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Rift system and its controlling effects upon pre-salt hydrocarbon
accumulation in Great Campos Basin, Brazil
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Abstract ; Great Campos Basin in offshore eastern Brazil has been one of the major investment attractions for Chinese oil
companies. Based on previous studies and the latest exploration achievements in the basin,the article identified its evolu-
tion stages ,analyzed its structural features,and discussed the controlling effect of structural differences upon the formation
of pre-salt accumulations. The basin had experienced five stages of tectonic evolution ;intracratonic depression during the
Late Triassic-Jurassic, intracontinental rifting in Neocomain-Barremian, rift-depression transition in the Aptian, initial
opening in the Albian-Santonian and large-scale rifting in the Campanian-Pliocene. The overall tectonic system during the
rifting stage can be likened to a “chessboard” featuring dipping direction ( EW ) zonation and strike ( SN ) segmentation.
Along the dipping direction, the tectonic system consists of four belts in terms of depth of bedrock: nearshore concave
belt, central low-convex belt, offshore concave belt and external high belt. Along the strike,the tectonic system is divided
into 3 segments by the accommodating fault belt: Santos, Campos and Espirito Santos. They differ in tectonic line, rift
shape and sedimentary thickness. The controlling effect of rift system upon the pre-salt accumulations in the basin is
mainly expressed through source rock maturity ;trap types and distribution of good reservoir rocks. The external high belt
and central low-convex belt in the basin is considered as the most promising targets for pre-salt exploration.
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Fig. 1 Map showing the geology and oil/gas field distribution in Great Campos Basin
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Fig. 2 Tectonic evolution of Great Campos Basin''®!
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Fig. 3 Stratigraphic correlation of Santos,Campos and Espirito Santos basins
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Fig.4 Regional geological profiles of Great Campos Basin'*’
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Fig.5 Flattened sections of pre-salt strata in Great Campos Basin
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Fig. 6 Distribution of pre-salt rift system in Great Campos Basin'’

M ok

aEH

AR BIR IR B 4 2R (151 8) .

1) b A2 3 0 dth )22 20 K AU P 4], b B2 7E 2445 B
BRI B Be B A T R w5 AR AL, B 0 A e IR
T 3 P Y BRI 1 A B A 2 X AR 0 3 £
AR R T B I S gk, FEE S A
JoT i )2, S 2 A K AP A G0 SR G 30T 2 A vy
Hoy Tupi =53 PG 3% 1) Lula yi FH (& 8a)

2) Wbz bR B T w R A ] e i Y W B

]

T M SE L5 A8 B PR HORE o s, TURR ) 1 J5L 3 T
LR, 32 J5 W1 28 5 B SEAE PRS2 eI Bl B A 32t Tn
Carioca i1 H (& 8b) .,

3) WrisRHEI . RS R 53R RIEERL, 2
P T W HOIE R H90ARE g b S G AN ) 22 S e SR
B F 42 07 2 0 2 006 3, I Z DI 7R 7R R T E
T BIE W RHE AT, 40 Guara Yl H (8] 8¢) .

4) KEEZ B A, HARZ B RLR A ) X



200 AW E XA MR

5536 &

AP AR s

KREEREm

FLRLE TR

BEHT &

IR

- @ |

s rean

[

HEmNE  RAGHMEE TR

X HTF kA 4

=] A

(-

- |E» (€D

WIREXVER  Auh R R

FE A B
0.7<R,<1.0

W A S B B
1.0<R,<13

EESHE ETRHE
13<R,<20 20<R,<40

BT ORI 2 I R I P AR BE (ST (7 ], 80

Fig. 7 Thermal evolution degree of lacustrine source rocks in Great Campos Basin'’

B AL 5, R BT 2% 0 2 1) o7 B% o B 1] 255 4
TERA I TR R BR8], I B ) 43, b3
2 R A X IR 2, A Pampo JifT (18] 8d) .

3.3 ATEMENLREEAXERE
REWBEE E R KT T LREE, BRI 5

Zl

]

ARUCR o AR IR M7 5 30 T A s A LA o,
T & SAYUSR B BRI s 18 R AR M 5 A
T AT, UK BRI T A e ICH R T P IR X A
U K T R A k= (18] Sa) o Jrge KA R A
A LBUL R (25%) , fEE PR A R, Ay
7 15 A e ety PR R T A e, IS T AR M



552 TR, 4. LT AR T 2 247 A 2R B HXF 6 T AR i 42 il £ 201
Lulaj H RIS-665 Tupi & # _SE~ SPS-50 Cariocaifi F _SE~

g btbbbbLLLLLLLLLLLLLLLLLLLLALLLLLLLLLLLLLLLLLLLLLLLI

4700 LLlitbbibbblibibbbbbbbbbbbbbbbLbbbbbbbLLbbLLLLLLLLLLLLL
[ i iy
L L bbb bbbl bbbt bbbttt bbb bbbbbbbbbibbs
v [ty
Liiiie
L Liicey
T L
4900 [ex. |
g
S~
miIOO
IS
5300
5500 2 km
3 SPS-55
Guaraji SE ~_
3500
c
4000 |-
L o S e o T T
Lyl
LLLLpLriLibLbLLLLL
S S Sy |y iy Wy M ) B B
£ 4500 bbbbbbfebbblbl
Dy LiLlbbbbiyLibbbbLL
m LLrrLrLree LLLLLLLLLL | Sy Sy iy oy S LLLLL
LLLLriLibbibiiriibbbibbibyribbbbbbbbbbbbbbLLLLLY
i
,‘;& | S S e LS S S S S

5000 &

LLLLLLLLLLLLLLL
= LL L LLLL

BRIE/m

PRJE/m

[ ]

ERES

LLLL
LLLLL

FRAR  ERERT

=

Wte)=vh g

K8 Rix

4000

5000

6 000

7000 =

200

1 000

b.LLLLLLLLLLLLLL

LLLiLLLLiLLrLLLLLLLLLLLLLY
[l T = [ M T T T T T T [ T T i T T [ [ s e T T
L L LLLLLLLLLLLLLY
LLLL

LLLLLLLLLLLLLLLL
L e e o e o T e S T o o e e Y
LLLLLLLLLLLLL

LLLLLLLLLL <
LLLL R

Pampoji

T
CTTTT
I
P o e s

T

=

I‘I
T

T

T
T

T
T

T

T
T

T
T

T

T
T

T
i

LL L
LLLLLLLLLLLLL=
LL LT

/N

N 7
ERBEEF  HRBEF TRBEF B HIH

I 30 A T e P 2 A

Fig. 8 Pre-salt trap types in Great Campos Basin
a. HUZJOKAIE P ;b B R ] . B RHELIENA s d. Kl A0l

TSR AR ] 1X, D= 4R B ER A A7 R XAl

4 inb

1) RIKP I B by i AL 2 D 1 e = B i —1k
HEQBE@FEJ’ELEW%B@\%)%E‘%—E*!@Eﬁﬂ’ﬂﬂnﬁ
PR AT ] R 300 ) b o o B BT R A S — = A 3
R4 B o 5 0 B 30— LB A A R R 2R B S A
BBt

2) R 3t 8 F A R B R R R P (T
[6]) o3t VR b GE ) 70 BEry R ML 254 . i
fi] b 42 KL RS A HELTR 23 O i R AR T | R AR AR T Al
AL AP U145 S0 g o 4 A8 B oy 5 B 1) b —
AT IRTZ A 59 R & IR AR RDE T 3 A iE oy
B DXAEAl i 2R R Al R 25 5 DUR e B0 55 07 T Y
FE5to

3) AT ZNF T O 4 A ] 2R B ke
VA TR AR | Rl P 28 20 R G o J2= 1) e Al 3 4
T o R Fr 3t 4 S50 et -5 ARG o o RS
MR IR ORI IE 1A T A,

TR R 8 A M X

[1]

(2]

[3]

[4]

(5]

[6]

5

4

% x W

Cainelli C, Mohriak W U. Geology of Atlantic eastern Brazilian basins
[C]//1998 American Association of Petroleum Geologists Interna-
tional Conference and Exhibitions. Rio de Janeiro,1998 .1 —67.

THS Energy Group. Basin Monitor, Santos Basin-Brazil , South Atlantic
Oceean Region. Englewood , Colorado : IHS Energy Group,2012.
Mohriak W, Macedo J,Castellani R et al. Salt tectonics and structural
styles in the deep-water province of the Cabo Frio region, Rio de
Janeiro, Brazil[ M] // Jackson M P A Roberts D G, Snelson S, et al
AAPG Memoir 65. Tulsa: AAPG,1995:273 -304.

Peter Howard Wertheim. Pre-salt discoveries continue in Brazil-Po-
tential for super-giant fields remains to be confirmed in ultra deepwa-
ter[ J]. Offshore,2008 ,68(7) :36 —41.

XOTREHE , 22K, 2k . B P SR AT 38 T I 9 T B 4R
FSCLTT. AR 2011 ,4.74 - 81.

Liu Shenyan, Hu Xiaolin, Li Jinbo. Great discovery and its signifi-
cance for exploration in subsalt reservoir in Santos Basin, Brazil[ ] ].
China Petroleum Exploration,2011,4.74 —-81.

AU, 8 A 2RI, 25 T SR A B 30 A il 20 % 4 b R <
TR 5 3 A B — DL S S ST At S I [T ] o A i )
#£,2011,3.57 - 67.

He Juan,He Dengfa, Li Shunli, et al. Formation and distribution of

giant oil and gas fields in passive continental margin of South Atlantic



202

A3 5 KRR R

5536 &

[10]

[(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

a case study of Santos basin in Brazil[ J]. China Petroleum
Exploration,2011,3 .57 - 67.
Meisling K E, Cobbold P R,Mount V S. Segmentation of an obliquely

ocean

rifted margin, Campos and Santos basins, southeastern Brazil [ ] ].
AAPG Bulletin,2001,85(11) ;1903 - 1924.

Modica C J, Brush E R. Postrift sequence stratigraphy, paleogeogra-
phy ,and fill history of the deep-water Santos Basin, offshore southeast
Brazil[ J]. AAPG Bulletin, 2004 ,88(7) ;923 —945.

Williams B G, Hubbard R J. Seismic stratigraphic framework and
depositional sequences in the Santos Basin, Brazil[ J]. Marine and
Petroleum Geology,1984,1.:90 — 104.

Pereira M J, Feij6 F J. Bacia de Santos[ ]J]. Boletim de Geociéncias
da Petrobras, 1994 ,8.219 - 234.

SKRIIR, KSLZE, IR LA, 55 . R ERUOKB0RE S i b a5 i <
fELT]. Aih24R ,2011,32(3) :369 -378.

Zhang Gongcheng,Mi Lijun, Qu Hongjun, et al. A basic distributional
framework of global deepwater basins and hydrocarbon characteristics
[J]. Acta Petrolei Sinica,2011,32(3) :369 —378.

Asmus H E,Baisch P R. Geological evolution of the Brazilian conti-
nental margin[ J]. Episodes,1983,4 .3 - 9.

Unrug R. The assembly of Gondwanaland[ ] ]. Episode, 1996 ,19(1 -
2):11 -20.

Zalan P V,Wolff S, Astolfi M A M, et al. The Parana basin, Brazil
[M]//Leighton M W, Kolata D R, Oltz D F, et al. Interior cratonic
basins, AAPG Memoir 51. Tulsa: AAPG,1990:681 —708.

Zalan P V Wolff S, Conceigdo J C J,et al. Tectonics and sedimenta-
tion of the Parand basin: Proceedings, Gondwana VII[ J]. Univer-
sidade de Sao Paulo,1991 .83 —117.

Ojeda H A. Structural framework , stratigraphy and evolution of Brazil-
ian marginal basins[ J]. AAPG Bulletin, 1982 ,66:732 —749.
Szatmari P, Milani E,Lana M, et al. How South Atlantic rifting affects
Brazilian oil reserves[ J ]. Oil & Gas Journal,, 1985,83(2) :107 -
113.

Campos C W, Miura K, Reis L. A N. The East Brazilian continental
margin and petroleum prospects| C]//Proceedings 9th World Petro-
leum Congress( Actes et Documents —9eme Congres Mondial du Pe-
trole) . Chichester: John Wiley & Sons,1975,9 (2) .71 -81.

Ponte F C,Reiss J D. Eastern Brazil continental margin[ J]. AAPG
Bulletin, 1977,61(9) :1321 - 1350.

Chang H K,Kowsmann R O, Figueiredo A M F, et al. Tectonics and
stratigraphy of the East Brazil rift system[ J]. Tectonophysics, 1992,
213(1-2):97 -138.

Figueiredo A M F,Braga J] A E,Zabalaga H M C, et al. Reconcavo
basin, Brazil : a prolific intracontinental rift basin[ C] //Landon S M.
Interior rift basins. AAPG Memoir 59. Tulsa: AAPG, 1995. 157 —
203.

Salem A M, Morad S,Mato L F, et al. Diagenesis and reservoir-quality

evolution of fluvial sandstones during progressive burial and uplift;

[25]

[26]

[29]

[30]

[31]

[32]

[33]

[34]

Evidence from the Upper Jurassic Boipeba Member, Reconcavo Ba-
sin, Northeastern Brazil [ ] ]. AAPG Bulletin, 2000,84 (7) ;1015 -
1040.

Williams B G, Hubbard R J. Seismic stratigraphic framework and
depositional sequences in the Santos Basin, Brazil [ J ]. Marine and
Petroleum Geology,1984,1: 90 —104.

Guardado L. R, Gamboa L. A P, Lucchesi C F. Petroleum geology of
the Campos Basin,a model for a producing Atlantic-type basin[ C] //
Edwards J D, Santogrossi P A. Divergent/passive margin basins,
AAPG Memoir48. Tulsa; AAPG,1990.3 -79.

Mohriak W, Hobbs R, Dewey J. Basin-forming processes and the deep
structure of the Campos Basin , offshore Brazil[ J |. Marine and Petro-
leum Geology,1990,7(2) :94 - 112.

Torsvik T H,Rousse S,Labails C,et al. A new scheme for the opening
of the South Atlantic Ocean and the dissection of an Aptian salt basin
[J]. Geophys. ,2009,177:1315 - 1333.

Niirnberg D, Miiller R D. The tectonic evolution of the South Atlantic
from Late Jurassic to present[ J]. Tectonophysics,1991,191 .27 —53.
Dickson W G et al. Constraints for plate reconstruction using gravity
data-implications for source and reservoir distribution in Brazilian and
West African margin basins [ J]. Marine and Petroleum Geology,
2003,20:309 -323.

Gibson S A, Thompson R N, Leonardos O H,et al. The Late Cretaceous
impact of the Trindade mantle plume; evidence from large-volume,
mafic, potassic magmatism in SE Brazil[ J]. Journal of Petrology, 1995,
36189 —229.

Chang H K, Assine M L, Correa F S, et al. Sistemas petroliferos e
modelos de acumulacao de hidrocarbonetos na Bacia de Santos[ J].
Revista Brasileira de Geociencias,2008,38 (2) :29 —46.

Yu Z,Lerche I,Lowrie A. Thermal impact of salt:simulation of ther-
mal anomalies in the Gulf of Mexico[ J]. Pageogh,1992,138(2):
181 -192.

TERAT , BRI, 0K, 45 LG ST 43y Rl P A e i
LR R R [T ] rh A b €, 2013 ,18(3) 161 - 69.
Wang Xinwei, Wu Changwu, Guo Yonggiang, et al. Accumulation fea-
ture of Lula oilfield and its exploratory implication for subsalt reser-
voirs in Santos basin, Brazil[ J]. China Petroleum Exploration,2013,
18(3) :61 —69.

IS, B ARG RS H AU LT ] A7 5 KRR
A M 5,2014,35(1) :19 -25.

Bai guoping, Cao binfeng. Characteristics and distribution patterns of
deep petroleum accumalations in the world[ J]. Oil & Gas Geology,
2014,35(1) :1925.

RERISF-, BRI, 507K, 45 T PG F IRl 5 AT At <
HUBRAEXT LEBF T[T ] A SE B 5T, 2013 ,35(4) :419425.
Xiong Liping, Wu Changwu,Guo Yongqiang,et al. Petroleum charac-
teristics in Campos and Santos Basin, offshore Brazil[ J]. Petroleum

Geology & Experiment,2013,35(4) :419 —425.

e

(/% £ )



