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Natural gas sources and migration pathways of the Baodao 21-1 gas field
in the deep-water area of the Qiongdongnan Basin
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Abstract: The discovery of Baodao 21-1 gas field highlights a landmark achievement in the hydrocarbon exploration
efforts in the Baodao Sag of the Qiongdongnan Basin over the past three decades, opening up new exploration prospects.
To further explore the gas potential in the sag, understanding the sources and migration pathways of natural gas is
paramount. This study delves into the exploration of the Baodao 21-1 gas field, offering detailed insights into the
composition and carbon isotopes of natural gas, as well as condensate biomarkers, based on petroleum geochemistry and
fault system characterization. Furthermore, this study presents a fine-scale characterization of the geometrical
morphologies and kinematic properties of dominant faults and evaluates their role in natural gas enrichment. Key
findings include. (1) The Baodao 21-1 gas field showcases high concentrations of heavy hydrocarbon gases, low drying
coefficients, and light carbon isotopes, distinguishing itself from Y13 and L17 gas fields. This suggests significant
contributions from marine algae-derived sapropelic organic matter besides terrigenous organic matter. (2) The Baodao
21-1 structure experienced three stages of hydrocarbon charging. The structure’s faults and the deltaic sand bodies in
the third member of the Lingshui Formation serve as effective pathways for hydrocarbon migration. The fault morphology
and differential activity dictate the hydrocarbon accumulation and migration. All these make the Baodao 21-1 gas field
become a major area for hydrocarbon accumulation. (3) The natural gas enrichment mode for the gas field is
established. This mode includes proximity to major hydrocarbon-generating sags, gas accumulation along a large-scale
structural ridge and a fault-plane ridge, and efficient migration pathways via long-term active faults in large scale

connecting source rocks, and deltaic sandstones. This study lays the groundwork for forthcoming exploration in both the
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Baodao Sag and even the Qiongdongnan Basin as a whole.
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Fig. 1 Distributions of tectonic units and major gas fields(a) in, and composite stratigraphic column (b) of, the Qiongdongnan Basin
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Table 1 Composition and carbon isotopes of natural gas in the Baodao 21-1 gas field, Qiongdongnan Basin
o TR Btk % 182 17 3 2 (/%o
R PRI C, C,. N, o, 31, 31, 31, 3°C o,
4121.0 70. 18 4.07 0.16 25.58 —-40. 62 -30. 16 -26. 67 —-6.47
B21-1a 4123.6 68. 21 5.36 0.58 25.85 -39. 54 -28.43 -27.02 -5.03
4306.0 57. 14 3.32 0.28 39.26 -40. 10 -29.26 -25.43 —4. 80
4335.8 44. 82 2. 65 0.45 52.08 -42.02 -31.00 -26.07 -3.81
4147.0 72.15 19. 84 0.92 7.09 -38.65 -29.25 -28. 60 -7.06
B21-1b 4218.5 41. 64 8.30 0.79 49.27 —40. 88 -28.78 -25.47 —-6.01
4268.5 60. 90 9.12 0.87 29.11 -39.09 -29.76 -27.63 -4.70
4479.5 70. 12 13.72 0.19 15.97 -40. 17 -30.43 -26. 68 —-6. 82
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1274

Al 5 R R R R

44 &

AT ERAR B[R ZAE A T -28. 00 %o ~ =25. 00 %o, H i
WA — B (B —B) T Atk [R5 22 AE X 8, HAEA T
—26. 53 %o ~ —25. 54 %o, FEIRA Bt (B Bt il
=B =B T AR Ak [7) 457 28 (L Bl /N (1] 3 ) L 45
s H A W LR PR R LT BTk

2.3.2 A-RAT

R-WEXT R, E 5 21-1 K HAH I TR A
R IR A v - i Ao AR R VR S Y Y 13 A AR [ Sk
Bili PR AR R TR A L17 S, TR R BOE AR, L BERTN
ot sk [R) 007 2R (E BEAIG, 48 7 1 b DX a2 4 A s A Tl R L
A ZEBRAA LA TR, X 5 T Bof B = B
U5 B e 1 & FE B (TR 3b) R I AR sk [ 437 R (E
T (] 3e) T 7 (A 1 0 38 AW A5 o

— AR, R BB ER O b Ok [ A A
Wy R 2R S A R R, O R ke R Ok H K
A AW, T IE BERE R RE R A A T RESE A
il U8R e SEATL ) RS R A, R U VR R R T Y 32 %
SR B v 1 SRR B Al 4R s T BT AR ) T
HR L OBURE B Bt (%) AR (%) TR B A% Il L 2205k A 1k T HE Y
Pilg . T8 21-1HBKA =B (B =B BNz
JRAYAT, B IR O g 5 R AE 45 % ~ 65 %, - F LRI,
FE T 15 % ~ 40 %, IE BEbE 5 8N 10 % ~ 25 %, 15
N FEEOR R LT, e B ML AT —
DUk . A5G BENT I AE D AR S S S BT L (&1 4)
Y13 EL AT (R B8 I oe /%8 Jot L AEL (O1/Cy H) | ey 1 852
ot /R Joe HUAE (Po/Ph) 1 BURE F Jog () 7 & [T/(T+
CyoH) |, 4878 BA F & B8 OB i 28 09 Tk
2 I AL A~ i Ao A AR R R W 5 AR AR B K T

el 23 125 3 H RN 2 05 M A L BT By 8 05 21-1%
M ELAT 55 OL/CyoH EUAEL &5 SURE A oE (T) 7 St FIAI Pr/
Ph FU{E AR , 2B =20k 7 B W H B AR T, A
b 8 211 H B AT IR OV/CH A1 Pr/Ph HUAE K AT
FEFAJE (T) Fr ik, 22 W Bt V5L /25 45 A ) o R AR X sl /), L
A 22U AH R ) DTk, DN 1T RE R AN B - 5 VI R i
R R S EUA T 2 AR B TR

3 KRR FEEMR S PR E

T M BB AL A P AR A E RS NE (7 Wi 244
A0 S B I S I 195 1 21 FEE 1 29 ek
Brar' e, 8 21-1 AL T FL W 38R F o, Wi e 45
TE Y 52 5 21 Wi By, A0 A i I B A vk b, B
TR 27 K25 M B 21 =R S A T
KB IEHN KB - Wi a3, B LW F
Wi %4 5 bz — B R = D 2 1 e ki AR R
SRR -1z AR

3.1 EB21HMiEEFEZEHRER ST FES

T 21-1 M AR B 27 L5 B 25 N K 21 HE
A SRR, 3 A B B4 Ak T B - e B B,
T 27 R fe A A (BRI TR R,)
TE1.2 % ~ 3.6 %, 55 21 3E R AT A AR, B4 Bl
PIEH1.2%~1.6%, FH 25 BT (K 5a) . iE)2
(L EAMEE DR, ES21-1 S R KB A S0
SR NS RERTE 2N TR A R IR W SUE S
o, gz = Bk )2 A R — IR 24 T 60 ~ 110,
120 ~ 150 ( F 04 ) F1 150 ~ 170 “C (&l 5b) , j2 Ik 20 i )2

2.5 . . 2.5 .
a9 Y13 H : : S0 Y13/ :
8 L25 MW : b % 125 :
20F D EE21-15H : 20k D EH21-151 :
5 i KA :
e 5% Ry - 157 . TSN
= > : <% g 5
1.0 + & L.of :
0.5+ RKHC KB U P RPETLLRPRD S S
FAC ; HHIB
a : N
0 ‘ ‘
0 2 4 6 0.01 0.07 0.10 0.50 100
Pr/Ph T/(T+C, H)

K4 BURBE AT B 21-1UH 5 2 & U BENT M A D bR S W R XS L

Fig. 4 Comparison of the biomarkers of condensates between the Baodao 211 gas field and other gas fields discovered in the

Qiongdongnan Basin

a. Pr/Ph 5 Ol/C, HOG 5 b T/(T+C, H) 5 O1/C, H KX &



% 5 1 Jo LA BUR R A IROK X 5 21— 1 U KSR AOR TR 1k & 1275

41.2/

r =
° e~ R /%
B21-1b o 005 10 15 20 25 30 35 40 45
. T T
FHAL R SR (%)

140
120 | B BRALRIT AL K b
B FEKALCO, PEA: #hK
100 - [ 7K 28 1 6 5% 1
§ 801 N=284
Z 60
40F
20}
0 R pp—
60~70 80~90 100~ 110 120~ 130 140~ 150 160 ~ 170
70 i E/°C
ol ® R = B IS A K ¢
B EWALmEE R
50 N=73
<§ 4of
=
= 301
20F
10F
0

1 | 1 1 1 1
60~70 80~90 100~110 120~ 130 140~ 150 160 ~ 170
H i EEeC

KI5 BRZR S A SE 21— L A 3 vy 0T AR L TOU T B4 S BV 5 A — R B 3 A

Fig. 5 Present-day maturity on the top surface of the Yacheng Formation and the frequency distribution of inclusion homogenization

temperatures in the Baodao 21-1 structure, Qiongdongnan Basin

a. FEVRATHAT LA BUE 5 b, c. 3000 B /K LRI S (A 3 — TR e A 7

A B AR — R 434 T 80 ~ 90 ‘C A1 140 ~ 170 "C( &
W) (Bl Se) , 43 Bl s T R WK Ve 28 s, 78 i it
[ 7E 22. 0 ~ 7. 8 Ma; " ) sl R 28 78 30, 78 34 I (] 7
11.0 Ma 24, AR IX 3 SR ; e i e 26 5
CO,MIFE e, FETER ]2 5.0 Ma 24, K 358
FEDUESE TR X Z AR Al + W R R
ROt AR R | (R, 5 7 v — B 0T T 2456 sl B
T sl ELAT CEVE .

3.2 ER2DIMEAEME-TAELRSSHIR
HREGHS

FE2-1 MG LT EHEFL MM, W kE
TR R AU YE AT, ) PO 0 T 52 8 25 3, R O T8 ]
27 UM E B 214, R FL WA, WY
R & T I TR 5 PN B SRR AT e R
A 5 AT TR 2 R0 2R (R 6a) | SR T 1 TR WG iz
R, A FEF WA, W24 5 165 Py 4
(5K 24 55 2 I IR ST 248 55, B, W RN T, W7 24
JEERW (E 6b) . F,, Wi {5 m) 5 SSE o S 1],
BRI A T, 2R P P A M 5 T 2 A URRE
] N VR Y] 2 LI, P S B, 10 B 2R T T
ST (B K AL TOUT ) DA U AR 2 Jay s 1) JE e A v
F, WiZd 5 ¥, Wi 240 P47 504, i) A SSE 5 S, Bt
SRRy T R S A Sy [T T SR A IR
Y2 LI IF 8 1) B, W2 4500, B s A, )

FEARLC LT T ST CH L 20 0018 ) B0 5 11157 PR 308 R %o
BN BN PEWZ , 2805 F/F, | W20 A A
[ S o TR AR = v o 27 S o R W T D
T (Kl 6h),

3.3 EB21-1MEEENAEBFNERBEIREEITK
KRB ER T

W S35 S 2 BT 2 I, DT SR B O RS L T T
ARV BRI 2HLJES S T TS W J2 5 25 5 vh B g L P IR
P A AR A BT 140 m A I 180 m, (] 7 1]
GBS, T ARAL R O m (] 7a) , £ T4 1T $5 PG 35 HH /N
T A BT 120 m, 78 TO T 28 . 75 795 0 4% HH B0 — A~
JINET W WA 43 1294 105 m BT 25 m F, T 247 TO 5t
T 7 J22 7 2t S v o IR A R i, v i e v b 42
70 m, [ AN TN, B IRAR 292 0 m, 7E TS B 1
FEAROm(E Tb) o L5 EAHT, F o, W 247 U 4 Fn e
R A OB 22 4 v BEE Bl ek | ) PR S S 5 o, BT
SEE B REAKRGS T F, B0, s A DR I o B 2 v
Brime i W I I R R AR SO L OB 2 A AR
Ik 8l

T F L W4 5 R A AR — 800 1 5 5 214
PG HALMZ S, o5 — 3 A el 2 X2 # ,
FIZ W 2 7E 5 WO A DT RUBE A W 8, 5 o, 7
VI TR]AE 24, HER R X B CO, & AR R, 7 R
X1 B15 H-HE 7R CO, &% f# Rk 97. 0 %, E 5 21 #1574



1276 £S5 KRR R

B21-1bH(3%5)
B21-1cE(3%5Y)  B21-ladk S, B

R /km

R /km

B\B‘

.
B21-1c

FiRA USRI I UH AR X

DAY =

PR EEL MRS COFuERE BRI

K6 BRUAHE 70 52 B 21— 1 AR T O A H AR I 220 vy 2% Sl 2 T v ) 3 -5 it R 7 o i ]
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Fig. 8 Natural gas enrichment mode diagram in the fault terrace zone of the northern Baodao Sag, Qiongdongnan Basin

(see Fig. 1a for the section location)
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