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Abstract: Baiyun sag is one of the main oil and gas producing areas in the northern continental
margin of the South China Sea. It has been widely discussed by scholars wroldwide because of its broad

oil and gas prospects. However, the tectonic background, source rock composition, ancient water
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system, and ancient landform characteristics of the Eocene sedimentary source area need to be further
studied. The evolution of the source system during the depression-fault-depression transition period is
still not clear. In this paper, the characteristics of paleogeomorphology evolution and provenance
distribution of Eocene in Baiyun sag are systematically revealed based on rock mineralogy, rare earth
element, and three-dimensional seismic data. The results show that the tectonic background of the
source area in Wenchang and Enping periods has the attribute of recycled orogenic belt, and the
deposition of Enping Formation is restricted by the mixed orogenic belt and the stable continental block
source area, which shows the characteristics of mixed source in the fault-depression transition period. In
addition, the proportion of deep rock minerals such as rutile/garnet is higher in the Enping Formation,
which may indicate strong tectonic metamorphism in the source area. The characteristics of rare earth
elements show that the distribution patterns of Eocene source rocks and granites in Baiyun sag are
similar. The ancient water system transits clockwise from convergence to divergence in the depression-
fault-depression transition period. The source supply generally shows the characteristics of axial supply
in the basin-the supply of the northern gentle slope-the long axis supply outside the basin. The

characteristics of the lake basin also show the characteristics of small basin shallow lake-large basin deep

lake-wide gentle lake basin-shallow water wide basin.

Key words: Pearl River Mouth basin; Baiyun sag; rare earth elements; ancestral river; ancient

landscape; systems of provenance
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Fig.2 Typical thin section photos of clastic rocks in the Pearl River Mouth basin



1900

BOMK R o RO BR B 2 O

5% 54 &

Wi BE A, R SCE AL A T a3 B R B RO
63 %0 KA F- IR B Ry 26 %0, 5 B - B R RS
Ol 11 % L ko s 25 B R B E0Ch 600, DTRLS
HIBRFBYECR 1% AT E B IR BN 420
B SCE A TR B L A ST R AR O i i ik
2T 68% . KA MB B> & 12% . H BT
BR800 20 % CHEb KBL# #5880
18240 DBV A B AR Bl 1040, 8 B8 5 B AR TR
SHECR 1) . Wi R, N O A A P o S
BIRF 80l 66 %0, KA IIRBUNECH 19% . 4
JB - 35 PR B H00CR 15 Y0 CHvb kO 2 T8 1A R B
K 10%, A BB ECN 5%0) s E R4S
A SO SRR RO 57 90 K A R B B
R 5% 5 8 T A AR A B 2 0 ik 3806, (FE
W KO A B R BRAY BR 35 %40, A8 A A TE R Ry
Bl 3% (F 3),

02 R 8 4 0 5 52 K b v s 8 S s ) B9 4 DR IX
BN E B W T B2 i o, R e TR X
F1E T . ARWESE SR F &% W 1Y Gazzi-Dickinson
WIEAT D A 0 R S URL B8 3 O iR AT BT, 2
Qt-F-L.Qm -P-K.Qp Lv-Ls M Qm-F-Lt
FE AN =MEREJE O, Hrh Q- F - L XabA
J& R A3 B DX 43 BE A 55, N B B B RD A B
Qm -F - Lt HT Ml A s Qp — Lv — Ls X b
TR B LA I DX 4 B o REBE 1A B 2 R AR
Qm — P — K il H 6 B 40 4 1 ARG R R 4

WD 25 15 8 B3 R T 1 2 M1 BE G 3 48 b 5
KL AT SRS B o L &K A (8 4, 7 Qm -
F - Lt =B E 4D H . F = MFEFE & 8 K 5
A P [ 3 Ll X3, 3 A R S0 B R L R R
A7 P ], B L e RSP SRR S D D A U R R
F (B A T R G R R R A/ A B L R
BIOM, 7 Qt - F - L EfF (B 4a) B 5K EB
G395 T FE 1] 3 L X, R R S0 0 B R
T 3ot U BT X, 15 B R JEL ST 3 3 43 B i X R 4
DA AR, 76 Qp — Lv - Ls K (K 40,
FES I FIR A 1 LA K3k, £ Qm - P - K Elf#
(P 4b) B, B i BEAS (7 F R i e
2.2 EHUWHIE

A YAl LS H A — Se i g 4 5 i 7 AR iz
Ty BT A0 B RE 85 55 4 ot I 0 LB 5 Rk .
[ S AR B0 A4 S8 P 20 4 0T LAFE 7 A TR B B X R
I R X A7 OB R 1 9 sl Lk R,

R X ET WA G AR Lk + 8k +
B A FREERE R (- 5 B AE
JER AT E IR Y, EEASMAESCE W 23
IR A S 7 B IR L 45 R R W R IX s 204 /A WA
SRR A O AL, AT REAR R TR IX
58 B0 ) 3 A I

ST EY W oA A e, oA R R Y
FeBRE R et T BUA IR AR B Lo, A1 I e, 48 5K
(A 6) 8 FH AR 7= P IR DX IR B 1 L i), L
MR bk 22020, i o XA 5 X F A 4 48 5
R 6, KMV N BB W 1o, 58 8T
N AAY T o BRI N 4.6 % s M SC B W 1o, 488K
IR 20.3% s I o, FEECE IR 3.1 %0 s BB 1o,
BB BN 14.3% Lo, T8 B2 16,350 5 B P
Wi To A8 80BN 3.4%, Tew, FEEE Iy 14.3% .
R 1 o, 3880V 5 055 SC B 10 U6 IR IXTR B
L 5] 38 o

3 BT EM

Nothdurft & 5% % B # + 50 % (REE) 76 K
b GER CUUBURI A o AR v B AR SR R k.
WU H IR+t R S & (w(ZREE) GRK
FIF Je K/ 00 (PAAS) BB 2> B 184.8 X
10 %) 4 Sy il 1 49 Joi0 1 ) — S48 A 2 DT
SUTAE Y w (X REE) 45238 8% 5 T 3% (8w, 1369
Ho it o0 2 2 R B UR AR JE $2 4L Y w (X REE) I
T3 AMA L B0 B & A2 Bl A 4 B S i AN L A
MG B A B AR RS TR B 12 S
A AN R T PAAS (B (8 1), & W] H: A b il 5
By RS A R, FER TR L ICER w (ZSREE) 4>
F98.57X 10 *~188.85X 10 ° i) ,w (HREE) 4}
T 14.05X 10 °*~24.08 X 10 *Z[d,w (LREE) 4
T 84.52X 10 °~166.59 X 10 *ZH],w (LREE)/
w(HREE)AF 6.02~7.55 Z[6] ., SE¥{EH K 6.69 (&
D, ERZER BRI X R ER TR ST,
BWtocREEMER LITR T,

Fii - 70 28 BRORL B0 A B o Ak 5 =X B (R 7a)
N N = RO e IV i S 7 N <X (VN
La— Sm 4 20 BER T REEHE Dy — Lu 44
ORI UL ER T E 7 i B on R WA
Eu B/ 8l i 5 40 (R D, W TR 11
KLl 0Eu 7 5 3 (SEu<C0.90) I RR1F, X it A
P OEuE B i 5 % (0.90<<0Eu<{1.0) M HRAE , i



1901

B, 55 BRI E A 1 s B B 58 4 TR A R R A R AR

%6l

des unfreq ur sporiad Surduy pue Sueydouspy Joddn pue J9MO[ Ul UOIIRIJ JWIN[OA SLIGIP YOOI JO JIeyd 3 ¢S]

BE%#HBORYEZHTE EXWEHNZE ¢B
*if A W P M AR o O M IO U 2 e

J( 5 5 i, L v 9.\ by Z
e sAer e | AT | mmgEn | —
A M%M_ wiGl 0 | [%OREHH WNWM_ ‘
000 ¢ 000 ¢

w/kk N

- ,- SR EZH

€V 6
pTe 01

5
71

N fo)
0%/ XE LY B ooom— —— Y%/ X 1Y ) B % WWMM— wy Q| 0
000§

W

%ﬁHMm

HE N E R Y

Eigags




1902 WOMROK 2E G BR R 22 O % 54 %

SUR/E N

Fa e Bt J

Ls

F
[ @ Jwxrm [ o wxnm [o |wmrm [o |mmvw
JEEESCH21], QuAKEE (Qt=Qm+Qp);F.RKA(F=P+K); LAKEAH (L=Lv+Ls) ; Qm. 5§ A 95 Qp. £ f A % (I RE A 5
PAHE A KUK AT s Ly, KL/ 28 KA B L GO/ Z8 TUAVE B s L A B M (Li=L+Qp) . AR bl b s B.A 9N 5 C i a1 3 14
B4 AzMBEEERMIE=REMR
Fig.4 Lithology and structural triangle plate of Baiyun sag

PERHE A LA OFEu IE % (1.01<<0Eu<{2.33) M 4%¥ .

0 B B B AL oF (i | R

0.20~0.35,F{EH R 0.25, R AU B F 8, £ 4.1 FEWREGKRFE

AL VR A B MR AL B e R RRAE 7E SC B AL LR FE B UE A 2R A BIF 5T 25 v by KGR D T B A2
AT R CE T DL IR X AR E . N R I BN A AU S A R AR N T )2
La/Yb — w(2XREE) ZJCEIff (B 7o) AT LLE H, [ 2FM ARSI Z — B )12 A R 55 i DL 1Y) b 7 7
=BG SCE A BSF AR La/Yb AT 8,33~ RS AL 2 — b vy /K 9 J 1o A0 AR g U6 % 0 1) L
12,18 Z [, KZVE R 5 XL UL AE b A e AR X,

MG SC B A B R B A R 8 15 AR B AR A 3 B 45 52 s Ak H B R A



1903

B, 55 BRI E A 1 s B B 58 4 TR A R R A R AR

%6l

ges undreq ul sporidd Surduj pue Sueyouspy Joddn pue JIMO[ Ul S[RISUIW AABIY JO SIIISLIdJORIBYD uonnqLysip due[d 'S

MG CELG AEH+E EXWEHNZE SE
*Hf AR W P M A B IR W U X T

DT oy BWE RN W Bl BBE asr 9.0 By BAHmE WAGHY
TMT
B ] I B e ] =
W U %ﬁ— wyor 0 xﬁ«%ﬁ@bwwwﬂ ’
000 000 &

R HREZH

R¥ZH C mEE Y Yz H

o v 000 € : 9 i
W e AT ooo,\_ wigr o | [%RERWERLE 00
000 S

W/

WREZH

% T S ) S
H¥ZH




1904 WOMROK 2 G Bk OB 22 O

5% 54 &

25F 25
Barg s AP e S
20 120
R X
<15 415
~ =z
10 410
5t 45
U I
]GZ IRU/, I(i/ [RU/ ](;/ ]RU/ ](i/ ]RUZ

Taz=100% X ARG/ CAMA +H8A) 5 Truz=100% X &4 6/ (4
dA+HA.
Ele BzMERERXE . ETHETYWHXIEL

Fig.6 Heavy mineral correlation index of lower and upper

Wenchang and Enping periods in Baiyun sag

FIE S 73~ T AT 0 RRL S S B 4 1 T £k, T 00 A £ S AR
P35 0 R B n] o R K W . E e,
AR 33k R A M AU R AR S SR 45 Y T (AL 8a) L X
N R HEATE R0 DL B R 3 52 3l ok i S e
FLVR K 4 550 8 S 0 YA TR SR R A AL A
( 8b), AT & BT SCE A A = MG 74 B
AR R ASE 45 K, oS B K v R T
607, 3C B By 3 VY B T K U T 1) 43 0 S 65° Al
807, b 3CEH H = AU HT FRAR A2 7 A2 K, S =
BESC B ORI A 14073 Pk 170%5 3¢
= B V4 R SRR A O T R A T % T K T )
Erh T 507 R0 T X — B2 58 R, Tk ik
R F R AR T 1] JESF P S B I 3l A A R
DX ) R RIS AT LA 3y K 3 1) 4 R F 1207, 1
VG T R ET AT S B 90 I Ky v A FRRAE . H ok T
U 3C B RO 0 7K R B A S B B R B
4.2 HHMHRBELERDERGISIE

T 3 B TR 25 B W 1R DX 4 A % 4 b S S R I
TR 2R 1 25 (] TG R AR T . oy Sk 2 5 ik
MZ , BREALFGENALTL 2 Tk | b )2 R S T ik
O HE R AR IR E T L2 &
PR B AR DL L AE RS B B IK L IR 28K w3 4 HE R
1 B AT PR R T AR AR SRR T e XS b S
R ) TE A R R, AR SO AR A Bkt DL R 52 27 Ml o
T S5 1 PR 36 43 i 22 A B K A2 T 5 X0 ol R
TR, R T R A AR R 22N A
B B0 Hb 2% BB 51Xy b 50 A A

i 3 b2 R o G SCE L R
I G I 0 0 b B AT R R B, TR R A

5 0 R R ol )RR AR 1 AR T Rl R
B /N CE 9a) 1M1 2 P4 R Ak 35 S okt JE 8 3% 3
AR 9b) ;s B SC B A A FE R R MR IE B &
b 3 ok JEE 38 35 A8 K CET 9¢) 5 2 G 1 o ok JRE B
AN CE 9d) s SR T RCE I, o TR P L
XS ot JEE B % 37 5 K (R 9e)

P9 X SC B 4L T 2 3B o ot 2 R BE 5 A 7
J2 B R A Hl 2 R B R AT SR, AR R R A b R R
S A KW 1) RO AR B 2 MR SC B TR 1
SRZT R AR . RS b g R (BT 10)
T DAE L RSB W NE [ #4  7R & L LU
1) 49 5 4t 45 4 3 (18] 10a.b.e), B2 3C E 1 o NEE -
EW [ #4385 4 3 , A6 &8 92 3 9y U532 o 9 3 5 A7
([ 10d.e.D BFEHIN EW M5 K R . WL 45 %
A M IR AL 45 R (B 10g.haD

T OCE AR 2 TR 5 TR Y, 1 0 6 R Bk
VL AR IS 2h — FE 2406 1 #Eh iy 1 #E i
AL Y B YK B BRIV A b kA i B T B
UURE FRTE R il T B X S AN A1l T, » H i A W
241 Z00E Bh 45 d B R T £ 0% Bt 4 BRI
Y B s R ) R R R B N Rk
AR AR S 32 B 0T DL 1) g R TR 3 M1 LAV R
ZHMRMEN EEYFEX A AR EE AR A A
PeRb A, 2 R R Sy R G Y R = A U DL
R A, RSB AL T8 — s B
¥ 3 B B » 22 S T i o R 2 1 R AR R L B 1) A U
HEZS PO HE R

ST 2R N B 55 T R B O B B I BRI
BRI B — R AR L P L s, 5 1,
WA A AT To AN Az MG R i
FUBLE— 9 K, B AR E AP A S B & L v R R R
DR A /N, 2 s 300 08 235 b 550 3% 987 2% L axX — I 30
Fz MG SR 1A 25 T 2 /i i DOR & 4% s o SR i
A0 B 2% Bl IR B oy B B A5 SR U 1M 5 B BE 2% )
IR R R Z B A0 .

RT3 3 N 300 DT 34 e 46 01 b B BB K iz BRI
MRS B TR A T . R M i s Bl A 0
ZU BRVL 2 b P U 4R T O R a4 A 5 X
VBT 74 3890 235 FF ey 1) 34 B 90 4 VA, DR B A i SC B
SO 1) T8 R B 320 4 1 Sy PRV VS IR B S U, 7 RO R
W, JE 2R BRI X 1 = M B A — o BRI AR Z R K
RN O =S R REp NP 08 i NS L



556 W B e, A BRUL O A b 1 2 T R 4 R AR R R A R AE 1905
®1 BzMBEBRFEHFELITENREREBXSHISE
Table 1 The test results of rare earth elements and related parameter characteristics of Eocene in Baiyun sag

a5 PR /m 2 La Ce Pr Nd Sm Eu Gd Thb Dy Ho
1 3569.7 FXEH  24.54 43.73 6.05 23.05 4.76 1.26 4.76 0.71 4.20 0.89
2 3825.0 FXEH  29.59 57.52 6.79 24.98 4.89 1.19 5.09 0.77 4.71 0.99
3 3940.5 PB4 24.25 39.76 5.60 20.75 4.16 0.96 4.03 0.60 3.69 0.80
4 4178.6  TFXE#H  20.33 36.57 4.89 18.22 3.67 0.85 3.70 0.58 3.58 0.75
5 3670.0 EXE4 3311 61.24 8.25 31.39 6.41 1.35 6.44 0.94 5.82 1.23
6 3690.0 EXEH  34.33 65.06 8.48 32.67 6.72 1.42 6.80 0.99 6.11 1.29
7 3785.0 EXE4H  31.45 52.90 7.61 28.84 5.82 1.47 5.90 0.83 5.12 1.08
8 3 852.0 B4 33.08 65.06 7.36 27.17 5.32 1.30 5.40 0.77 4.80 1.01
9 3885.0 EXEH  30.79 58.95 6.81 24.94 4.83 1.11 4.79 0.69 4.30 0.94
10 3976.0 EXE4  29.20 57.62 6.77 25.45 5.13 1.31 5.38 0.79 4.96 1.08
11 3 560.0 BAFd 32.24 70.24 8.14 31.08 6.14 1.45 6.32 0.93 5.21 1.05
12 3 569.7 B 37.37 76.97 9.09 34,55 6.99 1.62 7.01 0.99 5.79 1.17

FRORL A7 0.24 0.61 0.10 0.47 0.15 0.06 0.21 0.04 0.25 0.06

B T /m )2 Er I'm Yb Lu YREE LREE HREE LREE/ La/Yb OEu

HREE

1 3569.7 TFTXE4 2.55 0.41 2.73 0.44 120.07  103.38 16.69 6.19 9.00 0.24
2 3825.0 FXE4l 2.81 0.42 2.78 0.45 142.97  124.96 18.01 6.94 10.63  0.22
3 3940.5 FXE4 2.37 0.38 2.57 0.42 110.32 95.47 14.85 6.43 9.45 0.20
4 4178.6  FTXE4 2.25 0.36 2.44 0.39 98.57 84.52 14.05 6.02 8.33 0.20
5 3 670.0 FcEd 3.52 0.55 3.81 0.61 164.66  141.75  22.91 6.19 8.69 0.33
6 3690.0 EXE4H 3.72 0.58 3.95 0.64 172,75 148.68  24.08 6.18 8.70 0.35
7 3785.0 LEXE4 3.14 0.47 3.35 0.54 148.51  128.08  20.43 6.27 9.40 0.28
8 3852.0 LEXE4 2.95 0.46 3.07 0.50 158.23  139.29 18.94 7.35 10.79  0.23
9 3885.0 EXE4 2.71 0.41 2.96 0.49 14470 127.42 17.28 7.37 10.41  0.22
10 3976.0 LCE4H 3.11 0.49 3.37 0.55 145.20  125.47 19.72 6.36 8.66 0.27
11 3 560.0 BAFd 2.78 0.43 2.65 0.42 169.08  149.30 19.78 7.55 12.18  0.24
12 3 569.7 B4 3.19 0.48 3.15 0.49 188.85  166.59  22.27 7.48 11.88  0.27

BRORL B A 0.17 0.03 0.17 0.03

T A TR B A BCRAL  1070, BRokL A SR 4% Scik[ 23],
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Fig.7 Standard distribution pattern of chondrites (a) and discrimination diagram of source rock properties (b) of Eocene

samples in Baiyun sag
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Fig.8 Typical progradational seismic profiles of Wenchang and Enping Formations in Baiyun sag (a) and spatial relationship of

progradational reflectors (b)
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