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Geochemical characteristics and geological significance of Shamuluo
Formation argillaceous rocks in the western part of the Bangong
Co-Nujiang suture zone

LIU Wen, WU Jian-liang, YIN Xian-ke, LEI Chuan-yang and WANG Bo
(Sichuan Geological Survey, Chengdu 610081, China)

Abstract: The Shamuluo Formation is distributed in Bangong Co-Nujiang suture zone, and its sedimentary back-
ground and source characteristic were closely linked with the evolution of Bangong Co-Nujiang Tethys Ocean. In or-
der to discuss sediment provenance, weathering, tectonic setting of sedimentary basin and subduction of Bangong
Co-Nujiang Tethys Ocean, the authors made a systematic analysis of petrology and geochemistry of Shamuluo For-
mation argillaceous rocks in the western part of the Bangong Co-Nujiang suture zone. The mean values of ICV,
CIA, Al,0,/TiO,, Th/Sc, Rb/Cs, (Gd/Yb),, La, Ce, X REE, La/Yb, (La/Yb),, Eu/Euy, LREE/HREE
are 0.80, 72, 21, 0.88, 13.5, 1.58, 42.47 x107°, 84.81 x107°, 200.02 x 107°, 14.22, 9.61, 0.65 and
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9.04 respectively, while the mean values of Th, U, Hf, Th/U, La/Th are 16.34 x 107°, 2.85 x107°, 4.81 x
10°°, 5.78 and 2. 61 respectively. The diagrams of K,0/Na,O — Si0,, La—Th—Se, Th—Co —Zt/10, Th—Sc —
Zx/10, TiO, —Zr, Co/Y —Ti/Zr, La—Th —Se, Th—Se¢, La/Sc —Co/Th, REE —La/Yb, A—CN—-K and REEs
also show certain regularity. The argillaceous rocks are mature and the source rock are granodiorite, granite, andes-
ite and sedimentary clastic rock which have much plagioclase and alkali feldspar. The source region of argillaceous
rocks has suffered from medium degree of chemical weathering, suggesting a warm and moist climate. The geo-
chemical characteristics of argillaceous rocks indicate that argillaceous rocks tended to occur in active continental
margin setting, where its tectonic activity became intensified from the bottom to the top. These results provide sedi-

mentary geochemical evidence for the evolution of Bangong Co-Nujiang Tethys Ocean, which indicates that Bangong

Co-Nujiang Tethys Ocean experienced northward subduction about 141 million years ago.

Key words: argillaceous rocks; geochemistry; Shamuluo Formation; Bangong Co-Nujiang suture
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Geological map of the study area

@Q—WTEE G @—MMEEAW; @—IEAW-RITEES W,

&) —MEEHBUAT VLA A5 s b—HBF 7 DX 5 ] P 40 T 75 0 S5 80 FE9F 75 (2004 ) @ i DU 11420 M 38 25 52 € 2003 ) @45 1% ] 1— 4D %5 2— it
WA s 3—3R I 4R S—E R 6K T ALK R 8—ZRIJURAE B oWt IE TR K& 10— (o 224t
IERAE R A 11— 2 AR b s 12— 5 FRE AR R A 13— 5 FRE S 14— KB A K 15— A KINKE K 16—F
TTAREES 1T— MBS F e, 18— XMW 19— M2 20— PEBUANIIWTZ s 21—FR W2 22—Sellil ik 7 &
a—sketch tectonic map of the Tibetan Plateau (after Zhang et al. , 2004) : (D—Kunlun suture; @—Jinshajiang suture; 3)—Shuanghu suture; @—
Bangong Co-Nujiang suture; (5—Yarlung Zangbo suture; b—geological map of the study area Cafter Jiangxi Geological Survey, 2004) @ and Sichuan

Geological Survey, 2003)9. 1—Quaternary; 2—Suonahu Formation; 3—Meisu Formation; 4—Niubao Formation; 5—Qushenla Formation; 6—

Shamuluo Formation; 7— Muggar Kangri Group; 8—Dongqiao ophiolite Group; 9—Oligocene syenogranite; 10—Late Cretaceous syenogranite; 11—
Late Cretaceous granite; 12—Early Cretaceous granodiorite; 13—Early Cretaceous diorite; 14—diorite-porphyrite vein; 15—quartz monzodiorite
vein; 16—parallel unconformity; 17—angular unconformity; 18—regional fault; 19—general fault; 20—unknown fault; 21—strike-slip fault; 22—
sampling location

@ VUM R ARSI, 2004, 1:25 J7 H - B i@ R A,
@ V)14 B A . 2003, 1:25 J7 %7 ELiRHL5 .



LLy

50 o

oW

/]

22

%jh

I -+

PN

38 4

PEBRE KL o i . XN B2 SRS B R T 5
B, FERIUA 1AL AT 2 P R TEAR N R A
e A L BRI . KAWRBRKE,
LA NW [0 2 3, NNW 1] 702 . NW [ By 288 T J2 1
G, AR T A, S — R A 2, A PR AT L
) b B A 3 R 2. NNWJf) B 28 O A5 47 58
Wiz, Wi DI T R, e AT T B A g O L S
AT RSB B =1, S ST 2 DI BB A7, X 8
TE G AL TS 1) 72 W 47 73 7
1.2 LR REIE

MDD ARZ A 5340 ) iz, By PRy ) S b v -
A 2R I S AT, 55 A A 2 S TR R il 2B A AR
DXV T 7 vb AR B0 21 1 A7 sz S5 T 5 T
FAL bR : N81°20730”, E33°00700", # 1 3L 4 7% B
U, A 2 i 4 5 PAT ARG e ik, i8S 40 2 B8
AL T (B 2a) o PITHVEF AL f R 0 R

TR G —FAREDRDAK s
552 R B SPAT A A ek
19, BRI T i R 5 Al 2R il A b e, —
BRI 12: 1, 128 m
18. KERTUAMIE KEEHWRE BAKS, —&
Ag10:1, 186.5 m
17, KE—RIKEP A e K O E RS S A b,
TEEEZ 601 ~ 801, M8 A K 209.3 m
16. ARG ERPE B A b IR 2R B A
W E RK B - K EBRUCAE A S LRI E, RE KV Z
, 323.2 m
15, BRI JTUA I IO 2R 8 e ib e, — 3
AL 4:1~9:1, 241.3 m
14, IR TR 5RO RV S BE LR, KE
TP B, A AT DK 156.7 m
13, KB B I Kt rp 2RSS B A Db, =
AL 1001 ~12: 1, 310.5 m
12, H RO 2R 8 A A 5 R IR AR A T
2, REKTIZH, 141.1 m
11 IR 22 LD Tt S TR 44.4 m
10, RIR R T I8 IR 0 3 IR A T8 A Dehb s, 3
A3 ~T7: 1, 153.1m
9. iz LIk M BR A K 8 CE A AR 22 Ll Al S
B A AL 1 AR A 94.2 m
8. ROV A I IR (A KA o A b, — 3%
AL 1001 ~12: 1, 144.7 m
7. KB A TR E K CE MR 22 1l i & e
BEICE I B B CEOR B 2L TITREACE D 4L 17 A
bR A 855.2 m

Mzt

>4251.2 m

6. RO IKOYR A 75 K 0 rh - SR B A b

i SHEELA 8 1 184.2 m

5. VRO )E FUA AR JE A R D BRI 7 A i )2 4R
HEARW S, S H AR 12:1 ~15: 1. 1A %K.

366.9 m

4. IR R U JE 75 IO JZHoR A S A TR,

Ee4y5:1 ~10: 1. 284.3 m

3. WK BRI 213.1m

2. WRIRAAYR A 5 IR 0 b — EOIRE TB A b, —

B EE ) 301, 48 AT R 158.2 m
1. WRIK R TA I 75 K Bl 2R e A Db, =3
AL 10: 1, >42.2 m

AR IR, WA R AL S AN B 5 7

AR B R HE AR 2 AR T AR A T S Wi N, 2 R
RIS I T DL, DR — 22 DAY IO R O IR T A
8 A DA S O RO R A S s i, A
JE A GRS T R AT R AL ASZ AT I 4
h 3 R FEARLY T A TR K OB U U K R
DA FUE AN E R H ), J2 P IR E 2 20 ~70 m;
WEARLT B BT Kt b= 2R T A DA K
R A AR, BA R B R, 2T
JEJEL 50 ms SEARZ T C K R S A0
W5 T A 2R N8 A TR 5 RO (IR K e
JUE B = J0 )2 7 A M A s, B B R R
A IR, 2 IR REZT 60 ~90 mC & 2b) .

ASCRE SR PM16-1 ~ PM16-12 3458 [ V0 AR % 41 5
U5 T 5 i FR DA TR JE 58 281 0350 38 J2 SR A°F 1) D ) 3
TTRERREE, A TR A (B 2¢ ~2e) . A 2K
R, e LA, - 2R iE . A A 2|
Ve 5 ROk 00 5 40 43 21 A, v Wb s TR
C <19 RFIRAT (2% =)o Ho, Y il o uine
=“hE(36% + ) ok A (34% + ) A 1(22% +)
b oo s s b A - G195 (5% + ) FlZb &L
KA <1%) o P o P kiAo 2= BEY A T 45
b IR A E 73 An, BBCIRIE . Ky b 4l o v
FRZHEL W, ZHELTRS M. BT YE
MNP ETERLR BRI AT . 7 A 2 RUIR A B
HPIR 2341
2 M
AR TR I 45 A 5L bR R AE 2 AL, BB SRR
WARZ A e it 4 4 1 il e ite ( PM16-1 ~ PM16-
5) HE YR A ( PM16-6 ~ PM16-8) « F ¥ Ve it A



H1 R SCRE: HEAWISIT AR A v BOD AR B ALY TR HUER A 2 I R S 51

a
o 1413+ 1.7 Ma 219
o~ T -r— e
& 7 a3 UPb 5
//":VAVA > » 5
Sy L A VS PN < (5 [~
7/ 8 falvi,, s & & i «
8 - Vi oA YA 5 & &
8%, LA z
JiK,s & Py / 2 (s S S j A
) L L S S S /, S IDTTTRT
>4 5 L a2 ’
4 I S Sl S SN0
22 3 2 LS E
65 = 1 “ S
s LK s
S 228
46
% A
AN 9 9 & N
\b\"" @\'0' @\b & & NN
\U{‘f < < 3 7 VA
’ .
YN q\h ; A 7 L 5 7 ik
LR < A LI o
V., VMo " = = s W) Sl <
g A o A (22 - VL A //’ S ey Y
Kt‘— £ e . L [rors / 57 /// e 7 : 10
- 19 ) P! o 2
- o 16 15 14 13 12 |
18 2
J_\K|S‘ 17 .T_;K,l.\' 205
208 5 46 0 100 m
51 57 Rt
— 100m — —_ N ..
b ¢ E.n' 1 K a LK 300 - N4
C N .
T2 b
A 50— b - — = - = A &V
— - o5 = — 6 — —I7[Vv & Alg
b € - S - _— o A VA
- b e | [v vV PMI6-1
= 0. 28 v A & VoV 2 1
4

: 100 um
—_—

Bl 2 it P B b ek Sk S R IR

Fig.2 The measured section, outcrops and characteristics under microscope
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Table 1 Analyses of main elements (w,/ %), trace elements and REE (w,/10°) of argillaceous rocks
i i L

o
i PM16-1 PM16-2 PM16-3 PM16-4 PM16-5 PM16-6 PM16-7 PM16-8 PM16-9 PM16-10 PM16-11 PM16-12
Al, 04 18.83 31.44 15.97 19.19 18.58 19.02 11.18 13.67 17.19 19.38 19.50 18.98

BaO 0.05 0.08 0.03 0.04 0.04 0.04 0.02 0.04 0.04 0.06 0.06 0.05
CaO 2.33 0.51 2.71 1.99 2.77 0.40 7.96 4.39 4.51 0.75 1.07 1.73
Cr, 0,4 0.02 0.04 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
TFe, O 7.46 10.48 6.83 7.86 6.55 7.30 5.60 5.45 7.15 7.13 6.65 7.17
K,0 3.88 7.71 3.18 3.80 3.35 3.25 1.50 2.55 3.49 3.61 3.98 3.73
MgO 2.77 3.66 2.61 2.85 2.62 2.00 2.87 3.35 3.22 3.29 3.36 3.27
MnO 0.09 0.03 0.10 0.09 0.10 0.10 0.16 0.07 0.10 0.04 0.02 0.07
Na, O 1.16 0.49 1.16 1.42 1.57 0.57 1.22 1.20 0.69 1.25 1.00 0.91
P, 05 0.16 0.18 0.17 0.17 0.12 0.11 0.15 0.16 0.16 0.16 0.16 0.16
Si0, 60.51 41.78 64.65 59.12 61.08 62.57 61.03  60.38 55.10 59.02 57.99 58.22
SrO 0.02 0.01 0.02 0.02 0.02 0.01 0.03 0.02 0.02 0.02 0.01 0.01
TiO, 0.92 1.47 0.81 0.91 0.88 0.78 0.60 0.71 0.78 0.87 0.88 0.86
LOI 2.52 2.28 1.83 2.55 2.37 4.15 7.83 7.67 7.38 4.66 5.00 5.42
Ga 23.80 39.70 20.20 25.00 24.90 23.90 13.05 17.65 21.70 24.20 26.50 24.00
Sr 110.0 85.5 124.0 116.0 128.5 84.8 205.0 173.5 173.0 118.5 53.2 85.1
Th 17.20 28.00 15.60 16.80 16.75 18.95 9.75 11.95 15.75 14.75 15.25 15.50

U 3.14 5.01 2.76 3.00 2.97 2.86 2.02 2.19 2.46 2.42 2.53 2.60

A% 175 287 145 173 165 133 95 131 159 204 199 184

Zr 176 262 181 167 157 165 164 188 150 171 171 158
Ag 0.01 <0.01 0.03 0.09 0.04 0.04 0.08 0.05 0.03 0.04 0.08 0.05
As 10.3 113.0 13.6 42.3 23.3 6.8 6.1 27.5 13.6 23.1 7.6 8.7
Cd 0.05 0.03 0.07 0.06 0.05 0.03 0.17 0.06 0.08 0.03 <0.02 0.04
Co 19.4 33.6 19.0 19.9 16.2 16.2 15.2 14.8 15.0 13.3 12.0 13.3
Cu 16.4 5.5 3.6 24.4 6.1 22.5 35.7 40.3 40.4 32.4 38.6 33.3
Mo 0.24 0.30 0.43 0.27 0.18 0.31 0.55 0.43 0.09 0.18 28.60 0.13
Hf 4.8 7.3 4.9 4.6 4.4 4.7 4.2 5.0 4.3 4.7 4.6 4.4
Rb 162.0 259.0 156.0 185.0 163.5 178.0 78.7 101.5 145.0 141.0 160.0 151.5
Cs 11.25 23.20 10. 60 12.30 10.55 12.85 6.99 7.99 10.65 10.35 11.60 10.40

Sc 18.5 29.9 16.0 19.0 19.5 17.9 11.7 14.5 14.3 22.6 21.4 18.9

Y 30.8 43.0 28.7 30.5 27.4 32.2 25.3 23.1 27.0 27.2 29.8 27.6

La 46.4 75.0 39.2 47.8 44.7 44.1 25.9 31.3 38.4 36.7 40.7 39.5
Ce 91.3 148.0 79.9 95.3 89.4 88.2 51.7 63.2 78.7 72.8 80.7 78.5
Pr 10.25 16.05 8.89 10.35 9.87 9.97 5.86 7.12 8.62 7.85 9.09 8.73
Nd 38.8 60.2 33.8 38.8 37.1 37.9 23.2 27.0 33.2 30.5 34.1 32.5
Sm 7.31 11.00 6.66 7.39 6.76 7.38 5.17 4.94 6.27 5.38 6.10 5.99
Eu 1.39 1.91 1.38 1.49 1.42 1.37 1.18 1.03 1.30 1.13 1.25 1.19
Gd 6.08 8.39 5.79 6.24 5.61 6.40 4.99 4.37 5.52 4.68 5.39 5.28
Th 0.92 1.26 0.87 0.94 0.81 0.99 0.75 0.67 0.81 0.71 0.85 0.78
Dy 5.44 7.30 4.99 5.51 4.72 5.62 4.19 3.99 4.76 4.42 5.04 4.69
Ho 1.17 1.62 0.99 1.16 1.03 1.18 0.88 0.83 0.99 0.98 1.09 1.00
Er 3.38 4.81 3.04 3.26 3.03 3.48 2.33 2.48 2.91 3.00 3.12 2.84
Tm 0.49 0.68 0.43 0.47 0.43 0.50 0.34 0.37 0.43 0.42 0.45 0.45
Yb 3.07 4.36 2.88 3.05 3.04 3.26 2.22 2.32 2.69 2.79 2.91 2.79
Lu 0.48 0.70 0.43 0.48 0.46 0.47 0.34 0.37 0.42 0.43 0.43 0.44
> REE 216.48 341.28 189.25 222.24 208.38  210.82 129.05 149.99 185.02 171.79 191.22 184.68
K,07/Al, 04 0.21 0.25 0.20 0.20 0.18 0.17 0.13 0.19 0.20 0.19 0.20 0.20
Al 05/TiO,  20.47 21.39 19.72 21.09 21.11 24.38 18.63 19.25 22.04 22.28 22.16 22.07
CIA 70. 14 76.82 68.75 70.22 68.26 80.05 66.48 67.08 73.97 74.79 74.11 72.97
ICV 0.77 0.59 0.83 0.78 0.79 0.53 1.03 0.96 0.75 0.70 0.71 1.11
Th/Se 0.93 0.94 0.98 0.88 0.86 1.06 0.83 0.82 1.10 0.65 0.71 0.82
Th/U 5.48 5.59 5.65 5.60 5.64 6.63 4.83 5.46 6.40 6.10 6.03 5.96
La/Th 2.70 2.68 2.51 2.85 2.67 2.33 2.66 2.62 2.44 2.49 2.67 2.55
Rb/Cs 14.40 11.16 14.72 15.04 15.50 13.85 11.26 12.70 13.62 13.62 13.79 14.57
LREE/HREE  9.29 10.72 8.75 9.53 9.89 8.63 7.05 8.74 8.98 8.86 8.92 9.11
Eu/Eu; 0.91 0.87 0.98 0.96 1.01 0.87 1.02 0.97 0.97 0.99 0.96 0.93
Ce/Ce,y 0.91 0.93 0.93 0.93 0.93 0.92 0.91 0.92 0.94 0.93 0.91 0.92
(La/Yb) y 10.21 11.62 9.20 10.59 9.94 9.14 7.88 9.12 9.65 8.89 9.45 9.57
Eu/Euy 0.62 0.59 0.66 0.65 0.69 0.60 0.70 0.66 0.66 0.67 0.65 0.63
(Gd/Yb) 1.61 1.56 1.63 1.66 1.50 1.59 1.82 1.53 1.66 1.36 1.50 1.53

N AT AR DA T3 ) TS P SR SRR 5 Ces/ Ce s =2 Ce,/(La, +Pr,),Eu/Eu, =2 Fu,/(Sm, + Gd, ), Ew/Euy =2 Euy/(Smy +Gdy), 1
oo ARF AL TUEbRAEAL, N ACERER A bRl ; J63E T 5 3% Haskin F1 Haskin( 1966 ) , BRRLF 47 3% Taylor 1 McLennan(1985) .
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Fig. 5 K,0/Na,0 —SiO, diagram for tectonic setting

(base map after Roser and Korsch, 1986)
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Fig. 6 La—Th— Sc diagram of argillaceous rocks
(base map after Savoy et al. , 2000)
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PCM—passive continental margin; OIAB—oceanic island alkali
basalt; PASS—post-Archean Australian shale; MAR—magmatic

arc related sediments

i E IR H AT 3 KBl 10 G4 3h KRl 2k
PEIR IR RS A, 51 T 80 Jo e 0 PR s ot 3R
R LR 7 B S A3 3 Kt Sk i 79 5%, Wl ReAUR
YR 2SRRI AR R s P I P 3t O FE R 2D
2 AL R TUE AR HEAL IS YA B ALY BT Ce/ Ce ™

W, YR B AL e A B AT I B K A 2 U R 1 A
T ICFAFE, BRI, AR SN IS D70 R DAL s
VA S RETIPN UL $78: 8
4.2 ¥IRERMKIEA

WA B B ALO,/TiO, {2514k T 18 ~ 25
Z ], P38 20, A 5k B i T U R B K
AL O,/TiO, {H(8 ~21) 5 &5 5t sy 51 K e AL O,/
Ti0, {i1(21 ~70) Z |6 ( Hayashi et al. , 1997) , 3 W T}
FEDK I I A1) U 5 DX B 2 3 A K BT g B Kk
Fio {ETIO, — Zr KR EH, WA D A1 Je irs # ik
FER BT KA IR CE Ta) o 1 Co/Y — Ti/Zr K
FR AT, YR B e A B R TR O
KA CTTC) 21l A X I N (B 7h) o % 18 2B
FHHE I ACHI AR BT, (Gd/Yb) | fHIZW A8 N AR 2%,
2001), YA GA/Yb) | {1 «Eu/Eu ™ {5 CBRFL R A7
FRUELL) 23 I LA 2 1 24 5, KT B AR R A s X
(R BE S I AR S0 K 5 /N T B AR SR B I
AR EZE N J5 KL H ( Wani and Mondal, 2011). VbR
BHP A (GA/Yb) {4 1.36 ~1.82, ¥I1H1. 58;
Ew/Euy {4 0.58 ~0.70, %15 0. 65, 57~ Ji A 4
DCBES AR T B0 5 K . L, TTG A 4 Ve it
FUR DX BES T ULHERR, 2l A E WX B e oR T
BRIl L S DR Bte #E La— Th — Se —ff
CEL8) 1, AR TG I 51T & YA B 4 e o 4 R
S U A RS = N T N1 Ol o B/ A PN S S =
A PRI A (TR NS I s (2l
0 AR, T Re s 7= AR AR e e 25 2% 08 30
SR TS AR o X LR R WV AR B A e B A1 46
PRIXBEA DIAR B N 221l o 32, R A IR .

WARZHPe A Th/Se (4T 0.65 ~1.10 2
6], P34 0. 88, v - Hh [ AR b 5% 0. 6 ¥ A2
CIBWG 55,2007 ), #2301 520, 97 1 5 R AE

H =7
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Table 2 REE characteristics of sedimentary rocks of different tectonic settings of sedimentary basins

KHIE T 5 PR IX K1Y La Ce Y REE La/Yb (La/Yb)y LREE/HREE Eu/Euy
K By ENVIERSEE L 8.00+1.7 19.00+3.70 58.00+10.00 4.20+1.30 2.80+0.90 3.80+0.90 1.04+0.11
K 855K VIE P 4N 27.00 £4.50 59.00 +8.20 146.00 £20.00 11.00 +3.60 7.50+2.50 7.70+1.70 0.79 +0.13

TSR b 2 IR 37 78 186 12.5 8.5 9.1 0.6

L ETIpN PR S8 R B Y AP 39 85 210 15.9 10.8 8.5 0.56

TV 50.62 100.78 235.53 15.26 10.31 9.64 0.64
e R U 33.77 67.70 163.29 12.90 8.71 8. 14 0.65
HFFEIX e
R ER YT 38.83 77.68 183.18 13.89 9.39 8.97 0.65
VA BME 42.47 84.81 200. 02 14.22 9.61 9.04 0.65
JERFFE X i 3% Bhatia( 1985) o
10r
3.0r
a A — LRI b
| o @ — PR
251 WRBRIK e P O — F i i A\
Ao Ao
—_— \ 1
o 20} otk K 4D = 1r e
= z
21s o S

Y K 4

1.0}
A
0.5 o
0 L i A " - J
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w(Zr)/10™°

LSO B )iy

e

pACETTT
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I 10 100
w(Ti)w(Zr)

El 7 UeNi%s TiO, ~ ZrCa, # Hayashi ef al. , 1997)5 Co/Y — Ti/Zr(b, #i Ishiga and Dozen, 1997) J) 51 & fi#

Fig. 7

TiO, — Zr Ca, after Hayashi et al. , 1997) and Co/Y —Ti/Zr (b, after Ishiga and Dozen, 1997) diagrams

of argillaceous rocks
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o — iR EE
O — FER s
Th Sc
Bl 8 Ye)ii La—Th—Sc = H5 & CJEEYE Cullers

and Podkovyrov, 2000)
Fig.8 La—Th — Sc diagram of argillaceous rocks
(base map after Cullers and Podkovyrov, 2000)

(Taylor and McLennan, 1985). JEJii% Rb/Cs {HA
T 11 ~16 208, FIME 13. 5 AL T LR U R A
FEIPPIMEC24), 55 BB FE Rb/Cs (19D 3504 23l
(Taylor and McLennan, 1985). Th — Sc Kl fi#nl H T
PUNANFE X I BES , 76 Th — Se B b AR 2 4
FUE B AL T Th/Se (H55 T 1 B #Ze I 1
9a), F A7 i 41 K Bl I 3 76 1K) %5 4 ( Totten et al. ,
2000 , FR 7 TR AR IR X BE 5 B AT R Rl B 5e /1)
REAIE, BEA & B 1R 2 R R 41 5 4E Co/Th —
La/Sc Kl CE 9b) v, b AR B AL e it $ nid 11
S RN: N 8 G QTN E =N T SN TR A R o < ol ]
PRI R T B e R Kl s . PR
RS R W VD AR B A e JiUa Ui X R B 5 iy
ik, BEA S AR R AL

Bhatia Fl Taylor il ik % ¥ K M. Tasman k& T
B JC R MR AL A WE 5T, La s Th U HE S
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Fig.9 Th—Sc and La/Sc — Co/Th diagrams of argillaceous rocks( after Xu Wenli et al. , 2014)

HTh/U A8 W] AR R TR I S IX BE (Bhatia and 5 35E FIDTRUE (3D, dh T T 38 4 L0, #F il A
Taylor, 1981) . WISV AR DAY FUAMNICR I NI IS R R Al 5 D) R A S U 45 Fe
o S L AR S e B IO D RAT R J AT P AR BESEMT I DL, 357 5 SR IO e ST M 1) w ik 4
I DD E RS SN R A, Yoa PE O e v AT

£ 3 FREMERE M ITIRA BT E IR 4 wg /107
Table 3 Geochemical characteristics of sedimentary rocks from different basins
4 3 1 I P e dyrit La Th U Hf Th/U La/Th
g RUIE BN 2l 25 4 1.2 3.5 3.1 6.9
S TH) Za bk VIEIEE 4\ Y m PR 42 14.4 2.9 6.6 4.9 3
ZUTFMRBEL S K& SR PR IR WL Je A TR 45 20 3.8 5.4 5.5 2.1
FEBYE A 50. 62 18.87 3.38 5.20 5.59 2.68
. R U 33.77 13.55 2.36 4.63 5.64 2.53
L X N
=Y ey 38.83 15.31 2.50 4.5 6.12 2.54
Ve A Y 42.47 16.34 2.85 4.81 5.78 2.61

AEREFT X £ i 4 Bhatia F1 Taylor( 1981) o

7t La/Yb — SREE Kfit, Je A T A 30 9% 1995), CaO ™ R HERR Eh 41 70 Ca [ BE IR 43 $i, AN
TEfE X G DTRUE A K =& 1 AZIE X (B SR McLennan (1993 ) 32 H ()4 2 #h H Ca/Na i —
100, 5K ( 2006)6}1[?1%7'7 DAL R IR SERINETH SRR S CaO ™ [ BEZK 73 4. R LA
RES e iUe 2 HAT Eu 7% (Ew/Eu” <0.90, Bk Y SUa AER L 90 & A mr, ICV Al > 15 BUA T
BB A PRAELL ), DL X aUa IR RES R BUE 206 Ve a5 R A S8R L ) s, ICV fH < 1
Eu #1579 (0.90 < Ew/Eu” <1.0). YWARZHYL  (Cullers and Podkovyrov, 2000 . ¥ A 28 i
#+ BEw/Eu” FEMES 8 0.65, /M T 0.9, L, Lk ALO, 5 K,0 K B IEA X PE (R =0.96) ([

EAE PR BEE N T HEBR, VR B NN TE R A 11a), 357 ae A AR R 25 Er A8 ks 4 & & 3
TIRVE . e VeSiie ICV HA LT 0.53 ~ 1. 11 Z [0, 1A

B AR AR CICV) i A X ICV = 0,80, 87 U8 A A I K Ve i . Ve it A 11 ICV
(Fe,0, + K,0 + Na,0 + CaO" + MgO + TiO,)/ fHS5FRKA K ICV (0. 6) F K 4 1 ICV A
ALO,, 3 & AL & B K AL 3 D9 BER 70 80 (0.8 ~1.0) (Cox et al. , 1995) fc Ky 20T, Fe WIS
(Mclennan, 1993; Cox and Lowe, 1995; Cox et al. , VR WA B AR A KA
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Fig. 10 La/Yb—3REE diagram of argillaceous rocks
(base map after Allegre and Minster, 1978)
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8—sedimentary rock

A AR R CCIAD BT A CIA = 100
ALO,/(ALO, +Ca0" +Na,0 +K,0), X &1L
W AL Y R BE R 43 #4 ( Nesbitt and Young,
1982), CaO " 155 MLt S5k R Lo AR 4Lk
it CIA fHAEAL T 66 ~ 80 Z 0], “F- 318 72, A T il
Wz i A 1F B S5 A S WAL S CIA (65 ~85)
JuH N ( Nesbitt and Young, 1982, 1989), 3& 1 g Jit
DU v £ 75 B2 A0 27 AR A L TR T AR
IR BGIR  RR A . YA AL O, 5 Tio, F 1]
RIIEARPECR? =0.94) CE 11b), B FR7R Y X 1]
REAFAE R R AL 22 A AR T, 350 ALV 25 03 R Bk
REH. A—CN—K EIf# AT LU R AW s Bor 48
AP AE A AR I XS U5 A 1 5% W ( Nesbilt and Young,
1989; Fedo et al. , 1995; Nesbitt et al. , 1996; Fedo
et al. , 1997; Young and Nesbitt, 1999). 7EAL 27X
A I3 1 B AR R AT, KA 7 40 B0 41 73 i 4k
L A~ ON JEZCPAT A8 AL AE T 3], 23
A TR 2 B AT S R A S 5 AE XA A T B
Wl LA KERE 2 0), B E m A SRR
( Nesbitt and Young, 1984 ). WIHTELL 2 XAk ik F2

=74
o

16¢ b A — LRI
a N ® e (]
8 o Ll O —F i
3 uf #
3 g 08} o A
X4t =
ER EP? - [ ]
[ ] 0.4
2F
+ . -
0 L L L 1l 0.0 L L L L L ]
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K11 A K,0 - AL O, # TiO, — AL O, [&lf#
Fig. 11 K,0 — AL, O4 and TiO, — Al, O; plots of argillaceous rocks

VORI A T BRASARAE R AL 7 ) (1) 4 3 i A 7
0 T E A AN SRS 2 A PR A @By S o
2003). fEA-CN-K =K (K 12), AT 4
Ve U BT TR A 50 N A H AR KA &
eI, 5 A — CN JELFAT, R A B Ja R
RAMEARAER, AR T IR TR S B, fanik
A AR X BEAS S h R 5 2
4.3 HE-REFR HE TG B AR IR BT R

P E 7 9 o D AL 5 b TR R R b AT, PR A g

KHILLK 2 B T 732 1 E A5, H X T i 0
A I R 2R G — A X T HER 48 5y
PHBL A 22 N AAEAE R B 28 5, Dt DR Bl /> £
B By K 4 (Zhang, 1988) . A7 2% 4 g 2
FHRIAE X 2 PR IR TR AT 38 AR 24 8 LA g -2
REER T P B A R IR S A e i e C SR AT
2007; sk K&, 2007 i BIgE, 2009; JA %5 4E,
2014; Liu D et al., 2014; Liu W et al., 2014).
Kapp 55C 2003 ) #5 J0 R i J2 B HE 55 00 R, O P&y
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Fig.12 A - CN - K diagram of argillaceous rocks
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(Wang et al. , 2008; HIBeH]45,2010) . 14k 2 HHiE
1(166.4 2.0 Ma.165.5 = 1.9 Ma) ¥E/AWi—H A1
TSR P 5 A ety ] IR 1) 6 1 o it i9E 19 45, 2009
ARSI W, W58 Db AR B2 A9 s Ik b ot e
JIUE 5 T A et B A MR G AR K AR BR
BEo FEARER ) A6 ity R e, RN i H B H ARG
BT BRhy 4 45 22 1 2 DL KR R TR R RT iR e 2
PAAK S e, XA 7 ) 1) B A 4 K i B A B TR
JSCE YD R B A kg A% b I R ) A e N A IR A
WARS AP THRILT 2 liaRk)Z, & T il
AR s, B A U-Pb SF N 141.3 £1.7
Ma( S8, RO ®, LR /DAE 141 Ma A4 HE-
TAF T VY B IEAE ) AR i 9
5 4w
1) st 73 3 BR AL 22 R AR R W], VPR B A BT
BRRRCEZIPN IR L (A==l i NTCTI N =il o =i s
SR AR AR 0 R < 2 R S e v o R

(2) VAR A e Bt b e s, XA
W2 B CARHE AT VIR A O 3 YR IXCRES R IR 3
BEAJE RO, YR BRSO AR R N K AR K 7
s S Hp R YR S S R0 L 3 PR PR TR i o o

(3) YA RIX REA ST 52 B 1L 2% K
HAE T V0 AR B9 20 IO AR I S ARt D i

(4) VWARZ AP et A IR AL 2 RRAE o 22
/DAE 141 Ma Fe A BE-R S 303 V4 B IEAE ) G o

Bt EFSRAERAFRRELELT, R
AHm R THMRGH B, BL 42T & %iE
BRI T EEZ M E WA B A5, b R T
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