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Abstract: The rift stage (Barremian-Aptian of the Early Cretaceous) of the Santos Basin in Brazil is

characterized by the development of world-class large-scale lacustrine carbonates deposition. At present,
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numerous oil and gas discoveries have been made in this field, making it a hot spot for global oil and gas
exploration. The development degree of carbonate sediments is the key to the enrichment and accumulation
of oil and gas in the basin. Drilling results reveal the development of "two phases and two types" of lacustrine
carbonate sediments during the rift stage of the basin: shell limestone of Itapema (ITP) group in early fault-
sag depression transition period (Late Barremian- Aptian) and microbial reef limestone of Barra Velha (BV)
group in late sag depression period (Mid- Late Aptian). Although both of these "two phases and two types"
lacustrine carbonate sediments are biogenic limestone, their genesis mechanisms and lithological
combinations differ significantly. In order to clarify the sedimentary differences and main controlling factors
of the " two phases and two types " lacustrine carbonate rocks, based on thin section, core, logging, seismic
and other data, this paper conducts a systematic petrological and sedimentological study of two types of
lacustrine carbonate sediments in the basin, combining micro and macro perspectives. Comprehensive
research shows the development of large-scale lacustrine carbonate sediments in the Lower Cretaceous of
the Santos Basin in Brazil is mainly controlled by paleogeomorphology, paleolake water salinity and
paleowater energy changes. Paleogeomorphology controls the distribution and development of sedimentary
microfacies of lacustrine carbonate reservoirs, paleowater salinity controls the vertical evolution of
lacustrine carbonate sediments types, and paleowater energy and water depth control the microfacies
variation of lacustrine carbonate sediments. Finally, it was confirmed that the high-energy freshwater
environment in the face of waves is a favorable background for the development of shell limestone reservoir
in Itapema Formation, and the shallow medium-high energy semi saline - saline water environment in the
face of waves is a favorable background for the development of stromatolitic limestone reservoir in Barra
Velha Formation. This points out the directions for finding favorable reservoir development zones and has
practical guiding significance for the oil and gas exploration in lacustrine carbonate rocks of Brazil.

Keywords: Lacustrine Carbonate; Sedimentary microfacies; Main controlling factors; Lower Cretaceous;
Santos Basin
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Fig.1 Rift tectonic framework with oil-gas discoveries in lower Cretaceous carbonate reservoir (left) and an integrated
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stratigraphic column showing tectonic evolution (right) of the Santos Basin.
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Table 1 Classification of Lower Cretaceous lacustrine carbonate rock in the Santos Basin

R BB HAERN
EECH IR Laminated limestone
, BRI Stromatolite
By BERRE BIGA KA Oncoids
BORIKE Spherical limestone
AREBRE (IS BB RS Dolostone
i} 2K Oolitic limestone/ooid grainstone
NEKE Coquina
TP 41 BB 25 1 LT R K Packstone
BRI KA Wackstone
EOY RS Micrite
Uk IR Grainstone
AR Hzot Dolostone
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Fig.3 Petrological characteristics of stromatolitic limestone in the BV Formation
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Fig.5 Identification plate of carbonate sedimentary types in the ITP Formation
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Fig.6 Identification plate of carbonate sedimentary types in the BV Formation

Fig.7 Seismic sections across coquina bank in the ITP Formation (a, vertical to the growth orientation; b-c, parallel to the

growth orientation)
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Fig.8 Typical seismic section across bank edge and inter bank in the ITP Formation
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Fig.10 Depositional Sequence of carbonate rocks in the ITP Formation (a. Typical depositional sequence of ITP formation; b.

Sequence of bank slope- bank edge- coquina bank; c. Sequence of coquina bank -inter bank)
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Fig.11 Depositional Sequence of carbonate rocks in the BV Formation (a. Typical depositional sequence of BV formation; b.

Sequence of reef slope - reef edge - reef core; c. Sequence of reef core-inter reef; d. Sequence of reef edge — shallow lake)
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Fig.12 Depositional model of lacustrine carbonate in study area (a. Depositional model of ITP coquina bank; b.

Depositional model of BV microbial reef )
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Fig.13 Micro-paleogeomorphology division of uplift area and the carbonate reservoir depositional model under the

controlling of micro-paleogeomorphology
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2002; Adamsetal.,2005) , FEAINIFREKEIASE T, K5 A shY) S AL EVSE R R A7 22 (8] R 425
TRAEPIAE LUK B A AT s T AL T RO K AR 58 b R 28 R P (KT Hh [RDREAS R T DA A Bk 72
A GRS, 20210 , SRR ONCAEDIE A K IR ERSE, ORISR A R R £
UURAEI A IE (Warren etal., 2011) o Bk, 17K 35 T BB MR ORI 22, o R sl it AR P 1) 5
BRERE, Horp DSe 5 AR B MITEAR R FER KK AR T B B, T 4% I R A O E 2R BE A X e
(2 K - B K A P SE R B FEWIVARR S T A 0 toxd #h AR BN U, B ShEE T, X BETE
WK ER BE K A T AR A7 R R KR — UK R PRI 2, S BURFN G 57 FE BRI, BT AR L
AP BRI, AT JUR R A RAAE AT IR o Sh R K AR bR . S [ AN AT
R AR BRI LUR T, WA T T X LI AR A T SR EE AR S (R 2D, A3 TROK A
TURK R . 2RO R R EOK R 4 2. b Cytheridea sp.308 Cytheridea sp. 25 NBKF, Reconcavona
camposensis Reconcavona retrosculpturata %5 )9 JIKF, Limnocypridea. Subquadrata 55 MK

™, Salvadoriella Pusilla. Hourcqia africana 55 N IKF
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Tab.2 Ostracods marker species of syn-rift lacustrine salinity in study area

BIKH UK A 2 RK A J 7K Al
Salvadoriella Pusilla Limnocypridea Reconcavona camposensis Cytheridea sp.308
Hourcqia africana Subquadrata Reconcavona retrosculpturata Cytheridea sp.
africana Limnocypridea troelseni  Reconcavona sp. Pattersoncypris angulata
Hourcgqia africana Reconcavona bateke Pattersoncypris angulata sinuate symmetrica
confluens Petrobrasia vallata Pattersoncypris micropapillosa
Hourcgia sp. Ostracode sp.406 Pattersoncypris angulata angulata
Cypridea riojoanensis Pattersoncypris sp.
Ostracode sp.207
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Fig.14 Vertical changes in salinity and water depth indicated by the species and differentiation degree of ostracoda

BEAh, ASCEWRTE BV HEAN BRI T EM N R RS, W Cytheridea sp. 308,
Cytheridea sp., Pattersoncypris symmetrica, Pattersoncypris micropapillosa %5, JF:A& Pattersoncypris
micropapillosa 2 "E % £ 5 IFAHEE 1) & #h FEWE, BRI BRSPS . 4 IHEZE BV ZHAMAE K
HUORH, KA T 2 WA SRR EAT, 3B KAREE UL .

FE X MAAERC 5 2 WP N AR AR . ELPE AR AL BT RIBT LR (Araripe) iR & L H2E
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