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Abstract: The Campos Basin, offshore Brazil, is the most prolific basin in the western 
South Atlantic, with more than thirty hydrocarbon accumulations currently accounting for 
about 60% of Brazilian oil production. 

Intensive drilling and seismic, gravity and magnetic data have contributed to the 
recognition of four tectono-stratigraphic units related to the rifting and break-up of 
Pangea. The lowest sequence consists of Neocomian clastics deposited on basalt dated at 
120-130 Ma, and reflects the fault-controlled subsidence associated with the stretching 
that preceded the emplacement of oceanic crust. The Aptian proto-oceanic stage is 
characterized by a sequence of evaporitic rocks that have undergone intense diapiric 
activity in deep water. An open-marine environment begins with a thick sequence of 
Albian/Cenomanian limestones, locally with clastic input, which grades upwards and 
basinwards into deep water marls and shales. This section is structurally associated with 
detached listric normal faults that sole out on the Aptian evaporites. Finally, the marine 
Upper Cretaceous to Recent clastic section is characterized by a more quiescent phase of 
thermal subsidence, with some residual halokinetic activity that increases in intensity 
towards deeper waters. 

The hydrocarbon accumulations are distributed throughout the stratigraphic column of 
the basin from Neocomian to Miocene. The reservoirs range from fractured basalts and 
porous bioclastic limestone (coquinas) in the Lagoa Feia Formation, to limestones and 
sandstones in the Maca6 Formation, and sandstones in the Campos Formation. 

Detailed geochemical analyses undertaken on cutting, core and oil samples show that 
almost all the hydrocarbon accumulations discovered to date are sourced mainly from 
lacustrine calcareous black shales deposited in a closed Upper Neocomian lake system, 
having saline to hypersaline waters of alkaline affinities. The extreme anoxic conditions in 
this lacustrine environment resulted in the deposition of fine, well laminated organic-rich 
(TOC up to 9%) calcareous black shales, with high-quality organic matter composed 
almost entirely of low-sulphur type-I kerogen, originating from lipid-rich algal and 
bacterially-derived material. The excellent hydrocarbon source potential of these sedi- 
ments, combined with the appropriate thermal history, produced the necessary conditions 
to yield low-density oil (around 30 ~ API) characterized by a low sulphur content (around 
0.30%), and significant quantities of alkanes (up to 70%). Diagnostic features in the 
biological markers from this depositional environment include: low concentration of 
steranes, presence of [3-carotane, gammacerane and 28,30-bisnorhopane, very high con- 
centrations of hopanes and high relative abundances of tricyclic terpanes up to C34. 

The distribution of the petroleum resources in 
the Brazilian continental margin is extremely 
unequal: several large basins are barren of sig- 
nificant hydrocarbon accumulations, while the 
relatively small Campos Basin has been proved 
to be the most prolific oil-producing basin off- 
shore Brazil. This basin has an area of about 
100 000 km 2 extending down to a water depth of 
2000 m (Fig. 1). The exploration activity has led 
to the discovery of several hydrocarbon accumu- 
lations, including the recently discovered deep 
water giant fields. At  present, the Campos Basin 
is responsible for more than 60% of Brazilian 
oil production, and this proportion is bound to 
increase in the near future. 

The tectono-stratigraphic evolution and the 
subsidence history of the Campos Basin 

The tectonic evolution of the Campos Basin is 
associated with the Mesozoic rifting in the South 
Atlantic that resulted in the break-up of Pangea 
and the development  of several basins whose 
similarities in the tectono-stratigraphic pattern 
of evolution, point towards a common mech- 
anism of basin formation. 

Earlier models for the origin of the Campos 
Basin assumed domal uplift, erosion, and sub- 
sequent subsidence (Estrella 1972; Asmus & 
Ponte 1973; Asmus 1975; Asmus 1982), follow- 
ing the lines of Sleep (1971). However,  several 

From BROOKS, J. (ed.), 1990, Classic Petroleum Provinces, Geological Society Special Publication 
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Fig. 1. The Campos Basin, the most prolific hydrocarbon province in Brazil, and the location of several oil 
fields. Some structural features and submarine canyons are also shown. 

backstripped wells show that the subsidence 
history of the basin can be attributed to an 
initial rifting and subsequent thermal recovery 
of the lithosphere, although there are some 
important deviations from the homogeneous, 
simple stretching model (McKenzie 1978). The 
widespread basaltic magmatism contempor- 
aneous with the rifting is highly indicative of a 
thermal anomaly in the mantle (Furlong & 
Fontain 1986), and the onlapping of Tertiary 
sediments on the western margin of the basin 
suggests flexural control on the subsidence 
(Mohriak et al. 1987), or distributed, depth- 
dependent stretching mechanisms (Rowley & 
Sahagian 1986). 

The stratigraphic evolution of the Campos 
Basin (Schaller 1973 -- see Fig. 2) shows four 
tectono-stratigraphic sequences associated with 
the following stages of development: rift, proto- 
oceanic, and oceanic (Asmus & Ponte 1973; 
Campos et al. 1974; Asmus 1975; Porto & 
Asmus 1976; Asmus & Guazelli 1981; Asmus 
1982). 

The Neocomian rift-stage lacustrine deposits 
are associated with basement-involved, block 
rotated faulting in a rapidly subsiding crust, and 
widespread mafic volcanism whose isotopic age 
shows a mean at 130 Ma BP (Amaral et al. 
1966; Cordani et al. 1972). 

The Aptian proto-oceanic stage is character- 
ized by the deposition of evaporitic rocks, which 
are associated with the first sea-water inflows 

through the Walvis Ridge (Leyden et al. 1976). 
These two stages constitute the Lagoa Feia 
Formation. 

The lower part of the oceanic stage is charac- 
terized by an Albian/Cenomanian section of 
calcarenites and calcilutites (Maca6 Formation), 
often with clastic intercalations and dolomitiz- 
ation near the base of the sequence. This section 
is structurally associated with halokinetic fea- 
tures and listric detached normal faulting soling 
out on salt (Figueiredo & Mohriak 1984). Up- 
wards and basinwards, the section grades into 
marls and shales (informally called the 'Bota' 
section). 

The marine Upper Cretaceous to Recent clas- 
tic section (Campos and Embor6 Formations) 
corresponds to a period of general tectonic 
quiescence and continued subsidence, although 
some diastrophic structures occur near the 
northwestern border of the basin (Lobo et al. 
1983; Mohriak 1984). Residual salt movements 
are still present and increase in intensity in deep 
water (Lobo & Ferradaes 1983). 

The main structural elements in the basin are 
synthetic and antithetic normal faults formed 
during the rifting phase, grabens and horsts 
formed by the rift-phase faulting, hinge lines 
associated with flexure of the basement, homo- 
clinal structures, listric normal faults detaching 
on the Aptian salt, and roll-over structures as- 
sociated with these faults (Ojeda 1982). In the 
northwest area, basement-involved faulting of 
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F i g .  2. Lithostratigraphic column of the Campos Basin showing the distribution of producing horizons, e, oil 
accumulation. Modified from Beltrami et al. (1982) and Schaller (1973). 

Tertiary age is present (Lobo et al. 1983; 
Mohriak 1984). Compactional faults are also 
observed towards the depocentre of the basin. 

Figure 3 shows the regional dip seismic line 
203-RL-76 in two parts, extending from the 

northwest region to water depths of about 
2 km. The computer-generated geochronostrati- 
graphic section shown in Fig. 4 is based on the 
shallow (6 s two-way travel time) reflection 
seismic line, linear interpolation of borehole 
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Table 1. General geohistory of the Campos Basin 

123 

Early Cretaceous 
(Neocomian) 

Aptian 

Albian 

Late Cretaceous to 
Early Tertiary 

Middle Tertiary to 
Recent 

lithospheric stretching and crustal thinning; 
thermal anomaly in the mantle; 
widespread outpouring of basaltic rocks; 
synthetic and antithetic faulting in the upper crust; 
half-grabens filled with fluvio-lacustrine rocks; 
regional unconformity after the deposition of coquina; 
renewed tectonic activity resulting in conglomerates. 

marine water incursions from the southern ocean; 
deposition of evaporitic rocks. 

shallow-water carbonate platform; 
high subsidence and sedimentation rates; 
accumulation of thick section of carbonates; 
section regionally ruptured by listric normal faults; 
listric faults detaching on the Aptian evaporites. 

fast subsidence with low clastic input; 
deepening of the depositional environment; 
sediment starvation, bypassing and erosional events; 
submarine currents and regional unconformities; 
salt mobilization throughout the period; 
growth faults and local salt dissolution synclines; 
deposition of turbiditic sandstones. 

widespread turbiditic sandstone deposition; 
intense deep water halokinetic activity; 
submarine canyons; 
regional offlap and deltaic progradation; 
shallower marine facies on deep water deposits; 
onlap of the sediments onto the western margin; 
localized tectonism in the northwestern area. 

velocities, and detailed paleontological dating 
for industry boreholes along the line. A huge 
roll-over structure is present near the present- 
day shelf edge, characterizing a region of 
marked instability. Paleontological dating ob- 
tained from the boreholes allowed the definition 
of absolute ages for the depositional sequences. 
Fig. 5 shows a synthetic seismic section (Hinte 
1978, 1982) based on the interpolation of bore- 
hole paleontological dating along a refined grid 
of seismic lines. The approximate absolute ages 
to different depositional sequences were as- 
signed by using Petrobr~s geochronostrati- 
graphic charts (Beurlen 1981). 

Table 1 summarizes the geological evolution 
of the Campos Basin. 

The theoretical subsidence curves predicted 
by the simple stretching model (McKenzie 1978) 
are compared with the subsidence curve ob- 
tained by backstripping the borehole RJS-117 
(Fig. 6). This borehole drilled more than 5000 m 
of sediments without reaching the volcanic 
igneous rocks assumed as the basement, which 
is probably found around 6000-6500 m, accord- 

ing to the seismic interpretation. The back- 
stripping method (Watts & Ryan 1976; Steckler 
& Watts 1978) was employed to isolate the 
tectonic component  of the basement subsidence 
curve through time, after correction for sedi- 
mentary loading, sea-level fluctuations, paleo- 
bathymetry and compaction. Absolute age 
estimates are based on paleontological dating 
and Petrobr~s' geochronostratigraphic charts 
(Beurlen 1982), and paleobathymetry values 
are estimated from extrapolation of paleo- 
ecological studies in the northwestern area of 
the basin (Koutsoukos 1984) and depositional 
facies interpretation. Figure 7 shows the esti- 
mated paleobathymetry and the undecompacted 
sedimentation rate through time. There is a 
remarkable correlation between the low sedi- 
mentat ion rates and the increase in water depth 
in the Late Cretaceous. 

The Airy model is employed as a first approxi- 
mation to the lithosphere response to loading, 
because the well is located far away from the 
hinge line of the basin. The decompaction of 
the sedimentary column was obtained by least- 
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square fitting an exponential function of porosity 
variation with depth (Sclater & Christie 1980). 
The backstripped subsidence of the well, cross- 
plotted with the simple stretching model sub- 
sidence curves (Fig. 6), indicates a rather small 
value for the extensional parameter  [5 (about 
1.7), suggesting a relatively small thinning for 
the lithosphere and a rather low heat flow for 
this basin. This is in agreement with calculations 
of the present-day geothermal gradient as ob- 
tained from temperature measurements in log- 
ging operations (Roos & Pantoja 1978). The 
basin shows geothermal gradients varying from 

about 18 to 30~ km -1, and a mean gradient of 
about 20~ km -1, with a tendency to increase 
towards the northern part of the basin, where 
gravity modelling and deep seismic reflectors 
are suggestive of rapid lithospheric stretching 
and crustal thinning (Mohriak & Dewey 1987). 
This northwestern area of the Campos Basin is 
also characterized by very deep troughs (half- 
grabens) formed during the rifting phase (see 
Figs 3 & 4), the common occurrence of gas 
accumulations, and the only field in the basin 
with production of condensates. Geochemical 
evidence based on vitrinite reflectance and bio- 
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logical marker data (Figueiredo et al. 1983) 
also indicate low to moderate temperatures 
throughout the basin history and lends support 
to the above assumptions. 

Oil exploration in the Campos Basin 

Several fields have been found in the Campos 
Basin since the pioneer well 1-RJS-9A dis- 
cowered the first hydrocarbon accumulation in 
Albian limestones in 1974. The exploration ac- 
tivity has led subsequently to several other oil 
finds, and at present, hydrocarbon accumu- 
lations have been found throughout the litho- 
stratigraphic column except for the Embor~  
Formation. Reservoirs range in age from the 
Neocomian to the Miocene, and include differ- 
ent facies, such as sandstones, limestones, 
coquinas, and basalts. 

The main hydrocarbons accumulations in the 
Campos Basin are shown in Table 2. 

The lithostratigraphic column of the basin 
with the oil producing horizons is presented in 
Fig. 2. 

Figure 8 shows a composite log depicting an 
idealized lithostratigraphic column with typical 
dipmeter, gamma ray and resistivity readings in 
the different depositional sequences and forma- 
tions. A summary with most of the hydrocarbon 
accumulations discovered in the basin since the 
beginning of exploration, is also included. 

The first stratigraphic borehole in the basin 

was drilled in the onshore region (CST-1), in 
1958. Petrobr~is started the active exploration 
by seismic acquisition in the offshore area in 
1968 (Campos 1970), which led to the drilling of 
a wildcat in 1971 (RJS-1). The first hydrocarbon 
accumulation in the basin (Garoupa field) was 
found in Albian limestones by the well RJS-9A 
in December,  1974. Oil-bearing Cretaceous 
sandstones were found by the well RJS-12 
(Pargo area), and by April 1975, a commercial 
accumulation was found in Eocene sandstones 
in a structure north of the Garoupa field. The 
Namorado oil field (Upper  Albian/Cenomanian 
sandstones) was discovered in May, and by 
November 1975, the discovery of the Badejo 
field (RJS-13) expanded the stratigraphic range 
of the reservoirs to the Neocomian coquinas. In 
May 1976, Eocene sandstones with oil saturation 
were found in the Enchova area. In April 1977, 
the Bonito and Cherne fields were discovered, 
and by July, the hydrocarbon accumulations in 
the Neocomian coquinas and in the Albian lime- 
stones of the Pampo Field were discovered. 
Unfortunately,  the Pampo Eocene sandstones, 
which also show hydrocarbon saturation, bear 
heavy oils in the range 13-15 ~ API.  Thick 
deposits of Cretaceous sandstones were found 
to be oil-bearing in the Marimb~i oil field 
(RJS-216) in May 1982. The Albacora (Albian/ 
Cenomanian sandstone) giant field was dis- 
covered by the well RJS-297, in November 1984. 
By late 1984, the well RJS-305 was drilled in 
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Table 2. Main hydrocarbon accumulations in the Campos Basin 

Miocene/Oligocene 
sandstones 

Eocene sandstones 

Lower Eocene/ 
Paleocene/Upper 
Cretaceous sandstones 

Cenomanian/Albian 
sandstones 

Albian limestones 

Neocomian 
coquinas 

Enchova Oeste, Bonito, Mor6ia, Marlim, Albacora 

Enchova, Bonito, Bicudo, Cherne, Bagre, Viola, Vermelho, Parati, 
Anequim, Garoupinha 

Pirauna, Marimb~i, Corvina, Malhado, Pargo, Carapeba 

Namorado, Bagre, RJS-150, RJS-211, Albacora 

Pampo, Enchova, Bonito, Bicudo, Garoupa 

Pampo, Badejo, Linguado, Trilha 

Neocomian fractured Badejo, Linguado 
basalt 

430 m water depth and confirmed the hydro- 
carbon accumulation that had been drilled by 
the well RJS-297 and also found Oligocene 
sands saturated with oil. The Oligocene sands 
of the giant Marlim oil field (water depth 
800-1600 m ) w e r e  discovered by the well 
RJS-219 in February 1985. 

Petroleum production in the basin started in 
1977, with well 3-EN-1-RJS producing through 
an early production floating system. By April 
1979, Petrobr~is developed the first sub-sea 
completion with wet Christmas tree in well 
RJS-38 at 189 m water depth. In December 
1982, oil production started through the float 
production system in the Bonito Field through 
a wet sub-sea template. By August 1983, the 
first oil production through a fixed steel platform 
in the Campos Basin was initiated in the 
Namorado-1 well. By December 1983, the 
Pirauna-Marimb~i floating system started op- 
eration at 243 m water depth, a world record at 
the time. 

The success rate for drilling in the Campos 
Basin has been excellent: about 40% of the 
wells drilled until 1986 were hydrocarbon bear- 
ing, and for the deep water area, the success 
rate is about 80%. The exploration in the deep 
waters of the basin has proceeded at a very fast 
pace, and deep-water completions have estab- 
lished successive world records. By April 1985, 
Petrobr~is executed record-breaking deep water 
operations with the diverless completion of the 
well RJS-284 at 383 m water depth, and in 
January 1987, the world record was broken 
again with the diverless completion of the well 

RJS-294 at 411 m water depth. Deep water 
exploration and production are still advancing 
towards more difficult areas, pushing world re- 
cords deeper and deeper. In July 1987, the well 
RJS-367 tested Miocene/Oligocene reservoirs 
at a water depth of 1565 m. 

Petroleum habitat in the Campos Basin 

The subsidence history of the boreholes is 
known with good accuracy, given the detailed 
paleontological dating and the good correlation 
with stratigraphic markers in the electrical logs 
and seismic sections. The calculation of the 
maturation index was performed by integrating 
a continuous exponential function of thermal 
exposure with time (Royden et al. 1980). The 
integrated t ime-temperature index (TTI) is 
empirically associated with vitrinite reflectance. 
The start of oil generation is assumed to corre- 
spond to a vitrinite reflectance of 0.6%, or a 
TTI index of 15, while the gas window corre- 
sponds to a vitrinite reflectance of 1.0%, or a 
TI'I value of 160 (Waples 1980; Heroux et al. 
1979). The results obtained by this technique, 
decompacting the sediments and employing an 
optimization of the geothermal gradient and 
subsidence history, assuming an initial value of 
30~ km -~ decaying linearly to the present-day 

o 1 gradient of 20 C km-  , are shown in Fig. 9(A). 
An even more optimistic initial geothermal 
gradient of about 40~ km -1 would imply in oil 
generation for the Neocomian sediments soon 
after deposition. A more pessimistic geothermal 
and subsidence history, with gradients varying 
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Fig. 8. Composite log showing idealized dipmeter, gamma-ray and resistivity readings in the stratigraphic 
column with main hydrocarbon accumulations and the results of the exploration effort. In the exploration 
column, the horizontal axis corresponds to the year of discovery, and the vertical axis corresponds to the 
stratigraphic level of the producing reservoir. 

from 30 to 20~ km -1 and no decompaction, is 
shown in Fig. 9(B). The burial history plots 
show the dominance of the rifting episode, 
during which a large proportion of the sedi- 
mentary column of the basin was deposited very 
rapidly with a higher geothermal gradient, re- 
suiting in the onset of oil generation in the 
Albian for the lowermost stratigraphic layers 
(Neocomian), employing the optimistic geo- 
thermal gradient with decompaction of the sedi- 

mentary layers. Alternatively, the use of the 
same geothermal gradient and present-day 
thicknesses results in maturation occurring very 
late in the basin history, and the gas window not 
being reached. 

There was limited sediment accumulation in 
the basin from about 100 Ma to about 50 Ma. 
The rock units corresponding to the Upper 
Cretaceous and Lower Tertiary are either 
absent or represented by very small thickness, 
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Fig. 9. Subsidence history against maturation for the borehole RJS-117 (A: geothermal ~radients varying from 
30 to 20~ km -I  and sediment decompaction; B: initial geothermal gradient 30~ k m - ' ,  with no 
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column, from 2300 m to total depth. 
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suggesting erosional or non-depositional events. 
This results in an almost stationary temperature 
value for all the sedimentary laryers accumulated 
in the previous phase, and consequently, the 
thermal maturation of the sediments did not 
progress significantly during this period. The 
modelling suggests that no sedimentary layer 
younger than about 100 Ma is capable of 
generating significant quantities of hydrocarbons. 

Detailed geochemical analysis on samples 
from the basin, including source rock character- 
ization, oi l-oi l  and oil-source rock correlations 
for a suite of nearly 20 oils and forty five selected 
source rock samples has been done. The study 
has confirmed that almost all the hydrocarbon 
accumulations discovered to date in the Campos 
basin are sourced mainly from lacustrine cal- 
careous black shales (Pereira 1982; Pereira et  
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Fig. 10. Geochemical log of a typical well from the Campos Basin (RJS-71), showing the stratigraphic position 
of the lacustrine saline source rock from thc Late Neocomian. The Van Krevelen diagram shows the hydrogen 
index (S2/TOC) against oxygen indcx (S3/TOC). 

al. 1984; Figueiredo et al. 1983; Meister 1984; 
Mello et al. 1984, 1988a,b), deposited in a 
closed and shallow Upper Neocomian lake sys- 
tem with saline to hypersaline waters of alkaline 
affinities (Castro & Azambuja 1980; Bertani & 
Carozzi 1985; Mello et al. 1986). 

Specifically, two source rock systems are pres- 
ent in the Campos basin: Lower Neocomian 
black shales and marls deposited in a lacustrine 
environment ranging from brackish to hyper- 
saline water, and an Upper Neocomian system 
comprising mainly calcareous black shales and 
marls deposited in lacustrine saline water en- 
vironment of alkaline affinities (Fig. 10). The 
younger sedimentary successions, in general, 
are not considered as source rocks, and are only 
discussed briefly as follows. 

(i) The Aptian sequence consists mainly of 
thin layers of marine black shales generally 
intercalated with thicker sections of evaporites. 
Although these black shales contain good hydro- 
carbon source potential in some areas of the 
basin, they are thin and discontinuous. Given 
the low maturity in all boreholes analyzed, they 
are not considered as significant oil contributors 
to the hydrocarbon accumulations in the 
Campos basin (e.g. Pereira 1982; Pereira et al. 
1984). 

(ii) The Albo-Cenomanian sequence is 
mainly composed of marls and calcareous mud- 

stones possessing low organic carbon content 
(generally less than 1.0%). The predominance 
of type-Ill kerogen reflects the relatively 
shallow, oxygenated, marine shelf environment 
of deposition for the sediments of this sequence. 
In some parts of the basin, a deepening of the 
environment of deposition is recorded by a 
succession of Upper Albian/Cenomanian thin 
layers of marls with high organic carbon contents 
(up to 3%), with good hydrocarbon source po- 
tential, made up mainly of type-lI kerogen. 
Nevertheless, the lack of sufficient thermal ma- 
turity indicates that they have not significantly 
contributed to the oil accumulations in the basin 
(Pereira et al. 1984). 

(iii) The Upper Cretaceous to Tertiary sedi- 
mentary succession is composed mainly of shales 
and calcareous mudstones deposited in 
open marine neritic to bathyal conditions 
(Koutsoukos 1984). The low organic carbon 
content, together with the low values of hydro- 
gen index and hydrocarbon source potential of 
these sediments, suggest that highly oxygenated 
conditions prevailed during their deposition in 
most of the basin (Mello et al. 1984; Pereira et 
al. 1984). Evidence of local anoxic conditions 
has been detected in the Santonian-Coniacian 
sedimentary succession, with the presence of 
thin calcareous mudstone layers possessing 
moderate organic carbon content, mainly com- 
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Fig. 11. Lithological logs of the Lower (RJS-164) and Upper (RJS-71) Neocomian succession, depicting the 
stratigraphic position of the organic-rich samples RJS-164 (4260 m) and RJS-71 (3060 m), for which gas 
chromatograms of total alkanes, bulk and elemental parameters, and partial m/z 191 mass chromatograms are 
shown. 

prising type-II kerogen (Mello et al. 1988b) 
However, these sediments remain generally im- 
mature in the basin, due to a combination of 
low geothermal gradients with shallow burial, 
and are not source rocks (Mello et al. 1984; 
Pereira et al. 1984; Mello et al. 1988b). 

Figure 10 shows a typical geochemical log 
(well RJS-71) with the stratigraphic position of 
one important Upper Neocomian organic-rich 
horizon, chosen as a specific example of the 
source rock system that has been identified in 
the Campos basin. This horizon mainly com- 
prises well laminated calcareous (CaCO3 from 
5-59% ) black shales, very rich in organic matter 
(TOC up to 9%), with low sulphur content 
(< 0.3%). The hydrogen and oxygen indices 
(up to 970 and 70 mg HC g 1 of TOC and CO2, 
respectively), and organic petrology data ident- 
ify the organic matter as being mainly Type-I 
kerogen composed of lipid-rich material. The 
excellent hydrocarbon source potential of these 
sediments ($2 from Rock-Eva l  pyrolysis up to 
38 Kg HC ton -1 of rock), combined with 
appropriate maturation conditions indicates 
good source rock characteristics within this 
sedimentary succession (Figueiredo et al. 1983; 
Meister 1984; Mello et al. 1984; Pereira et al. 
1984; Figueiredo et al. 1983). 

Figure 11 illustrates two typical lithological 
logs, showing the stratigraphic position of two 

source rock horizons (Lower Neocomian in 
RJS-164 and Upper Neocomian in RJS-71). 
Also shown are gas chromatograms and m/z 191 
chromatograms of the aikane fraction of two 
samples from these horizons. As can be ob- 
served, there are some significant differences 
in the bulk geochemical data and biological 
marker distribution between the two. The most 
marked are the presence of higher concen- 
trations of [5-carotane (peak [3), higher relative 
abundances of higher molecular weight n- 
alkanes, higher abundance of gammacerane 
(peak 40), higher pristane/phytane ratio 
(around 1.8), lower abundances of tricyclic 
terpanes (peaks 18 to 26), and lighter carbon 
isotopic values (613C - -26.9%0) for the 
whole extract in the sample from the Lower 
Neocomian. The absence of C30 steranes and 
dinosterane isomers (see Mello et al. 1988a,b 
for details) in both samples, lends support to 
the nonmarine character of these source rocks 
(such compounds are considered to be diagnos- 
tic features of marine organic matter; Moldowan 
et al. 1985; Summons et al. 1987; Goodwin et al. 
1988), and suggest that the Lower Neocomian 
source rocks in the analyzed samples were 
deposited in a lacustrine environment with 
higher salinity and higher plant input than 
the Upper Neocomian ones (cf. Mello et al. 
1988a,b). Taken together, all these features 
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Fig. 12. Oil-source rock correlation using gas chromatograms of total alkanes, bulk and elemental parameters, 
and partial m/z 217 and m/z 191 mass chromatograms and absolute concentration of C3o0~13 hopanc and C27(X0r 
20S + R steranes for sample 3020 m of the well RJS-71 (B) against typical oil samples pooled in different 
reservoirs in the Campos Basin: Albo-Cenomanian, from the well RJS-305 (A) and Neocomian, from the well 
RJS-139 (C). 

suggest that the Neocomian succession was 
deposited in a lacustrine saline environment. 
The differences between the Upper and Lower 
Neocomian samples in Fig. 11 indicate vari- 
ations within the depositional environment 
by way of an enhanced higher plant input 
and higher salinity for the Lower Neocomian 
organic-rich sedimentary succession of well 
RJS-164. 

Figure 12 shows gas chromatograms and m/z 
217 (steranes) and m/z 191 (terpanes) chromato- 
grams of the alkane fraction of two oils pooled 
in different reservoirs, along with the same 
chromatograms for the Upper Neocomian rock 
sample from the well RJS-71 (Figs 10 & 11, see 
Appendix). Although there are differences in 
the n-alkane distributions (see Fig. 13), the 
similarities in the bulk data and biological 
marker distributions and concentrations for 
these samples, together with other geochemical 
characteristics of a range of sediments from the 
Upper Neocomian (Mello et al. 1988a), indicate 
that this sedimentary succession is the major 
contributor to the hydrocarbon accumulations 
that have been discovered so far in the Campos 
basin. This is supported by the fact that the 
Upper Neocomian source rocks are thicker and 
have better hydrocarbon source potential than 

the Lower Neocomian ones. 
Despite the overall similarities in the bulk 

geochemical and biological marker features in 
the Upper Neocomian source rocks, differences 
in the molecular properties do exist for samples 
occurring at different horizons in the succession 
(see, for example, Upper and Lower Neocomian 
chromatograms in Fig. 11). Examples from 
three organic-rich sediments, with similar vitri- 
nite reflectance values, are shown in Fig. 13. As 
can be observed, there are differences in the 
n-alkane distribution, [3-carotane concentration 
(peak [3), gammacerane abundance (peak 40), 
Pr/Ph ratio, carbonate content and the tricyclic 
terpane relative abundances (peaks 18-26; cf. 
Mello et al. 1988a,b for details). Since these 
samples share similar maturity, the observed 
differences suggest fluctuations in the depo- 
sitional environment of the Upper Neocomian. 
Indeed, sedimentological and mineralogical 
studies (e.g. Castro & Azambuja 1980; Bertani 
& Carozzi 1985), and carbon and oxygen iso- 
topic data (Takaki & Rodrigues 1984) lend 
support to the presence of such contractions 
and expansions of the lake system during the 
deposition of the Upper Neocomian organic- 
rich sediments. The block diagram in Fig. 14 
shows a schematic illustration of the main sedi- 
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mentological facies of a shallow saline lake 
system of alkaline affinity, the proposed palaeo- 
environment of deposition for the Campos Basin 
during the Late Neocomian rift stage. 

Present-day lacustrine systems such as that 
generally occur in areas of high evaporation 
(semi-arid/moist climates). The high amount of 
nutrients available in the saline waters, generally 
associated with perenial alkaline springs, en- 

hances the development of well adapted, limited 
species that, without competition, show prolific 
productivity, resulting in a high input of algal 
and bacterial organic matter within the lake. 
The differences in salinity between an upper 
aerobic, less saline layer and a lower anaerobic, 
very saline (with higher density) and alkaline 
layer enhance the water column stability, lead- 
ing to stratification and permanent  bottom water 
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Fig. 14. Idealized block diagram showing lacustrine 
facies distribution in the Neocomian Lagoa Feia 
Formation (modified from Williams et al. (1986)). 

anoxia. These conditions, although enhancing 
anaerobic bacterial activity, are lethal for micro- 
fauna and benthic organisms. Low sulphate 
concentrations (alkaline character), associated 
with extreme anoxic conditions in the bottom 
waters, enhance the degree of organic matter 
preservation, resulting in the deposition of well 
laminated, organic-rich calcareous black shales 
(Demaison & Moore, 1980; Kelts 1988; Decker 
1988). Modern analogues of this lacustrine sys- 
tem appear to be lakes Nakuru, Magadi and 
Bogoria in the Eastern rift system (Eugster 
1986; Vincens et al. 1986; Degens & Michaelis 
1988; Talbot 1988). 

Few comparable examples of ancient saline 
lake systems have been reported in the litera- 
ture. The best comparisons with the Campos 
Basin analogue appear to be the well studied 
Eocene Green River Formation in Uinta Basin, 
USA (e.g., Tissot et al. 1978; Dean & Fouch 
1983), the Chaidamu basin in China (Powell 
1986), and the Officer basin in Australia 
(McKirdy et al. 1986). 

Pathway models of hydrocarbon migration 
and accumulation 

This section will briefly describe the petroleum 
geology of the main accumulations in the basin 
in terms of regional features. The detailed de- 
scription of each field is beyond the scope of 
this paper, so that only general models will be 
presented and discussed. It is noteworthy that 

although the source rocks occur only in the 
Neocomian sedimentary succession, the greatest 
share of the hydrocarbon reserves is associated 
with accumulations in the Albian and post- 
Albian reservoirs (Barros 1980). The production 
from the accumulations in the Neocomian 
coquinas and basalts, which are stratigraphically 
closer to the source, is relatively meagre, if 
compared with other basins where the majority 
of the oil accumulations are stratigraphically 
close to the source rock. In the Norwegian 
sector of the North Sea, for example, the Upper 
Jurassic Kimmeridge Clay Formation is respon- 
sible for the majority of the oil generated, while 
Jurassic sands are responsible for 70% of all 
recoverable petroleum reserves (Faerseth et al. 
1986). 

The hydrocarbon plays in the Campos basin 
can be genetically classified by their structural 
style of trapping and by the age of the reservoir 
rocks (Marroquim et al. 1984). There is a strong 
link between the trapping mechanism and the 
tectonic evolution of the basin. The generalized 
reservoir facies distribution is shown in Fig. 15, 
and the hydrocarbon plays are shown in Fig. 16. 
Figure 17 shows a schematic cross section in the 
basin with the stratigraphic interval and trapping 
style of the main accumulations. Several fields 
show multi-storeyed trapping styles, with an oil 
column composed of different stratigraphic hor- 
izons contributing to the oil production. 

The Neocomian reservoirs are mainly associ- 
ated with structural highs in the southern part 
of the basin, where the coquina lenses are 
characteristically affected by normal faults with 
small offsets and the stratigraphic control is 
provided by the pinch out of the reservoir in the 
direction of the structural highs and by facies 
changes towards deeper parts of the basin. In the 
Badejo area, the basalts are also oil-producing 
due to open fractures and vesicles caused by 
dissolution of the calcite that originally filled 
amydgales (Pimentel and Gomes 1982). These 
igneous rocks usually have negligible per- 
meability, but, where affected by microfrac- 
tures, they may have developed brecciated 
zones with interconnected porosity. 

The limestone reservoirs in the Bonito, 
Bicudo and Pampo fields also show a strong 
structural control associated with the listric nor- 
mal faults that created roll-overs and draping 
on salt that has been partially mobilized. These 
roll-overs and local highs also provide strati- 
graphic control by favouring the accumulation 
of a more porous facies for the limestones. 

Isopach maps for the Albo-Cenomanian and 
the Upper Cretaceous turbidites clearly show 
the channelled distribution of the reservoirs 
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Fig. 15. Generalized map showing reservoir types for the main hydrocarbon accumulations in the Campos 
Basin. See Fig. 16 for identification of oil fields. 

associated with local lows caused by salt move- 
ment (Figueiredo & Mohriak 1984). 

The Lower Tertiary and Eocene sandstone 
turbidites are more widespread in the basin and 
usually blanket the basal Tertiary unconformity. 
However, they also show local control by drap- 
ing residual salt highs. The stratigraphic control 
is provided by pinch-outs towards local highs 

and the paleo-slope and compactional effects 
associated with draping residual salt domes and 
less compacted lithologies such as porous cal- 
carenites. The Ol igo -Miocene  sandstones are 
associated with turbiditic deposition in two dif- 
ferent situations: locally, they are present in 
confined troughs -- the Enchova Canyon is one 
example -- and areally, they occur as sheets in 
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Fig. 16. Generalized map showing hydrocarbon plays in the Campos Basin. Main oil fields: 1. Badejo; 2. 
Linguado; 3. Pampo; 4. Trilha; 5. Bicudo; 6. Enchova Oeste; 7. Enchova; 8. Bonito; 9. RJS-116; 10. Pirauna; 
11. Marimbfi; 12. Corvina; 13. Malhado; 14. RJS-046; 15. Bagre/Chernc; 16. Namorado; 17. Parati; 18. 
Anequim; 19. Garoupinha; 20. Garoupa; 21. RJS-211; 22. Carapeba; 23. Pargo; 24. Viola; 25. RJS-377; 26. 
Marlim; 27. Vermelho; 28. Mordia; 29. RJS-251; 30. Albacora; 31. RJS-150. 

the northeast area of the basin, constituting the 
reservoir for the Marlim giant field and also 
occurring in the Albacora giant field. They are 
associated with roll-overs near the shelf-edge, 

which is a region of marked instability in the 
northeast area of the basin, with pinch-outs 
towards residual highs and on the unconformity 
surface of the paleo-slope. 
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Figure 18 shows an idealized diagram of a 
hydrocarbon pathway model of migration and 
entrapment,  which shows how hydrocarbons 
migrated from the pre-salt source rocks (e.g. 

sample D in Fig. 18, B in Fig. 12) to the 
pre-salt, Upper  Neocomian (e.g., sample B in 
Fig. 18, sample B in Fig. 11) and younger and 
shallower reservoirs (Albian, e.g. sample C in 

Table 3. 

Pr -  2, 6, 10, 14-tetramethylpentadecane (pristane). 
Ph-  2, 6, 10, 14-tetramethylhexadecane (phytane). 
i-C25 2, 6, 10, 14, 18-pentamethyleicosane (regular). 
i-C25 2, 6, 10, 15, 19-pentamethyleicosane (irregular). 
i-C3o squalane. 
[3 [3-carotane. 

1-  1313 (H), 17o~ (H)-diapregnane (C41) 
2 -  5o~ (H), 1413 (H), 17o~ (H)-pregnane (C21) 
3-- 5o~ (H), 1413 (H) 1713 (H) + 5o~ (H), 14o~ (H), 17o~ (H)-pregnane (C2t) 
4 -  4-methyl-5o~, 1413 (H), 1713 (H) + 4-methyl-5o~ (H), 14o~ (H), 17o~ (H) homopregnane (C22) 
5 -  5o~ (H), 1413 (H), 1713 (H) + 5o~ (H), 14~ (H), 17~ (H) - homopregnane (C22) 
6 -  1313 (H), 17o~ (H)-diacholestane, 20S (C~7-diasterane). 
7 -  1313 (H), 17o~ (H)-diacholestane, 20 R (C~7-diasterane). 
8 -  5o~ (H), 14o~ (H), 17o~ (H), 20S (C27-cholestane). 
9 -  5oc (H), 1413 (H), 1713 (H), 20R + 20S (C27-cholestane). 

10- 5o~ (H), 14o~ (H), 17o~ (H), 20R (Cz7-cholestane). 
11- 5o~ (H), 14o~ (H), 17o~ (H), 20S (C28-methylcholestane). 
12- 5o~ (H), 1413 (H), 1713 (H), 20R + 20S (C2s-methylcholestane). 
13- 5o~ (H), 14o~ (H), 17o~ (H), 20R (C2,s-methylcholestane). 
14- 5o~ (H), 14o~ (H), 17o~ (H), 20S (C29-ethylcholestane). 
15- 5o~ (H), 1413 (H), 1713 (H), 20R + 20S (C2,~-ethylcholestane). 
16- 5o~ (H), 14o~ (H), 17o~ (H), 20R (C29-ethylcholestane). 
17- Ct9 tricyclic terpane 
18- C2o tricyclic terpane 
19- C21 tricyclic terpane 
20- C23 tricyclic terpane 
21- C24 tricyclic terpane 
22- C25 tricyclic terpane 
23- C26 tricyclic terpanes 
24- C24 tetracyclic (Des-E) 
Te-  C24 tetracyclic (Des-A) 
25- C2~ tricyclic terpanes 
26- C29 tricyclic terpanes 
27- C25 tetracyclic 
28- C27 18o~ (H)-trisnorneohopane (Ts). 
29- C3o tricyclic terpanes 
T -  C27 , 25, 28, 30-trisnorhopane 
30- C27 17o~ (H)-trisnorhopanc (Ym). 
31- C31 tricyclic terpanes 
32- 17o~ (H), 18o~ (H), 2113 (H)-28, 30-bisnorhopane (C2s). 
N -  25-norhopane (C29) 
33- C29 17o~ (H), 2113 (H)-norhopane. 
34- C2,) 1713 (H), 21o~ (H)-norhopane. 
35- C3o 17o~ (H), 2113 (H)-hopane. 
36- C33 tricyclic terpanes 
37- C3o 1713 (H), 21o~ (H)-hopane. 
38- C34 tricyclic terpanes 
39- C3~ 170~ (H), 2113 (H)-homohopane (22S + 22R). 
40- C3o gammacerane. 
41-  C3~ 17o~ (H), 2113 (H)-bishomohopane (22S + 22R). 
42-  C35 tricyclic terpanes 
43- C33 17~ (H), 2113 (H)-trishomohopane (22S + 22R). 
44-  C34 17o~ (H), 2113 (H)-tetrakishomohopane (22S + 22R). 
45- C35 17o~ (H), 2113 (H)-pentakishomohopane (22S + 22R). 
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Figs 18 and 12) and Tertiary (e.g. sample T in 
Fig. 18). The important hydrocarbon accumu- 
lations found in the fractured basement,  con- 
glomerates and coquina reservoirs of the 
pre-salt stage are associated with migration 
through direct contact or through uncon- 
formities associated with normal faults. The oils 
pooled in the marine sequence (Albian, Upper 
Cretaceous and Tertiary) migrated through a 
system associated with pre-salt normal faults, 
'open windows' in the evaporitic layers (prob- 
ably caused by halokinetic tectonism), listric 
faults and regional unconformities (Estrella 
et al. 1984, Figueiredo et al. 1983). The most 
important oil accumulations in the Campos 
Basin are associated with deep water fans dis- 
tributed in the stratigraphic column from the 
Late Cretaceous to the Late Tertiary. They 
occur as widespread sheets and are also enclosed 
in submarine canyons. The coalescent turbiditic 
sand bodies of the Middle Eocene probably 
acted as a 'hydrocarbon collector' system allow- 
ing the migration of the oil arising from the 
growth fault systems or unconformities. 

Conclusions 

The Campos Basin shows an almost continuous 
subsidence from the Early Neocomian to the 
Recent. The basin evolution is characterized by 
three tectono-stratigraphic environments: rift, 
with lacustrine sedimentation, transitional, with 
evaporitic and carbonatic deposits, and drift, 
with marine sedimentation. The geodynamic 
model  for the basin involves stretching of conti- 
nental crust, with an initial phase of fault- 
controlled subsidence, followed by a subsequent 
phase of thermal subsidence. The oil accumu- 
lations are distributed throughout the strati- 
graphic column, from the Early Neocomian to 
the Miocene. The majority of the fields are 
associated with turbiditic sands deposited in a 
deep marine environment.  The source rocks for 
these accumulation are Neocomian calcareous 
black shales. 
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N. C. de Azambuja Filho and E. Koutsoukos for 
their helpful comments, and Dr. H. Reading for the 
reading of the first draft of this paper. 

Appendix. Experimental and analytical 
procedures 

All the samples were submitted to bulk and 
elemental analysis according to procedures de- 
scribed previously (Mello et al. 1988a,b). The 
aliphatic hydrocarbons were analysed by gas 
chromatography (GC) employing a HP 5880 
chromatograph equipped with a 30 m, 0.25 mm 
i.d. fused silica DB-1 column. A temperature 
program of 50-300~ at 6~ rain 1 was used. 
G C - M S  analyses were carried out using two 
different systems: (i) Finningan 4000 spec- 
trometer coupled to a Carlo Erba 5160 gas 
chromatograph equipped with on-column injec- 
tor, and fitted with a 60 m DB-1701 column. 
A temperature program of 50-310~ at 
5~ min i was used. Data were acquired and 
processed using an Incos 2300 data system; 
(ii) HP 5970 mass selective detector (MSD) 
coupled to a HP 5880 gas chromatograph fitted 
with a fused silica 25 m, 0.25 mm DB-1 column. 
A temperature program of 50-300~ at 
6~ min 1 was used. Quantitation of biological 
markers (ppm of extract or oil) was obtained 
according to the procedures described pre- 
viously (Mello et al. 1988a,b). Stable isotope 
analyses for carbon on whole oil and extracts 
were undertaken using a vaccum combustion 
line linked to a high resolution Varian MAT-230 
instrument. The data are presented in delta- 
notation relative to Pee Dee Belemnite (PDB). 
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