B30 H3H ERN I /B S Vol. 36, No. 3: 402~418
2017 5 /1 ACTA PETROLOGICA ET MINERALOGICA May> 2017

\

LEHmAM LG XPHERTIAS
lFE*’]\idb;ﬂ:u%l}_Eli:ﬁ 5T

A b2 spaEegl, 0 L3, #E 2, a2, R E R
(1. Hl & A SRR 9T A seig =, v R Beall BT oT 8 A se i =, Holk 2 7300005 2. " ERFERE K,
63 100049; 3. 1 E A Ak TR BE 2 7 A7 wh BB I R A58 Be, 4638 100083)

& O PORUE TS 10 K A e # M T S AR RO # 0] LR WIS R T2 Y ORI X i
B RAINT. BRSNS s Al B A S b X Ok B 4l B T L DURR L Z R e A 2R A ER L 2 e T, R T
FEHDIRUE R A SRk B AR, 5 DA D85 A A o 32, IR A 8E T 340 2 1 B B 2 o W IX A S A 9 )
Rt S, DRIHG JU AR DR i S IER 58 T B I, I LA 23 A3 75 ¢ Wil s oy KBk B e AR YR S0 AN AN T A Ay 5 8
b R A % L 1y 3 95 e ok A R IEHLABISR AT il 4 , OF B S s v b R AT — e iR S

KBRS T A VR X A IE T S VR B WS AL i W LT s EE TR

PESES: P58S.2 XERFRIRES: A X E4HS: 1000 - 6524(2017)03 - 0402 - 17

A study of tectonic setting and provenance of Mesozoic and Cenozoic sedimentary
rocks in Chaiwopu Basin and its northern margin

ZHAO Heng"?, GUO Jian-ming', LIU Wen-hui®, FAN Hai-long'?, XU Shi-yang!? and ZHENG Jian-jing'

(1. Key Laboratory of Petroleum Resources of Gansu Province, Key Laboratory of Petroleum Resources Research, Chinese Academy

of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China, 3. Sinopec Petroleum
Exploration & Production Research Institute, Beijing 100083, China)

Abstract: Such factors as detrital composition, major elements, trace elements and rare earth elements of sedi-
mentary rocks can reflect the information of provenance, and are hence widely used to determine sedimentary
provenance type and tectonic setting. An analysis of detrital petrology and geochemistry shows that the prove-
nance of the basin around west Bogda came from the upper earth crust, and felsic rocks were predominant, with
the mixture of a small portion of andsitic and basic rocks. The tectonic setting of this area should be active conti-
nental margin; nevertheless, as the original rock was formed in a continental island arc environment, a part of
the tectonic background displays the continental arc environment. This research provides evidence for studying
the structural evolution of the Chaiwopu Basin and North Tianshan Mountains, and is also of great significance
for the exploration of oil and gas resources in Chaiwopu Basin and Junggar Basin.
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Fig. 1 Simplified geological map of Chaiwopu Basin and its northern margin and sampling locations
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Fig. 2 Photos of Jurassic-Paleogene sandstones of Chaiwopu Basin and its northern margin in the field and under the microscope
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Fig. 3 The Dickinson plot of sandstone samples in Chaiwopu Basin and its northern margin Cafter Dickinson, 1979, 1983:
Weltje, 2006)

SR Dickinson XI5 %5 sEA Welge IR 7% QAR RHE(Q=Qm+Qp); F—KA(F=P+K); P—R/KAH; K—ilt&a; L—
AREAE(L=Lv+Ls): Qu—HfiA%; Qp—2 A% BIEA) s Lv— kK- KA : Le— Ui RBE E: Le—a s 8 s (L
=L+Qp ) A—FERY; B—F K C—HheMIE hay; BN 99 % B A5 & 1T 11U
The solid lines are boundaries of Dickinson, the point lines are boundaries of Weltje; Q—total quartz(Q= Qm + Qp); F—feldspar (F=P + K);:
P—plagioclase; K—alkali feldspar; L—unstable rock fragment (L= Lv+ Ls); Qm—quartz grain; Qp—polycrystalline quartzose grain; Lv—vol-

canic-metavolcanic rock fragment: Ls—sedimentary-metasedimentary rock fragment; Lt—total rock fragment (Lt= L+ Qp): A—stable continental

blocks B—magmatic arc; C—recycled orogen: the black areas are averages of 99% credibility
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Fig. 4 Chondrite-normalized REE patterns of Mesozoic and
Cenozoic sedimentary rocks of Chaiwopu Basin and its northern

margin
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Table 4 The element ratios of Jurassic-Paleogene
sedimentary rocks in Chaiwopu Basin and its northern margin

JCEWAE J(7) KB E6) Kbk Fhye KBRS 5w

La/Sc 2.90 2.89 1.91 2.7 0.3 0.1
Se/Th  1.53 1.10 1.60 1 34 1.73
Cr/Th  5.36 3.88 4.70 3.3 222 1227
Co/Th  1.59 1.32 1.68 0.9 33 214
Ew/Eu* 0.69 0.67 0.73 0.65 1.07 1.02

KBl b M % K Bl R Hb 52 #0376 2048 51 A Meclennan #1 Taylor
(1983): KRl B 7% 1 Eu/Eu” MK H Boynton( 1984 HE ¥ 1) Bk AL
BRI VT SR 45 2 355 A D R A

Zx b B, S5l 4 b B Sk 2 X rpoBr AR AR
DR JEUE K B e, 1t LK CA £0h &,
FERAHE T 5y 2 L R R A A . DX R IR
SERFST DA A AR s e R F A L R M
BEICE R S AN RIE K 2 A e R A L b
2 A I, X8 o AR AT A e 1 T 05
T EPK, 1993; D145, 1997; HFHSE, 2007).
4.2 MESEHSW

P2 sl 7 S AL S UTAA 5 Bhatia S 451
4 S BT 3 I B AR S I 1 00 % 5 & (Bhatia,
1985 HEAT X LE, A IAF FL X PTRUA I~ 394 1 o0 %
A FEA T Kl &5 9, 3 W] B8 e 4 2 ol AR AR DT
R ) U5 T B8 A A8 K Bl & 9IA) 3 75 5T B B
(£ 5.

La~ThsY~Zr+Ti~ Cos Ni AT R ST 3R,
TEHN R IE TS 57 R R OCEZEMEN . A3
FIH Bhatia 2542 H 1 55 2R I8 18 55 40 ) X La -
ThaLa-Th - Sc~Ti/Zr - La/Sc~La/Y — Sc/Cr~ Th -
Se—Zr/10 F1 Th — Co — Zr/ 10 %5 Kl fif % 58 53 4l 7 th
HIA & 1S 52 64T T 20 M1 (Bhatia and Crook, 1986 ) (&
6o

Kl 6a 1 K HR 2 it i A2 KRG S gl X, HAT 4 A
FEM ¥ 76 La/Th >4 X 38 Kl 6b 1 823 2 4L
FE i 3 A1 R il B 9K, LA il 22 300 7 305 30 K i
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Fig. 5 La/Th-Hf (a)and Co/Th- La/Sc (b) provenance discrimination plot of Jurassic-Paleogene sedimentary rocks
Cafter Gu et al.» 2002)

%5 EESAAGPHERTRESANMELE SN
FE B9 REE $4E*T EL(HE Bhatia, 1985)  wp/107°
Table 5 The contraposition of REE features between the sedi-
mentary rocks around West Bogda Basin and those from typical
tectonic settingsCafter Bhatia, 1985)

HiEs . \ (La/ LREE/ _
e La Ce XREE La/Yb Yoo \| HREE dEu
KERIN 8.0 19.0 58.0 4.2 2.8 3.8 1.04
KESIK 27.0 59.0 146.0  11.0 7.5 7.7 0.79
IETSIDN

. 0 . 6. 2. ) ) .
b 1% 37.0 78.0 186.0 = 12.5 8.5 9.1 0.60
igh K \
B 39.0 85.0 210.0 15.9 10.8 8.5 0.56
WX FE
B (i 25.0 49.7 126.6  10.0 6.7 6.6 0.70

G S LA 1] 6c LA B RE dh A V& AE K
Wl i 9IS, AT 4 AN il 9 AR 35 B0 K B 2 S LA
A B 6d~6es 6f HLT- BT A il 4x v A1 KR
By kX .

L2 W, AR IX PR 2 2R 2l 00 R VTR
JEUA BB AE R B A I 1S SR I S, TR
U RITTIPNG UL S/ RN

5 ERILED

PRI OO TP i 2 e 3R AE XU S# i 3iis
VORI R rh 2% 5 32 31 it , PRI 0 3 4 o0 38 a8 A
ST WU PR 38 T S5 — AR ) Bl e SR A 7R
(B TR T AR B IR e MR 3 7 S AT B

LD 3, 22 2t TR e T 1) S T RIS PRI A 1 1
S SR DU I R 3 R ZE AR KT, R ITER
Bl ok 52 BB FE s LA K, 2 R 2 T A I R
LR A YA ER 7 6P L R v A

0 F B O E POR I R A AR o
1, 7] LA CIACchemical index alteration) ¥& £ 5&
P AL 58 B2, 3L5E LA CIA = 0 (ALO; )/ n
(ALO; + CaO* + Na,O+ K,0), CaO* &5 ZFR AW
FH CaO Z JG ANAFAE T RERR R0 90 1) CaOCE D
JGE, 20110 WFFUXARE & 2l RUTBUG AR o
HIUE TS KA RS HEK 6.

Bhatia (1983851 A 4 H 3 & 0 R kAT #9115
S A 2k A B v ) BB A AL O/ SIO, —(Fe,O5 ™ +
MgO) Kl fi#t. K,0/Na,O - (Fe,03 " + MgO) K fit
ALO5/(CaO+ Na,0)—(Fe,05 * + MgO) Kl fi# F1 TiO,
~(Fe, O3 + MgO) Bl (7 : Fe, O3 A28, F- 14
SRt S WL 2L NN G T I DN i k2 & 1K
IR L 4 28, b R BN F 2 H
P 22 1L AT R ), T s R A LR
TiO, AL O3 Fe, O3 F1 Na, O 118k 2> Sio, 1 K,O 4
FEAE s KB B oA A 2ok A F RO ks, &
TG E B S R R A A L B AT S SIO,
K,O & & il K,0/Na,O fH (4124 0.6) LUK B AK
Fe, O3 " + MgO:s 1 80 K il i 4 b 4 = 2ok A #7 T
LR, LA R 1 Si0, K, O i Fl K,0/Nap, O 1
(2920 1 ik 5w i 40 s 8 KRl 2 i) - 0
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Fig. 6 Tectonic setting discrimination plots of trace elements(after Bhatia and Crook, 1986)
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A—oceanic island arc; B—continental island arc; C—active continental margin; D—passive margin

FRHE R, B 5% 3 KRk 2 KB B 9k
FRRHIEE S, A BRI S s KL Z L Sio,
B EIRE ALO; TiO, ~ NayOs CaO 7 50 N FFAE, HL
K,0O/Na,O fi K T 1(Bhatia, 1983)«

IeAh, B F 3 T R AR YA R b A R e
TR0 DX AN IE T S5 I BE T R B Roser Al
Korsch 554 H ) T35 XA e LA 20 JLFR oo

Se Zr/10

TR oG F A I 52 00 B (P Bhatia and Crook, 1986)

R AN TR, AN AKE XN F=ax, + ayay
+ooa. -FCL,IQ:,,-FC,,H\‘:‘j xl~x,zj§1n ASAS TR () )
MAHE, ay~ a, NHHD AR H R E ¢ A
(Roserand Korsch, 1988). #X J& 7 Mt 3 Aily b 37y
XEATT R FILF2 ML SR, Horb 2 T4 it
TR AN, 5 0 T A R DX M A )
(Bhatia, 1983; Roser and Korsch, 1988)
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Table 6 The major element data of Jurassic-Paleogene sedimentary rocks

GEATES = SiO,  TiO,  ALO; TFe,0; MnO  MgO CaO  NaO  K,O POs LOI TOTAL CIA
J002 K 64.60 0.87 16.20 5.91 0.05 1.36 0.49 2.09 2.40 0.12 5.74 99.83 0.77
J005 AN/ b et 62.77 0.81 15.69 8.47 0.23 1.33 0.8 1.51 2.44 0.20 5.86 100.20 0.76
J006 WO 57.84 0.68 19.02 6.96 0.13 2.01 0.52 1.46 3.59 0.17 6.22 98.60 0.77
J007 TR EMPE 68.28 0.30 11.98 1.76  0.19 0.68 5.20 3.98 2.61 0.10 5.18 100.26 0.53
1008 Repta b2 78.75 0.28 10.89 1.46 0.02 0.60 0.46 3.29 2.93 0.07 1.50 100.25 0.62
J009 WO A  76.32 0.54  12.45 2.29 0.02 0.77 0.38 2.84 2.38 0.10 2.10 100.20 0.69
Jo10 RGP HR  62.60 0.91 16.45 6.67 0.06 1.57 0.44 1.63 2.8 0.15 5.20 98.53 0.77
SCG-J28 KEEPRE  69.11  0.77 14.50 4.22 0.03 1.48 0.50 2.15 2.54 0.16 4.66 100.12 0.74
BYG-J2S-1 WEMPE 80.89 0.26 10.05 2.36 0.02  0.51 0.25 2.23 2.41 0.06 1.74 100.79 0.67
BYG-J2S-2 IKEPE R 59.49 1.02 19.19 7.62 0.05 1.92 0.45 1.25 2.97 0.16 6.45 100.57 0.80
BYG-J3T RSN ey 63.50 0.61 15.02 4.47 0.11 1.82 1.54 2.8 3.60 0.15 4.36 98.07 0.65
BYH-J1B KIECHE  64.64 0.64 13.15 2.64 0.24 1.06 5.57 3.05 2.53 0.13 6.54 100.19 0.60
] 67.40 0.64 14.55 4.57 0.10 1.26 1.39 2.36 2.77 0.13 4.63 99.80 0.70
K001 RGOS 77.88 0.27  10.51 1.98  0.07 0.860 1.34 2.92 2.93 0.10 2.34 101.19 0.59
K002 IREEPRTE  61.42 0.54 11.10 2.87 0.19 1.35 8.59 3.42 2.40 0.15 8.41 100.44 0.55
K003 K 61.22 0.75 15.17 5.16 0.06 2.50 2.98 3.34 2.87 0.19 5.56 99.80 0.62
K004 REAMBAE  50.46 0.27  9.73  1.76 0.50 0.76 17.53 3.26 2.20 0.09 14.69 101.25 0.53
BYG-k1-2 K 55.22 0.73 16.39 6.87 0.07 3.04 3.90 2.68 3.31 0.16 7.92 100.29 0.65
K1 61.24 0.51 12.58 3.73 0.18 1.70 6.87 3.12 2.74 0.14 7.78 100.59 0.59
E001 MEmA  55.75 0.38 10.18 6.15 0.24  0.67 11.35 0.97 2.18 0.10 12.49 100.46 0.71
E003 KA 62.99 1.00 17.83 3.74 0.03 1.23 0.31 1.30 2.61 0.08 8.52 99.64 0.81
BYG-E edibs 58.61 0.86 11.71 4.96 0.07 2.44 6.12 2.72 1.72 0.07 10.75 100.03 0.62
E004 RGN TS 60.91 0.85 13.62 5.84 0.06 2.76 3.38 2.54 2.10 0.09 7.31 99.46 0.66
E005 AEME 61.47 0.92 12.51 5.14  0.08 2.54 4.95 2.89 1.82 0.08 8.47 100.87 0.62
E002 MHPRTTA - 65.80  0.99 17.17 5.12  0.16 1.22 0.26 1.39 2.17 0.06 6.24 100.58 0.82
E P 60.92 0.83 13.84 5.16 0.11 1.81 4.40 1.97 2.10 0.08 8.96 100.18 0.71

W 6 A, AR RS 42 E 4@ E 75 CIA
FEEANT 0.53~0.82 210, — A i g DTRUE
1) CIA 2N 0.50 Ze A7 i) FL 5 AR T 5240 22 K, 4
CIA {EINF] 1 3 UA 52 Ak 27 KA T2 AR R 24
(BIGHE, 201D, BFRRKT A, A T al
FE RT3 CIA $R 502 A K, w] LI U #0852
BB TR 40 2% KA, (H SR B AR IR K. A
CaO & &5, FYE BN 3.46% , A5 K004
) CaO & EHRIL T 12% » Ut B AEM A CaO KA X
FES AR /N, AT CLZWS . KRS SO, & %%,
50.46% ~78.75% » V-3 64.23%

5.1 RS

B 7a IR G 2 U DX 0T o 25000 S 1) — A i
F 1R F2 21 3 1) BUAR 58 540 1) PRl At , 4 ) 7% 5 2 % )
PSP B R TR 7 bl O R AR LGy, B
TiOy~ ALOs+ Fey O3+ MgO- CaO~ Na, O~ K,O ( Bhatias
1983; B, 20110 M ] WL, AN [) b 2 BF b
T 8 DX IR L 23 A1 A W SR Xy, U B A2 95 e v v
A RIAR B o] 45 b — AN AR AT A e - 46K 2 50k
AT AR P3 DS A BRI, 7R 23 ANMFEA TR 14 A

FEGAL T P3 XIS AR AR DX 3 A8 5 Ak s 7 ASHE i V& 7
P2 X3k Py S AR AR I 3585 2 ANFE S TETE P1 DX A I
BRI s 2 ANFE S TR Pa D3 SER T . MBS 23 A
TE 00 AT AHE TR S5l 7 b S LA e X pk D el &y
W20 G 2 o B P3 X3 R 1 K L sk e
TN T 5y P2 XA v KL s, PLIX S 1
FEPE LA R P4 PN TR 20K i A 5 o 4 05 VR N
R

U CaO - Na,O - K,O = A 415> g (B 7h)
BN, R EE AR AT B AR R N KA AR X
b P B UE I WNE 2 & S U A Y o e P T 1
AWAFE AL T 22 G X BT, f by 4 i 5e 5y
i 7 bt B HL A G b DX Ok B 4 Ay T A B o D e DA
e AR INKE LR A SR TUE A A, 3L

H A b By EEEEAROK, [R] A vl BETR N T #8002

iz
LrAr I 7 UL IR 45 S, T BAA Oy 56 55

T S LB G X PR 2 20 A ol A 2 0 i o D L
2 AR NS AR A SR TR Ol g D 3, [ I
BN T D bk g
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Fig. 7 Provenance discriminant diagram based on major elements Cafter Bhatia, 1983; Mao et al.» 2011)
a B, PI—3E Mk K B i X s P2— PR KLEE DRI s P3—R M K L IR X s PA— RGBT SRR IX s b s AnaDasGra G 235
2 s AR R NS e KA P4 4

In Fig. a> P1 represents basic volcanic rock provenance; P2 represents intermediate volcanic rock provenances P3 represents acid volcanic rock
provenance; P4 represents mature continental quartz provenances In Fig. b, An, Da, Gr, and G represent the average composition of andesite,

dacite, granite diorite and granite respectively
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FE SRR R B G A B S B, HAR P e &1 5t OE 3 KRB ia 2k 32, rTRRIB A T #40 k A
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(Roser 1 Korsch, 1988) 1983)
Fig. 8 Tectonic setting discriminant diagram of Fig. 9 Tectonic setting discriminant function of clastic

K,0/Na,O — SiO, (after Roser and Korsch, 1988) rock Cafter Bhatia, 1983)
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Fig. 10 Tectonic setting discriminant diagram of major elements
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