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Fig. 1 Structural map and research section positions in the Upper Yangtze Basin and adjacent areas
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Fig. 2 Sedimentary histogram of Liujia section and Yijiu section in the western margin of Upper Yangtze Basin
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Table 1 Mass percentage of major heavy minerals in each section on the western margin of Upper Yangtze Basin ( %)

ATE R JEE B | WA | BELA | BUERET | BEKA | SURA | BB | R (] BRERET | RERRDT | R Bk
5110101 E ! 5.55 3.00 0.96 0.75 0.02 0.02 0.00 3.11 6.33 24.42 1.59 54.25
5110110 E ! 5.93 0.04 1.46 0.67 0.34 0.02 0.00 2.8 2.45 56.27 9.53 20.48
5040107 E LT 9.55 2.13 0.95 0.21 0.00 >0 0.00 3.14 4.50 45.09 1.05 33.38
5110102 E LUK 2.66 1.76 0.8 0.37 0.12 0.04 0.00 2.22 6.69 30.62 9.37 45.34
5110103 K, gk Ti 5.11 0.90 1.48 1.36 0.34 0.10 0.52 2.84 3.59 29.64 2.02 52.10
5040106 Kygk I 12.17 1.41 1.52 0.36 0.62 0.18 0.00 2.06 3.85 48.20 0.13 29.50
S110104 | K,gk T F | 9.33 0.51 1.46 0.57 1.01 0.04 0.00 1.46 13.23 26.46 1.60 44.33
S110105 |K,gk TR | 9.44 0.77 0.86 0.86 0.12 0.74 >0 1.86 10.55 46.30 2.13 26.37
5040105 K,gk T 11.72 0.09 1.02 0.03 0.03 0.22 0.00 1.28 3.65 43.66 1.33 36.98
S110106 K, gk & 4.18 0.06 1.25 0.84 1.25 0.06 >0 2.91 1596 | 42.34 0.87 30.29
5040101 K,s £ 7.57 0.05 2.62 0.01 0.05 0.13 0.00 1.23 2.33 67.80 0.21 18.00
5110109 Kys T 7.88 2.35 1.24 0.79 0.15 0.06 0.00 4.88 2.81 56.53 1.56 21.74
5110108 K, d Tit 10.57 0.60 1.51 1.07 0.20 0.20 0.00 2.16 4.15 52.46 6.16 20.93
S110107 K,d 11.68 0.14 1.72 0.86 0.07 0.10 0.00 2.58 0.65 53.69 15.57 12.94
5040102 K,w T 13.36 1.32 1.79 0.01 0.18 0.15 0.00 4.98 1.23 42.37 0.21 34.39
5040103 K, w Ti 9.77 2.03 1.99 0.36 0.49 0.13 0.17 10.11 0.59 45.62 0.04 28.70
€010103 E,L,2T | 1554 0.04 0.64 1.85 0.04 0.10 >0 2.47 >0 7.00 1.68 70.64
C010104 E,_,7 13.44 0.10 2.02 1.79 0.10 0.08 0.04 4.48 >0 6.27 1.22 70.45
C010105 E,_,7 10.41 0.06 0.17 1.55 0.00 0.04 0.08 3.47 0.00 16.94 1.22 66.05
C010106 E L2 | 11.94 0.10 1.40 0.18 0.05 0.04 0.04 2.46 0.00 21.43 0.62 61.73
€010107 E 2 10.99 0.02 1.30 2.12 0.02 >0 0.51 2.44 0.02 0.71 1.98 79.89
C010108 E 2 6.60 0.06 0.12 0.88 0.00 0.02 0.21 3.06 0.00 11.31 0.75 76.98
C010109 E,2' 7.68 0.11 0.76 0.97 0.00 0.02 0.32 1.16 0.00 11.36 0.00 77.64
C010110 K,j* T 5.05 >0 0.90 1.26 0.18 >0 >0 1.35 0.00 0.00 0.00 91.25
CO010111 K,j* 8.20 >0 0.73 0.81 0.61 0.51 0.08 0.51 0.00 6.58 0.00 81.98
C123111 K,/ 18.46 0.14 0.98 1.47 1.04 0.36 0.14 2.40 >0 1.07 0.31 73.64
C123110 K,/ 6.24 0.08 1.63 1.49 0.41 0.02 0.02 3.80 >0 1.06 1.79 83.45
C123109 K,/ % 13.02 0.06 1.12 1.49 0.52 0.21 >0 1.67 >0 16.94 0.13 64.85
C123108 K,/ i 18.67 0.26 2.42 4.49 0.69 0.94 0.31 5.53 0.00 24.57 0.00 42.11
C123107 K,/ T 5.50 0.18 0.33 0.53 0.22 0.18 0.42 1.07 >0 29.07 0.04 62.45
C123106 K,j' T 12.28 0.04 0.91 1.14 0.16 0.02 0.20 1.95 >0 29.47 0.77 53.05
C123105 Kyj' i 5.31 0.51 1.11 0.58 0.61 >0 0.00 0.71 >0 31.91 0.00 59.27
C123103 K, i 7.59 0.10 1.21 1.56 0.35 0.02 0.02 3.49 >0 20.62 1.03 64.00
C123104 K,m Til 6.31 0.02 0.36 0.22 0.04 >0 >0 0.29 >0 1.21 2.15 89.41
C123102 K,m 22.97 0.79 1.46 1.49 >0 0.51 0.04 1.72 >0 8.56 2.31 60.15
C123101 K,m Ji§ 14.60 2.43 2.13 1.62 >0 >0 >0 2.03 >0 54.36 0.30 22.52
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western margin of Upper Yangtze Basin
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Meinhold et al., 2008 ; Meinhold, 2010)

W) 5 25 R 0 W90 5 0 T 4 0 0RE DA IR
[ — B bR o I, 24 e 2 b gl 50 v ) DA R b 1 —
WRIFRCIR 51, 420 BRI 2 R AR B IR 22 % =
—2EBE e, BSR40 A Cr—Nb H5
€l ( Meinhold et al., 2008 ) #4755 151, Ho Zr &
FHIRE AL S Watson 28 (2006) , MEL GHA
257 Cr—Nb FIHIEE (B 5) Q8K L, Wi &) i
BRI A 20 A BEA 3 E 2O AR RS, bk
Mt 70% , HE RAES HBFE s 2 e . QW5
BT, FE 5 S040102 ,S110105 F1 S110102 7% Jfé Jii
A7 HLARIE , S110101 3470 T 6% 2247, Bl & 3 A8 fb &
A A R RN I 2 ), RO, C123101
C123108 72 & Jit 7 L AH I, C010109 T [ 4% A2
47,C010104 BHTH X IEIN 6% A 47, B i 25 28 4k &

ATEAEL ST 2 2 6], O ) Y
SR ST Y L BARARL oy T4, Ml E T AR e B o
B TR I (3% ~4%) .
32 &4F LriRET

HITEBL0A Zr TR & 7 5 &L A8 MR A
BIFILEL R, Rk &4 A Zr B E 1 (Zack et
al., 2004b; Watson et al., 2006; Tomkins et al.,
2007 ; Ferry and Watson, 2007 ) H [a]H DIk #55)
ARG RN . AR SO BE 5B SR B Watson &%
(2006) A H AR T(C)= 4470/[7.36 —log( Zr
(ug/g) ) ]-273, ZANXIBEILETI 1.0 GPa, I 2k
TR AT E . W T L0 Ze WEE T AR
RAH BT L O A LR AT T RIE AR A9 (= ibe
LA, 2011 ) o A SCAR R A O SCRR (Zack et al.,
2004b ) H72E JEOAH 9 3 JEE ) 3 b o (T 500°C Sy %
Rt/ W R A MR A, 500 ~ 750°C S # TN 5/ 4

(a) MIZEHTE  S040102(K,wli) S110105(K,gkH T #5) S110102(E,_, /&) S110101(E, .k #F)
E F 10000y § E
1000- § B i
N B
10 100- 1 100 100
@ f g g
g 10 10 10 10
11 E E E =
O 5 o [ E
1 1 s I O 7 | I| 1 11 \IIII| 1 1 1111 1‘ 1 1 III!I!I 1 1 JIIHIIl i \Illlll 1 lIIIIIIl 1 1 1 Irll}lll 1 IHHIl 1 IIIIHIl 1
100 1000 10000 100 1000 10000 10 100 1000 10000 1 1000 10000
(b) H Bt # 3 1 2
s C123108(K /&) CO010109(E, ,z'&) C010104(E,,2°)
10000 : F ¢ E
- . 1000 1000
1000 : = E s
c B C C
E - A 104 104
h=1 100= E ?
QO E & E
1 1 1 1111 I| 1 1 lI.IIIl 10_ L 1 IIIII| L 1 IIIIHl 1 10_ 1 IIIHII\ 1 Illllll 1 IIIIIIIl l i 1 KIHIK[l L IIIHl! 1 }IIIH‘II
100 1000 10000 100 1000 10000 10 100 1000 10000 10 100 1000
Nb(ug/g) Nb(ug/g) Nb(ug/g) Nb(ug/g)
90 3% &1
77.55%
|:| Metamafic 2% % 25 i &
\:’ Metapelitic ¥8Ji % i &
AL T 440 % & BB E iH(Watson et al.,2006)
Zirconium thermometry in rutile(Watson et al.,2006)
<& 0~500C
A 500~750C
@ 750~1200C
(¢)

K5 b 471 2 PG SR o6 T R ECARE F T < 2040 BEA 26 A Cr—Nb 732K K i

Fig. 5 Cr versus Nb discrimination diagram for rutile from different metamorphic lithologies in Liujia section and Yijiu section

in the western margin of Upper Yangtze Basin
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Fig. 6 Histograms of forming temperatures and Metamorphic facies pie charts for detrital rutile in Liujia section and Yijiu section in

the western margin of Upper Yangize Basin ( Classification of metamorphic facies reference Zack et al., 2004a; Temperature

calculation formula references Watson et al., 2006)
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Provenance change and its indication of Late Cretaceous in the west

margin of Upper Yangtze Basin

JIANG Lei, LIU Shugen, WANG Zijian, LI Zhiwu,
LAI Dong, HE Yu, LUO Qiang, ZHOU Zheng, DENG Bin
State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology,
Chengdu, Sichuan,610059

Objectives: The Upper Cretaceous—Paleogene sections of Liujia area in the south of Sichuan Basin and of

Yijiu area in the north of Chuxiong Basin have been studied, which purpose is to further understand the provenance

change and tectonic activities in the western margin of the Upper Yangtze basin.

Methods: We carried out some researches of the Upper Creteaceous—Paleogene sections by sedimentary
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structure, traditional heavy mineral analysis, and the geochemistry of rutile trace elements in the western margin of
the Upper Yangize basin.

Results: The results show that:(DIn late Late Cretaceous , the medium—acid magmatic rock index (ATi) and
the low—middle grade metamorphic rock index ( GZi) increased in Liujia section, and the medium—acid
magmatic rock index ( ATi) increased in Yijiu section. Liujia section is rich in garnet mineral, which is the key
difference from Yijiu section. @ The types of rutile mother rocks in Liujia section and Yijiu section are mainly
argillaceous metamorphic rocks, with amphibolite facies and eclogite facies as the main types. In the late Late
Cretaceous, the granulite facies in Liujia section reached the maximum value of 39%, and the minimum value of
granulite facies in Yijiu section reached 13%. The variation trend of granulite facies in the west margin of the Upper
Yangtze basin is a manifestation of the provenance difference.

Conclusions: The Late Cretaceous provenance changes in the western margin of the upper Yanglze basin
revealed that a large-scale rapid uplift and denudation events occurred in the Songpan—Ganzi Fold Belt and
Longmenshan Structural Belt in the late Late Cretaceous.

Keywords: Upper Yangize, heavy mineral, Cretaceous, provenance, rutile
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