PCA2 5 %
13.59% ,PCA3 i3] 13.31%, PCA4 3] 11.93%,
PCAS (% #] 10. 00%, L, it ks 5 4~ F
BT AT AR R R IR e R AR TP 4 KR 5 B
3.3 EREWRESIBER

ER T GE N W[t DS E =y % pa A
() R 7455 R 40, w1 B R ML T & L 2R
At 41 PCA1=0. 54xZn+0. 85XCu—0. 92xSr+0. 91
x AL0,+0.91x K,0+0. 73xTi0,+0. 92xFe,0, , % I
[FIE A LB T DAAS B FL Ay 4 2R A48 i, /) PCA2,
PCA3,PCA4, PCAS LS R ILIK 5 (BAadh4k)
SRIG % CEEMD 20 ik, ¥ 5 A FE o473
i, A5 2 Xt R A9 AR AIE AR pR AL (IMFs ) DL K Bk 25
(RES) . LA PCAL o], AT Ak 73 it g 8 /1~ IMFs
DL 1A RES 73 (I 2) o [FIFERY, PCA2 1 PCA4
HB AT LA % IMF1~8 Jil | —> RES 435, PCA3
F1 PCAS 7] LA 43 i IMF1 ~ 9 LA Jz—A4> RES 43

Ho
3.4 BEHREEXMESWER

R T R A BE A S R 2 A 2 R o T 1Y)
M2k, 75 2 xF FE RS (PCA) Z5A 728 i HP B 5 e 1] 43
BT, AR 5 ASF Y, i CEEMD 43
fife I 5 B 1 BT A8 AS AIE 452 pR &0 (IMFs ) DL J Bk 22
(RES) 43t 4T A AHSC R B 0T, o ERUr 1 1Y
&> IMFs F RES 435 F AHC R &l 3 s, Al
VI B IMF1 ~ 3 FEAE— SR B[] 55 #0AS HH B (L,
FEI R T I s R 9 4R 055 1T IMF4—RES
SR G A R A B S I AR A, WA 4
AN TR B A AE AR R (IMFs ) LA B2 5% 22 (RES) 43
WP TRIRE A bBE A R R B 2451
ARNERE REL IMF1 ~ 3 348 [ JE 1] 5 1 e 5 40 12
IMFA—RES 2 T e Wl 734t 5 E 18055 3 WA TR bR
0 IMF1~4 Jhy [ e 7] 3 % 1 e & 53 i IMF5—RES
b ST oy

4 HHE

4.1 TURRHBBRAL FHHE

Fe J& TALIR R BURIETT R DU HLZ T 1) Fe
— AR UR TRl IR S A R 3 A A > — R4
Fe R TIb s 20T A AR W 8 U DL K il a4
IR BRI AL AT Ti JC 2 & T A AL AN
BURA TR 2 Rl IR0 B i A R AFIR bR, o T0L
FRUHbL 2 SR I ARTTORR AT AR BRI S A 52 | PRt
AT LA Fe,05/TiO, {RCK Bl IR 560 BR 451, DI S5z B
WCAVEFHBRIE | Fe,0,/Ti0, 2 IRHE KA KB M
YEF] Fe %i A (Richer et al. , 2006; Thomson et al. ,

® 1 ARMRBAMNES B S HE— gt EEMEREMS SRR E FRET

Table 1 The factor loadings after rotating of PCA analysis results of the Paleocene—Eocene Niubao

Formation on the section in southern Xiede village, the Nyima Basin, Xizang

JLE/ PCAIl PCA2 PCA3 PCA4 PCAS JLE/ PCAIl PCA2 PCA3 PCA4 PCA5

A | 27.92% | 13.59% | 13.31% | 11.93% | 10.00% | BHEY | 27929 | 13.59% | 13.31% | 11.93% | 10.00%
Zn 0.54 -0.02 0.26 0.47 -0.02 s 0.19 0.16 0.11 0.55 0.15
Cu 0.85 -0.05 0.22 0.19 0.03 Na,O 0.09 0.01 0.06 0.08 0.98
As -0.1 0. 86 -0.18 0.08 -0.09 | ALO, 0.91 -0.03 | -0.03 0. 04 -0.02
St -0.92 0. 04 -0.03 0.08 -0.12 Si0, 0.3 -0.51 0.64 -0.11 -0.15
Zr 0.06 -0.12 0.75 -0.09 0.03 P,0, -0.14 | -0.56 0.13 0.43 -0.38
Nb -0.11 0.27 -0.55 | -0.05 | -0.07 K,0 0.91 0.06 -0.08 0.01 0.03
Sn 0.38 -0.21 0.61 -0.29 0.05 Ca0 -0.62 0.36 -0.45 0.41 -0.19
Ba -0.24 | -0.01 0.71 0.13 0.02 TiO, 0.73 -0.21 0.16 0.55 0.06
cl 0.06 -0.02 0.03 0.1 0.98 MnO, -0.12 0.77 -0. 44 0.26 0.07
v -0.1 0.08 -0.33 0.88 0.08 Fe,0, 0.92 0 0.01 -0.15 0.09
Cr -0.65 | -0.15 | -0.26 0.62 -0.03 MgO 0.08 0.85 -0.1 -0.01 -0.02
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g. 2 The complementary ensemble empirical mode decomposition results of PCA1 variable in the Paleocene—

Eocene Niubao Formation on the section in southern Xiede village, the Nyima Basin, Xizang

2006) , S IR F AR bt ] LIFE s A AL R AL T
Kt S TR G M BT REAFR TR RIEE N K
B Bl LA 8K B AL 9 T2 B ( Richer et al.
2006) .

WME 4 iR, Fe,0, 5 ALO, AR AYH &
P, UL )2 T Fe TR EEORIETREFEPE A S
JEE G LI Fe,0,/TiO, B AR 5175 B8/, 1L
7 Ry R 2 A7 HAE 28 SR 38 K (500 ~ 550 m; 1180 ~
1250 m;1900~2185 m) , X 7E—xE F2 & [ 578 Wil
A IR T Ml 2 AR e 3L/, V/ Cr BU 2 J ke
ISR SR S R 1 B AR bR 2 — |, — A kK
RZAET V/Cr<2, TEREE KR ZAF T V/Cr [HAE 2
~4.25 ZJa], 24 V/Cr>4. 25 W3 7R R E AL —Bi S Y
K AR Z& 4 ( Tribovillard et al., 2006; Jenkyns,
2010) . Fe,0, 5 S JLE MM v I (& 4) R, Fe
JCRTEM ) EE LU A AR IE X AETE, 456 V/Cr
MIZE(V/Cr < 2) , WA M2 DIRUIREE 4 4k DL Ak 55
PR XS 20 YME £ R )T s Aok A
LA —3, V/Cr 5 Fe,0,/Ti0, BA & 9 1E AH
FME(R?=0.53) , 3% Ui BHUT R Ml 2 b 40 55 Bl VR 75

B AFARER 73 Fe AT LIRS TTRRIN 7 AR SR A TR
T A A S RS AR A2 5 A VR T ek
DTk, P AT LAY XRF 345 2R 7] AR
RO R I IR TR 51
4.2 FTEAGHHKALZEEX

TR 1, ALO, AT K,0 — M #k N 5%+
ME A H YA K (Pearce and Jarvis, 1992;
Tribovillard et al. , 2006) ; TiO, # I\ Ay J& X F AHXF
R g 00 Bl U5 R T W B, A2 A AR R i AR /N
(MacLean et al. , 1997) ;Fe,O, 1 Ti JLE—FE, ¥
7 VRGO AR A FE b, E 2 78 B 2838 Ji
s AL AT AR S K A Ak 3 I A B2 Y A
(41 Sluijs et al. , 2009) , Sr —HIAN K SRR EE A
WA H S F A A A SRR (R 1) ,Sr 5
AL O, Fl K,0 2GR 0 2= BAARLF (A DG, 136
Sr AR T AE T BB A A Zn F Cu J& T JT
RS PH ALO, 1 K,0 41 A F 0 W B
PR, AT DIOKE = s 1 B b diki B IR T R A A
FRS 2 H,Ca0,Mn0, 1 MgO = F 5 kR L A%
YIAHZE (40 Montero-Serrano et al. , 2010) , Ifif SiO, %}
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Fig. 3 The autocorrelation analysis for intrinsic mode functions (IMFs) and residual (RES) of PCA1 variable of the

Paleocene—Eocene Niubao Formation on the section

in southern Xiede village the Nyima Basin, Xizang( after Daviq 1986)

The dotted black lines denote the 95% CL lines, the solid black lines are autocorre]allon coefficients along lag time (t) s

and the intervals falling below 95% CL lines mean random and independent points
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Table 2 The implications of geochemical associations of the Paleocene—Eocene
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The chemo-stratigraphic analysis for the Paleocene—Eocene
Niubao Formation on the section in southern Xiede village,
the Nyima Basin, Xizang ( Tibet)

YIN Shitao" , ZHANG Zhifeng" , HUANG Yongjian" , ZHU Youhai® , ZHANG Shuai®
HAN Zhongpeng"’ , LI Yalin" , LI Xiang" , ZHAO Yonghui" , LIU Jianwei"
1) School of the Earth Sciences and Resources, China University of Geosciences, Beijing, 100083
2) Oil & Gas Survey, China Geological Survey, Beijing, 100083

Objective: The Paleocene—FEocene Niubao Formation in the Nyima Basin of Xizang ( Tibet) was recently
proved to be a set of petroliferous succession. However, a systematic stratigraphic division scheme still lacks.
Thus, we try to use elemental proxies to do a chemo-stratigraphic analysis on the Niubao Formation from the
perspectives of geochemistry and autogenic/allogenic processes. With the expectations of not only establishing a
stratigraphic scheme for the Niubao Formation, but also exploring a reliable and practical stratigraphic division
method.

Methods: Based on the early field work, and the later whole-rock X-ray fluorescence ( XRF) measurements,
sedimentary geochemistry, principal component analysis ( PCA ), complementary ensemble empirical mode
decomposition (CEEMD) , and autocorrelation function ( ACF), the base level curves of deposition with specific
geochemical meanings were reconstructed.

Results: XRF analysis detected 10 kinds of major elements ( expressed in metallic oxides %) and 12 kinds of
trace elements (in wg/g) with good quality, based on which principal component analysis unveiled that the Niubao
Formation was mainly controlled by factors of fine terrigenous inputs, carbonate contents, redox—productivity
level, and coarse terrigenous inputs. Complementary ensemble empirical mode decomposition (CEEMD) analysis
on PCA results, and the further autocorrelation function ( ACF) analysis on intrinsic mode functions ( IMFs)
revealed that the strata were characterized by prominent and multi-scale allogenic forcing, which enables the
reconstruction of geochemical base level of deposition, thus the chemo-stratigraphic scheme of the Niubao Formation
can be established.

Conclusions: The chemo-stratigraphic scheme of the Niubao Formation based on aforementioned methods and
processes can be correlated with traditional lithostratigraphic schemes and sedimentary facies, but with more explicit
geological meanings, which at the same time can be utilized to regional stratigraphic correlation, testifying the
reliability of our chemo-stratigraphic scheme.

Keywords: Paleocene—Eocene Niubao Formation; principal component analysis; complementary ensemble

empirical mode decomposition; autocorrelation function; autocyclicity/ allocyclicity; the Nyima Basin of Xizang

(Tibet)
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