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Abstract: The reservoir in Upper Miocene Huangliu Formation of Yinggehai basin, which is located between Kuntum paleo-
uplift and Hainan paleo-uplift, is shallow-marine gravity flow deposits with burial depth ranging from 2 600 to 3 500 m. Analy-
zing the provenance of the sandbody is significant in understanding its distribution and “source to sink system”, hence for the
oil-gas exploration and development in this area. The provenance of sediments in Upper Miocene Huangliu Formation was ana-
lyzed by integrating the components of the sandstones, assemblage styles of the heavy mineral, paleo-current direction and geo-
chemistry characteristics of the sandstones. Results show follows. (1) There are two provenances, one from west and the other
from east, in the study area. Western sourced sandstones form the shallow-marine gravity flow which are mainly sublitharenite

with high feldspar (average is 6.1%) and lithic (average is 11.7%) contents, low shale content (average is 3.8% ). However,
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eastern sourced sandstones, which are mainly subarkose-quartz siltstone with low feldspar and lithic contents with averages of
4.6% and 2.7% , respectively, high compositional maturity, high shale contents (average is 18.6 %), form the neritic sand bar.
(2) The shallow-marine gravity flow sandstones exhibit low zircon. tourmaline contents, and high magnetite, garnet contents,
while the neritic sand bar sandstones exhibit high zircon, tourmaline and leucosphenite contents, and low magnetite, garnet
contents. The direction of paleo-current in study area is from southeastward to eastward. (3) The similar rare earth element
(REE) patterns of 28 sandstones from three western wells indicate that they were sourced from the same provenance. The dia-
grams of Th-Sc and Co/Th-La/Sc and elemental ratios of these sandstone samples show that they were derived from intermedi-
ate to felsic source rocks. The measured geochemistry data of these core samples fall into the fields of active continental margin
or continental island arc in the diagrams of La-Th-Sc, Th-Sc-Zr/10, Ti/Zr-La/Sc and major element discrimination, indicating
that the source rocks of the shallow-marine gravity flow sandstones were formed under the tectonic setting of an convergent en-
vironment. (4) The integrated method for provenance analysis indicates that the shallow-marine gravity flow sandstones were
derived from the western Kuntum uplift. The shallow-marine gravity flow sandstones in western mud diaper belts are large in

scale, rich in gas. better in reservoir properties and the main favorable exploration target towards the west, whereas the neritic

sand bar sandstones in eastern mud diaper belts are small in scale, poor in reservoir quality.

Key words: provenance; shallow-marine gravity flow; Huangliu Formation; geochemistry; hydrocarbon.
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Fig.1 Location of the study area (a), stratum system (b), location of wells and distribution of sedimentary systems (¢),

and one seismic section from the study area (d) in Yingehai basin
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Fig.2 The locations of sandstone samples which were collected for geochemistry analysis
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Fig.4 The distribution of heavy mineral assemblages from member # 1 of Huangliu Formation
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Fig.5 The distribution of paleo-current from member # 1 of Huangliu Formation
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TR A9 LU AE (I Th/Sc 1 Cr/Th) 4177 %}
DLRLA PR 43 A1 2 {1 5 22 (5 Bl (Feng and Kerrich,
1990 ; Cullers and Berendsen, 1998; Cullers, 2000).
ARX M E SR AR R 28 W E ARG Th/Se =
0.90~2.25,3F ) 1.28, Th-Sc &l fi# Fl Co/Th-La/Sc
Vel fige (L 7) tho S s 248 R o0 it i UCCL 258 B ]
e O R T — M PR AR X T ) IR
Th%& 28 Heib 45 #E @ 19 La/Sc. Th/Sc. Cr/Th. Eu/
Eu’ WA Y /s K98 BT I Ak IR (3R 2) SR I8 T 8
B A 1 T BEME U/,

Cr V. Ni Ry S mld #2 AR 2 T R (HAE X
Akt #2 Fra] R I 4> S 4FE (Feng and Kerrich, 19905
Cullers and Berendsen,1998;Cullers,2000).— %3k,
KR T BB o K Ll R B8 U8 B P Cr> 150X
107 \Ni>>100 X 107°, Cr/Ni= 1.3 ~ 1.5, b &
Cr/Ni>>3 878 2.3 19 LR 73 53 4F ] (EL-Bialy, 2013).
AR E SR R 28 Pemb AR S Cr=48.27~
83.09,F1 56.52,Ni=15.18~28.67,F 4 21.42,Cr/
Ni=2.15~3.91,F 1 2.68 (Fff 3 4), KW PA A K]
RE MR BE 0T K 1L 5 B0 B PR U 4 (Zimmermann and
Bahlburg,2003 ; Rahman and Suzuki, 2007) , 1Mj J& £ JJi
T SRR E B TR A3 S AR L
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Table 2 Comparison of elemental ratio of sediments from Huangliu Formation, felsic sources, mafic sources and upper conti-

nental crust

e Al A ﬁﬁﬁﬁ?ﬁﬁ %%fﬁ(ﬁﬁ _Ll’fﬁ‘?—f:
(# Amstrong-Altrin,2004) (#% Amstrong-Altrin,2004) (#% Rudnick and Gao,2003)
La/Sc 3.56~6.76(4.25 % ) 2.50~16.30 0.43~0.86 2.21
Th/Sc 0.90~2.25(1.28 * ) 0.84~20.50 0.05~0.22 0.75
Cr/Th 3.23~7.03(5.84 %) 4.00~15.00 25.00~500.00 8.76
0Eu 0.48~0.70(0.64 * ) 0.40~0.94 0.71~0.95 0.72

T BAREE « f98F AMH.

42 MELT=RYWEREX
VFZ 252 5 R T AN [6) 19 75 125 0k 0 il 4 3 75 55
(Taylor and MclLennan,1985;Bhatia and Crook,1986;
Roser and Korsch,1986).f# i 76 Z& (41 La, Th.Sc.Zr)
H T S PEAR L AR DU XA AN 0z o e v al A
P5E R AL PRt 1l T U0 ) 3 75 55 (Bhatia and
Crook, 19863 4% SR 4, 2015 B B 345 , 2015). La- Th-Sc
=SB BR— A AR AL LT B R R R TR
KBty 5 9K X 35k (8] 8a) , Th-Se-Zr/10 = i1l th 2 #2K
ALLAARF A o 28 DR 20 A ity 1 9 A8 DR Bl 5 91K X 3 (&
8b). it JC R M LT R & A S LG (B S AT R B
INE = 3l KBl i 2% R 58 (3R 3). 3 2 7o & H) o B i
(DF1-DF 2) .75 K AR 73 F it v 1 5 3h Kl i 4 IX 45
( 80).

P AN, T O AR B L B — A e S R Al B 1)
A 42 AN o AR 3 T8 Ak 52 B = MR HeoAE X iz 3 i ]
2y WA A, — B E NS OERN AR Z
— R A AR S S M B R e A RO il g 5 SRR
T B 5 A A B A 4 1 o Bk Y T B A R 230 — 5 VT W
2L 2 [a] 1) 5% P T G AT 5 3803 T TR, R BN R — RO
M e il 488 A AL 3 15 5 22 v B S BR i L 1) 1
AR5 138 3y, B o ER R A AL PG ) W R R B A2

JHE W Bl QN ET 0T 5 | B VT T S A (A 45, 2001 5 Fb
B45,2006) . % JE 20 51| ik rh K i £ 5 IX B0 32 50
B 20 2% X S AR FRBF R IR 85, 0k i 2 ) b 4 T
R AL PR (A 1E T S 5 O B R AR & B
T B R L B S RS XA 7 58 e VT A
PR B iz 225 VO R AT 05 OT R M Ak A S e i) 2 )
PRI AR 38 1 5 R AREB AR AR LU R i L R i 4
W5y — I, o S H T 20 R R Sk X R
KATZE25 i 1) 35 908 720 b 1) O R g A 2 08 /0 T
M B TR 2 0 1 s
(Clark et al.,2004) , H AR R JZTOR Y8 A (10 5%
ST b4 ]l B e s ) By S s S AN R A
KAV AL = AN KR F M LR AHL S 308 22 i) BRI
FRUAR (TE L5 . 1995) BB 45 (2013) 45 L W v 22 0T
Btk Lrm K R WU B8 Eu IE S8 BRE. 5 AR K
WEFEAATE , TR AN i 3] i ¥ PG A 350 104 765 RV 235
(Clark e al.,2004).Clift et al.(2008)U148 i £L T IT
U R Ce 555 FRAE R AR XD 2 f oK 7R Ce
55 CF35 0Ce=0.97) , ifi e L i [ 2 7T 241 K i
A T R A (Clift et al., 20085 5KAK 22 %, 2013 ; X 45
4 .2013).
CERWAETEE A CEE Y Gl KR LA D A T
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Table 3 Comparison of trace and rare earth elements of sediments from different tectonic settings

PN KB £ 90 F KB % L& PN FUE S 2 CE34ED

¥ It % (Bhatia, 1985)
Th(107%) 5.5 16.2 28.0 22.0 10.1
U109 2.4 3.2 6.0 3.6 1.5
La/Sc 1.0 1.8 2.5 1.9 4.3
Ni(10~6) 15.0 18.0 26.0 36.0 21.4
Se/Ni 1.70 0.96 0.75 0.45 0.37

i 196 % (Bhatia, 1985)
La(10~%) 8.0 27.0 37.0 39.0 33.4
Ce(107) 19.0 59.0 78.0 85.0 63.9
SREE 58.0 146.0 186.0 210.0 175.5
(La/Yb)n 2.8 7.5 8.5 10.8 11.0
Eu/Eu* 1.04 0.78 0.60 0.56 0.64

T BRI 20 B vl VY R B A R TR Xk 5 25

Vi 5 7 Y ORR AR R B ) TR U v SRS RE A P Y
R AR WA (R DL B REE.
KFIZERNEE IR T — L B 5w [n)
AL T AR 7 X H T KO 1) 2T R A HE AR
(AR =5 Ny P N s 9 N 2 i I E O
i 5= S I R AR O X AR AR R O IR
HUGTR, o& WLK R o i DT B (PR 21 %5, 2013). 74
B[ FARTIEY/ R Y= I LR R | SART B2 N LT e
—EFERE AT R B AR . BT R R Al 2 4
b5 20w 8 B B A [A] (Clift ez al., 2008 ; #5458 4,
2013) , ME LASRHE AR X R 2 5 A R L AL UG
A3 T B ETHESE X B Bk, T — 20 B R B bR N A
Hh L U R P BB A T2 T A T R R RE AT AR B Y
VR D S J22 RS A /N i )22 o i A 2 (il R L A
FA 20100 AR AR 7 X 14 74 R - AT R HL A I A 4
WIS TR (AR5, 2015).

(DIETIEEYIRMREE R s KA. a8
TR SR AR L R AR, DA
HRD A R F 5 IR T AR EY IR R R b A KA
J B i AR, B R BRI e, LA e
AR — A Ry b A 5 TR ) AR A B
VAINEERSWalS o Y X TN SR i Rl = G R A
WA s A VR & L R AR A
AR B IS K 5 7 ) RN R AR ] — AR P ), &2
L7 B VU H R R K R 1Y RS

(2) 7 DA d AR A A 2 o0 2 C 40 A5 2 3 T vk
WE RO ERA BRI R iR S K
FEAE L H0 ) 1l e 3 ik 7 v M — R 8 B IR SRR AT S La-
Th-Sc =K . Th-Sc-Zr/10 =K L K F 70 %K H
3] PR e 129 307 o 9 TR 3 3l Rt 30 % 8K i 2 9 IX
B, U0 ) D A IR X O B R IR, R REAE
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