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Abstract: The Santos Basin is one of the most prolific oil and gas basins globally. However, recent hydrocarbon
exploration has revealed a series of geological risks within the basin, which emerge as key factors restricting prospect
screening and deployment for subsequent exploration. In this study, based on the interpretation of 3D seismic data and
an analysis of both discovered pre-salt oil and gas fields and dry exploratory wells, three major types of geological risks
are identified: poor reservoir physical properties, absence of cap rocks, and elevated CO, concentrations. These risks
are primarily induced by multi-stage volcanic activity. First, volcanic activity led to the formation of late-stage
structures, resulting in underdeveloped reservoirs in structural highs. Second, volcanic activity gave rise to salt
windows, disrupting cap-rock integrity and thereby inducing hydrocarbon dissipation. Third, volcanic activity triggered
the activation of deep-seated faults, facilitating the formation of high-CO, gas reservoirs. By determining the
chronological relationships among the five distinct stages of volcanic activity, timing of trap formation, and critical
periods for hydrocarbon accumulation in the Santos Basin, while combining a detailed analysis of discovered
hydrocarbon reservoirs and an investigation of hydrocarbon accumulation mechanisms within the basin, we establish five
CO, charging patterns under two scenarios: the presence and absence of volcanic activity following trap formation. The

results of this study help effectively circumvent major geological risks and guide prospect screening and deployment for
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subsequent hydrocarbon exploration efforts. Furthermore, the results reveal that significant targets for future pre-salt

hydrocarbon exploration in the basin include intra-depression uplifts in the central depression zone, small isolated

platforms in the eastern uplift zone, and the structural traps in the eastern depression zone.
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Fig. 1 Composite diagrams showing the petroleum geology of the Santos Basin, Brazil

a. AT ARG B ICRI 40 s b, RITH AR A AR s 0. AT A3 NW-SE [5] — 4y 50 v GRI Az 2 DL A 1a)

A IR TR [ 8 7 A T B RO IR DR il R
BT ST RO AL F N K R ) A R R )
Hh T I T % TR A KA e Y 3 PR T O BR IR £
o, AR AT 3 2R EE T WIAHBRIR #h o 0 B fid =
R 2 LI S E S B R 2R M A
Mot A B o 2R AF o X LA A -G R
SR T R A S B AR

2 MR XL
AT A R S DL AR O (L

AR DRI B AR s AT A AE Z R SO o sl X £ T
el O A BRI RN A A 9 R oA, U5 H 2

o BB AEAE)Z TR AR CO, FEE 3 ST
2.1 fEEXRE

HHEE T A I B8R 2N AT T S &
S BRSIARBR FRER e, DR vy 4 i vy i R A R TR 5
REHA SRR . Bk XA &= 1
fifp T O P AT A o AR B4 A 3 4 e I, (EL B A 3
TG P8 L A A S it 2 TPC AR R B oy R 3 o A, 5 B 5 1I0
PR 2 V6 P AR i £ W o 70 B4 A 3 s 119 X
Sk, 52 WY TG B 5 | A ) 2 S T A T S B i
R B IE” . 78 BVE 462 DU, i 26 X sk T
PRI , AR T Wtk A 2 | = DU T K8
HEE s, REAE R Z o R IERE R IR S



>

1332 £S5 KRR R F47 5

N EEFEREZ—. WK 207K, Carcara, Bem-Te—
Vi il Bigua3 I 98 A4 3% 1% B Bl 7% 351 1T 78, Bigua
THIER AL T8 3 e v T, (RS 45 R i 7R H BVE 41 4%
JE B B4 15 A I Y Bem—Te—Vi i BVE 41642
JELJE A 45 m, B E B AIRAY Carcara JHIFEGif 25 15
378 mo il R Z JE R 2 B el L, 7E BVE 20
(FRIO) VIR, Carcara THBL S A 14 1 5 2 BB, 8
IE TR , DR LA K A A ) 3 Bl R 5 T Bigua
THFEAE G I A TAHXIRER AL 2 A B (K2) 0

2.2 EERENE

FZATHT b I W Avivi 03 A B TS
JERE K B TS RE S SR AFAE . i L, 3R S NE-SW
] A, A 29 650 km, A P8 55 24 380 km FHorp [ J5
R A T AT T A R R DX, B 1] AT AR E T
CHREURE B E SRR S Z b MR R X
B2 RS U RO A I R AR R T T Rl P
Mo BHHETER T ORI ITA KIS A TR )=
RRIAHEEIX . G E A X, 2R

Carcara

e '\‘@.
:I'\/ /) !

5000 -+

5500 1 A

£
26000 -
IS
6500 -
7000 -
~1000 £
E
S [
ﬁ:% 0
=y
=
1000 -
2000 ; Sk

AACRIZL, N EFORBD LR B RIRK S 2450
R B30 KL 5 356 SIS, KL R e R 2 o o
JZ B IR, 5 B B I e A AR A O
W)= 1) s B AR 1R ARG (1813) o i, Parti 14
1 P A 5 52, AR TR R B 300 m R X RS IS E KA
fift )2, FLBRE IR 9. 7%, HINK 2, ERA R E A H
E QT

2.3 CO, xR

HRAE T NI ST B KB 78 SR o BT, SR AT 7
o EERE SHAASE 2 b £ D), kg g5
Pl A s 280 3 AR N €O, A8 T I ) B 6 R A R
ZRUO b P A S AR BT AR (29 113 Ma) , i
A BRI A B BT T — R BT T (29 60 ~ 20 Ma) ,
TR — v B[ ) S IR 2 A 3 I g B, ARE &k
2, I 2 R i L A 1 AT B, K L VR R AR A 1Y
COMELUREE , Z R HUUCIRAS . 55 4 1O PE T & A7
S IR ] (2 80 Ma) , W% & #r SR A A IETE, K
A & BB H R CO Fu i . MR Ll A B AR

Bem-Te-Vi
i (g 7

K2 ZFCWr4H Carcara, Bem—Te—Vi Fl Bigua iR AR 752 51 1A M JZ R b 35 1 % e
Fig. 2 Comparison of original and horizon flattening—derived seismic sections for the Carcara, Bem—Te-Vi, and Bigua Reservoirs in the Santos Basin

a. FEACHTAR ML 3l FECHB AR AT 3 b, FAEIT A M 3 MR I 2T J5 it B T



T AEORT, A5 . LV ST A R ER T I R 5 XS B S 1]

1333

Fo T i T o 7 o
-~ A o AT ;(J __/'-

e L B S

”":5’ 1: 2’

Fl F

izl

FHLT AFXYGER

fili

i AH

K3 RICHa R 5 L

Fig. 3

Isopach map of salt rocks in the Santos Basin
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Table 1 Statistics of key geological events in the Santos Basin
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Fig. 4 Map showing the distribution of CO, content in oil and gas fields discovered in the Santos Basin
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