a3t oW o BR B 2 Earth Science Vol. 43  No. 2
20184 2 A http://www.earth-science.net Feb. 20138

https://doi.org/10.3799/dqkx.2017.588

P A 3 o R £ 7K B 5 7 — R AL 22
45 4 TR 3L X M R

X mWUL.eb @R, KHUE,E A4, EARE,R AL, KREES
LEHRKRFREHFFR. SHEKE 130061
2P B (P E) AN Ty NS, RIEIT 524057
UL ANBAEMIL R L E R 210018

FEE AR K 2 W AU TR B AR B A b R OK X B AR AR )R L SR AR — B K M B B T AL B 55 LUK VNS 500 2 L 6 2 W kA 4R
H A X5 A 5] BH 7K T 32 28 AL 25 KoK GE T BRI BE 2 DR BT ol XU R B A i T 2 X v e U 5 VY BOK B VR A AT T
AOMRSET YRS MES T A0 T8 M/ MR . REH . A AR A B AR A MK AE D ENE,
BB KXET Y a0 AR AR A VB R A S AR ARA R A VB A WA G BRI R R IE RO A B
WH SO, T, Fe, O MO K, O M & HWm . SHEFEEH LT WEHE LB RAE ALO,/TIO, .K,0/ALO; . K, 0/
Na, O LB 36 B B DX 5 A 0% 308, 20 0 o A 08 BT DO ARL S o M s 81X b i R e i BOA B8 S10. /AL O el AR
ICV.CIA .CIW { , F B IE X 282 J7 T I — w88 5 B 19 XUAR A FH & 2 B #4013 B P40 B T AT G » Ul 25 A IR B b 5 3h 5
K AR R AT K GH 3 A s B ER AL A IR XM R s R 4 TR OK X s AR R 4.

FESES: P595 XEHS: 1000—2383(2018)02—0514—11 K EE: 2017—09—26

Petrography-Geochemistry and Source Significance of Western Canyon Channel of
Northern South China Sea

You Li'"*, Zhong Jia’, Zhang Yingzhao®, Li Cai’, Wu Shijiu®, Dai Long®, Cai Yuman®
1.College of Earth Sciences, Jilin University , Changchun 130061, China
2.The Zhanjiang Branch of CNOOC Ltd., Zhanjiang 524057, China

3.The Geological Survey Institute of Jiangsu Province, Nanjing 210018, China

Abstract: Canyon channel is the main reservoir of the deepwater area in Qiongdongnan basin in the northern South China Sea.
Reservoir stones have good physical properties since they are dominated by powder and fine sandstones. However, there are few
studies on the main provenance supply, nature of the parent rock area in different periods of channel formation, and paleo-
weathering degree. In this study. it is found that the rock types are mainly debris-quartz sandstone and feldspar-debris sand-
stone. The heavy mineral assemblages show that they are dominated by magnetite, ilmenite, zircon and tourmaline in Yacheng
area, whereas they are dominated by ilmenite, garnet, tourmaline and zircon in Lingshui area. Geochemical characteristics of
mudstone show significantly lower SiO, content, but higher Fe, O;, MgO,K, O and the total amount of rare earth contents re-
lating to high clay minerals than sandstone. Al, Q;/TiO, .K,0O/Al, O; and K, O/Na,O ratios in mudstone and sandstone indi-
cate that the source area is enriched in quartz and depleted in potassium feldspar, and is of quartz sediment source, and neutral
igneous rock source respectively. The sandstone is characterized with higher SiO, /Al; Oy ratio, lower ICV,CIA and CIW values

compared to mudstone, indicating that the source regions have experienced low to moderate weathering, and they are the depo-
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sition of recirculation in the stable tectonic environment, whereas the formation environment of mudstone is more active.

Key words: canyon channel; petrography; geochemistry; source significance; Huangliu Formation; deepwater area; Qiongdongnan basin.
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Fig.1 The location of study area and wells distribution
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Table 1 Data of samples from sandstone and mudstone from Huangliu Formation canyon channel

A e HIE A 55 TR

It A1 Z1 X-7 X-8 X4 X-1 A-1 Z-1 X-8 X4 X-1 X-7

B MSI MS2 MS3 MS4 MS5  MS6  MS7  MS8  SSI SS2 SS3 SS4 SS5 SS6 887 SS8
WHE(m) 4254 4353 3750 3962.5 3467.8 3398 3234.85 3344.9 4273 3833 3890.5 3436.8 3258.2 3344.2 334541 3 489.4
B it 2 BEL Hib BEL b BE L

x2 ERAKRAKEW RBEEGRIETE(XN)HMETR(0) HBELTE(0)HHER
Table 2 Results of major elements (%), trace elements (10 °) and rare earth elements (10 °) from sandstone and mudstone

from Huangliu Formation canyon channel

B MS1I MS2 MS3 M$4 MS5 MS6 MS7 MS8 SS1 SS2 SS3 SS4 SS5 SS6 SS7 SS8
TiO: 0.7 0.7 0.8 0.7 0.7 0.7 0.6 0.8 0.5 0.4 0.5 0.4 0.4 0.4 0.4 0.3
Al Oy 16.8 17.0 15.9 14.7 15.7 16.4 13.1 14.7 7.5 6.6 7.6 6.7 7.3 7.5 7.4 5.5
Fe: O3 6.2 6.6 6.9 6.1 6.2 6.4 5.2 6.7 4.2 5.9 4.4 4.7 4.7 4.1 4.2 3.7
MnO 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.8
MgO 2.3 2.5 2.7 2.6 2.4 2.4 2.0 2.6 1.3 1.2 1.7 1.2 1.3 1.3 1.3 1.1
CaO 6.5 6.6 3.5 6.6 9.9 5.2 14.7 6.3 1.6 2.5 4.9 2.5 3.1 2.3 2.3 15.6
Naz O 1.0 1.0 1.2 0.7 1.1 1.3 1.1 1.4 1.5 0.9 0.8 1.3 1.1 1.3 1.2 0.8
K, 0O 3.7 4.1 3.3 3.0 3.2 3.3 2.7 3.0 1.4 2.2 1.7 1.9 2.2 2.2 2.2 1.7
Si0; 47.7 46.4 50.7 50.5 45.6 49.2 45.5 49.4 71.8 70.2 68.2 71.1 69.9 70.7 71.0 60.5
Si02 /Al O3 2.8 2.7 3.2 3.4 2.9 3.0 3.5 3.4 9.6 10.6 8.9 10.6 9.6 9.4 9.6 11.8
Al O3/TiO2  24.0 24.3 19.9 21.0 22.4 23.4 21.8 18.4 15.0 16.5 15.2 16.8 18.3  18.8 18.5 18.3
K;O/Na; O 3.7 4.1 2.8 4.3 2.9 2.5 2.5 2.1 0.9 2.4 2.1 1.5 2.0 1.7 1.8 2.1
K;0O/Al; O3 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.3 0.3 0.3 0.3 0.3
CIA 60.0 59.2 66.5 58.6 52.6 62.5 41.6 58.0 62.4 54.1 50.7 54.0 53.2  56.4  56.6 23.1
CIW 69.2  69.0 77.0 66.5 58.8 71.5 45.5 65.6 71.0  66.1 57.2 63.9 63.4  67.5 67.9 24.9
ICV 1.2 1.3 1.2 1.4 1.5 1.2 2.0 1.4 1.4 2.0 1.9 1.8 1.8 1.6 1.6 4.4
Sc 16.8 17.4 16.6 14.6 16.5 17 12.8 14 6.46  5.15 6.48 5.53 5.31  4.12  5.99 4.51
\Y% 122 130 132 123 124 140 105 123 58 54.5 60 54.1 53 57.2 57 42.2
Cr 169 273 288 284 116 226 128 113 284 1840 1441 388 933 261 387 451
Co 15.2  16.3 16.9 14.7 13.2 14.6 12.4 14.2 9.81 17.5 12.8 9.35 11.8  9.48 9.9 8.98
Ni 66 99.4  90.6 99.4 48.8 72.8 42 41.1 72.5 648 448 62.7 272 63.5 101 217
Cu 55.4 110 115 171 108 66.4 148 157 151 357 128 330 63.4 72.6  60.6 175
Zn 132 158 160 193 164 126 173 186 317 153 114 467 79.6  98.4  86.6 138
Sr 280 296 176 298 322 237 452 273 645 91.8 132 760 134 131 130 463
Y 20.3 23.2 24.3 22.8 28.7 25.8 24.5 24.2 13.4  17.9 17.9 16.3 17.4  17.2 18 20.2
Zr 225 238 303 264 280 296 242 285 137 140 232 143 157 164 173 90.4
Nb 13.8 15.7 16.5 12.4 15.6 15.9 10.9 17.7 9.17 1.84 8.44 8.81 5.26  7.94 8.72 4.87
Ba 1573 569 437 589 523 1094 682 441 5315 274 330 5477 328 1059 780 520
Th 15.7 15.9 16.4 14.9 15.7 16.7 13.3 15.1 11.3 12 12.3  9.73 10.3  10.3  14.2 8.68
U 2.36  2.66 2.88 2.65 2.46 2.64 2.27 2.49 2.1 1.56 1.9 1.68 1.38 1.54 1.58 1
Pb 52 96.7 31.4 25.6 23.8 31.1 24.4 22 623 24.2  68.2 551 17.8  33.2  30.9 18.4
Th/U 6.65 5.98 5.69 5.62 6.38 6.33 5.86 6.06 5.38 7.69 6.47 5.79 7.46  6.69  8.99 8.68
Th/Sc 0.93 0.91 0.99 1.02 0.95 0.98 1.04 1.08 1.75  2.33 1.90 1.76 1.94  2.50  2.37 1.92
La 38.8 40.7 43.4 39 45 44.6 37.9 39.4 31.6  32.3 35.4 273 30.2  36.6  36.2 25.7
Ce 70.7 78 84.2 71 81 86 67.7 75 63.1 63.5 67.5 59.2 57.6 77 68.7 47.4
Pr 8.8 9.28 10.1 8.59 10.1 9.88 8.46 8.87 7.42 7.5 8.04 6.46 6.97 8.61 8.22 5.68
Nd 33.6 35.6 39.1 33.2 39.4 37.8 33 34.6 29.3 30 31.5 26 28 33.9  32.6 22.3
Sm 6.18 6.59 7.38 6.11 7.23 7.04 6.12 6.4 5.49 5.82 5.84 5.16 5.43  6.13  6.17 4.29
Eu 1.41 1.31 1.43 1.22 1.48 1.48 1.26 1.24 1.82  1.02 0.99 1.9 1.03  1.28 1.14 0.84
Gd 4.99  5.25 6.05 4.96 5.91 5.64 4.41 4.86 4.71  4.68 4.44  4.73 4.4 4.93  4.92 3.45
Tb 0.77 0.86 0.95 0.8 0.97 0.9 0.79 0.82 0.62  0.72 0.68 0.65 0.7 0.73  0.74 0.6
Dy 4.08 4.61 5.05 4.37 5.31 4.97 4.36 4.51 3.05  3.71 3.49  3.35 3.63  3.66  3.81 3.29
Ho 0.77 0.87 0.94 0.84 1.02 0.95 0.83 0.87 0.53  0.66 0.65 0.61 0.66  0.66  0.68 0.65
Er 2.12  2.38 2.63 2.34 2.88 2.69 2.42 2.52 1.42  1.75 1.78 1.63 1.76  1.75 1.82 1.79
Tm 0.4 044 0.5 0.44 0.53 0.5 0.45 0.48 0.27 0.31 0.33 0.31 0.31 0.32  0.32 0.32
Yb 2.33  2.61 2.95 2.63 3.02 2.93 2.52 2.77 1.66 1.7 1.9 1.87 1.72 1.82 1.87 1.77
Lu 0.36  0.37 0.43 0.4 0.46 0.44 0.39 0.41 0.33  0.25 0.28 0.35 0.26  0.28 0.28 0.26

2REE 175.3 188.9 205.1 175.9 204.3 205.8 170.6 182.8 151.3 153.9 162.8 139.5 142.7 177.7 167.5 118.3
LREE/HREE 10.1 9.9 9.5 9.5 9.2 9.8 9.6 9.6 11.0 10.2 11.0 9.3 9.6 11.6  10.6 8.8
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Formation canyon channel
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Fig.3 Micrograph of rock types from Huangliu Formation canyon channel
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Fig.4 The heavy mineral combination (a) and the distribution of parent rock type (b) of Huangliu Formation canyon channel

2.0
XA-1 XZ-1 AX-8
EX-4 @X-1
15 F
_ L G
5 10
¥
S 05
RNk TR
2 0.0 F ¢
D B
0.5 -
-1.0 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5
lg (SiOx/AL:Os)
5 B AL A KGER SR 1g(Si0, /Al Oy)-1g(Fe, O5/
K, O) &l i

Fig.5 Chemical classification of Huangliu Formation can-
yon channel
EHr AJB.C.D.E.F.G /il fRRI 4 B4 WK AW E . AED

FORARE F A DUE R UUA 4 Herron(1988)

DB, 8 i T A 8 DU DX

322 WERXE W.RAHMTIEAILE Sr.Ba
SRR ST X A A i [ AT b A T Sr.Ba B & 43
g 61.8X 10 ~760X 10 °,274 X 10 °~5 477 X
10 °, ¥ SroBa S 43 5 176 X 10 ° ~452 X
105,437 X10 °*~1573X10 °,Sr & BKKT -

HFE(E R A-1.X-7 FEab A RE S & B
FLATRE S AR S S RMRRB RS YA X,
Ba 7£ KA 40 AE il 19 &% e T B A {E RN R I
DX e 5 VD 5 B 5 o 2 A e F AR A A 22000
EWITR Cr NI fER A h & /T ARG,V
Co WIFERD S FE i b & B 80w Ui G 36 BT 41 43 25 57
Iy R AR PR A RE S TR Y L Ze Nb S 0 T R &
HE TR A 5 E R AR KR 5L A (PAAS) A1
W, 280t R & & W B AR, Zr 76 U8 5 A dh b 3 i
B A RE  Th/U, Th/Sc HAE 594 5.38 ~
8.99CF-HIMH 7.14) . 1.75~2.50 CF- ¥ {l 2.06) , % e
SRR CEYE A 38 6.07.0.99) , 5 T I 52
(UC) JJa K AR I 00 (PASS) Atk 26 o2
(NASC)Th/U.,Th/Sc H.{4.

323 #EeE K 6a M6b Won. kS KIE 6 M4,
I AR AR S0, S AR R A (B Y A (Y L 43 A it
LR R AR A R T A K U B ke 2 K G Hh R
i £ 0 R AR & 4. Eu g0 R R A/ B B g
117, 8Eu {3 A /N T 0.92(K 6¢.6d). }955 Eu i 5
WP ARERRTE A1 5 X8 KT 1.4 Eu IERH
b, SEu (H BB AR /N D 1 2 REES f2 4
WA, S 118.3 X 10 ° ~177.7 X 10 °, ‘- ¥ K
151.7X10 3 7 1Y 2 REE & & 4 170.6 X 10 ° ~



520

HERBLY:  http://www.earth-science.net

23 o A-1
(c) o 7-1
- = X-7
20 a X-8
& x X-4
=4 z + X-1
= A 15+
: £ SO
g 3
o2 2 10f - s
=3
i
5 -
10 T S S SO T T N T SR SR N SR S | L L L
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 0.0 0.5 1.0 1.5 2.0
SEu
10° —— A 25 T A
(b) —— Z-1 (d) 0 7-1
—— X-7 20+ =-X-7
- - X-8 A X-8
= 10°F —a— X-4 L x X-4
E —— X-1 E 15F + X1
= 3 of
og = 10
" e
s 10
5 -
100 L L L L L L L L L L L L L L 0 L L L
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 0.0 0.5 1.0 1.5 2.0
6Eu

K6 i WA KB R s R A A
Fig.6 REE pattern of of Huangliu Formation canyon channel
a B0 BRORE B B A A A A5 b U BRORE B2 A oA 2 A1 B D 5 (La/ YY) 5 8Eu KA 5 d P84 (La/Yb)n 5 0Eu K&

205.8X 10 %, -1 4 188.6 X 10 °, AH XS 45 & , o Ik 8
Fr R RORE £ R B O 3R LA R A R B
L AD R & 45 /D 4 1) 2 REE & & 8 B B I,
L LR TR R RS 45 W e v T B D Y T 2
Oy R AP FER R M T R HEN 9.3~11.6
(55 F b %4 o LREE/HREE e 8% » Sk s T8
FR9.2~10.D) B AR Z R A KRR L8
RO E R U g i o Y A

4 e
4.1 WiEMER

R M T R e R A R A R R
DAL b AT 3 o R i A T R T R AR AR U AR T R
{8 CF 6 B M X it ¥, 2011; Saminpanya et al.,
20145 Mok, 2014) 5o R 4 & 19 H 51 Kl (Perri,
2014 ;Saminpanya et al.,2014;Tao et al.,2014) , U0
K,O/AL Oy HAEKTF 0.5, 48 78 8 K A AT T RHE
AR 0 Y SRR R Y E L B E /N T 0.4
W) Jz e 0 K A BB 2 0 R AL O IXCRE A R THO, 5
ALO, BEMWIEMXEHESEZRER®ZT WA X,
ALO, F® W E & T TiO,, ALO,/TiO, 4K
14.0~23.2 (F# R 16.0), Wb &=, B A 19 AL O,/

TiO, WAEA 54 14.0~18.8,19.6~23.2; AL O, it
fE TR AT, TIO, BAFAEZREE T ¥ (Saminpan-
ya et al.,2014) , ZRHFE X FE KKK FYIR. K, O/
AL O, HfH R 0.2~0.3, REE K A B Z F1E. K, O/
Na, O WAHE R . 4 0.9~4.3(J& 7a) , o i — H3iF 52
T WUR I DL A B A SRR R B IR X 4
D5 T A i A2 AR AR .

Roser and Korsch(1988) fR #i5 i 8 ‘& E = ot K H
BIPREL F-F, 5 90 08 X R 43 R K 36 5k pl 4 4 TR
DX e kA R DX A B R R TR X R
T K BCAE YR X 4 A KB 7h WoR D A R A R
V5T A9 B DU PR X VR A R TR e R kA
X, U BB 5 XD SR vl 28 0 A e o T AR A R X
FUXAL Hh 3z P UCTE MR B 1 7c $8 7R e 5 2 R L
ZRZIE — % E R FE G LR A — M8 %0
PO EE— PR KOCA TR DX R AR R R R R
a2 G 25, 2015) , LA UBn A A RE S 5 5
WA A g R A P TR T L 2 R AE
R IR Ak 24 55, 2014) 5 15 RS 5 DL OK T ARAE 5 5 B
FHEERE R BB R (TR 4, 2014) 5 ik
A T 7R 14 b TP b 55 R A 5 BOHOK 2 0 S A8 4k
T A2 ik e 25 B CL TR I B M 2 O B9 X A 4R D 2
RERBET EE YRR R 5 PR R K E



%2 Jo WA R LR e e e 2 AKE A R — IR A A R A B R IR DX 521

Si0:/20(%)

1
10 XA-1xZ-14X-8 1(; Ob
mX-40X-1 RS .
X M i
6 E o amamm | Th
o 4
10°F Q I
g BHE & 2
< s
Q p\é ,(K@y /wb‘ E[ 0
M ) % 7 oR _2
107 F s ®
o A e = ) p i
> e |1 JEBRULR A PR X BB LK N
2 o -6 PR X Mars E
sk 7w
107 - @ -10 ' () © & HWy R
107 107 10° 10' -10 -5 5 10 Na:.0+K:0 (%) MgO+TiO:+FeO(%)
Na:0 (%) F 5 o HF

&l 7 B L 2 e 45 7K T RR B T S (] i
Fig.7 Discrimination diagrams for provenance of Huangliu Formation canyon channel

& a $& Saminpanya et al.(2014) ;& b #& Roser and Korsch(1988) ;¥ ¢ #if Hayashi ez al.(1997)

H k2 L B 5 R 2R — e 7K THT B e T I g A T e
R AU 38 0 B — v vk L s T RE R I X A ) E
FPRIX. Tao et al.(2014) HRIE 1 K BD V8 A 1Y 2
S W R DX e G A R A AR LR 8 A i R e
B SR SR R R P TR R DX R )L Ui e D Sk K
JoT 5 DX M, L 28 SR AN [ 4 3 75 S A

DO s oo R A5 o0 A o E ke T
Wy DXCBE 20 B, 32 1A VR R 722 JBE A FH 52 e /s CBA
[ ¥4 ,2012;5 Tao et al.,2014) . 4 56 & 1€ i K Fl
K R s AR IR JF AR T S H R K B ) ik is
I AR AR AR B L R T R RO A A5 X
AT DR R UTAR A B P o, 52 4y 581X ) i 3R A 2
FEAE. A N BF 98 2 B OB &F 45, 20135 F K K5,
2010, g LR IR DR W i £ oT R L 4 i &
Eu 2£° E/h7, 28 Eu 1E 58 16 5 & W I8 DU 1Y
Eu 2T M”, N Eu 7t 5% W98 X W45 /K 38 A9 i 1
TG R BC e B 8 ol v AR R A A AR
H a8 /N b a e R X-8.A-1 H 24 SEu BIE 5=
HRE AN, 5 R R 21 R A AL, OEu (SR T
i/ A TSR (B 6) L iE S T VLBV A B Eu
A 5 5 W IR DU A — 5 B AR PE. SR
TR AR 3 B v e A 19 At /K 2R 0 VL RK ) (CF
TAF L 2014) 55 A1 G b 2K Ak 2% 2 B AT X L, WAEAE
i B s I A LAt 7K R U L 0k A R R T R
X AR il e 7% T BE 22 HbL )22 A 52 Y AT RE. U A AR
SEufH7E 0.7 247,59 Eu i 5% , 28 H e W 50 5
By IRR — B K U1 B R i e ™ R IX R R R B Y
LR — LI LR R e K GE A7
A % 55 R R U () 5 ) A A R AR )R] 1 R
Iy S XA R
42 BEXHERKIERSHBYK S HHAE

AR ER SR Nat (K™ . Ca’" %1 5 fit

WAL O, B, IE R 9, i i B2 1 k2% bl
AEFFERR CIA b2 WALAE 38 bR CIW J T &
it PFH VR DX oy XU R R Ry A A B Gl
¥4, 20125 Perris 2014 ; Saminpanya et al., 2014;
Tao et al.,2014; #%ik,2014).CIA Fl CIW {88 =5
AR 7 A1 Ak B v, 3 TR A BH BT AR O AR
ER B 414y Chn AP ) B2 5 i R G IR A
2012) ; CIA {H<<65 M RfL2E XAk, 65~85 fLFR i 4F
fb2E AL, 85 ~ 100 KR i 1k 22 KU AL B2 B (Srivas-
tava ef al.,2013; Hxit,2014). 2Z B XAL R E 45X
BRI AR T BOTCRR W A 143 12 B I d A [] 7R AT
it Si0, /AL Oy Al 5 B4 B4R EICV 554
HEATUC AR W B 43 B B . S10, /AL O L H 8
R U B 0 i 2 K A D L R v G TR
WEAF,2012) 1% ICV {E R B A 45 = i 43 i H
A KBRS T B DU X, 5 78 OB 9 A
IRUUBRRE A T ICV A & 1Y B 8 5 4 7R B0 O U RRURR
H (B WESE,2012; Srivastava et al.,2013).

B AL A5 KT B D R A RE S L BR R B T
JoT G 235 35 Ak 2 XUAR ok 22 8 B AR A (B 25 35 3 1Y)
0 e AN BE 58 4 I W R X Pk ) . CIA H B KN
50~ 65, ik T J5 K A8 M K A W 5T % (PASS,
70.36),1CV H<<2.0, FHHIF X £ TK — %
B2 B RAGAE T, DORR W 143 L BE e B A R
AR T P RE R R EME SRR YA T — &
() P10 28 TR AR U A 9 CTIA fH (41.6 ~66.5) .
CIW {H(45.5~77.0) Ak & F b (3l oy 23.1~
62.4.24.9~71.0), A1 SiO, /AL O, HAA (3.3~
4.2) ICV {H (1.2~2.0) MR T A (53l 9.6~
12.0.1.4~2.0) , ULBH I8 75 A9 VR DX B b 55 1) 1R X 3 A2
(27 KAV A i, DOFR 9 40 A B 3 v L&
REMA 59, X 500 e R [ A RS i B



522 HERBLY:  http://www.earth-science.net 43 B

fLBE 715 KA B ] 55 5 3 0%, Te A i 2 — ok ok
Ll B R A A 0 0 0 ARURE A T KR BB )
55, HE T AR A F 8 L DR A B o R L IR A
AN 1 T A b5 B0 A N B . 5 AR
W) ¥ 1 47 L 2B & PR AR R BERY A-1 JF CIA/CIW
{HE K ICV B EL/IN N 1 B 5 W U5 5% T Ak 7R B
WA BKUR XX AR 1 45 58 L U0 AR A o i 2 R T
W T B K R BEy X-1 H CIA/CIW {H & o, B K 7
Bt CIA/CIW {H# /N, 1l fig 5 7K 8 1 AR 22 1% ik 75
R 58 8 1 2 A SE R A G BR K B ICV B A V8 ) 7R &2
AR /N B IX 5 K Bl T A RS R B B A A O

5 45

(1) & ALK B A 2 09 5 M DR Vb 5 o
MW A N A ARBILLE B AR E MK AR B S
h B YA A R R WX LR R
Ba S A M ARRE, AKX B AT A
A VBRAA EEA R A R,

(2) By 4 ok 43 K B B A 1 AL O, /TiO, .
K,O/ALO; A3 14.0~18.8.,0.2~0.3, V8 &
1 Al O, /TiO, K, O/AL O, FLIHS> 5K 19.6~23.
2.0.2~0.3,K,0/Na, O lWEHKX T 1, WY IEX &
AT BB A D AR O R BRI T e b
TR UCBUE WU DX, U6 AR b V& 78 TP kR
PR IX.

(3) Bt 41 e 73 7K B e 5 1 CIA fH . CIW {H &
T TR L U A U 2 1) IR DX A A2 1) Ak 2 K
TR AE F 5, Ak 2% KUAE ik 28 4 %0 CTA B 50~ 65, fi%
THE R AR R W 5 {8, R BRI & ) 1Ak —
Hp SR ) IKUAR AR .

(D H AR K E R H BA K Si0,/AL O,
AE AR ICV A, WOk A8 BAE H & A K
SR R R TOBUIR X, 2 T R 1 R B T G BR
TURRIN 15 V8 A 19 S10, /AL O, F Al L ICV {H ¥ 1
5 s A LR 1 B 55 A b 5 3 7

ES N T RS S SR R
PSR E S B R LA AL E AL 5T R A
MRARBAEAT RGN BT BB oK S
(F) A 2 HIAIEF! BMIFF F R F
RHGEFERLS A

References
Gao,D., Chen, R. H.. Shen, Y.].. et al., 2016. Southwestern

Provenance-Sedimentary System and Provenance Tec-
tonic Setting of Eastern Sag in the North Yellow Sea
Basin.Earth Science,41(7):1171 — 1187 (in Chinese
with English abstract). https://doi.org/10.3799/dqkx.
2016.095

Guo,C.T.,Gao,]J.,Li,Z.,et.al.,2017.Deposotional and Prov-
enance Records of Upper Devonian to Lower Carbonif-
erous Sandstones from Bachu Area,Northwestern Tar-
im Basin: Implications for Tectonic Evolution. Earth
Science ,42(3) ;421 — 434 (in Chinese with English ab-
stract) . https://doi.org/10.3799/dqkx.2017.032

He,Y.L.,Xie, X.N., Li,J.L.,et al.,2010. Depositional Char-
acteristics and Controlling Factors of Continental Slope
System in the Qiongdongnan Basin.Geological Science
and Technology Information,29(2):118—122 (in Chi-
nese with English abstract).

Herron, M. M., 1988. Geochemical Classification of Terrige-
nous Sands and Shales from Core or Log Data.Journal
of Sedimentary Research ,58:820—883.

Hu.G. H.. Zhou. Y. Y., Zhao, T. P., 2012. Geochemistry of
Proterozoic Wufoshan Group Sedimentary Rocks in the
Songshan Area, Henan Province: Implications for Prov-
enance and Tectonic Setting. Acta Petrologica Sinica ,
28(11):3692—3704(in Chinese with English abstract).

Jian, X., Guan, P., Zhang., W., et al.., 2013. Geochemistry of
Mesozoic and Cenozoic Sediments in the Northern Qaid-
am Basin, Northeastern Tibetan Plateau: Implications
for Provenance and Weathering. Chemical Geology s
360—361:74— 88.https://doi.org/10.1016/j.chemgeo.
2013.10.011

Lei,C.,Ren,].Y.,Li, X.S. et al.,2011a.Structural Character-
istics and Petroleum Exploration Potential in the Deep-
Water Area of the Qiongdongnan Basin, South China
Sea. Petroleum Exploration and Development ,38(5) :
560—569 (in Chinese with English abstract).

Lei,C., Ren, J. Y., Pei, J. X., et al., 2011b. Tectonic Frame-
work and Multiple Episode Tectonic Evolution in Deep-
water Area of Qiongdongnan Basin, Northern Continen-
tal Margin of South China Sea.Earth Science.36(1):
151— 162 (in Chinese with English abstract).https://
doi.org/10.3799/dqkx.2011.016

Li.D..Wang,Y.M.,Wang.Y.F.,et al.,2011.The Sedimenta-
ry and Foreground of Prospect for Levee-Overbank in
Central Canyon., Qiongdongnan Basin. Acta Sedimento-
logica Sinica s29(4):689—694 (in Chinese with Eng-
lish abstract).

Li,D.,Xu,Q.,Wang, Y.F.,2015. Provenance Analysis of the

Pliocene Central Canyon in Qiongdongnan Basin and Its



%2 Jo WA R LR e e e 2 AKE A R — IR A A R A B R IR DX 523

Implications. Acta Sedimentologica Sinica, 33 (4):
659—664 (in Chinese with English abstract).

Li,D.,Xu,Q.,Wang, Y.F.,et al..2013.Filling Evolution and
Sand Distribution in the West Part of Central Canyon,
Qiongdongnan Basin. Oil Geophysical Prospecting s 48
(5):799—803 (in Chinese with English abstract).

Liu,H.L.,Yao0, Y.].,Shen,B.Y.,et al.,2015.On Linkage of
Western Boundary Faults of the South China Sea.Earth
Science ,40(4) ;615 — 632 (in Chinese with English ab-
stract).https://doi.org/10.3799/dqke.2015.049

Mao,G. Z., Liu, C. Y., 2011. Application of Geochemistry in
Provenance and Depositional Setting Analysis. Journal
of FEarth Sciences and Environment , 33 (4):337 — 348
(in Chinese with English abstract).

Perri, F.,2014.Composition, Provenance and Source Weathe-
ring of Mesozoic Sandstones from Western-Central
Mediterranean Alpine Chains.Journal of African Earth
Sciences »91:32—43.https://doi.org/10.1016/j.jafrear-
s¢1.2013.12.002

Roser, B. P., Korsch, R. J., 1988. Provenances Signatures of
Sandstone-Mudstone Suites Determined Using Discrim-
inant Function Analysis of Major Elements Data.Chem-
ical Geology,67:119 — 139, https://doi. org/10.1016/
0009-2541(88)90010-1

Saminpanya,S. . Duangkrayom, J., Jintasakul, P., et al., 2014,
Petrography, Mineralogy and Geochemistry of Creta-
ceous Sediment Samples from Western Khorat Plateau.,
Thailand, and Considerations on Their Provenance.
Journal of Asian Earth Sciences83:13 — 34.https://
doi.org/10.1016/j.jseaes.2014.01.007

Srivastava, A.K.,Randive, K.R., Khare, N.,2013. Mineralogi-
cal and Geochemical Studies of Glacial Sediments from
Schirmacher QOasis, East Antarctica. Quaternary Inter-
national » 292 205 — 216. https://doi. org/10. 1016/i.
quaint.2012.07.028

Su, M., Xie,X.N.,Wang,Z.F.,et al.,2013.Sedimentary Evo-
lution of the Central Canyon System in Qiongdongnan
Basin, Northern South China Sea.Acta Petrolei Sinica »
34(3):467—478 (in Chinese with English abstract).

Su ,M.,Zhang.C.,Xie, X.N., et al,2014.Controlling Factors
on the Submarine Canyon System:A Case Study of the
Central Canyon System in the Qiongdongnan Basin,
Northern South China Sea. Science China Earth Sci-
ences »44(8) :1807—1820 (in Chinese).

Tao,H.F.,Sun,S.,Wang,Q.C.,et al.,2014.Petrography and
Geochemistry of Lower Carboniferous Greywacke and
Mudstones in Northeast Junggar, China: Implications

for Provenance, Source Weathering, and Tectonic Set-

ting.Journal of Asian Earth Sciences,87:11 — 25, ht-
tps://doi.org/10.1016/j.jseaes.2014.02.007

Wang.C.,Liang, X.Q., Tong.C.X..et al., 2014. Characteris-
tics and Geological Implications of Heavy Minerals
from Seven Rivers in Adjacent Areas of Northeastern
Yinggehai Basin. Acta Sedimentologica Sinica +»32(2):
228—237 (in Chinese with English abstract).

Wang.,Y.F..Wang,Y.M.,Li.D.,et al.,2011.Features and Source
Analysis on Early Pliocene Sedimentary Rare Earth Ele-
ment (REE) in Central Canyon of Qiongdongnan Basin.
Journal of Oil and Gas Technology (J.JPI),33(6):
50—52,68 (in Chinese with English abstract).

Wang,Z.F.,2012.Important Deepwater Hydrocarbon Reser-
voirs: The Central Canyon System in the Qiongdongnan
Basin.Acta Sedimentologica Sinica,30(4):646 — 653
(in Chinese with English abstract).

Xiao,B.,2014.Geochemistry of Sandstones from Bayin Gebi
Formation and Suhongtu Formation of Lower Creta-
ceous in Chagan Sag of Yin-E Basin.Bulletin of Miner-
alogy s Petrology and Geochemistry ,33(4):517 — 525
(in Chinese with English abstract).

Xie, Y.H.,2014.A Major Breakthrough in Deepwater Natural
Gas Exploration in a Self-Run Oil/Gas Field in the
Northern South China Sea and Its Enlightenment. Natu-
ral Gas Industry,34(10):1—8 (in Chinese with Eng-
lish abstract).

Yang,J.H.,Du, Y.S.,Cawood, P. A., et al.,2012. Modal and
Geochemical Compositions of the Lower Silurian Clastic
Rocks in North Qilian, Nw China: Implications for
Provenance, Chemical Weathering, and Tectonic Set-
ting. Journal of Sedimentary Research ,82(2):92 —
103.https://doi.org/10.2110/jsr.2012.6

Yao,Z.,Wang,Z.F.,Zuo, Q.M. ,et al.,2015a.Critical Factors
for the Formation of Large-Scale Deepwater Gas Field
in Central Canyon System of Southeast Hainan Basin
and Its Exploration Potential. Acta Petrolei Sinica » 36
(11):1358 —1366 (in Chinese with English abstract).

Yao, Z., Zhu, J. T., Zuo, Q. M., et al., 2015b. Gravity Flow
Sedimentary System and Petroleum Exploration Pros-
pect of Deepwater Area in the Qiongdongnan Basin,
South China Sea.Natural Gas Industry,35(10):21—30
(in Chinese with English abstract).

You, L., Liu. C., Zhong, J., et al., 2017. Petrography-
Geochemistry and Source Significance of Submarine Fan
from West Area of Qiongdongnan Basin.Earth Science ,
42(9):1531—1540 (in Chinese with English abstract).
https://doi.org/10.3799/dqkx.2017.503

You,L.,Wang .Z.F.,Zhong.]..et al.,2015.Reservoir Char-



524 HERBLY:  http://www.earth-science.net

i 43 &

acteristics and Influential Factors of the Huangliu For-
mation Canyon Channel in the Ledong-Lingshui Sag,
Qiongdongnan Basin. Natural Gas Industry, 35 (10):
31—38 (in Chinese with English abstract).

Zhang,H.L., Xie,J. Y., Liu, Y, et al., 2014.Controlling Fac-
tors of Storage Capacity Differences of Huangliu For-
mation Sandstone in XF Area of the Yinggehai Basin
and Their Geologic Significance. Nature Gas Industry .
34(5) :43—48(in Chinese with English abstract).

Zhao, M., Shao,L..,Liang.J.S. et al..2013.REE Character of
Sediment from the Paleo-Red River and Its Implication
of Provenance.Earth Science,38(Suppl.1):61—69 (in
Chinese with English abstract). https://doi. org/10.
3799/dqkx.2013.510.007

Zuo,Q.M.,Zhang,D.].,He,W.]., et al.,2015.Provenance A-
nalysis of Huangliu Formation of the Central Canyon
System in the Deepwater Area of the Qiongdongnan Ba-
sin. Haiyang Xuebao ,37(5):15—23 (in Chinese with
English abstract).

Bt iR 325 & SOk

LR O TS L2, 2016, bV 4 AR T I Tk B 40
VORI PIE — DU R 5 R X R R B ek Bl 2L 40
(7):1171 — 1187. https://doi.org/10.3799/dqgkx. 2016.
095

WA, A 2L, 2017 K A0 LA I X VR A
G5 — T A HGEVUA — Wy A0 s B s 0 Ak Bk R
2,42 (3): 421 — 434, https://doi. org/10. 3799/dqkx.
2017.032

2 e A T4 2R B4, 2010 AR B AL G A R R
FRAE B L o I8 220t SRR B 4 . 20(2) 1 118 — 122,

D, R M X K 2012, 9 g 5 L M X G T R B L
HEUUBUA A IR Ak 27 45 HE K JH ot 9 60 X 700 440 5 B4R 5% )
T2y 5 AR, 28(11) :3692— 3704,

T AR 2R L4, 201 1o, B R T 7 b TR K IX 45 M
WERAE 5 AW . AR 5 I &k, 38(5):
560—569.

T AT R 4, 2011 b, TR R 4 b VR AKX K 1 H
Jr 0 2 Ak o R M BR B 2, 36 (1) 151 — 162, ht-
tps://doi.org/10.3799/dqkx.2011.016

A THR, EAR 4, 201 1350 B 4 b e ik 25 TR K R
SRUE — Vit 5 DUBL IR 4, 29(4) 1689 — 694,

A4 HRR, KR, 2015, BEAR B 45 b A o e e 25 4 R
Ay BT B X UBE R, 33(4) 1659 — 664,

AR, F AR, 25,2013, 54K B 20 M o e ik 45 7 B 7S IR

T R UUBUE AL 5 00 1A o A T Bk B L 48 (5) .
799—803.

XUHEHE WK R LT T 2, 2015, 1 M 7Y 2R 45 40 Y B k.
HiBRF} 22, 40 (4) : 615 — 632. https://doi.org/10.3799/
dgkx.2015.049

EOCJE XMV 201 1 b BRI 2 FE W IR R TURRHS 55 43 B iy
LT b KR 27 5 R 2R 4, 33(4) 337 — 348,

I LA~ A, ARG, 25,2013, 5 15 L H8 35 4R B 45 P e e
HRR VOB L. A0 224 . 34(3) 1467 —478.

TREL, PR MR ST AR, AL 20140 TR UK Ik 48 R B 4 R IH &K 4
M —— LA g 105 A0 350 B AR B A b v e ek 45 A &R R . o
FE Bl HUER B2 . 44(8) : 1807 —1820.

L R, AL HT LA, 201475 O A AR L BB AR X 7 4%
B A ] AP A R B R A DR
32(2):228—237.

TR, FHR 254, %4, 201 15075 /g 230 v e g 73 B 1 3
UL £ o0 R IE XY IR 1. A i KRR ¥R
I A 2 B2 40, 33(6) : 50— 52, 68.

FARWE, 2012, %8 K T2 A2 — B AR B AR H T e ik 45
R DUEIR . 30(4) 1646 — 653,

M, 2014 AR B A A T M RR T B g O REA — A
KT & 3R AL 2. 07 W) B A BR AL Al AL 33 (4
517—525.

PR UL 2014, B VR AL B B B IROK KRS B IR I oKk X AL
JAR. KR Tk, 34100 :1—8.

e, TR, 2o 15 08 . 45, 20154, B 43 15 25 Hi v ok i 48 R 7K
KA ROC 2 R 5 4R AT 5. A i = . 36 (1)
1358—1366.

WV ARGk L A S B 25, 20150 35 AR TS AL H IR K X YR
PUR M R KOl S B4R AT . KRR Tolk, 35 (10D
21—30.

JETE s XUA B 5 2017, 350 7R B 7 b T XA L A0 IS B
AH — Hb BR b 2 R AR I UR X L BR B 2F, 42 (9) .
1531 —1540.https://doi.org/10.3799/dqkx.2017.503

Ju AR Bl 45,2015, 5k AR — B K U B B 3 AL e 45 K
T i )2 AR S e R 28 R SRR Tk, 35(10) - 31— 38.

TRAK2Z A AT XL L 45, 201478 TS 4 XF X 3% 37 4 b
BT PERE 22 e AR R DR M R R AR R
b, 34(5) :43—48.

XA AR, R, 45, 20130 LD LR W L 00 B AR AT K
HPPRAE 7R B S R B4, 38 (G T 1): 61 — 69. ht-
tps://doi.org/10.3799/dqkx.2013.510.007

ZEAE YR KB T AT EE 25,2015 B0 AR i 45 H R K IX A g g
A5 T AL W) IR R AE PR 2R, 37(5) . 15— 23.



