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LPAFE R 5 PAAS AL, B B & MgO,
Na,0,Ca0; 5 34 3.14% ( 2.48% ~4.01%) ,2.23%
(1.68% ~3.22%) ,7.04% (4.51% ~ 12.16% ) ; P, 0,
MnO, ALO,, K,0, Si0,, TiO, & & i fi; 4> %1 N
0.004 0% (0.003 5% ~0.004 6% ) ,0.072% ( 0.054% ~
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116.0 ug/g) ,Zr(58.1~324.8 ug/g) ,Ba(333.9~583
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e 1 ] 2 : 3 i 4 i 5 | 6 : 7 8 i 9 THIE  PAAS
E;-N;g E;—Njg E;-Nigo E;—Nig Nyy N,y N,y N,y N,s

Si0, 51.32 54.3 54.28 51.02 53.49 53.25 57.82 56.37 57.33 54.35 62.4
Fe, 0,4 6.44 5.38 5.41 5 5.61 6.97 4.71 6.05 5.96 5.73 7.18
Al,O4 16.44 13.62 13.16 12.07 13.79 15.88 12.52 14.85 15.05 14.15 18.88
TiO, 0.93 0.88 0.81 0.85 0.88 0.98 0.8 0.87 0.9 0.88 0.99
K,0 3.6 2.7 2.59 2.49 2.74 3.44 2.2 2.73 2.92 2.82 3.68
Na, O 2.13 2.18 2.39 1.68 1.94 1.92 3.22 2.41 2.16 2.23 1.19
CaO 5.03 8.05 8.69 12.16 8.1 4.51 6.89 5.27 4.7 7.04 1.29
MgO 4.01 2.97 2.95 2.48 3.01 3.86 2.63 3.24 3.14 3.14 2.19
P,04 0.0046 0.0042 0.0043 0.0037 0.0035 0.0041 0.0041 0.0037 0.0036 0.004 0.16
MnO 0.054 0.075 0.086 0.095 0.074 0.063 0.073 0.071 0.054 0.072 0.11
L.O.I 9.77 9.45 10.22 12.19 9.7 8.65 8.46 7.4 7.43 9.25
Total 99.73 99.61 100.59 100.04 99.34 99.53 99.39 99.26 99.65 99.68

K,0/AL,0; 0.22 0.2 0.2 0.21 0.2 0.22 0.18 0.18 0.19 0.2

Al,0,/TiO, 17.68 15.48 16.25 14.2 15.67 16.2 15.65 17.07 16.72 16.1
CIA 60 57 55 59 60 61 49 58 59 58

T PAAS MIRK I AT 004 A2 s F5 5 CTIA = (AL 0,/ (Al 0, +Ca0 * +K,0+Na,0) ) x 100, 28 4k 24 43 & 4 1 BE SR 8, CaO ™
TRIEAE TREFREL MY CaO, 4 CaO BEIRBUR T Na,O FE/REUHT mCaO * =mNa, O, T 24/ T Na, O FE/REUHT mCaO * =mCaOl'™*) |

R2 AR E—HELRERETREERTRLE
N 1 2 3 4 5 6 7 8 9 . W
i E;-Nig' E3-Nig' E;-Nig® E;-Nig® Ny N,y N,y? N,y? Nys PO L R
Sc 30.5 13.3 18.4 15.2 18.2 16.1 16 13.7 18.2 17.7 11 31
Cr 184.1 70.3 105.8 90.3 94.3 101.6 94.3 91.7 120.2 105.8 35 215
Co 33.1 14.5 20.5 15.9 20.6 20.9 18.4 17.5 21.3 20.3 10 38
Ni 21.2 27.5 34.2 33.5 41.5 40.8 35.5 35.2 45.5 35 20 88
Cu 33 10.1 47.3 29.5 51.5 37 38.9 36.5 45.5 36.6 25 26
Zn 116 72.5 104.9 77.6 113.9 111.6 100.6 98.6 134.8 103.4 71 78
Zr 58.1 149 178.5 193.7 233.6 294.1 259.6 259.8 324.8 216.8 190 68
Hf 2.61 3.87 4.6 5.55 6.2 7.57 7.28 7.21 8.6 5.9 5.8 1.9
Tl 0.38 0.7 1.04 0.53 0.71 0.79 0.67 0.69 0.99 0.7 0.75 0.25
Pb 12.8 24.6 28.6 21.5 27.8 26.4 28.2 25.7 33.3 25.4 20 4.2
Th 8 19.8 21.3 11.9 13.3 12.5 12.5 12.7 19.5 14.6 10.7 1.2
U 1.3 2.2 3.4 3.4 4 2.9 3.3 2.7 4 3 2.8 0.2
Ba 333.9 490.5 583 575.6 537.3 464.9 563.9 491.7 497.7 504.3 550 259
Sr 247.5 163.1 163 315.3 204.6 148.7 188.6 181 157.3 196.6 350 348
AY 227.9 76.84 103.5 104 123.9 110.1 105.2 97.58 125.1 119.3 60 196
Sr/Cu 7.50 16.15 3.45 10.69 3.97 4.02 4.85 4.96 3.46 5.37 14.00 13.38
V/(V+Ni) 0.91 0.74 0.75 0.76 0.75 0.73 0.75 0.73 0.73 0.77 0.75 0.69

T LM T M F (54 Sk U8 T Taylor and McLennan!

Hose R G TR e F B HE, U TH R 3 R
Beir P e piE TR Hse S Hith Th JTER
HE BT S T, RTIX N B S DR RS
F MOt E Ba (IR T LHIFEF 5 & T R e F
BE,Se LT LHbse R T e+, X5 Sr &+
AR, 25 Ty LA B TR A0 T K bRk A
WRBIFKER" R & & 972810 5 P IR 4t 1 K 3R
8 R: (82 8 R SIS

33 BITEHIT

M3 PRI LLE B £ o R A LB 0T
REfE, HP R+ ICE La, Ce, Nd EJEHEKH,
Fs+I0& S REE 1F 130.95x10° ~239.78x 10 ° Z [i]
i £ SR A SR ALK, LREE & 4E, LREE/
HREE HAH 5.34~13.68, &8 Lo RHIXT & 4, 7.
ER ORI R, R ERECE SRR
JEH)(La/Yb)  7E 4.74~38.08, £/ FFE

.35 .



5532 5 4 ) AR [ A 5F 2016 4 4 J
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N 1 2 3 4 5 6 7 8 9
i Es *ng] Es *ng] Es 7ngz E; ’ngz Nzyl Nz)’l N2y2 Nzyz N,s AR
La 24.1 47.4 54.5 35.8 39.5 38.0 40.0 40.9 46.5 40.8
Ce 49.2 85.9 100.6 69.0 76.3 70.5 72.8 76.0 87.4 76.4
Pr 6.2 10.1 12.1 8.7 9.0 8.7 8.6 9.1 10.5 9.2
Nd 24.6 35.8 44.4 32.5 34.1 323 32.2 33.6 38.6 34.2
Sm 4.98 6.34 8.16 6.12 6.27 6.09 6.03 6.34 7.16 6.4
Eu 1.23 1.17 1.55 1.39 1.38 1.29 1.31 1.31 1.44 1.3
Gd 4.99 5.73 7.30 5.47 5.79 5.58 5.65 5.83 6.47 5.9
Th 0.88 0.82 1.06 0.87 0.92 0.90 0.90 0.90 1.02 0.9
Dy 5.71 3.94 5.38 5.05 5.36 5.23 5.31 5.15 5.91 5.2
Ho 1.16 0.58 0.82 1.01 1.03 1.03 1.07 0.99 1.13 1.0
Er 3.50 1.47 2.02 3.06 3.23 3.16 3.32 3.11 3.58 2.9
Tm 0.53 0.15 0.24 0.47 0.50 0.50 0.51 0.48 0.54 0.4
Yb 3.36 0.82 1.44 2.94 3.14 3.23 3.29 3.05 3.54 2.8
Lu 0.53 0.14 0.22 0.45 0.50 0.52 0.53 0.50 0.61 0.4
> REE 130.95 200.26 239.78 172.88 187.06 176.97 181.61 187.28 214.23 187.9
> LREE 110.29 186.62 221.31 153.55 166.60 156.81 161.04 167.29 191.44 168.3
> HREE 20.65 13.64 18.47 19.32 20.46 20.15 20.58 20.00 22.79 19.6
L/H 5.34 13.68 11.98 7.95 8.14 7.78 7.83 8.37 8.40 8.80
Ce/La 2.04 1.81 1.85 1.93 1.93 1.86 1.82 1.86 1.88 1.87
(La’Yb) y 4.74 38.08 25.06 8.04 8.31 7.75 8.04 8.87 8.65 13.1
(La/Sm) y 2.97 4.58 4.09 3.59 3.86 3.82 4.07 3.95 3.97 3.90
(Gd/Yb) 1.19 5.59 4.08 1.49 1.48 1.38 1.38 1.54 1.47 2.20
d3Eu 0.75 0.59 0.61 0.73 0.70 0.67 0.68 0.65 0.64 0.70
Ce 4nom -0.03 —-0.06 -0.05 -0.04 -0.04 -0.06 -0.06 -0.05 -0.05 -0.05

7 : X REE= Y LREE+ Y HREE;L/H= Y LREE/ Y HREE ; ¥ LREE =La+Ce+Pr+Nd+Sm+Eu; ¥ HREE = Gd+Th+Dy+Ho+Er+Tm+Yb+Lu; 8Eu =

1/2Euy/ (Smy+Gdy ) ;Ce

anom

M+t R R REMN (La/Sm) ( 7£ 2.97 ~
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7~ Eu TR

ZRERRL P A B AL REE e 20 #5520 ih 26 1 (&
2)'"" REE 43 A AR — 5, Btk F R 1

1000

- FHGHE

—a—IHENLEE

-
3
=4

HH AN

-
@

Pr Ne Sm Esx Gd Tb Dy He E Tm Yb ILm

K2 i ye a BoR B A bR L B9 REE FiC 73 151

. 36 -

=1g(3Cey/2(Lay+Ndy) s N BRBLBLO bRtk g1

SEFMET A TR HI0 2 P Bu 0053 S
4 MR

41 SHTERRN

V 5 Ni [Al@gkisoc gk, s A A LA 1k
1717 it 22 RO P AR B, 2 A e A s = 45 i o
JEULVE BV & SRR A E AL RS 1T Ni A 38 Ji
BT, Bk V/ (V4N FAE ] s i AR K 4 i 42 Ak
WERRPIRZE , V/(V+Ni) {H>0.84,0.6 ~0.84,
<0.653 MR T ARG 2 i B H,S (IR A8 |
SNEARE PRAAIEL R A g
X V/(V+Ni) & 0.73~0.91,F¥{H 0.77(E 3) , 7]
HIX e E B BT 53 2 AR 4 R A BE e o )2
55 5T A I

Ce o 1T HGI T IS S IR, Ce,,, <~ 0.10
Ce TH1,Ce,,, > 0.10 N Ce &4 HITE R ALK
T Bl S A DY B 5T X RE A Ce,, M- 0.03 ~
~0.06, 7R T A FE i B 40 F RIS T, 4,



532 45 4 1)

W S5

Ce/La fH1E<1.5,1.5~1.8,>2.0 43 ML FEH & A
B FEIEE REAEE; 5T IX N Ce/La {H7E1.81
~2.04,FH(H 1.88, /R EEI L T AT
IR A

A B
O e e
A
TR A 4 A
D e e e e
B

i i i i 1
Fappgs  THRGE whEnbgl WBaLE W
FE R4 TR LB

B3l ales v/ (VHND) 43 E

4.2 YRR

i 1 70 245 K L B A £k BE B AR 47 14 ) 531 Ak
PR X B I T H AR - e R AR T U S
DU IR PE D REE Bl A2k R
R T CRAN E R EM TR Y — Eu TR
HA 7S5 ERHE, 5 B Fe o A S AR, A
FEX VARG FORIE T e (B fEiE 3] T —
FEMSVEN . A Ba AR RIS TURRE 28 Eu
TSR AN L RAMPIEA £ 76 Bu 594, il
TRIX R B AL R A EP . B £I0%F, Th, Se
il 5 TG 2R A K A {55 B8 ) A () 4 25 LT 4
AR TUORE T, R A2 FURFHZE 0 R L)
AR BRI X 0 TP Allegre A FH
La/Yb — 3 REE 1 51 Bl fig 45 50 (1] 4) ) B8 1K
DAL DRSS Xt XA RGN F ., Gu BB
KI5 w4 La A1 Th VRS & 2% Co, Se A1 Cr 1
¥ R Co/Th — La/Se Y5 X ) 51 & i ] %0 ( [
5) P PRAERER EEIEAKRKE T KA ME IS
8], S N5 X BEA W A 4

K, 0/ AL O, {E A 2 Ve 5 I8 X B 1 a3, Btk
KAHHR 0.4~ 1.0, 4RI A H 2528 0.3, HAR + 07
YrheziE 0, 5 IX NI K,0/AL,0, {H 0.18 ~
0.22, RUIBEF IR A & R RAL, N 5 Ve A A 5
B A P, Ak, A ALOL/TIO, {EH/)
T 14 0 YR T RER IR SR BE A A, TE 19~28 2
(] B AT e SR A B TN e s N (B0

2016 44 A
1000
100 -
W
Z g0
pod
o
1o+
01 16 16 i(;() 1000 10060
Y REE
K 4 Y La/Yb — X REE $95 @ 451 ) (&
100

Co/Th

1 - A
BRI

i i i i !
4 € g 10 ] 14

LaiSg
& 5 Y& La/Sc — Co/Th ¥R 3 9 &l

LL ST A3 S0 ) 5 BIE Y X R A E 14,20 ~
17.68,F-1 16.10, K H R ZORF K ET A, BA
DB TR AR A
4.3 HEESHF

Roser and Korsch 1A/, K,0/Na,O H{H & fz ikt
P it PR AR bR 2 —  JF 4 T Si0, — K,0/Na,0
AR 6) . W 6 &, Jea e
i FEVRAENG B R Rl G A S B A e 1488 1Y
U 75N

0.1

b

i
K.OMNa, 0

B6 e K,0/Na,0— Si0,/AL O, ks i 5l

« 37 .



532 455 4 1)

AR B 4 B O

2016 4 4 H

TR MM Eon R RE M E R R K
U JUH: La,Sc,Zr, Th 0K ; E XL iz DU
T AR X AZ 2] b VR F AR ) R, R e 3R
(R AIE T S 390 6 X 26 A0 R R b ) i Y B, N
Mukul R $2 19 La — Th — Sc I 91 K ## (& 7) , Th —
Sc — Zr/10 FI 5 & (& 8) 1) WF5E K Y A ke it 12
TRl SR X 3R P, 20 B A TG 3 K il i 2% X3

La

A—REE LI B— KR 590 C—i% h KB 2%
D—w B AR 1%
Bl 7 Y%+ La— Th — Sc ¥ 5 530 51 &

Th

A— KB B— KB 9K C—% Bk R 4 ;
D—w B AR 1%
[l 8 Ui+ Th — Sc — Zr/10 ¥tk 25 51 51 &

ZiE LR MR E DT T A RN, SR %
. 38 -

T Hb DXt —Hr i e Ve s DU IR ok A T3 s KRG
NG ARRESIIREE . X 5 588 AR Al 22 Lok
(R 1538 B — B0 . SR AR G b e i 3 4 A 3
NEE— R SEEREER, B R AL IR AL, TUR
FIHE 3 PSR4 R R A 5 3BT AT 20 L ok 2 b I 5 R 3R b
TR P A
44 HRESH

EAENAL TR Na® | Ca® K &Ik LR
P AP i SRR IR U R & XL b, 35 it
Nesbitt"*" 4 H Ak 2% fh A8 22 B080 72 4 R TR X XU AL
fiE, CIA HEAR N CIA = (AL O,/ (A0, +Ca0 " +
K,0+Na,0) ) x100, 2 H{b 27 il o3 75 5 340 4 B R 8K
CIA {H7E 50 7247 100 B 43 ARG Wy I XCE Aok
W E AL 27 KAk 8 2 58 2000 1k 2= KAk, Y8 A B
CIA $8 B0 AL TG 49 ~ 61, h—fR XL AR B | 4
IR XA F T A SR s v TE B X

St/ Cu WAE W AE R 46 7n il S 9 48 b, © B8R
FIRE S E R F B, Sr/Cu {H>5.1~5 435048
TP RS AR, BFSE X Sr/Cu {HTE 3.45 ~
16.16,F-31E 6.57 , 2 BIE X AU 20 TR
fiet™l,

5 i

ZOGE IR G TR R G T i M
RIS E R ICR R TR M LT R Ry
TE KA A A, I AR T PR IR M8 5t ol
=

(1) ThyeE 116 ¥4 150 L IX e 5 o s+ B i
Y REE 7F 130.95~239.78x10°, ¢ 187.9x10°,
( XLREE/ Y HREE) & (La/Yb)  HC1H TR &M +
JTCEMIEE, R ERT TR SEHE, Fu R
i 5% (0.59~0.75,F-14 0.70) .

(2)FIH V/(V+Ni) HAH (0.73 ~0.91, -2 {H
FRE TR IR AL F BRI T

(3) FIH #1575 St g La/Yb — X REE K&,
La/Sc — Co/Th K . K,0/Na,0 — Si0,/ALO, & . La -
Th —Sc &\ Th — Se — Zr/10 EIR] H1, 6 U1 5E v 18 b,
DX e b T sl KBl 140 % R i 5 SR 5%, B
DRAZ 2% K Ly RER B Jo A 24T I,

(4) R FH & S A48 FR CAL B Sr/Cu HfE, HiAw



532 45 4 1)

W S5

2016 4F 4 H

Pl e 7 8 DXty e 3 2 PR B 3 T B
DX, MR BE A

SE M

(1]

(2]

[15]

TKAsE ok I HUR G B R I R IR R i JC R Bk
AEAHFIEL T ] R R 22741, 2006, 36( 2) 1200 — 208.
Condie K C.Chemical composition and evolution of the upper conti-
nental crust: contrasting results from surface samples and shales
[J].Chemical Geology,1993,104:1 —37.
FRAE L, BRIGEER , 22k, 55 )1 73 b X A BR 42 - e B A A
Lo HC e SCLY T PR 2 e s, 1998,20(3) 126 - 30.
B~Fll, 22, Lee CB, 45 B J6 300 )i A9 o0 3R b Bk Ak
RGO Y BRER (1] B4 i@ 4, 2003,48 (1) : 1233 -
1236.
Cullers RL, Basu A, Suttner L. Geochemical signature of prove-
nance in sand — size material in soils and stream sediments near
the Tobacco Root batholite, Montana, USA[ J].ChemGeol , 1988,
70:335 — 348.
Bhatia MR, Crook K A W.Trace element characteristics of grey-
wackes and tectonic setting discrimination of sedimentary basin
[J].Contrib Mineral Petrol,1986,92:181 —193.
Taylor S R, McLennan S M.The continental crust:its composition
and evolution[ M ].Blackwell , Oxford ,1985,1 - 312.
VIR, 228, IKWIR) Sk Rk 1 BB [ )] 2
Fii%%,2000,7(4) ;421 — 429.
FEAAAE , 00, 2V, 45 SRR b 2 - 3k RIRAE” 1Y
FEJEE [ ] Bl ,2002,21(1) ;19 - 23.
WMZ% RIBOG, VFES, S5 SRR G AL 2 5l A AU -
R R Bl o e S R R R A e [ D] M B
#%,2001.56(2 - 3) : 187 — 206.
WA, Merivetie B W, 2200, 4. R B3 L 2 I RETH 7 s
B A A A4 TE I [ 9] 3B B 41, 2011, 3 (11) £ 1647 —
1610.
2R, IR MBS = R A R 2 R A S A
RS BRI R[] A8 A 0 P2E &, 2006, 25
(3):221-229.
e IR B R 22/ S U M R VT4 R A R AL SRR
KR SCLT] . B b Rz 2 i ( B RBE R 2014,
38(1):40—49.
Sun SS, McDonough WF.Chemical and isotopic systematics of o-
ceanic basalts:implications for mantle composition and processes.
Saunders AD and Norry MJ.Magmatism in the Ocean Basins[ M].
Geol.Soc.Spec.Pub. , London, 1989 ,42.313 — 345.
LI SR A 7 2. R N [N o R = B 8 e

[16]

[19]

[20]

[21]

[22]

[25]

[26]

FEAE S HHL TR L[] M ERfE2,2013,42(6) 1599 - 610.
Cara Davis, Lisa M. Pratt, William V.Sliter, Luis Mompart, Bruno
Murat.Factors Influencing Organic Carbon and Trace Metal Accu-
mulation in the Upper Cretaceous La Luna Formation of the West-
ern Maracaibo Basin, Venezuela [ M].Boulder: Geological Society
of Amrica, 1999.

Elderfield H, Greaves M J.The rare earth elements in seawater
[ J].Nature,1982,296(5854) :214 - 219.

McLennan S M, Hemming S, McDaniel M J, et al. Geochemical
Approaches to Sedimentation Provenance and Tectonics [ C]//
Jonhanson MJ. Processes Controlling the Composition of Clastic
Sediments. Boulder Geological Society of America,1993:21 —40.
TRIBAT, SO, REE 45 M LT R TE WM TTAR P (s R 1k
o ——LASGR AR G I e R A B [ )] E R (D
) ,2009,39(8) : 1160 - 1168.

BRI, B N TR i B g f—h =&
KR A AR MO E PRI [T ] IR [ £ %E IR, 2014, 30
(8):16 —20.

XUBEAR B . IC R MR A2 0 [ M AL s BT A
1984.24 - 343.

FISEUN AT A, R0, A5 01 35 5 i X G et sk Ak 2
FROE SCH IR DX AN KA AR B2 0 A [0 ] AR 5T, 2010, 24
(1):151-157.

Allegre C T. Quantitative models of trace planet[ J].Earth Plant
Sci Lett,1978,38(1) :1—25.

Gu X X, Liu J M,Zheng M H, et al.Provenance and tectonic set-
ting of the Proterozoic turbidites in Hunan, South China: Geo-
chemical evidence [ ] ]. Journal of Sedimenatry Research, 2002,
72:393 —407.

Wronkiewicz D J, Condie K C. Geochemistry of Archean shales
from the Witwatersrand Supergroup, South Africa: Source — area
weathering and provenance[ J |.Geochimic et Cosmochimica Ac-
ta,1987,51.:2401 —2416.

Girty G H,Ridge D L, KNAACK C.Provenance and depositional
setting of Paleozoic chert and argillite, Sierra Nevada, California
[J].Journal of Sedimentary Research,1996,66(1) :107 —118.
Roser B P and Korsch R J.Determination of tectonic setting of
sandstone — mudstone suites using SiO, content and K,0O /Na, O
ratio[ J | .Journal of Geology,1986,94:635 — 650.

G, R B SRR GO AR S R K SRR
[J]. 3254 ,2006,80(3) :359 — 365.

Nesbitt H W, Young G M Early Proterozoic climates and plate
motions inferred from major element chemistry of Iutites[ J].Na-

ture , 1982,299.715 - 717.

.30 .



5532 A 4 W) 1T NS I o 2016 4F 4

Geochemical Characteristics and Its Provenance Nature of
Paleogene—Neogene Mudstone in Lenghu Area in Mahai Sag

of Qaidam Basin in Qinghai Province
CUI Qinggang, DU Xiaoliang, MENG Linghua, ZHOU Longtao

(Shandong Geological Prospecting Institute of China Chemical and Geological Mining Bureau, Shandong Tai’ an
271000, China)

Abstract; In order to reveal the evolution process of Mahai sag in Qaidam basin, taking data of major elements,
trace elements and rare elements of Paleogene — Neogene mudstone in study area, using the numerical value com-
parison and the chart identification, the provenance attitude, tectonic setting and palaeoclimate have been studied
in this paper. The REE distributions of mudstones show LREE enrichment, have a flat HREE pattern and a week
Eu anomaly. As showed by the numerical of V/(V+Ni),Ce/La and Ce,,,, ,

ment. From the discrimination diagram of La/Yb — X REE, La/Sc — Co/Th, K,0/Na,0O - Si0,/Al,0,, La —Th —

Se . Th — Se — Zr/10, Paleogene — Neogene mudstone in Mahai sag in the area are in active continent magin and

the palaeoclimate in anaerobic environ-

continental island arc environment. Felsic volcanic rock and femic rock could be seen, provenance parent rock com-
position is quite complicated. Chemical Index alteration ( CAl) and the ratio of Sr/Cu indicate that the intensity of
chemical weathering is relatively hot and week, and tectonic setting belongs to an active tectonic zone.

Key words : Paleogene — Neogene; geochemical characteristics; provenance analysis; Mahai sag; Qaidam basin;

Qinghai province
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