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ABSTRACT 

The Lower Cretaceous tectonosequence constitutes a major chronostratigraphic 

interval in the Reconcavo Basin, Northeast Brazil. It encompasses a time span of ca. of 

24 Ma and forms a continental sedimentary package that exceeds 5 km in thickness 

within its depocenters. The tectonosequence is bounded by two basinwide unconformi

ties, the rift onset unconformity at its base and the breakup unconformity at its top. The 

basal deposits of the tectonosequence characterize transitional rift conditions. The bulk 

of the succession constitutes the record of the rift phase in the basin. Biostratigraphy in 

the Reconcavo Basin is based on nonmarine ostracods. The tectonosequence encompass

es ostracod zones NRT 002 through NRT 009. 
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Tectonic, sedimentologic, and paleoecologic characteristics permit the 

recognition of six tectono-depositional intervals within the tectonosequence. Tectono

depositional inteivals cover a time span between 2 Ma and 7 .5 Ma, and their boundaries 

are distinct marker beds. Lithologic, paleontologic, and geochemical characteristics of 

the marker beds suggest low sediment input at the time of their deposition. Tectonic 

and/or paleoclimatic changes may account for phases of marker bed creation. Within 

tectono-depositional inteivals II, IV, and V sedimentary cyclicity occurs. Sedimentary 

cycles spanning tens to hundreds of thousands years are termed tectono-depositional 

episodes. Such an episode is comparable in scale with a parasequence, and is also 

bounded by marker beds reflecting flooding events. 

Depositional systems within the tectonosequence show a change from lacustrine

dominated sedimentation at the base to fluvial-dominated deposition at the top. 

Reservoir potential increases toward the top of the tectonosequence, source rock and 

sealing conditions, however, follow the opposite path. The bulk of known hydrocarbon 

accumulations in the Reconcavo Basin occurs at the prerift/rift interface. 

Accumulation rate estimates show increasing values toward the top of the 

tectonosequence. This may be related to a better integration of the drainage system that 

fed into the basin and removal of possible structural barriers located along the basin's 

margins. 

Analysis of the sedimentary record of the tectonosequence suggests, besides 

tectonism, paleoclimate was an important mechanism controlling facies distribution and 

evolution. 
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PREFACE 

This dissertation analyzes the Lower Cretaceous strata of the Reconcavo Basin. 

This basin is located in northeastern Brazil and is one of the most prolific hydrocarbon 

producers of that country. The origin of the Reconcavo Basin is related to the opening 

of the South Atlantic Ocean during Cretaceous. The basin-fill, however, has a 

continental origin. 

The successive chapters of this dissertation discuss the tectonic setting, then 

establish a physical and chronostratigraphic framework for the Lower Cretaceous strata 

of the basin. This depositional interval records incipient rifting at its very base and 

tectonically-active rifting during most of its duration. 

Development and discussion of a genetic and chronostratigraphic framework for 

the Lower Cretaceous deposits of the Reconcavo Basin constitute chapter IV. The Lower 

Cretaceous tectonosequence represents the first-order chronostratigraphic element of the 

devised model. Higher-order elements are termed tectono-depositional interval (2nd 

order) and tectono-depositional episode (3rd order), respectively. 

Chapter V discusses characteristics of the marker beds present within the Lower 

Cretaceous tectonosequence. These beds approximate stratigraphic horizons and are the 

result of episodic lacustrine flooding of the basin. Some of them closely approximate 

the limit between intervals (tdi' s) with distinct tectonic, sedimentologic, and paleoeco

logic characteristics. 

Depositional systems of each tdi are discussed in chapter VI, which focus on the 

depositional evolution of the Lower Cretaceous tectonosequence. 

Finally, chapter VII traces the changing accumulation rates of the successive 

units that make up the Lower Cretaceous tectonosequence. Sediment input is shown to 

be a significant variable within the tectonosequence. The degree of integration of the 

drainage system feeding into the basin plus the presence or absence of structural barriers 
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along the basin's margins constitute important elements constraining sediment ingress 

to the basin. 

All isopach and sand isolith maps presented in this dissertation, except for those 

of chapter VII, display post-compactional values. Figures are numbered consecutively 

within each chapter. 

The Lower Cretaceous tectonosequence and its related elements, as proposed 

here, remains to be investigated in the other Lower Cretaceous rift basins present along 

Eastem Brazil. The proposed sequence stratigraphic model offers a viable technique for 

the analysis of tectonically-active basins. Flooding event-hiatal surfaces, depositional 

systems, and basin-fill style are first-order characteristics of the Lower Cretaceous 

tectonosequence of the Reconcavo Basin. Tectonism and paleoclimate are interpreted 

as the main forcing mechanisms in the creation of the tectonosequence and its elements. 

This model, devised for an intracontinental rift basin, may also be useful in the 

study of basins where tectonism and closed drainage play a major role, as in many 

foreland and strike-slip basins. 



CHAPTER I 

GEOLOGICAL SETTING OF THE REC(>NCA VO BASIN 

I.1. TECTONIC FRAMEWORK 

The Reconcavo Basin is located in Bahia State, Northeast Brazil, between 11 "75' 

and 13°00' S latitude (figure 1.1). The basin has an area of ca. 11,500 square km. Its 

eastern limit is the Salvador Fault System (maximum dip-slip of ca. 5-6 km; figure 1.2). 

To the west the basin is bordered by the Maragogipe Fault System, a faulted flexure 

with ve1tical displacement of around 200 m. Northward, the Reconcavo trough is 

separated from the South Tucano Basin by the Apora High (figure 1.2). Finally, its 

southem limit is the Barra Fault, a prominent structure that cross-cuts the Itaparica 

Island (figure 1.2). The origin of the Reconcavo Basin is similar to the other basins 

located along the Eastern Brazilian Continental Margin, being related to the fragmenta

tion of the Gondwana Supercontinent and consequent opening of the South Atlantic 

Ocean. The Reconcavo-Tucano-Jatoba Rift (figure 1.1) constitutes an aborted branch 

linked to the extensional stress field that led to the definitive separation between Africa 

and South America. The stress field would have been active from Middle Jurassic 

(Bathonian) to Early Cretaceous (Barremian-Aptian; Abrahao and Warme, 1990). 

The rift forming between the two continents propagated northward along the 

eastern border of the Archean-Early Proterozoic Sao Francisco Craton, parallel to its N

S grain (figure 1.3). Close to the present Salvador City, the rift branched out following 

the Archean Atlantic Granulitic Belt (Ghignone, 1979; Milani, 1987; Milani et al., 1988; 

figure 1.3). The western branch corresponds to the aborted Reconcavo-Tucano-Jatoba 

Rift (figure 1.1). The eastem counterpart coincides with the Sergipe-Alagoas Basin, 

which evolved into a passive marginal basin. 
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The Reconcavo Basin has the geometry of a half-graben dipping toward 

southeast, i.e., toward the Salvador Fault System (figw-es 1.2, 1.4, and 1.5). The basin's 

structw-al framework is characterized by normal faults trending N30°E (Cohen, 1985; 

Milani 1987), an inheritance of the Archean Atlantic Granulitic Belt A secondary fault 

system strikes N30°-40°W. Both the Mata-Catu and the ltanagra-Ara~as faults (figure 

1.2), trending N30°-40°W, have been interpreted as continental transform (Milani, 1987) 

or transfer faults (Milani and Davison, 1988). Milani (1987) estimated the amount of 

extension undergone by the basin during the rifting of 21 % to 23% (~ factor; McKenzie, 

1978). The Reconcavo Basin is devoid of synrift volcanic rocks and its evolution seems 

to be related to passive rifting (Dewey and Bird, 1970). 

1.2. LITHOSTRA TIGRAPHY 

The description of the basin's sedimentary column is based mainly on Viana et 

al. (1971) and Ghignone (1979). The Reconcavo Basin's sedimentary fill records strata 

deposited during the basin's prerift, synrift, and postrift phases (figure 1.6). Associated 

with the prerift phase, and from the bottom to the top, the following lithostratigraphic 

units (formations) occur (figures 1.6 and 1.7): Afligidos, Alian~a, Sergi, Itaparica, Agua 

Grande, and Candeiasff aua Mb. The Afligidos Fm. until recently was part of the 

Alian~a Fm. (fmmerly Afligidos Mb.) as did the Agua Grande Fm. part of the Itaparica 

Fm. (formerly Agua Grande Mb.). 

The synrift interval encompasses sediments deposited dwing the Early 

Cretaceous (Berrisian to Barremian) and includes the following units: Candeias (Gomo, 

Maracangalha, and Pi tang a mbs. ), Maifnn, Pojuca, Taquipe, Sao Sebastiao, and Salvador 

fms. (figures 1.6 and 1.7). 
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The Afligidos Fm. (Kungurian; Aguiar and Mato, 1990) is made up of 

sandstone, evap01ite, and red shale. It has been interpreted as marine-restricted deposits 

(Pedrao Mb.) grading through time into shallow lacustrine deposits (Cazumba Mb.). 

Both this unit's boundaries are discordant (figure 1.6). The Alianya Fm. (Tithonian) is 

subdivided into two members: Boipeba and Capianga. The Boipeba Mb. is composed 

of sandstone, conglomerate, and minor red shale. It is interpreted as a product of alluvial 

fan and fluvial sedimentation in a shallow basin. The Capianga Mb. is characterized by 

red shale, typical of very shallow, oxidizing environments. 

The Sergi Fm. (Tithonian) is composed of fine-grained to conglomeratic 

sandstone with minor intercalations of red shale at its base. This unit has been 

interpreted as the result of deposition of alluvial fan and fluvial systems sourced from 

west-southwest. Outcrops in the Reconcavo Basin suggest both spatial and temporal 

transition among coarse-grained meanderbelt, braided stream, and alluvial fan deposits. 

Reworked eolian facies, particularly, at the top of the Sergi Fm. occur (Santana, 1990). 

The Itaparica and the Agua Grande fms., as well as the Taua Mb. of the 

Candeias Fm. were deposited dming Early Cretaceous (Berrisian). The Itaparica Fm. 

consists of shale, sandstone, siltstone, and minor carbonate. Maroon shale layers 

constitute excellent basinwide markers. The thickness of this unit increases southwest

ward, reaching up to 220 m. The Agua Grande Fm. is characterized by fine- to coarse

grained sandstone (qurutz-arenite and subarkose) deposited over the shaly interval of the 

Itaparica Fm. The contact between the two units has been interpreted as discordant 

(figure 1.6). The thickness of the Agua Grande Fm. increases northward, reaching up 

to 85 m. 

The Taua Mb. of the Candeias Fm. consists of dark-gray, micaceous, splintery 

shale with parallel lamination. Usually, its organic content is medium to high (Gaglia-
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none et al., 1985). At its top, a micritic limestone layer that constitutes an excellent 

c01Telation marker occurs (Marker 60). 

The Gomo Mb. deposition was coeval with the onset of tectonism (main faulting 

phase) in the basin. It is characterized by dark-gray to greenish gray, very calcareous 

shale with common concretions and lenses of micritic limestone. Bruhn ( 1985) reported 

that at the northern portion of the basin this unit consists of 85% shale, 10% limestone, 

and 5% sandstone. The Gomo Mb. thickness is quite variable, reaching up to 2000 

meters in depocenters (figure 1.2). The intercalation between shale and limestone layers 

produces a typical log response, informally known as the "Candeias belly" (figure 1.7). 

The lacustrine Gomo Mb. is recognized as the most important source-rock interval of 

the Reconcavo Basin (Gaglianone et al., 1985). 

The Pi tang a Mb. is composed of very immature, argillaceous, yellowish to gray, 

fine-grained sandstone. Its most conspicuous characteristic is the massive aspect in 

outcrops. These sandstones display slump and water-escape structures (dish structure). 

In electric logs, this unit is characterized by a very uniform resistivity pattern. Its 

thickness as well as its regional distribution are variable, attaining up to 1200 m in 

Southern Reconcavo. Most of the sandstones of the Pitanga Mb. occur intercalated with 

shales of the Maracangalha Mb. (Candeias Fm.). 

The Maracangalha Mb. comprises light- to dark-greenish shale, which exhibit 

low resistivity values in electric logs. Besides the Pitanga Mb., the Carua9u Beds 

sandstones (Matfrm Fm.) are also intercalated with shale of the Maracangalha Mb. The 

Maracangalha Mb. thickness can surpass 2000 meters in depocenters. The shale diapirs 

present in the basin ai·e inteipreted to be sourced from this unit. 

The Matfrm Fm. is characterized by light-gray and greenish, fine- to medium

grained sandstone. Intercalated with the sandstone, greenish siltstone and greenish gray 

shale occur. Both the Carua9u Beds and the Catu Mb. belong to this unit. The Carua9u 

Beds are made up of sandstone exhibiting a serrate pattern in SP curves. The Catu Mb. 

occurs stratigraphically higher than the Carua9u Beds. It is characterized by well-sorted, 
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fine- to medium-grained sandstone, showing bell-shaped pattern in SP curves. Its 

thickness can attain more than 400 m in depocenters. 

The Pojuca Fm. is composed of sandstone, shale, siltstone, and limestone. The 

sandstone has fine to medium grain. The limestone is mostly ostracodal calcilutite and 

calcarenite. This unit's geometry is quite uniform in shallower areas, attaining thickness 

up to 500 m. In the deep basin, its thickness can surpass 1000 m. The Pojuca Fm. 

shows a cyclic depositional pattern, whereby sandstone and shale sedimentation was, 

periodically, intenupted by phases of limestone deposition. 

The Taquipe Fm. is composed mainly of shaly sediments. Marls and sandstones 

also occur. This unit is better developed in Southern Reconcavo. Its distribution is 

elongated with variable width, which increases southward (Netto and Oliveira, 1984). 

The basal contact of the Taquipe Fm. is discordant with the Pojuca, Marfim, and 

Candeias fms., whereas its top is gradational with the Pojuca Fm. sediments. 

The Sao Sebastiao Fm. comprises medium- to coarse-grained, quartzose and 

feldspathic sandstone intercalated with brown and reddish shale. The sand bodies are 

continuous and constitute excellent fresh-water aquifers in the Reconcavo Basin. Its 

basal contact is gradational with the underlying Pojuca Fm. Its top is eroded by the 

truncation swface that marks the end of the rifting in the basin. Thanks to good 

electrical markers present within this unit, c01Telation is enormously facilitated. 

Present at the eastern border of the basin, the Salvador Fm. is composed of 

granules, pebbles, and boulders of granulitic and metasedimentary rocks, and remnants 

of prerift deposits (figure 1.6). It occurs as a mu.Tow strip, 10-15 km wide, along the 

Salvador Fault System (figure 1.2). The deposition of the Salvador Fm. sediments was 

coeval with Gomo Mb. (Candeias Fm.) to the Sao Sebastiao Fm. deposits (figure 1.6). 

The conglomeratic wedge reaches a thickness of over 2000 m. 

Postrift sediments in the Reconcavo Basin are included in the Marizal, Sabia, 

and Barreiras Fms. (figure 1.6). The Aptian Marizal Fm. is composed of conglomerate 

exhibiting medium- to coarse-grained matrix. These sediments fill paleovalleys 
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sculptured in the Sao Sebastiao Fm. The thickness of the Marizal Fm. reaches a few 

tens of meters. The Early Miocene Sabia Fm. consists of shale, sandstone, and 

limestone. It represents the only marine ingression in the Reconcavo Basin. Sabia Fm. 

occurrence is restricted to the Miranga Low, in the central portion of the basin (figure 

1.2). The Ban·eiras Fm. is made up of conglomerate and coarse-grained sandstone. 

Recent sediments include beach and alluvial deposits. 

1.3. BIOSTRA TIGRAPHY 

1.3.1. Ostracods 

The biostratigraphy of the Reconcavo Basin is based mainly on nonmarine 

ostracods (Krommelbein, 1966; Viana et al., 1971; Santos and Braga, 1990). The 

ostracodal fauna (Phullanthroropoidea: Elias Crustaceas Subellas Ostracoda) has been 

interpreted as benthonic (Whatley, 1988; Tolderer-Farmer et al., 1989) and belongs to 

the Suborder Podocopina-Sars, 1866, and to the families Cyprididae-Baird, 1850 and 

Cytheridae-Baird, 1850. Additionally, local genera have been described in Reconcavo 

Basin, including Petrobrasia, Reconcavona, Salvadorriella, and Jllzasina. Genera 

Reconcavona, Ilhasina, Paracypridea, and Petrobasia are widespread, show limited 

stratigraphic distribution, and constitute key species for biosu·atigraphic studies. 

Tolderer-Faimer et al. (1989) showed that the Reconcavo Basin's ostracod species lived 

in fresh to oligohaline waters without marine influence. 

Viana et al. (1971) established the biostratigraphic zonation for the Reconcavo 

Basin based on nonmarine ostracods. They recognized 9 biozones (NRT 001 to 009) and 

26 subzones, based on the occmTence of 19 genera and 142 species and subspecies. 

NRT is an acronym for Novo Reconcavo Tucano (New Reconcavo Tucano). These 

biozones encompass the Upper Jurassic and Early Cretaceous strata deposited in the 

Reconcavo Basin (figure 1.8). This biostratigraphic zonation follows the concepts of 
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Amplitude Zones (strata that represent the vertical or horizontal occurrence of a selected 

species) and Oppel Zone (defined by the first and last occurrence of a determined 

species, diagnostic of a biozone). 

The work done by Krommelbein (1966) correlating the Brazilian species with 

that found in the Cocoabeach Group of Gabon (western Africa) is now classic, being 

one of the first paleontologic proofs of the continental drift (Oertli et al., 1983; Colin 

and Lethiers, 1988). 

1.4. CHRONOSTRA TIGRAPHY 

Correlation of nonmarine Lower Cretaceous strata of different parts of the world 

with the international geologic time scale (Harland et al., 1982; 1990) constitutes a 

major problem due to the absence of good index fossils (Arai et al., 1989). Because of 

this restriction, Petrobras has developed a local chronostratigraphic scheme based on the 

development of lacustrine ostracods. This fauna belongs mainly to the Puberkian and 

Neocomian stages and correlates with ostracod taxa found in Europe and Africa 

(Ghignone, 1979). This local scheme is applied to all Lower Cretaceous basins located 

along Eastern Brazil. 

Locally, the chronostratigraphic units (stages) make up the Reconcavo Series 

(figure 1.8), and are based on biozones (Oppel zones). Six local stages are recognized, 

from the oldest to the youngest: Dom Joao, Rio da Serra, Aratu, Buracica, Jiquia, and 

Alagoas. Alagoas Stage sedimentation is discordant with the underlying strata (not 

shown in figure 1.8). 

The ostracod fauna in the Reconcavo Basin represents one of the world's largest 

collections of nonmaii.ne fossils. The work done by Viana et al. (1971) represents the 

apex in terms of organizing the temporal distribution of the numerous species that 

occurred in the basin during the Mesozoic. The present chronostratigraphic classification 
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of the Reconcavo Basin follows the schemes proposed by Viana et al. (1971) and Arai 

et al. ( 1989). Tentative correlation of the local stages defined for the Reconcavo and 

other Mesozoic basins with the international chronostratigraphic chart is done using 

local ostracod fauna and microfloristic association data (Arai et al., 1989). 
"' '· "' ·'· 

Despite the release of a more recent geologicZcale (Harland et al., 1990), 

Petro bras still adopts the international correlation provided by Harland et al.' s 1982 

chronostratigraphic chart. 

The understanding of the close correlation established between the local stages 

and ostracod zones and subzones is of fundamental importance for the development of 

this disse1tation. This work will be based on the chronostratigraphic elements of the 

Reconcavo Basin, which were defined on basis of the ostracod fauna. 

Many of the limits of these local stages coincide with regional marker beds, that, 

in turn, occur in a stratigraphic position that approximates the time of extinction of 

diagnostic ostracod species. For example, Marker 15 is interpreted to be close to the 

upper limit of the Rio da Serra Stage (NRT 004; figure 1.6). Also, there is a good 

c01Telation between the stratigraphic position of the Marker 15 and the top of occurrence 

of ostracods that characterize the biozone NRT 004 (Paracypridea brasiliensis KRO). 

A close relationship exist among the litho-, bio-, and chronostratigraphic elements of the 

Reconcavo Basin. 



CHAPTER II 

DATABASE 

This study is based mainly on subsurface data derived chiefly from well logs, 

and secondatily, from seismic lines. A total of three hundred eighty wells were utilized 

in this project out of a preselected set of 550 well logs. The base map for this wotk is 

based on 205 wells (figure 2.1). The rest of the utilized well logs provided information 

for isopach and sand isolith maps of selected chronostratigraphic intervals. Also, 

geochemical and core information (figure 2.2) was retrieved from these wells. Most of 

the utilized well logs were in the format of composite logs, showing resistivity, 

spontaneous potential or gamma ray curves. Also, these composite logs display 

lithologic interpretation and paleontologic zoning. 

Some 200 km of seismic lines were selected for inclusion in this project (figure 

1.4). Some of the lines show subregional features, while others show more localized 

characteristics of the Reconcavo Basin's sedimentary fill. All seismic lines are presented 

in a migrated fo1mat. 

All maps presented in this project were based on the selected data set. For 

clarity, the well base (figure 2.1) will not be reproduced in the numerous maps of this 

dissertation. Wells depicting important geologic features, however, will be located in 

appropriate base maps. The entire data set shown in this project is proprietary and 

belongs to Petr6leo Brasileiro SIA (Petrobras). Therefore, the designation of well logs 

and seismic lines will be generalized. 
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Figure 2.1 - Base map displaying location of the wells utilized in preparing maps 
shown in this dissertation. 
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CHAPTER ID 

AN OVERVIEW ON CONTINENTAL RIFT BASINS 

This chapter provides a brief review of the basic parameters that control the 

evolution of intracontinental rift basins. Before focusing on the geology of the 

Reconcavo Basin, it is important to point out general characteristics of rift basins, such 

as their geometiies, faulting styles, drainage types, sedimentation models, and related 

depositional systems. Other important points, regarding lake-level fluctuations and 

petroleum source rocks in rift basins are also discussed. 

IIl.1. TECTONISM, FAULTING, AND BASIN GEOMETRY 

The Phanerozoic is punctuated by several episodes of continental rifting, though 

iift basins have also been interpreted in strata as old as Proterozoic (the Churchill 

Province in Canada; Ray and Wanless, 1980, or the Mid-Continent Rift in U.S.; Dickas, 

1986, for example). 

Basically, there are two ways to generate rift basins. The first and most 

common, follows Wilson's cycle of opening and closing oceanic basins (Wilson, 1966). 

The opening phase is characterized by intracratonic rifting to passive margin evolution, 

while the closing phase is marked by orogeny, i.e., basin uplift to a mountain chain. The 

second way to generate rift basins is associated with plate collision. In this case, 

extensional stresses are present in certain portions of the passive plate. The collision 

between the Indian and Eurasian (passive plate) continents produced the Tertiary rift 

basins in east China and former Soviet Union (Lake Baikal). A third group of rifts, such 

as the Tertiary Rio Grande Rift doesn't seem to be related to either of the mentioned 

settings. 
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A rift basin can be formed by active rifting, passive rifting, or a mix of both 

mechanisms. Active rifting postulates the presence of doming during the initiation of 

the rifting process, which is interpreted to be a consequence of active heating of the 

lower lithosphere. On the other hand, passive rifting implies in lithosphere thinning with 

consequent passive upwelling of the asthenosphere (McKenzie, 1978). Uplift may evolve 

into pure extension as the rift ages (Rosendahl and Livingstone, 1983). 

Fairhead (1986; 1988) showed that the main difference between the Mesozoic 

West and Central African Rift Systems and the Tertiary East African Rift System is 

related to the rate of crustal extension. In the West and Central African Rift Systems, 

large crustal extension, resulting in lithosphere thinning, was the major agent causing 

subsidence. In the East African Rift System, crustal extension has been associated with 

low-density mantle plumes, resulting in surface uplift. Morley (1988) calculated the 

amount of extension along 22 seismic lines in Lake Tanganyika, East Africa and 

concluded that the maximum extension values found are around 10%. Milani (1987) 

estimated extension rates for the Reconcavo Basin, which originated coevally with the 

West African Rifts, and found values between 21 % and 23%. The estimates made by 

these two authors support the conclusions drawn by Fairhead (1986;1988), assigning 

higher amounts of extension to the Mesozoic West Africa-East South America Rift 

System relatively to the Tertiary East African Rift System. 

Typical duration for a rift phase is around 20-25 Ma. In the East African Rift 

System, most of the tectonic lakes originated between Late Oligocene and Recent. In 

the Cretaceous Reconcavo Basin, the rifting episode lasted ca. 24 Ma. 

The rifting process usually follows pre-existing zones of weakness, as observed 

for example in the Campos Basin, Southern Brazil, where rift-related faulting coincides 

with structural lineaments identified in the adjacent Precambrian rocks (Guardado et al., 

1990). In the Newark Basin (East North America), the main faulting follows the 

regional grain of Appalachian structures (Van Houten, 1964). Teisserenc and Villemin 



25 

(1990) repo1t that the Gabon Basin (West Africa) lies on a suture zone between the 

ancient Congo and Sao Paulo era.tons. 

Normal and strike-slip faults constitute the major tectonic elements of rift basins. 

They subdivide the basin into a complex block mosaic. The larger the scale of the rift 

basin, the more complex it seems to be (Fairhead, 1986). Faulting in rift basins occurs 

at different orders of magnitude. For example, the Dead Sea-Jordan Rift System is 

associated with a major mega left-lateral transform fault that connects an extensional 

area (Red Sea), on one side, to a collisional region (Taurus Collision Zone), on the 

other, and along which the Arabian Subplate moves away from the African Plate 

(Kashai, 1988). Second-order faulting in rift basins occurs along one of the basins' 

margins, as the Salvador Fault System (figure 1.2) in the Reconcavo Basin with a total 

vertical displacement around 5-6 km. 

Faults with strike-slip displacement have increasingly been recognized in rift 

basins. These features are oblique to the rift's axis (Chorowicz, 1990) and parallel to 

the basin's opening direction, and have been termed transfer faults (Gibbs, 1984) or 

accommodation zones (Burgess et al., 1988; figure 3.1). These faults accommodate 

polarity reversals between adjacent half-grabens (Rogers and Rosendahl, 1989), acting 

as conveyor belts, transferring strain of fault systems from one side of the basin to the 

other. The energy transference occurs via oblique shear along interbasinal ridges and 

hinged areas. 

Scott and Rosendahl (1989) found similarities in the structural framework of 

both the East African Rift System and North Sea's North Viking Graben. The presence 

of asymmetrical half-grabens and the occun-ence of intrarift highs (accommodation 

zones) characterize both areas. The presence of accommodation zones is important 

because, when active, they subdivide the rift basin into smaller subbasins, as observed 



30-60 Km 

A 
Half-Graben A' 

LL 

A 
((l 

A' 
-<?<ti 

% BF 

+ 
~ 

9>~ . 
'6 

B "'~ Half-Graben B' 
E o~ 
~ ~B' 
0 co 

I 

0 
c.o 

'B 
BF 

c 
Apparent Full Graben C' 

Half-Graben Half-Graben 

C' 

BF 

Figure 3.1 - Accomodation zones and basin geometry. After Rogers and Rosendahl, 
(1989). 

26 



27 

for Lake Tanganyika (Rosendahl et al., 1986). Being structural highs, accommodation 

zones act as baniers to sediment dispersal (Burgess et al., 1988; Lambiase, 1990). Half

grabens separated by accommodation zones must be treated as independent depocenters 

until spillover occurs. Minor scale sediment-related listric faults (Shelton, 1984), 

associated with both lacustrine and fluvio-deltaic deposits are also common features in 

rift basins. They are important in petroleum exploration because they can control the 

distribution of sublacustrine turbiditic deposits in deep basin (Cam5es, 1988). Also, 

expanded thicknesses of deltaic sands can accumulate on the downthrown blocks of 

syndepositional listric faults, creating rollover structures. 

One of the consequences of faulting in rift basins is their resultant geometry. 

Although most rift models were initially drawn as symmetrical, it has become apparent 

that the fundamental geometry of rift basins is the half-graben (figures 1.5 and 3.1). 

Faulting almost invariably is initiated on one margin of the basin (Frostick and Reid, 

1990). The other flank is characterized by faulting with minor vertical displacement. The 

presence of synthetic faulting stresses the basin asymmetry. The basin associated with 

early rifting is deeper close to the main faulting system (Crossley, 1984). 

In the tectonic lakes of East Africa, half-grabens are the building blocks of the 

basins (Rosendahl et al., 1986). There, the linking elements of the half-grabens are 

accommodation zones, which produce several variations in the basin's geometry. One 

of the resultant geometries is that of an apparent full-graben (figure 3.1 ), created via the 

juxtaposition of two half-grabens (Burgess et al., 1988). 

Faulting is of fundamental importance in the evolution of rift basins, because it 

controls basin location, facies relationship, and ultimately, the distribution of 

hydrocarbon accumulations. Once the basin's snuctural framework is known, facies 

prediction (reservoir, source-rock interval, and seal) is feasible. 
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ill.2. BASIN DIMENSIONS AND DRAINAGE TYPES 

Long-lived lakes are generally tectonic-related (Katz, 1990). The rate of 

tectonically-induced topographic rejuvenation has to exceed the rate of sediment supply, 

otherwise a lake could not form (Lambiase, 1990). Lacustrine environments in rift 

basins are generally related to the early phase of tectonism. Sources of water to the lake, 

according to Hutchinson (1957), include: (1) precipitation, (2) water in surface influents, 

(3) groundwater seeping through the floor of the lake, and ( 4) groundwater entering by 

discrete springs. 

The lakes of the East African Rift System present variable dimensions. Their 

physiographies are dependent on tectonism, climate, and volcanism (figure 3.2). Lake 

Tanganyika is 650 km long and has an average width of 50 km. Its maximum water 

depth reaches 1,470 m (Beadle, 1981; Cohen, 1990). Lake Malawi has an area ca. 

22,500 square km and a mean water depth of 200 m (maximum water depth reaches 700 

m; Johnson and Ng'ang'a, 1990). Lake Kivu presents an area ca. 2,060 square km and 

a mean water depth of 240 m (Stoffers and Hecky, 1978). 

Gasse (1990) states that rifting increases elevation differences and hydraulic 

gradients between the basin and surrounding highlands, increasing the effectiveness of 

both surface water and ground water circulation. Faulting and related block tilting can 

produce diversion and realignment of drainage courses, irrespective of preexisting 

pattern. 

The nature of the synrift drainage basin will control the amount of sediments 

delivered to the receiving basin. Where major drainage systems are captured by the rift 

basin, thick accumulations of alluvial sediments will develop. On the other hand, rift 

basins devoid of major fluvial inputs may become sites of deposition of chemical 

sediments ( evaporites ). 



N 

t \ 
\ -

) ~ «;<l> 

1000 Km 

( / Lakes 

n Banngo and 
~ ,_, Turkanal\:i Bogoria 

Lake / . 

~a ,,.~ I/ 
<o'f'(j ~ : 

~~ [] I 1 C: 
'l .... 
, ) / $ 

r \ Lake \ fg 
1 Victoria " LLJ 

Lake , 

Tanganyik \""- // 

L~~ 
Malawi~ 

\ ; 
\ 

Figure 3.2 - Location map of the tectonic lakes and major border
fault systems in East Africa. After Scholz and Rosendahl (1990). 

29 



Axial Margin Drainage 

~ 

Backshed Drainage 

Re-entrants 

Platform Margin Drainage 

Drainage 

Backshed 

Drainage 

Figure 3.3 - Major rift-basin drainage classes and their relation to tectonic set
tings. After Cohen (1990). 

30 



31 

Cohen ( 1990) recognized three classes of drainage for Lake Tanganyika: ( 1) 

esc01pment margin (boundary fault), (2) platform margin (shoaling side or hanging 

wall/roll-over margin; Frostick and Reid, 1989), and (3) axial margin types (figure 3.3). 

Escarpment margin drainage is associated with the elevated main-faulting border 

(figure 3.3). In this area, the faulted blocks tend to dip away from the basin. As result, 

the main drainage runs parallel but not into the basin, or runs away from the rift basin. 

Drainage down the faulted scarp is short and steeply graded. The escarpment margin be

comes a bypass zone, comparatively starved of elastic sediments (Frostick and Reid, 

1990). 

Platform or ramp-lake margin drainage (figure 3.3) is better developed than the 

escarpment areas, because platf01m areas experience lower rates of subsidence, 

compared to depocenters, and allow well-integrated drainages to develop. 

Axial lake margins (figure 3.3) have very low gradient and moderate to large 

drainage basins. The position of axial rivers and their deltas is constrained by the 

basin's border faulting. The importance of drainage types in two tectonic lakes of East 

Africa is shown in Table 3.1. 

Another way to classify flow types in continental rift basins is taking into 

account the effects of climate and climate-related lake-level changes. Tectonism and 

latitudinal position of the lake are also important factors controlling flow through the 

basin. Hutchinson (1957) and Leeder and Gawthorpe (1987) recognized two flow types 

in continental extensional basins (figure 3.4). Interior drainage (figure 3.4A) is 

characterized by (1) arid climate with small, ephemeral fluvial systems, which flow 

transverse to the basin's axis, (2) isolated fault-bounded basins with no outlet to 

adjacent areas, and (3) thin, chemical deposits. Examples are lakes Baringo, Bogoria, 

and Magadi, in East Africa (Tiercelin, 1990). The other flow type is called axial 

drainage (figure 3.4B), characterized by (1) humid climatic conditions associated with 

extensive lakes, (2) fluvial channel location changing as a function of the axis of maxi-



Lake/Basin Total catch- % Axial % drainage % drainage 

ment area, drainage across escarp- across platfornt 

km2 ment margin margin 

Malawi 102,599 5.6 25.6 68.8 

Turkana 148,403 57.5* 9.9 32.6 

(present-

day) 

Turkana 201,995 42.2 7.3 50.5 

(9,000 BP) 

* -The major part of this drainage is due to the Omo River with more than 90% of its course 

outside the rift. 

Table 3.1 - Catchment area and source of rivers for lakes Malawi and Turkana, East 

Africa. Modified after Frostick and Reid (1989). 
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mum subsidence, and (3) basin-fill dominated by siliciclastic sediments and minor 

carbonate deposits. Lakes Turkana and Tanganyika are examples of this drainage type. 

ill.3. RIFf MODELS AND DEPOSIDONAL SYSTEMS 

The models developed for rift basin evolution take into account tectonic 

characteristics, volcanism, and depositional systems in totally continental basins or 

mixed continental-marine settings. Most of the available models originate from studies 
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of the East African Rift System, except the Chen Changming et al. 's (1984) model, 

developed for the Te1tiary East Chinese basins. 

The models proposed by Reading ( 1986) and Chorowicz ( 1990) take into 

account the tectonic evolution and the volcanic types present in a rift basin. Reading 

(1986) recognizes (1) volcanically-filled rift basins-where lakes do not exist, e.g., the 

Gregory Rift; (2) volcanically-dominated rift basins-where lakes are present, e.g., the 

Lake Turkana, and (3) nonvolcanic rift basins-where well-developed lakes are present, 

as in lakes Tanganyika and Malawi. 

A successful model that integrates tectonic evolution with depositional systems 

was proposed by Le Fournier et al. (1985) for continental rifts (figure 3.5). The authors 

recognized three stages in basin evolution: (1) Crustal stretching- is characterized by 

a wide, slightly depressed basin, veneered by mainly sandy sediments (2) Crustal 

stretching with block tilting-creates a broad trough and uplifted areas. Tilted blocks are 

subject to erosion. This stage is also characterized by the presence of swamps and 

shallow lakes (3) Crustal stretching with collapse- creates the rift valley morphology. 

This stage is marked by high rates of subsidence with sedimentation not keeping pace 

with basin-floor deepening. A lacustrine basin is formed, if climate is appropriate. 

Gravity-laid sediments are common, as are organic deposits. The final phase of this 

stage is the infilling of the depression by a deltaic system. In arid settings, the 

topographic depression can become the locus of evaporite sedimentation in endohreic 

playa lakes. Magnavita and Cupe1tino (1988) successfully applied Le Fournier et al. 's 

model to the Tucano and Jatoba rift basins in Northeastern Brazil. 

The model proposed by Chen Changming et al. (1984) recognizes four steps in 

basin evolution: (I) initial rifting-characterized by mild tectonism and presence of 

alluvial fans, ephemeral streams, and lakes; (2) advanced rifting-marked by high 

subsidence rates, sea encroachment, and deposition of carbonates and evaporites; (3) 

intensive late rifting-characterized by high rates of subsidence and presence of alluvial 
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fan, deltaic, littoral, and deep-water deposits, and (4) degeneration- marked by broad 

cmstal subsidence and fluvial deposition. 

Gabrielsen et al. (1990) studying the North Sea North Viking Graben found a 

close relation between basin characteristics (subsidence rate, faulting style, and basin

floor topography) and the main stages of graben formation. 

Sedimentation in rift basins is the result of the interaction among tectonism, 

climate, and in some basins, volcanism (Cohen, 1990). Tectonism creates the depression, 

which, in climatically favorable areas, will result in a lake. Also, by positioning 

pathways and bruriers, tectonism controls sediment input and the location of sediment 

storage sites in the basins (Gasse, 1990). 

Climate influences sedimentation by altering influent sediment and water 

discharge. Climatic conditions also regulate sediment types, either detrital, biological, 

or chemical. Rainfall regime and vegetal cover control fluvial courses and their input 

to the lakes. McHargue (1990) interprets the synrift stratigraphy as the result of active 

faulting, geographically variable subsidence rates, and variable topographic relief during 

deposition. 

The concept of depositional systems in sedimentru-y basins follows the 

application of Walther's law and facies models developed for large-scale depositional 

tracts up to, and including, entire basins (Miall, 1990). The geometry of a depositional 

package is controlled by the following rates: (1) sediment supply, (2) basin subsidence 

(relative to its sill or spill point), and (3) water-body fluctuation. 

Rift basins contain most of the elements associated with continental margins, 

including shelf-sediment wedges, deltas, subaqueous fans, turbidite aprons, and slumps 

(Rosendahl and Livingstone, 1983). Many of the features associated with open ocean 

sedimentation, such as biogenic oozes and anoxic environments are found in rift basins. 

The difficulty, and at the same time the fascinating aspect of facies distribution 

in rift basins, is that the sedimentary components of the basins ru·e compressed into 

regions of few tens of kilometers wide. Facies extending for hundreds of kilometers in 
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oceanic basins are reduced to a few kilometers in rift basins, reflecting the strong 

control imposed by tectonism, climate, and, in some cases, volcanism. On the other 

hand, there are at least two principal differences between marine and continental rift 

basins: (1) The small size of the lakes limits the generation of long-period wind waves, 

so the energy level is below that found in marine basins. (2) Lakes are nearly- or 

totally-closed systems, with respect to sediment transport. Because the ratio between 

drainage area and lake area is high, accumulation rates in lacustrine settings are usually 

higher than in marine basins (Sly, 1978). 

Lambiase (1990) states that a clearcut shoaling-upward trend can be observed 

in rift basins (figure 3.6). This shoaling-upward trend includes a prerift basal sand, 

synrift fluvio-deltaic and fluvial deposits, and postrift fluvial sands. According to that 

author, there is a direct correlation between major depositional episodes and tectonic 

pulses, which gives rise to Lambiase's single- and dual-cycle basins (figure 3.6). In 

addition, lacustrine deposits occur at a determined stratigraphic position (at the base_ of 

the rift intervals). This consistent trend, according to Lambiase (1990), suggests that 

both tectonism and climate are important in controlling lake distribution. 

Schlische and Olsen (1990) also recognized a tripartite stratigraphic evolution 

for continental extensional basins, that includes a (1) fluvial unit, signaling through

going drainage and open-basin conditions; (2) lacustrine unit, with deepest-water facies 

near its stratigraphic base, and a gradually shoaling-upward, indicating predominantly 

closed-basin conditions, and (3) fluvial unit, suggesting renewed through-going drainage. 

The upward shoaling reflects the gradual infilling of the basin. 

Being relatively sediment-starved zones, escarpment lake margins (Cohen, 1990; 

figure 3.3) do not constitute a dominant component in basin-fill. Most of their 

contribution occurs as gravity-flow, coarse-grained deposits (alluvial fan, debris flow, 

grain flow, grain fall, slump, and turbidite deposits). Platform or ramp lake margins 

(figure 3.3) may constitute loci of deposition of alluvial fan, fluvio-deltaic, swamp, la-
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goonal, and beach packages. Auvial systems discharging directly into deep water will 

be major sources of gravity-resedimented deposits. Entering shallow waters, they tend 

to deposit their coarsest fraction in deltas, and their contribution to gravity-induced 

deposits is restricted to their finer fraction (Crossley, 1984). Platform delta deposition 

(Cohen, 1990) is characterized by: (1) low subsidence rate; (2) low gradient; (3) little 

or no structural control on channel position, and ( 4) rapid sediment input and frequently 

switching lobe position, reducing sediment rates over large areas of the platform. 

Axial lake margins (figure 3.3) may present low gradients and moderate to large 

drainage basins. In Lake Tanganyika, Cohen (1990) reports that axial drainage courses 

are dominated by a major trunk stream. The fluvial courses and related deltaic settings, 

usually are highly controlled by the main faulting system, giving little opportunity for 

channel avulsion. Basins where axial drainages were captured early in the trough's 

history may become sites of major accumulations of alluvial sediments. A good example 

comes from the Benue Trough, western Africa, where the Benue River runs for 

hundreds of kilometers within the basin and parallel to its axis. 

During phases of tectonic activity, strata progressively onlap onto the hanging 

wall block of the basins, indicating that both the basin and its depositional surface are 

growing through time (Schlische and Olsen, 1990). Cohen (1990) reports that an 

increase in subsidence rates along border faults may be accompanied by temporary 

cessation of elastic input and onlap of fine-grained lacustrine sediments onto the faults. 

Following a basin's shoaling-upward trend, fluvio-deltaic deposition begins, and its 

related deposits may or may not show clinoform geometry. 

The absence of clinoforms may be due to the relatively low sediment supply 

with respect to the basin area, and/or due to the steep gradients of the depositional 

surface (Scholz et al., 1990; Scholz and Rosendahl, 1990). On the other hand, 

clinoforms, if present, may occur in such a small scale that they are not seismically 

resolvable. 
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ill.4. LAKE-LEVEL FLUCTUATIONS AND ORGANIC PRODUCTIVITY 

The ratio between precipitation and evaporation regulates lake-level (Crossley, 

1984). Precipitation plus evaporation are both functions of interrelated climatic, 

orographic, and latitudinal factors. The amplitude of lake-level changes may be several 

times that occuni.ng in marine basins (Scholz et al., 1990). At any given time, a 

combined effect of drier climate and tectonism may be responsible for the presence or 

absence of deep lakes in rift basins. Gasse (1990) reports a lake-level drop of ca. 300 

m for Lake Ahal, located in the Afar Depression, around 6,000 yr ago. This lake-level 

drop is interpreted by the author as the result of the combined effect of a dryer climate 

and tectonic activity, which induced seepage to the sea. 

Rainfall plus runoff adds 1.73-2.5 m/yr of water to Lake Malawi, but 

evaporation removes an average of 1.5 m/yr (Johnson and Ng'ang'a, 1990). Seasonal 

fluctuations repo1ted for Lake Malawi occur between 0.4-1.7 m. Lake-level changes for 

Lake Malawi between 1865 and 1963 are shown in figure 3.7. Degens et al. (1971) 

reported lake-level fluctuations for Lake Tanganyika for the last 100 years as of ca. 12 

m. Scholz and Rosendahl (1990) interpreted lake-level drops of more than 350 m for 

lakes Tanganyika and Malawi during Late Pleistocene. Some authors believe that lake

level fluctuations occurring in short-time intervals may be related to Milankovitch-type 

cycles (Van Houten, 1964; Olsen, 1990). Olsen also states that local factors, such as 

climate and orography have strong influence on lake-level changes. 

McGowen et al. (1979), studying the Triassic Lower Dockum Group, Texas 

Panhandle, came to the conclusion that highstand deposits were volumetrically more 

important than the corresponding lowstand ones. The authors interpreted highstand 

deposits to be made up of high-constructive prograding deltas plus meanderbelts, delive

ring well-sorted sediments. These deposits were associated with stable baselevel, humid 
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humid climate, and expanding lake area. On the other hand, lowstand deposits in the 

Lower Dockum Group are characterized by valley-fill, fan delta, and lacustrine 

sediments. Baselevel during lake lowstands dropped. Also, during lowstand periods, the 

meanderbelt became underfit, giving rise to braided streams. During periods of lake 

lowstands of the Triassic Lower Dockum Formation, McGowen et al. ( 1979) interpreted 

drier climatic conditions, decreasing lake area, and common headward erosion of 

streams. The time span associated with lake lowstands were sh01ter than that of 

highstand periods. 

Some attempts have recently been made to apply sequence stratigraphy concepts, 

developed for passive marginal basins (Vail, 1987; Van Wagoner et al., 1990), to 

continental lacustrine settings (Cohen, 1990; Scholz and Rosendahl, 1990). Miall (1990) 

states that erosional features likely to occur in rift basins are ravinement-like surfaces, 

channel scours, erosion of upthrown fault blocks, and shallow-water erosion related to 

drier periods. Souza (1971) studying the Reconcavo Basin, recognized fault-related 

erosional surfaces. Hutchinson (1957), working on the East African tectonic lakes 

observed the presence of sublacustrine channels. He linked the origin of these features 

to either old liver channels, formed ptior to the lake, or to excavation processes 

occun-ed during low lake-level episodes. 

Scholz and Rosendahl (1990), studying lakes Malawi and Tanganyika, 

interpreted the presence of coarse-grained facies to be associated with lake-level changes 

(figure 3.8). They used as boundary surfaces, unconformities recognized in seismic data. 

According to the authors, coarse-grained deposits associated with lake highstands (figure 

3.8A) include turbidites in and adjacent to major channel systems. On adjacent slopes, 

they recognized slump, slide, and debris flow deposits, and related turbidites. They 

observed that debris flow and slope avalanching along border faults result in the 

construction of subaqueous talus cones. According to the authors, fluvial systems ente-
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ring the basin's shoaling side may constitute important coarse-grained deposits dwing 

highstand phases. Associated with lowstand periods (figure 3.8B), Scholz and Rosendahl 

(1990) recognized fluvial channels on the basin margins, fan deltas adjacent to border 

faults, and deltaic systems prograding into reduced-size lakes. 

Two thermal zones are recognized in lakes (figure 3.9). The upper zone 

(epilimnion) is characterized by relatively active water circulation with small and 

variable temperature gradients. The lower zone (hypolimnion) is an almost undisturbed 

colder water layer with gentle vertical decrease in temperature. The boundary between 

the two zones is called the thermocline. The obse1ved vertical temperature profile 

provides an idea of the variation of turbulence with depth and of the distribution of 

oxygen in the water mass (figure 3.9). 

Turbulence in lakes is mainly a function of wind activity. Wave size in lakes 

depends on wind speed, duration, fetch, and depth. In large lakes, 50-knot winds can 

generate waves over 200 m long and 8 m high, with periods of 10 seconds. Waves of 

this magnitude can generate orbital velocities capable of eroding fine- to medium

grained sands down to 100 m of water depth (Johnson and Ng'ang'a, 1990). All other 

things being equal, a lake covering a larger surface area has a deeper wave base than 

another covering a smaller area (Olsen, 1990). 

Pe1manent lake stratification favors the accumulation and prese1vation of organic 

matter in the relatively cold, deep, anoxic waters of the hypolimnion (Smith, 1990; 

figure 3.9). Source-rock intervals are usually associated with such deep-lake sediments, 

occwring at the base of the synrift interval. Good examples of source-rock intervals are 

the Candeias Fm. in Reconcavo Basin (Da Silva et al., 1989) and the Lockatong Fm. 

in the Newark Rift (Olsen, 1990; figure 3.6). 

Olsen (1990) postulated that the organic carbon content of strata is largely a 

function of the ecosystem efficiency, which, in tum, is water-depth related. McHargue 

(1990), studying the Cretaceous Cabinda Rift in West Africa, observed that the total 



22 23 

A 

A 

A 
A 

200 
A 

E 
..c 
a. 
(!) 

0 

400 

600 

. . .. 
A A A 

Temperature, CC 
24 

A 

Temp., C 

sis ppm 

02ppm 

22 

a 

a ' 
a , 
a 
a 

23 24 25 26 27 

D 

D 

D 
Epilimnion 

D 

D 
D 

Hypolimnion 

c a a a 

4 May 1964 
21Jul1955 
5 Aug 1939 

Figure 3.9 - Profiles of temperature, oxygen, and dissol
ved silica off Nkhata Bay, Lake Malawi. After Eccles, 
(1974). 

45 



46 

organic carbon content in that basin increased during highstand periods. The presence 

of source-rock intervals associated with earlier rifting may be explained by sediment 

starvation during a phase characterized by rapid basin-floor deepening. Deep lakes are 

likely to become meromitic environments, i.e., permanently stratified water bodies, 

where dark, organic-rich strata are deposited and preserved from oxidation. 

Lake Tanganyika is a permanently stratified water body with a thermocline 100 

m deep at the basin's northern region. At its southern portion, the thermocline lies 

between 200-250 m (Stoffers and Hecky, 1978; Beadle, 1981; Cohen, 1990). The lake's 

water depth (maximum ca. of 1.5 km) prevents mixing. More than 3/ 4 of the total water 

volume of Lake Tanganyika is permanently anoxic. 

Although almost closed systems, lakes show high biologic productivity. In Lake 

Tanganyika productivity varies between 400-500 gC/m2/yr. In Lake Turkana the values 

are between 300-1500 gC/m2/yr (Hue et al., 1990). In Lake Kivu, productivity values 

average 370 gC/m2/yr (Katz, 1990). Open-ocean productivity values lie between 50-100 

gC/m2/yr, while in upwelling regions, values average 300 gC/m2/yr. Besides biological 

factors, including high productivity and adequate climatic conditions, organic 

sedimentation is strongly influenced by the depth of the lake and basin shape. 

Thus a rift basin like Lake Tanganyika is an excellent place for organic matter 

preservation. A futther factor contributing to the preservation of organic matter is the 

presence of accommodation zones, which subdivide the lake into a series of subbasins 

(Hue et al., 1990). Accommodation zones and uplifted rift shoulders are relatively 

sediment-starved margins, with minimal dilution by siliciclastic sediments. 



CHAPTER IV 

A GENETIC STRATIGRAPHIC FRAMEWORK FOR INTERPRETING 

THE LOWER CRETACEOUS SEDIMENT ARY RECORD OF 

THE RECONCA VO BASIN 

IV.I. INTRODUCTION 

Stratigraphers have striven through time to develop chronostratigraphically

significant schemes in order to unravel the intricacies of the lithologic record of 

sedimentary basins. Sloss (1988) points out that the chronostratigraphic approach for 

analyzing sedimentary basins dates back to the 18th century. Much of the work done 

on chronostratigraphy during the 1800's and 1900's was restricted to the European 

continent. Sloss ( 1988) showed that most of the classical systems of Great Britain and 

western Europe were unconformity-bounded units, such as Hutton's post-Caledonide 

"Great Unconformity". 

As the study of sedimentary basins evolved so did geologist's need to 

distinguish lithostratigraphic packages (rock-stratigraphic units) from their chronostrati

graphic counterparts (time-stratigraphic units). Also, detailed description of the vertical 

succession of sedimentary basins demanded the establishment of hierarchical elements, 

the building blocks of chronostratigraphic schemes. The concept of cyclothems (Wan less 

and Weller, 1932) and the proposition of the unconformity-bounded sequences for the 

intracratonic basins of North America (Sloss et al., 1949; Sloss, 1963) represented 

important contributions to the basin analysis approach during the first half of this 

century. 
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IV .2. SEQUENCE MODELS 

Models are used in geology to summarize complex situations and processes that 

occur in nature. Using these models, geoscientists exchange information on different 

geologic topics. In the case of sedimentary geology, models allow stratigraphers and 

sedimentologists to study and compare characteristics, such as hydrodynamics, facies, 

and structure, to name a few, in both modem and ancient basins. 

There are two kinds of models: 1) universal and 2) local (Walker, 1990). 

Universal schemes are more general and represent more or less similar conditions or 

patterns observed in different basins. A good example of a universal model is Mutti and 

Ricci-Lucchi's turbidite scheme (Mutti and Ricci-Lucchi, 1972; Walker, 1990). Local 

schemes, on the other hand, incorporate more local information than the universal ones, 

and to achieve the status of universal schemes they have to be simplified. 

At present, three sequence models have been widely utilized by the geological 

community. They have been developed along the last two decades, and have deeply 

influenced the basin analysis discipline. These models were all devised for divergent

marginal basins, but represent powerful tools for basinwide studies, and have been 

adapted for the application in different types of basins. 

The oldest of the three models was proposed by Frazier (1974) based upon his 

studies on the Quaternary sediments of the n01thwestem portion of the Gulf of the 

Mexico Basin. The second model was developed by the Exxon research geoscientists 

headed by Vail (Vail, 1987). This model is very popular in the geologic community and 

has been universally applied. The third model, proposed by Galloway (1989a and b), 

represents an outgrowth of Frazier's ideas. 

Both Frazier' and Galloway's models are heavily grounded on the three-dimensi

onal array of depositional systems. Exxon's model, on the other hand, was firstly 

presented as a seismic interpretation of stratigraphic geometries, and later incorporated 

a more firm sedimentologic basis (Van Wagoner et al., 1988). 
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IV.2.1. Frazier's model (depositional-episode scheme) 

Frazier (197 4) published a seminal paper analyzing the Quaternary sedimentation 

of the northwestern portion of the Gulf of the Mexico Basin. In this paper, Frazier put 

forth the principles that govern siliciclastic sedimentation. 

1) Clastic sediments must be brought to the basin margin by fluvial systems. 

1.1) the source of the bulk of the siliciclastic sediments filling a basin 

are the streams along the basin margin. 

1.2) basins are filled from the margin toward the center. 

2) Filling of a basin is achieved by the repetition of depositional and nondepo-

sitional intervals. 

phic units. 

2.1) deposition does not occur everywhere at any time. 

2.2) deposition is not continuous anywhere. 

2.3) nondepositional surfaces (hiatal surfaces) separate discrete stratigra-

3) In a basin being filled by siliciclastic sediments, all points on a hiatal surface 

are not synchronous. One instant of time is present at all points, however. 

3.1) a surface upon which a progradational unit is deposited shows a 

progressively longer interval of nondeposition in a basinward direction. 

3.2) a surface upon which a transgressive unit is deposited shows a 

progressively longer interval of nondeposition in a landward direction. 

Frazier proposed the term depositional-event (time-stratigraphic unit) to represent 

a time interval characterized by localized pulses of deposition. A depositional-event 

records an initial progradation, a penecontemporaneous and intermediate aggradation, 

and a tetminal transgression (figure 4.1). The equivalent rock-stratigraphic unit to a 
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depositional-event is referred to as facies-sequence. An important point to stress is that 

the definition of fades-sequence takes into account the genetic relationship of the 

sedimentary fades that make up this rock-stratigraphic unit. Also, all fades related to 

a facies-sequence are derived from a common sediment source. It is also suggested by 

reading Frazier's paper that sediment deposition is not a continuous process through 

time; rather, pulses of sedimentation characterize its episodic nature. 

Hierarchically longer than a depositional-event, a depositional-episode occurs. 

Its equivalent rock-stratigraphic unit is termed a depositional-complex. A depositional

episode, as proposed by Frazier, does not involve a specified time interval, although in 

his Quaternary study-area each depositional-episode spanned many thousands of years. 

The principles of siliciclastic deposition and the chronostratigraphic frameworlc 

presented by Frazier (1974) have greatly influenced both Exxon's depositional sequence 

and Galloway's genetic stratigraphic sequence models. 

IV.2.2. Exxon's depositional sequence model 

The sequence concept was rekindled during the 1970's by research within the 

oil industry (Scholz and Rosendahl, 1990), notably by the Exxon research group. Peter 

Vail and other researchers put forth the tenets of seismic stratigraphy by analyzing 

seismic data from different basins around the world. According to Sloss (1988), Vail 

and co-workers observed evidences of onlap over unconformities in dip sections across 

passive margins. Sea-level variations were considered as the principal mechanism 

responsible for the development of Exxon's unconformity-bounded depositional sequen

ces. 

AAPG Memoir 26 (Payton, 1977) contains a series of articles written by Vail 

and colleagues. These papers present the seismic stratigraphy principles, emphasizing 

impo11ant points, such as the influence of global sea-level changes, the proposition of 

depositional sequences, and the chronostratigraphic significance of seismic reflectors, 
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among others. In the same volume, Brown and Fisher (1977) summarize their 

experiences in dealing with the Eastern Brazilian passive marginal basins, showing the 

seismic-stratigraphic responses of different depositional systems, and the importance of 

this recognition for basin analysis purposes. 

The seismic stratigraphy concepts represented a breakthrough for basin studies, 

elevating the importance of seismic interpretation as an exploratory tool. Interpreters 

using seismic stratigraphy could now utilize seismic lines for doing stratigraphic 

interpretation in both local and regional scales. Moreover, seismic stratigraphy could 

provide a more rapid approach to basin-fill analysis. 

The once purely two-dimensional geometric model, poorly grounded on 

sedimentologic concepts, received a major improvement in the 1980's with the 

introduction of sequence types and sequence-related system tracts (figure 4.2), paving 

the way to sequence stratigraphy (Vail, 1987). Sangree et al. (1990) show that the 

sequence stratigraphy model encompasses three basic concepts of direct application to 

exploration and production problems: 1) the role of stratal geometry in predicting 

sediment distribution, 2) the integration of petrophysical, biostratigraphic, and seismic 

data, and 3) the accommodation potential. A natural evolution of sequence stratigraphy 

was to tie seismic data with well and outcrop information, creating a powe1ful tool for 

basin analysis. 

Much controversy has arisen on the role played by eustasy in controlling facies 

distribution, on the nature of sequence's boundaries, and in the development of a global 

framework of cyclic sedimentary packages (Haq et al., 1988; Miall, 1991). Exxon's 

depositional sequence represents a recycling of both Sloss' s and Frazier's ideas summed 

up with Vail and co-workers' personal experiences with different basins around the 

world. 
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IV.2.3. Galloway's model (genetic stratigraphic sequence) 

Galloway ( 1989a) defined the genetic stratigraphic sequence as product of a 

depositional-episode (Figure 4.3). This sequence consists of a three-dimensional array 

of genetically-related depositional systems bounded by marine-flooding surfaces. Within 

a single genetic stratigraphic sequence, depositional systems can be inf erred by the 

interpretation of their framework facies. 

Marine-flooding surfaces record major interruptions in a basin's depositional 

history (phases of sediment starvation). The sedimentary record of these surfaces are 

characterized by sediments denoting low rates of deposition and a nonterrigenous 

character. Coevally with periods of flooding of the depositional surface, unconformities 

and condensed sections may occur. Condensed sections show regional distribution and 

characteristic log response and may be associated with stratigraphic markers. High 

quantities of organic material can occur associated with condensed sections. Stratigra

phic markers contain or approximate time lines, being, therefore, reliable chronostra

tigraphic surfaces for bounding genetically-associated rock packages. 

A genetic stratigraphic sequence is mostly analogous to Exxon's 

parasequence (Van Wagoner et al., 1990). The strength of Galloway's model is in 

providing a strong grounding in depositional systems, which allows a three-dimensional 

facies integration. Also, his model does not rely solely on sea-level variation to explain 

sequence development. Rather, a genetic stratigraphic sequence reflects the complex 

interplay of sea-level variations, subsidence, and sediment input. The study-area chosen 

by Galloway (l 989b) to apply his genetic stratigraphic sequence model (Galloway, 

1989a) was the northwestern portion of the Gulf of Mexico Cenozoic Basin. There, 

Galloway (1989b) showed that the development of sequences was influenced by 

different forcing mechanisms. 
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The genetic stratigraphic sequence scheme stresses the principles put forth by Frazier 

(1974) and reaffirms the impo1tance of the conjugate analysis of the seismic data

depositional system couplet. Not relying solely on sea-level variations and resultant 

surf aces, the genetic stratigraphic sequence model creates a vigorous instrument for 

basin-fill studies. 

Xue and Galloway (1990) demonstrated the practicability of utilizing well log 

data in the analysis of the Paleogene section of the Central Texas Gulf Coast. This 

approach is particularly important for the stratigraphic analysis of highly structured, poor 

seismic quality areas, like rift or foreland basins. 

The utilization of the Exxon's model has become very popular, and it has been 

applied in other kinds of basins. Potential problems for the application of universal 

models into a local situation include: 1) tectonic setting, 2) basin scale, and 3) 

sedimentary package thickness. These potential problems and the possibility of force

fitting situations were shown by Walker (1990). A universal scheme, like Exxon's, 

serves much more as a guide for building a chronostratigraphic framework for a 

sedimentary basin than a template for analyzing basin-fills. 

Basic differences between the Exxon and Galloway models exist. These 

differences are mainly related to: 1) the choice of the sequence boundaries, and 2) the 

role played by the mechanisms responsible for sequence generation. Nevertheless, these 

models represent a major contribution to the geological sciences, not only for providing 

a better approach for basinwide studies, but also, for allowing a more complete 

integration of apparently detached disciplines, such as geochemistry (Loutit et al., 1988), 

paleontology (Olsson, 1988; Vail and Womardt, 1990), isotope geology (Williams, 

1988), geophysics (Sheriff, 1977), and the fledgling synthetic stratigraphy (Jervey, 1988; 

Ross, 1989). 
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IV .3. SEQUENCE BOUNDARIES AND CAUSAL MECHANISMS 

Major boundaries within sedimentary packages are likely to signal different 

tectonic regimes and/or relative sea-level changes, which, in tum, may be the product 

of different stress regimes within moving plates. The nature of the chronostratigraphica

lly-significant sutfaces that bound sedimentary packages (Vail, 1987; Van Wagoner et 

al., 1988; Galloway, 1989a) and the causal mechanisms that account for sequence 

development are two important and disputed points. 

In divergent margins, regional unconformities separate rocks deposited under 

different tectonic regimes (Uchupi and Emery, 1991). Rift onset and breakup 

unconformities (Falvey, 1974), recognized in different parts of the world, signal 

important changes in tectonic phases, which are the result of long-term plate motion. 

Sloss' unconformity-bounded sequences represent another important example of regional 

unconformities that bound tectonically-distinct sedimentary packages (Sloss, 1963; 

1988). 

Marine- and lacustrine-flooding sutfaces represent the other natural candidate 

for chronostratigraphic boundaries. Frazier (1974) shows that marine-flooding sutfaces 

are chronostratigraphically-relevant features because they indicate a change in basin-fill 

style (figure 4.1). Xue and Galloway (1990) suggest that marine-flooding sutfaces 

record phases of elastic-sediment starvation and these phases are result of periods of 

reorganization of basin paleogeography. Marine-flooding sutfaces constitute the 

boundaries for Galloway's genetic stratigraphic sequence (Galloway, l 989a and b; figure 

4.2). The Exxon model also incorporates marine-flooding sutfaces in its scheme, which 

act as boundaries for parasequences and parasequence sets (Van Wagoner et al., 1990). 

A major criticism to the Exxon model is that eustasy is the dominant mechanism 

of third-order (1-10 Ma) sequence development Krumbein and Sloss (1951) interpret 

a sequence as a record of a major tectonic cycle. Sloss (1988) suggested that sea-level 

changes are a second- or third-order response to some more significant global 
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phenomenon, and that tectonism, as a long-term active mechanism, is of fundamental 

importance in sequence development. Boote and Kirk (1989) show that there is a close 

relation between tectonism and sedimentation, and that stratigraphic cycles are bounded 

by surf aces that reflect depositional breaks, coincident with significant tectonic episodes 

along an evolving continental margin. Miall (1991) also supports tectonism as a major 

mechanism for the generation of stratigraphic cycles. 

Hubbard (1988), studying different Mesozoic passive margins around the world, 

came to the conclusion that the principal causal mechanisms leading to sequence 

boundary development are changes in subsidence rate, sediment input, and long-term 

tectono-eustatic cyclicity. Galloway ( 1989b) showed that sequence development for the 

northwest Gulf of Mexico Cenozoic Basin is product of the interaction of basin 

subsidence, sediment input, and sea-level variations, and that within a single sequence, 

one mechanism can be more effective than others. 

IV.4. HIERARCHICAL STRATIGRAPHIC ELEMENTS IN INTRACONTI

NENT AL RIFT BASINS - A PROPOSIDON 

Some recent attempts have been made to apply sequence stratigraphy concepts 

to intracontinental rift basins. The East African Rift System has been a popular study 

area (Scholz and Rosendahl, 1990; Flannery and Rosendahl, 1990). 

Major differences between intracontinental rifts and passive margins lie in basin 

dimensions, tectonic forcing mechanism, and amplitude and frequency of water-body 

fluctuations. System tracts in marine basins may extend by lOO's of km, while 

sedimentary facies in rift basins are squeezed into troughs 100-200 km or less, long by 

a few lO's of km wide (Scholz and Rosendahl, 1990). Moreover, rapid lateral facies 

changes in rift basins are achieved by their irregular basin-floor topography. Lake-level 

variations show extreme frequencies and amplitudes and can play an important role in 

facies distribution. For example, Scholz and Rosendahl (1990) rep01t that during Late 
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Pleistocene, lake-levels of lakes Tanganyika and Malawi were of ca. 350 m lower than 

at present. 

Tectonism and climate constitute the most important mechanisms controlling 

facies distribution in intracontinental rift basins. Tectonism is responsible for the: 1) 

creation of the depositional trough and its adjoining source areas, 2) basin's structural 

framework, and 3) sediment access to the depositional basin. Climate influences facies 

development both regionally and locally. Regionally, because the basin is situated within 

a climatic belt. Locally, because different topographic regions surrounding the basin can 

lead to the creation of microclimatic belts (for example, the topographic high of the rift

shoulder region). The sedimentary record of an intracontinental rift basin generally 

reflects the overprint of sho1t-term climatic fluctuations (103-104 years) over long-term 

tectonic periods (106-107 years). 

The basin filling of intracontinental rifts is characterized by distinct tectonic 

periods, each one presenting a particular depositional style. In order to understand the 

evolution of intracontinental rift basins it is necessary to identify these individual 

tectonic intervals and their related depositional packages. 

Development of chronostratigraphic framework for intracontinental rift basins 

requires the recognition of tectonism and climate as the most important mechanisms 

creating stratal surfaces or stacking patterns. In this case, the forcing mechanisms will 

be different from those ruling sequence development in passive margins, which are 

characterized by relatively quiescent tectonic conditions and influence of sea-level 

fluctuations. 

The more refined the chronostratigraphic framework of a sedimentary basin the 

better its evolution can be understood. Refinement of the framework demands the 

establishment of hierarchical elements, or building blocks of the long-term chronostrati

graphic units. I propose here three chronologically-significant, hierarchical elements that 

make up a logical chronostratigraphic association for tectonically-active basins. These 

chronostratigraphic elements are characterized by their: 1) hierarchical position, 2) 
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physical characteristics (geometry, spatial continuity, and vertical arrangement of facies ), 

and 3) boundaries. Being informal terms, these elements will be herein written in lower 

case letters. 

The first element of this classification is termed a tectonosequence, meaning the 

spatial and temporal assemblage of genetically-related strata deposited during a specific 

phase of tectonic activity and bounded by basinwide, recognizable unconformities 

(figure 4.4). The importance of the bounding unconformities for a tectonosequence is 

that they act as boundaries between distinct tectonic phases, constituting important 

reference points for basin-fill studies. Tectonism can create sequence-bounding 

unconformities that are regionally correlatable (Hubbard, 1988). As proposed here, these 

unconformities have no relation to sea-level changes (Van Wagoner et al., 1990). 

A tectonosequence contains, for example, all deposits laid down during a basin's 

rift phase, and may span a time interval up to 107 years. A tectonosequence can be 

identified at the scale of seismic lines or well logs. A sedimentary basin may contain 

more than one tectonosequence. 

The term tectono-depositional interval designates a stratigraphic package that 

comprises genetically-related deposits that characterize a distinct tectonic period within 

a basin's tectonic phase (figures 4.4 and 4.5). Major depositional episodes/sequences can 

be correlated with tectonic episodes within a distinct tectonic phase (Boote and IGrlc, 

1989). The boundaries for a tectono-depositional interval are characterized by 

stratigraphic marker beds, which constitute the record of maximum flooding events in 

a basin's depositional history. These markers constitute reliable chronologic elements 

because they are created during phases of basin inundation and minimum siliciclastic 

input, signaling changes in regional basin paleogeography. 
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Lacustrine-flooding surfaces are interpreted here to constitute paraconfonnities 

(hiatal surfaces) that may be contained within the thin, widespread lacustrine markers. 

In reality, a lacustrine marker bed may contain or approximate a flooding surface, and 

for this reason constitutes a chronologically-significant physical horizon. An important 

characteristic of a lacustrine-flooding surface and its related marker bed (or stratigraphic 

marker or a lacustrine marker bed) in this model is that they approximate or encompass 

the limit between inteivals with distinct tectonic characteristics. 

Less commonly, the boundary for a tectono-depositional inteival may be an 

unconformity. In this case, the unconformity is related to the base or top of the 

tectonosequence. As proposed here, within a tectonosequence all tectono-depositional 

intetvals are bounded by flooding surface-related marker beds. A tectono-depositional 

intetval is similar to a parasequence set (Van Wagoner et al., 1990) and a stratigraphic 

sequence (Galloway, 1993-course notes), and has a time span of about 106 years. The 

identification of a tectono-depositional intetval can be made utilizing seismic lines and 

well logs. 

The following aspects of the basin define the context of a tectono-depositional 

intetval: 1) contemporary structural framework, 2) active depositional systems, 3) 

depositional style, and 4) degree of organization of larger sediment dispersal systems. 

Depositional style is linked to the rate of basin-floor deepening and sediment volume 

reaching the basin. Phases of active tectonism and low sediment supply are character

ized by uplap-type depositional style. Periods of high sediment supply and minor 

tectonism allow sediments to prograde the depositional area. 

The third element proposed in this chronostratigraphic model is called tectono

depositional episode. A tectono-depositional episode encompasses genetically-related 

deposits laid down during a constructional phase in a basin's history (figures 4.4 and 

4.5). The boundaries for a tectono-depositional episode are also flooding surface-related 

marker beds. A tectono-depositional episode is equivalent to a parasequence (Van Wa-
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goner et al., 1990). Similarly to a parasequence or to a punctuated aggradational cycle 

(PAC; Goodwin and Anderson, 1985), the vertical arrangement of facies within a 

tectono-depositional episode suggests a shallowing-upward pattern. A tectono

depositional episode spans 104 to 1()5 years and may be identified in well logs, outcrops, 

and cores. 

A tectono-depositional episode constitutes the fundamental building block of this 

chronostratigraphic scheme. It produces a distinct depositional increment in a basin's 

sedimentary record, and its sedimentary deposits display the overprint of contemporary 

tectonism and climate. Climatic influence on the deposition of these short-term packages 

is expected to be higher than tectonics. 

The association of various tectono-depositional episodes characterize a tectono

depositional interval, a longer term depositional period marked by a particular phase of 

tectonic activity. It may be possible, sometimes, that a tectono-depositional interval 

cannot be broken down into tectono-depositional episodes due to: (1) limitations to 

available data or (2) apparent lack of reliable marker beds. In these cases, a tectono

depositional interval can be recognized on the basis of its own characteristics (tectonic 

signature, sedimentary record, external geometry, and strata! pattern; see tectono

depositional interval A in figure 4.4). 

Finally, two or more tectono-depositional intervals constitute a tectonosequence, 

a chronostratigraphic unit comprising the entire sedimentary record deposited during a 

basin's tectonic phase and bounded by two basinwide unconformities that characterize 

distinct changes in tectonic conditions and sedimentary record stratigraphically below 

and above the tectonosequence (figure 4.6). 

The establishment of tectono-depositional intervals can be achieved early in 

basin exploration. Identification and integration of tectono-depositional episodes into 

tectono-depositional intervals, however, are usually done during a more advanced stage 

of exploration. 
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For petroleum exploration purposes, the recognition of different tectono

depositional intervals is very impo1tant because they may contain or incorporate the 

necessary elements for petroleum generation and trapping (organic-rich strata, reservoirs, 

and structure). 

IV.5. THE LOWER CRETACEOUS TECTONOSEQUENCE IN THE 

RECONCA VO BASIN 

The present configuration of the Reconcavo Basin depicts a basin of ca. 160 km 

long and 20 km and 70 km width (figure 2.1). It constitutes the southern tip of a mega

intracontinental rift (Jatoba-Tucano-Reconcavo Rift; figure 1.1 ). The Reconcavo Basin's 

total sedimentary thickness probably reaches more than 6 km in Southern Reconcavo 

(figure 1.2), and its dimensions are comparable to those of other rift basins around the 

world, both ancient and modem. 

Many authors have associated the Reconcavo Basin's sedimentary fill to two 

distinct tectonic phases, one is prerift (tectonically-quiescent) and the other one is synrift 

(tectonically-active; Viana et al., 1971; Ghignone, 1979; Netto et al., 1984, among 

others). The prerift sediments have been interpreted as part of the Dom Joao Stage 

(NRT 001) and of the lower portion of the Rio da Serra Stage (NRT 002; figure 1.6). 

The onset of the rift phase has been dated as coeval with the occuffence of the basal 

sediments of the biozone NRT 003 (figure 1.6). A third phase, corresponding to the 

thermal subsidence period in other marginal basins, is poorly developed in the 

Reconcavo Basin. 

Isopach and sand isolith maps of the transition between the prerift and rift 

phases show some interesting features that have been overlooked on regional studies 

of the Reconcavo's basin-fill. 
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1. All isopach and sand isolith maps of the sedimentary units belonging 

to the Dom Joao Stage (NRT 001; figures 1.6 and 4. 7) and to the lower portion of the 

Rio da Serra Stage (NRT 002.1, corresponding to the Itaparica Fm.; figures 1.6 and 4.8) 

suggest presence of a depocenter to the southwest of the basin. 

2. Longitudinal stratigraphic cross-sections suggest truncation of the 

basinwide Itaparica Fm. markers against the base of the Agua Grande Fm. (figure 4.9). 

3. Isopach and sand isolith maps of both the Agua Grande Fm. and 

younger lithostratigraphic units show a change in depocenter location. The sand isolith 

map of the Agua Grande Fm. (figure 4.10) depicts a depocenter location close to the 

basin's eastern border, suggesting a change in basin polarity. This pattern remains 

unchanged throughout the rift phase. 

4. The sand isolith map of the Agua Grande Fm. shows its thickest 

values at the northernmost portion of the Reconcavo Basin (figure 4.10), the opposite 

observed for the isopach map of the Sergi Fm. (figure 4.7). 

Hubbard (1988) found quite similar ages for rifting onset for the Santos (Brazil), 

Grand Banks (Canada), and Beaufort Sea (Alaska) basins, i.e., 144 Ma to 145 Ma. The 

tmncation surface present at the base of the Agua Grande Fm. formed between 142 Ma 

(top Agua Grande Fm.; figure 1.6) and 144 Ma (top of Sergi Fm.; figure 1.6). Thus, the 

evidence suggests that an important tectonic change occurred in the Reconcavo Basin 

between 144 Ma and 142 Ma. The Itaparica and Agua Grande fms. would, therefore, 

belong to different tectonic phases in the basin. 

The Agua Grande Fm. constitutes the first sedimentary product of a new tectonic 

phase with different characteristics from that found for both the Dom Joao (NRT 001) 

and lower portion of the Rio da Serra Stage (NRT 002.1) sediments (intracratonic basin 

characteristics). This new tectonic phase reached its climax around 140.5 Ma (base of 

NRT 003, figure 1.6), creating a totally different structural framework for the 

Reconcavo Basin. 
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The erosional sutface that marks the onset of new tectonic conditions in the 

basin has a very subtle gradient. Using Marker 73 as a reference (see figure 1.6), this 

surface presents a gradient of about 1 :780 (0.07°; figure 4.9). The truncation of the 

ltaparica Fm. markers against the base of the Agua Grande Fm. was first observed by 

Young (1958). Da Silva ( 1978) on his work on the Itaparica Fm., confirmed the 

discordant nature of the base of the Agua Grande Fm. 

The relief of this erosional sutface is difficult to recognize on seismic lines, both 

because of its flat character and because most of the seismic lines of the Reconcavo 

Basin were shot in areas where the Agua Grande Fm. occurs deeper than 1000 m. New 

seismic lines shot in Northern Reconcavo, however, suggest the presence of this 

erosional surface (figure 4.11) in an area where this lithostratigraphic unit is relatively 

shallow and well controlled and the seismic data are of good quality. In Southern 

Tucano Basin (figure 1.2), the Agua Grande Fm. lies directly over the Sergi Fm. 

because of the erosion of the entire ltaparica Fm. 

The change in basin polarity between the NRT 002.1 sediments and younger 

units, the presence of a truncation sutface with angular discordance, and the relatively 

similar age for the onset of rifting in other basins, all place the boundary of the rift 

phase in the Reconcavo Basin at the base of the Agua Grande Fm. (NRT 002.1 ), instead 

of at the base of biozone NRT 003 (figure 1.6), making the erosional surface present 

at the base of the Agua Grande Fm. the rift onset unconformity (Falvey, 1974). 

The rift phase is recognized as a particular tectonic period in a basin's history, 

which is characterized by block tilting and major normal faulting. This does not mean 

that the limits of the rift phase in the Reconcavo Basin should be placed at the base of 

the major faulting-related deposits. Rather, I suggest that the rift phase in the Reconcavo 

Basin encompassed a series of processes that were characterized by extensional-related 

features, culminating in the triggering of n01mal faulting during early Middle Rio da 

Serra Stage (NRT 003; figure 1.6). 
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Another important and readily recognized erosional surface occurs at the top of 

the Sao Sebastiao Fm. (figure 1.6). This surface separates structurally-influenced 

sediments from flat-lying deposits. The former correspond to all sediments affected by 

the rift phase in the basin up to the Sao Sebastiao Fm. (figure 1.6). The latter, 

encompasses the postrift deposits, and include the Marizal, Sabia, and Barreiras fms., 

and modern sediments. In some cases, the Marizal Fm. sediments lie directly over the 

crystalline basement (figure 1.6). This erosional surface has an estimated age of 118 Ma 

(figure 1.6), and the Marizal Fm. sediments represent a time gap of ca. of 3.5 Ma 

between the end of the rifting episode and the deposition of this unit's basal sediments. 

This erosional surface marks the onset of the thermal phase subsidence in the evolution 

of the Eastern Brazilian Mesozoic basins. This surface is interpreted herein as the 

breakup unconformity of Falvey (1974). 

The interval 142-118 Ma (24 Ma) is assigned as the time span during which the 

Lower Cretaceous sediments enveloped by the two unconformities were laid down 

(figure 1.6). The distribution of the sedimentary record of the Reconcavo Basin since 

Pennian reveals than synrift strata account for most of the deposits of the basin (figures 

4.12, 4.13, and 4.14). 

The term Lower Cretaceous tectonosequence of the Reconcavo Basin, hereafter 

called as Lower Cretaceous tectonosequence, is here proposed to designate the synrift 

strata deposited between 142 Ma and 118 Ma. It encompasses sediments laid down 

during NRT 002.1 up through NRT 009 times (figure 1.6). The oldest unit belonging 

to the Lower Cretaceous tectonosequence is the Agua Grande Fm. and the youngest is 

the Sao Sebastiao Fm. (figure 1.6). The term tectonosequence is used to imply that 

tectonism was an active forcing mechanism in sequence development in the Reconcavo 

Basin. 

The Lower Cretaceous tectonosequence encompasses most of the sedimentary 

record of the Reconcavo Basin. It is bounded by two basinwide erosional surfaces, 

which separates the stratigraphic record of different tectonic phases. These sequence 



SE 

en 
-g 
8 
<!) 

Cf) 



(/) 

1? 
8 
Q) 
(/) 

NW SE 

0 

2 

0 1 Km 

Figure 4.11 - NW-SE seismic line in Northern Reconcavo. Observe (1) truncati()n of the Agua Grande Fm. Oetter A) to 
northwest, (2) truncation of the Itaparica fm. (letter I) against the base of the A20a Grande Fm., and (3) onlap of the 
NRT 002.2 sediments onto the top of the Agua Grande Fm. Numbers 002 through 005 indicate respective biozones. See 
figure 1.4 for line location. 
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boundaries indicate periods of change in basin geometry and polarity. The time period 

142-118 Ma and its sedimentary record in the Reconcavo Basin represent local evidence 

of the separation between South America and Africa, in a phase dominated by 

extensional stress fields. 

This informal chronostratigraphic scheme preserves the logical association 

established for the basin's litho-, bio-, and chronostratigraphic units (Viana et al., 1971) 

and incorporates the concept of a chronologically-significant tectonostratigraphic unit. 

Galloway (1989c) shows that basin-fill records the complex interplay among 

autogenic and climatic mechanisms, and tectonic/geomorphic events, which may be 

effective regionally or locally. The Lower Cretaceous tectonosequence encompasses 

facies associations with different characteristics resulting from the interaction of 

tectonism and climate. 

Changes in the tectonic-climate regime will influence erosion rates, sediment 

delivery capacity, and basin-fill style. These long-term intervals constitute third-order 

features (time duration) and allow subdivision of the Lower Cretaceous tectonosequence 

into smaller chronostratigraphic units. 

Six tectono-depositional intervals (tdi' s) can be recognized within the Lower 

Cretaceous tectonosequence. They are, from the oldest to the youngest: the Lower Rio 

da Serra, Middle Rio da Serra, Upper Rio da Serra, Lower Aratu, Upper Aratu, and 

Buracica-Jiquia tdi' s. The interval names are bo1rnwed from the local stages defined for 

the Reconcavo and other Mesozoic basins located along the East Brazilian Margin. For 

practical purposes, however, they are designated by Roman numerals, from I to VI. 

Tectono-depositional interval I corresponds to the Lower Rio da Serra tectono

depositional interval and tectono-depositional interval VI corresponds to the Buracica

Jiquia tectono-depositional interval, respectively (figure 1.6 and table 4.1). 

Sometimes, for practical purposes, tectono-depositional interval, stage, and 

biozone nomenclature may be employed interchangeably. For instance, tectono-deposi-
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tional interval II being equivalent to both Middle Rio da Sen-a and NRT 003 strata 

(figure 1.6 and Table 4.1). 

The tectono-depositional intervals of the Reconcavo Basin spanned time periods 

ranging from ca. of 2 Ma to 7.5 Ma. A semistrike (N-S; figure 4.15) and a dip (ENE

WSW; figure 4.16) cross-sections display the six tectono-depositional intervals that 

make up the Lower Cretaceous tectonosequence in the Reconcavo Basin and provide 

an idea on the volumetric importance of each tectono-depositional interval for the 

Reconcavo's sedimentary fill. 

Tectono-climatic intervals would be another option to designate the smaller 

chronostratigraphic packages that make up the Lower Cretaceous tectonosequence of the 

Reconcavo Basin. The term tectono-depositional interval, however, clearly reflects the 

influence and the importance of tectonic forcing on the resultant sedimentary deposits, 

suggesting a cause-effect relation. 

Of major importance is the definition of the boundaries for the tectono

depositional intervals. It has been observed that some basinwide marker beds contain 

or approximate time lines in the Reconcavo Basin (Ghignone, 1979). These marker 

beds, characterized by a typical log response and by a defined stratigraphic position, 

incorporate hiatal surfaces deposited during phases of basin inundation and minimum 

siliciclastic sedimentation (Galloway, 1989a). 

Markers 60, 40, 15, 7, and 1 (table 4.1) are basinwide recognizable marker beds, 

which represent flooding events separating distinct tectonic-climatic phases within the 

Lower Cretaceous tectonosequence. Other important marker beds, such as markers 14 

and 11, for instance, though areally extensive, represent flooding events within a single 

tectonic-climatic phase (tectono-depositional interval IV). 

A reliable relation has been established between marker beds and paleontologic 

tops in the Reconcavo Basin. For the top of tectono-depositional interval I, marker 60 

has a good correspondence with the top of subzone NRT 002.2 (Souza et al., 1989). 
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Tectono- Time span Tectonic Lithostrati- Biostratigr. Boundaries 

dep. inter- (Ma) phase gr. unit unit (biozo-

val (frn.) ne) 

Buracica- ca. of 3.7 late rift- Sao Sebas- NRT 007- marker 1 

Jiquia (VI) renewed tiao 009 and b.u.1 

tectonic 

activity 

Upper ca. of 2.5 late middle Candeias, NRT 006 markers 7 

Arato (V) rift-minor Pojuca, and and 1 

tectonic Taquipe 

activ. 

Lower ca. of 5.5 middle rift- Candeias, NRT005 markers 15 

Arato (IV) minor tee- Pojuca, and and 7 

tonic activ. Taquipe 

Upper Rio ca. of 7.5 middle rift- Candeias and NRT 004 markers 40 

da Serra tectonism Marfim and 15 

(III) decreases 

toward top 

Middle Rio ca. of 3.0 early rift- Candeias NRT 003 markers 60 

da Serra strong tee- and 40 

(II) tonic activ. 

Lower Rio ca. of 2.0 pre-main Agua Grande NRT 002 r.o.u.2 and 

da Serra (I) faulting and Candeias marker 60 

phase 

b.u.1=breakup unconformity r.o.u.2=rift onset unconformity 

Table 4.1 - Characteristics of the tectono-depositional intervals that make up the Lower 

Cretaceous tectonosequence in the Reconcavo Basin. 
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Marker 40, the top of tectono-depositional intetval II, has long been recognized 

as a time horizon, showing good match with the top of biozone NRT 003 (Ghignone, 

1970; Souza et al., 1989). The top of tectono-depositional intetval ill is characterized 

by the occurrence of marker 15. This marker bed has been correlated with the top of 

biozone NRT 004 (Ghignone, 1970; Pereira and Viana, 1984). Marker 7, top of tectono

depositional inteival V is correlatable with NRT 005.4. Finally, ma.ricer 1, top of 

tectono-depositional inteival IV, has been correlated with the top of biozone NRT 006 

(Ghignone, 1979). 

These marker beds provide boundaries for the tectono-depositional inteivals of 

the Lower Cretaceous tectonosequence, except for the base of the lowermost tectono

depositional intetval (I) and for the top of the uppermost one (VI), where the rift onset 

and the breakup unconformities, respectively, are present (figure 1.6). 



CHAPTER V 

LACUSTRINE FLOODING SURFACES OF THE LOWER 

CRETACEOUSTECTONOSEQUENCE 

Transgressive events in marine basins occur as sediment input lags behind 

subsidence and the creation of accommodation space (Thome and Swift, 1991). 

Important horizons developed during transgressive phases include ravinement, marine 

erosion, and maximum flooding surfaces. The first two surfaces have a time-transgres

sive nan.ire. A maximum flooding surface is marked by lithologic or other criteria 

indicative of an abrupt increase in water depth (Swift et al., 1991). Such a surface is 

created during maximum transgression of the shoreline where deposition is minimum 

and characterized by condensed sedimentation. Associated with sediment starvation 

occur thin, but continuous zones of burrowed, slightly lithified beds or marine 

hard.grounds (Loutit et al., 1988). 

The maximum flooding surface and its related condensed sections represent 

chronologically-important hiatal surfaces because they are created during peaks of 

transgressive events in both marine and lacustrine basins. They have widespread 

distribution and the time involved in their creation is interpreted to be of short duration. 

Physical beds that contain or approximate maximum flooding surfaces and their related 

condensed sections create log markers, marker beds, or stratigraphic markers. In this 

work, I will be dealing only with time-significant surfaces, which occur associated with 

marker beds. 

The term flooding surface will be utilized herein to mean those chronologically

significant surfaces created during peaks of transgressive events, i.e., maximum flooding 

surface and condensed sections. A marker bed (or log marker or stratigraphic marker), 

as proposed here, means the physical bed that contains or approximates a series of hiatal 
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surlaces (paraconformities) and condensed sections. For practical purposes, however, the 

terms marker bed (or log marker or stratigraphic marker) and flooding suiface may be 

interchangeable, once their aforementioned characteristics are taken into account 

In the small-sized lacustrine rift basins, as in the Reconcavo Basin, phases of 

creation of lacustrine-flooding surfaces may had been associated with important 

paleoclimatic changes or with changes in the tectonism-climate couple. 

Marker beds constitute an important element for basin analysis. They can be 

recognized in seismic lines, well logs, outcrops, and cores. Two important characteristics 

of marker beds are their signature and well defined stratigraphic position (McHargue, 

1990). Basic information concerning basin evolution can be retrieved from the study of 

marker beds and their associated flooding surfaces, as follows: 

1) Regional distribution. Marker beds usually have a wider distribution than 

surrounding facies. High lake-levels or highstands of sea-levels may suggest the action 

of allocyclic mechanisms (Beerbower, 1 %4; Kauffman, 1988), rather than the influence 

of intrabasinal agents. 

2) Reliable physical surlaces separating genetically-related strata. The 

sedimentologic and paleontologic characteristics of marker beds suggest different 

paleogeographic conditions at the time of their deposition if compared to surrounding 

deposits. 

3) Economic importance. Flooding surlaces are usually related to anoxic events, 

and economically important deposits including organic carbon-, radioactive element-, 

and phosphate-rich strata may occur associated with them. 

4) Important biologic and ecologic indicators. Biologic burst and mass mortality 

events represent a common association with flooding surlaces and may indicate major 

environmental modifications, such as changes in: a) oxygen content, b) salinity, and c) 

temperature. 

5) Practical importance for petroleum exploration. Marker beds are commonly 

employed in petroleum prospecting for paleoenvironmental reconstructions. 
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Several authors recognize the temporal significance of marker beds. For 

example, in the mostly Devonian lacustrine sediments of the Orcadian Basin, Scotland, 

strata correlation depends almost entirely on the Achanarras/Sandwich fishbed horizon 

(Astin, 1990). In the Permian lrati Fm. of the Parana Basin, Southern Brazil, carbonate 

horizons associated with bituminous shales can be correlated for hundreds of km along 

the basin's eastern border (Castro, 1989). The limestone beds associated with the Upper 

Cretaceous sediments of the Hartland Shale and Jetmore Chalk of Kansas and 

southeastern Colorado were interpreted by Hattin (1971) and Kauffman (1988) as time

parallel units for their widespread distribution and parallelism to bentonite seams. 

The temporal significance of flooding surfaces has also been recognized and 

incorporated into sequence models. Exxon's model (Van Wagoner et al. 1990) depicts 

flooding surfaces bounding parasequence and parasequence sets. In Galloway's model 

(Galloway, 1989a), flooding surfaces constitute the bounding horizons for a genetic 

stratigraphic sequence. The sequence model proposed in this dissertation ascribes an 

important role for flooding surfaces as chronologically-significant boundaries of tectono

depositional intervals and tectono-depositional episodes. 

This chapter aims to characterize the marker beds present within the Lower 

Cretaceous tectonosequence and their related sedimentary cycles. It is subdivided into 

three sections. Section V.1 discusses lithological composition, distribution within the 

tectono-depositional intervals, and paleontological significance of these beds . in the 

Reconcavo Basin. Section V .2 addresses the geochemical characteristics of some of the 

marker beds. Finally, section V .3 focuses on the influence of paleoclimate on the cyclic 

deposits of tdi II in Northeast Reconcavo. 
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V.1. LITHOLOOY, DIS1RIBUTION, AND PALEONTOLOOIC SIGNIFICAN

CE OF TIIE MARKER BEDS 

The stratigraphic record of the Lower Cretaceous tectonosequence of the 

Reconcavo Basin was punctuated by a series of lacustrine flooding events creating 

stratigraphic markers and corresponding flooding surfaces. These markers found within 

the Lower Cretaceous tectonosequence have long been recognized as time significant 

horizons, constituting important mapping elements for petroleum exploration and 

exploitation in the basin. 

Fonseca et al. (1966) found ''key-horizons" within the Pojuca Fm. (tectono

depositional intervals IV and V). Passos (1967) in his work on uniformization of the 

nomenclature of the oil-producing sandstones within the Pojuca Fm. (figure 1.6) also 

confirmed the presence of marker beds that were regionally correlatable. Miura et al. 

(1969) recognized four sandstone packages, bounded by stratigraphic markers, within 

the Pojuca Fm. According to the authors, these bounding surfaces were parallel to 

paleontologic tops. Aboarrage (1970) observed the presence of marker beds within the 

Sao Sebastiao Fm. (tectono-depositional interval VI). Ghignone (1970) recognized the 

temporal significance of the stratigraphic marker associated with the top of tdi II. 

Souza and Della Favera (1969), Aguiar (1969), and Souza (1975) found marker 

beds within the Gomo Mb. of the Candeias Fm. (tectono-depositional interval II) in the 

northeastern portion of the Reconcavo Basin. Souza et al. (1989) formalized the 

stratigraphic position of ca. of two dozen marker beds present at Reconcavo's 

northeastern subbasin. Mato (1989) described the lithological and depositional aspects 

of marker 58 (Candeias Fm./Gomo Mb.) in Northeast Reconcavo. Finally, Pereira and 

Viana (1984) and Mato et al. (1991) studied the lithologic characteristics associated with 

the log form called marker 15 (top of tectono-depositional interval III). 

Occurrence maps for the most important stratigraphic markers are provided to 

show their regional character. The distribution of the stratigraphically younger marker 
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beds is better constrained than the older ones. In the Todos os Santos Bay, information 

is generally scarce, and wells drilled in that area are spudded in Aratu Stage (tectono

depositional inteivals IV and V) or Upper Rio da Serra Stage (tectono-depositional 

intetval Ill) sediments. At present, only markers 60 and 40 are recognized in that 

portion of the basin (Da Silva et al., 1989). 

V.1.1. Tectono-depositional interval I 

The only recognizable marker bed found within this tectono-depositional inteival 

is termed marker 60. Strati graphically, this horizon is also the oldest of the all 

stratigraphic markers found to date within the Lower Cretaceous tectonosequence. 

Marker 60 occurs at the top of tectono-depositional inteival I and, generally, coincides 

with the top of Tami Mb. of the Candeias Fm. (figure 1.6). Most of the time, marker 

60 shows a very good correlation with the top of NRT 002.2 ( Cypridea cf. C primaria 

GR·KRO; figure 5.1). 

Lithologically, marker 60 is characterized by the intercalation of black shale with 

light brown criptocrystalline limestone or dark gray calcilutite. Its log signature is 

recognized basinwide (figure 5.2). 

V.1.2. Tectono-depositional interval II 

A series of marker beds have been recognized within this inteival in Northeast 

Reconcavo (figures 1.2 and 5.3). Only the topmost marker bed (marker 40) of tectono

depositional inteival II has been identified regionally (figw·e 5.4). The others, markers 

41 through 59, are restricted to Northeast Reconcavo (figure 5.4), which covers an area 

ca. of 1,600 square km. According to Ghignone (1970), marker 40 (formerly marker 50) 

constitutes a reliable chronostratigraphic horizon being a good indicator of the top of 

tdi II (NRT 003) in the Reconcavo Basin (figure 1.6). 



SW 

~ 
Cil 
c 
0 

"" ·u; 
0 
a. 
<I> 

"O 

6 
c 
0 u 
2 

1-SP or GR curve 

2-Resistivity curve 

2 

0 

0 20 km 

50 m 

Figure 5.1 - Strike cross-section showing relationship between marker 60 (datum) and top of NRT 002.2. 

NE 



38°30' 3s'oo· 

Apora'High 

+ + + if 
Southern 

Tucano Basin 
Garrre rav Resistivity + ~ 

I-?~- -? 
? 

12°00' 

? 
-?-

? 
? 

? 

? -? C'\. 

? rP 
"lif 
~ 

? ~ .,.._o 

? ~ 
()0 0 

1230' 

? 

Well log defined 

? __ Indeterminate 

0 20 Km 
13°00' 

Salvador Cit 

Figure 5.2 - Occurrence map for marker 60. Indeterminate areas represent regions 
where marker bed is: (1) too deep, (2) absent due to faulting or shale diapirism, or 
(3) not recognized on well log data. 

91 



92 

Souza et al. ( 1989) reported the occurrence of ca two dozen marker beds in 

Northeast Reconcavo. Of these log features, markers 40 and 44 show good correlation 

with the tops of subzones NRT 003.2 (Cypridea-Morininoides-hadronodosa Krommel

bein 1962) and 003.1 (Cypridea sellata Viana 1966), respectively (figure 5.5). 

Core information shows markers 54, 55, 56, and 58 consist of shale exhibiting 

low resistivity and limestone with high resistivity. X-ray diffraction analyses performed 

by Petrobras' Research Center reveal that the average clay fraction composition is 

illite/smectite (65-75%), illite (15-25%), chlo1ite (trace-10%), and kaolinite (trace). 

According to Souza et al. (1989), this shale composition is similar to other shaly levels 

examined within the Gomo Mb. (Candeias Fm.). High resistivity peaks correspond to 

thin horizons characterized by ostracod-rich biocalcilutite and biocalcarenite, dolomicro

spatite, silty shale, and ostracodal mudstone. Also common, is the presence of fish 

scales, carbonaceous fragments, ostracod shells, oncolites, and carbonatic intraclasts 

(Souza et al., 1989; Mato, 1989). 

Mato (1989) reports lateral lithologic changes for marker 58. Compositionally, 

this marker bed is mainly characterized by biocalcarenite, but close to the basin's 

eastern border there is an enrichment in terrigenous sand, and toward the northwestern 

portion of Northeast Reconcavo, marker 58 becomes essentially pelitic. 

In Northeast Reconcavo, marker beds can be identified and traced on seismic 

lines (figure 5.6). In that area, good well control supports seismic correlation of the 

marker beds. 
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V.1.3. Tectono-depositional interval ill 

No regionally extensive stratigraphic marker has been found within this interval, 

except marker 15, present at its top (figure 1.6). Some correlation horizons have been 

established in Central Reconcavo within the Marlim Fm. sediments (Nascimento and 

Silva, 1973) and within the Candeias Fm. (Caixeta, 1988). These correlation horizons 

are, however, restricted to the area of specific oil fields in that portion of the basin, and 

their temporal significance is unclear. 

The most traditional and best studied marker bed within the Lower Cretaceous 

tectonosequence is marker 15 (figure 5.7). The designation of this horizon was proposed 

by Passes (1%7) and its lithologic composition was described by Pereira and Viana 

(1984) and Mato el al. (1991). These authors analyzed cutting and core samples of 

marker 15 in wells located in the Quiric6 Platform and Cassarongongo Tilted Block 

(figure 1.2). 

The composition of marker 15 (figure 5.8) is mainly ostracod-rich biocalcilutite 

and biocalcarenite. Mud-supported biocalcilutite is made up of micrite and ostracod 

shell. Grain-supported biocalcarenite constitutes the dominant lithology of marker 15, 

being mainly composed of ostracod shells (60-90%; Mato et al., 1991). Sub-parallel 

bedding within the biocalcarenite interval occurs, due to ho1izons enriched in ostracod 

shell. Organic remains, besides ostracod shells, include phosphatic fragments and vegetal 

debris. Terrigenous material, such as K-feldspar, plagioclase, quartz, metamorphic rock 

fragments, chert, biotite, and pirite, are also present. Mato et al. (1991) reported the 

presence of ostracod-rich, dark gray shale capping the limestone deposits of marker 15. 

Characteristics of this shale include presence of vegetal organic debris and absence of 

bioturbation (figure 5.8). 
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V .1.4. Tectono-depositional interval IV 

The marker beds associated with tdi IV (figure 5.9) have long been recognized 

as chronologically-significant horizons in the Reconcavo Basin. These marker beds have 

been employed in the search for petroleum in the basin, both regionally and locally. As 

exploratory tools, they have provided important information for paleoenvironmental 

reconstruction. 

Lithologically, the marker beds associated with tectono-depositional interval IV 

consist of intercalated shale (low resistivity), calcilutite and calcarenite (high resistivity), 

and minor marl. 

A cored section of the Pojuca Fm. in the Miranga area (Central Reconcavo) 

encompasses the sedimentary record of marlcer beds 8 and 8a (figures 5.9 and 5.10). 

Marker 8 is essentially pelitic. More interesting, however, is the vertical facies 

arrangement associated with marker 8a (figure 5.10). From base to top, it was logged 

as: 1) greenish gray, papery shale bed with a hardground capping its top, 2) pelite with 

pirite crystals at its very top, 3) ostracod-rich calcarenite with upward-coarsening 

texture, 4) dark gray, ostracod-rich, papery shale, 5) ostracod-rich calcarenite with 

upward-coarsening texture, and 6) basal portion of a 1-m thick ostracod-rich calcarenite 

displaying trough cross bedding, water-escape structures, and burrowing. 

The facies association related to marker 8a is within an oil-producing interval 

known as Im.be. Previously, all coarse-grained sediments associated with this interval 

were interpreted as having a terrigenous origin (J. M. Caixeta, 1992, pers. comm.). 

Lithologic attributes of marker 8a in this well, however, points to terrigenous-starved 

sedimentation. This interval seems to be related to a lake-level highstand event and the 

hardground horizon may record a maximum flooding event and condensed sedimenta

tion. 

The presence of the calcarenite beds associated with marlcer 8a (figure 5.10) 

reinforces the idea of minimum terrigenous sedimentation. The calcarenite beds may 
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Figure 5.8 - Lithologic types associated with marker 15 in Southern 
Reconcavo. Light gray, silty, ostracodal marl (10/10), followed by me • 
dium grained ostracodal biocalcarenite (9/10 and 8/10). To the top, da
rk gray shale with ostracod molds and organic matter debris (7/10 and 
6/10). Scale length= 30 cm. After L. Ferradans (1989). See figure 2.2 for 
well location. 
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represent reworked, intrabasinal sediments deposited during transgression. Finally, the 

1-m thick calcarenite bed is interpreted as a the distal record of a regressive phase, 

which downlaps onto marker 8a. More information on tdi' s N and V sedimentation will 

be provided in chapter VI. Other markers present within tdi's N and V may also share 

similar lithologic characteristics obse1ved for markers 8 and 8a, conveying to the 

relation between highstand periods of lake-level and phases of marker bed creation. 

The quantitative distribution of ostracod forms within tdi' s N and V is shown 

for two wells located in Central Reconcavo (Picarelli and Caixeta, 1991). Well 01 

(figure 5.11) is located in the Mata-Ara~as Platform while well 02 (figure 5.12) is 

located in the Miranga Low (see figure 1.2 for location of structural elements of the 

Reconcavo Basin). Each of the figures shows log cwves, ostracod subzones, population 

density, number of species, diversity, and individual ostracod species found in each 

particular well. Also shown is a stratigraphic correlation table depicting ostracod 

subzones, marker beds, and oil-producing sandstones for Central Reconcavo. Relevant 

information that can be extracted from the analysis of these two wells include: 

I-Species development- for example, first occurrence of ostracod species 

Reconcavona swaini and Reconcavona mirangaensis at the base of NRT 005.2; 

2-Species extinction-top of NRT 005.2 marks the extinction of Cypridea lunula 

in both wells 01 and 02. Also, Reconcavona triebeli becomes extinct at top of NRT 

006.1; 

3-Temporal behavior of ostracod species-for instance, the upper half of NRT 

005.2 interval is characterized by a peak in population abundance in both wells. In well 

01, this interval also corresponds to a peak in number of species. 

The items listed above all have important paleoecological meaning. Life 

development, extinction, and abundance may be directly related to water characteristics, 

such as temperature, salinity, oxygen content, and turbidity. 

An integrated sedimentologic/paleontologic approach is- very important to 

analyzing sedimentary basins. Sedimentologic information may provide relevant clues 
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to paleoecologic studies and vice-versa. For example, Picarelli and Caixeta (1991) show 

that the presence of thin, diminutive, piritized, nonomamented shells of Reconcavona 

swaini (NRT 005.4) in the distal portion of the Quiric6 Platform and more southern 

areas of the basin suggests a transgressive event. The equivalent rock record of this time 

interval is characterized by fine-grained sediments. 

Some of the marker beds associated with tdi N can be identified on seismic 

lines located in Northeast Rec6ncavo. The high frequency and good lateral continuity 

of the reflection associated with marker 8 (figure 5.13) can be conelated for hundreds 

of square km in that area of the basin. 

V.1.5. Tectono-depositional interval V 

The most prominent marker beds associated with this interval are markers 7 and 

1 (figure 5.9). The log form associated with marker 7 is very conspicuous (figure 5.14). 

This horizon is made up of shale (low resistivity) and thin layers of limestone and 

sandstone (high resistivity). At the westem portion of Southern Rec6ncavo, marker 7 

is usually eroded (figure 5.14). Marker 1 is the topmost marlcer bed recognized within 

tdi V (figure 5.9). It is composed by shale intercalated with thin calcilutite layers. Both 

markers have regional distribution in the Rec6ncavo Basin (figures 5.14 and 5.15). 

V .1.5. Tectono-depositional interval VI 

Seven marker beds occur associated with this tectono-depositional interval 

(figure 5.16). Marlcers B (figure 5.17) and F constitute the two most easily recognizable 

marker beds of this interval. These beds are generally made up of shale, which may or 

may not be intercalated with limestone. 
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Marker Bis desc1ibed as black to dark gray shale, which is commonly carbonaceous, 

piritic, and tich in ostracod shells. It occurs over a large area of the basin (figure 5.17). 

The stratigraphic importance of marker B was early recognized by geologists and 

stratigraphers of the Reconcavo Basin, which dubbed it the "black shale bed". Follow-up 

geologists knew the wells were close to the top of the Aratu Stage, without seismic or 

paleontologic data, just by identifying the "black shale bed" in cutting samples. 

Marker I and other stratigraphically younger marker beds (figure 5.16) are 

usually eroded or occur at shallow depths, so that they are not logged. 

There is a good correlation between the stratigraphic position of the marker beds 

of tdi VI to their related paleontologic tops (figure 5.18 and table 5.1). Regionally, these 

marker beds can cut across lithostratigraphic units. This is the case of marker B, for 

instance, which occurs close to the base of the Sao Sebastiao Fm., but in the Cama'rati 

Low is present within the Pojuca Fm. (figure 5.18). 

V .2. GEOCHEMICAL CHARACTERISTICS 

Lake-levels fluctuations are a direct result of climatic cycles, reflecting changes 

in the precipitation versus evaporation balance (Katz, 1990). High lake-levels express 

a positive balance of this equation. The Western Branch of the Eastern Aftican Rifts 

expetiences at present a wet, tropical climate (rainfall between 1000-2000 mm/year) and 

its hydrologic balance is positive (Tiercelin, 1990). The Eastern counterpart of this rift 

system, however, shows atid climatic conditions (rainfall between 250-500 mm/yr) and, 

as consequence, presents a deficient water balance. 

Gasse (1990) points out that lake-level changes reflect worldwide climatic 

events, such as change in solar radiation and ice-volume fluctuations. High lake-levels 

suggest warm, humid climatic periods, conditions similar to that inferred for highstands 

of global sea-level (Haq et al., 1988). The dry, atid climatic conditions associated with 
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low lake-levels may or may not be related to glacial periods. Local physiographic 

characteristics of lacustrine basins (latitude, altitude, etc), however, may also influence 

climatic conditions and rainfall, as shown for the Eastern African Rifts. 

If lake-level fluctuations reflect global changes in the atmospheric circulation 

system, lacustrine-flooding surface deposition is, therefore, a direct effect of the action 

of allocyclic mechanisms (Beerbower, 1964). The action of extrabasinal agents 

regulating lacustrine-flooding surface deposition may open the way for correlation of 

the same flooding event in different basins. This in tum, would allow a more accurate 

interpretation of the sedimentary record of lacustrine basins. 

The sedimentary facies associated with flooding surfaces possess characteristics 

that suggest minimum siliciclastic input at the time of their deposition in both marine 

and lacustrine basins (Loutit et al., 1988; Galloway, 1989a; Hue et al., 1990). Organic

rich strata constitute one of the typical deposits associated with flooding surfaces (Loutit 

et al., 1988). 

Katz (1990) shows that organic productivity in lakes is controlled by the 

availability of nutrients and by light, salinity, and temperature. Organic preservation is 

unlikely in shallow lacustrine settings because of the high oxygen availability. On the 

other hand, the degree of productivity of a lake is a response of the ability of the 

nutrient-rich waters to return to the photic zone. For this reason, the deepest regions of 

lakes, like Lake Tanganyika, with a maximum water depth around 1.5 km, do not show 

expressive productivity levels. Shallower areas of deep lakes, however, likely experience 

high organic productivity. 

Local climatic conditions will influence both the type and amount of sediments 

produced in the source area and brought to the lacustrine basin. During warm, humid 

phases, chemical weathering is likely to dominate (Gasse, 1990; Katz, 1990). During 

these phases, lacustrine sedimentation may be enriched in biogenic silica and in 

chemical carbonate fractions. Chemical weathering is also important in aiding the 

system's nutrient resupply. Katz (1990) rep01ts that the highest productivity levels found 



3 

) NRT 008.3 

~-L 
\ 

) NRT 007.4/3 

~-c 

c 
-.:::> 

--B 

Stratigraphic base 

1-SP 

2-Resistivity 

3-Conductivity 

Om 

100 

Figure 5.16 - Lithologic types and stratigraphic markers of tdi VI in the 
Reconcavo Basin. 

114 



115 

3a'30· 3a' oo· 

Southern Apora'High 

Tucano Basin 
+ + 

Postrift erosion 

12°00' 

?-

?-

?-
? -? 
?-

~v Well log defined 
~ 

~~ 
~ 

? _ _ Indeterminate 

':><:> ~· [!J I Synrift erosion 

0 20 Km 

13°00' 

Salvador Cit 

Figure 5.17 - Occurrence map for marker B. 



0 0 

SSW 

Candeias Fm. 

\ 
\ 

0 0 0 0 0 0 0 

NNE 

... . . . 
Sii.o Sebastiao Fm. 

~-:-:--:---:~-:;;;-·-t_op_N_A_T_00~7-·~·~·~-·....:--:----·_!_-=--~·:__·~-·~~~·-! •• 
Marker C ___,A' NAT 007.2 --;..,,.-----.:_:.__:__· . . . . . . . . . . . . . . . . 

top NAT 006 

~ ... 
Marker1 __/ top Pojuca Fm. 

Om 

0 

300 

20km 

datum-marker B 1 
0 -well control 

• • • -paleontologic top 

---stratigraphic marker 

---top lithostratigraphic 

unit 

Figure 5.18 - Strike-cross section across Central and Southern Reconcavo showing relationship between stratigraphic 
markers (1, B, and F) and paleontologic tops (top NRT 006, NRT 007.2, top NRT 007, and NRT 008.1). Observe mar· 
ker B crossing lithostratigraphic units (from Sao Sebastilio Fm. to Pojuca Fm.). --°' 



Stage Tectono-dep. Mar-

interval ker 

Buracica VI L 

fl " F 

II " c 

II " B 

Ara tu v 1 

II IV 11 

II III 15 

Rio da II 40 

Serra 

II " 44 

II I 60 

1-according to Viana et al. (1971) 
2-according to Mato et al. (1991) 

NRT Zone/subzone 

008.3 Cypridea mira KRO 

008.1 Cypridea sostensis sostensis 

KRO 

007.4/ Paracypridea quadrirugosa 

007.3 weberi KRO!Metacipris sp 6 

KRO 

007.2 Petrobrasia marfinensis KRO 

006.2 Cypridea (Morinina?) bibu-

llata tribulata KRO 

005.3a Reconcavona mirangaensis 

004.51 Paracypridea elegans elegans 

005.2/005.1 2 KRO 

003.2 Cypridea (Morininoides) 

hadronodosa KRO 

003.1 Cypridea sellata Viana 

002.2 Cypridea cf. C. primaria GR-

KRO 

Table 5.1 - Correspondence between stratigraphic markers and paleontologic tops 

of tdi's I through VI. 
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in lacustrine basins are from those lakes located in low latitudes, where maximum solar 

energy are combined with low turbidity levels. 

Organic matter in lakes is both autochthonous and allochthonous. Autochthonous 

biomass includes mainly phytoplankton (diatoms, cyanophyceae and other algal types), 

which characterize type-I organic matter (Tissot and Welte, 1984). Allochthonous 

material consists of vegetal organic debris derived from watersheds, corresponding to 

type-III organic matter (Owen et al., 1991, for instance). Carbonates are a common 

sedimentary product of phytoplankton bloom in lacustrine basins. During these periods, 

the lake's biomass abstracts large volumes of C02 of the water column causing a 

chemical disequilibrium (Talbot and Kelts, 1990). 

The chemistry of lake water is of fundamental importance in controlling organic 

productivity (Katz, 1990; Hue et al., 1990). Also, depending on the water characteristics 

(pH, turbidity, temperature, content of oxidizing elements, etc), productivity may be 

restricted to few organic types. For example, water characteristics of the Bogoria Basin 

(Gregory Rift, Eastern Africa) shows pH= 10.3, salinity= 40%0, and surface water 

temperature between 25-26°C (Tiercelin, 1990). Bogoria Basin's water is a sodium 

carbonate-bicarbonate-type brine, constituting an inhospitable environment for life 

development. Life forms in this small, closed lake (35 km2
) are restricted to some algal 

populations, diatoms, and principally cyanobacteria. Organic productivity reachs ca. of 

3500 tons of fresh algae/day. The total organic carbon content found in sediments varies 

between 2-6%. 

Basic requirements for organic accumulation are high productivity and bottom 

anoxia (Hue et al., 1990). Water stratification in lakes is necessary to preserve the 

organic matter from destructional processes, such as oxidation, methanogenesis, and 

early diagenesis. 

Periods of lake inundation seem to meet the conditions required for biomass 

development and preservation. Some of the favorable factors include presence of: 1) 

chemical weathering, 2) minimum out-of-the-basin sediment input, 3) low turbidity, 4) 
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nutrient-rich waters, and 5) large surlace area of moderately deep water. Therefore, time 

of lacustrine flooding represents periods of minimum dilution of organic matter, which 

favors its preservation in the oxygen-poor hipolimnic waters. 

Basin-floor topography plays an important role in incorporation of organic 

matter into the sedimentary record. Phases of active subsidence and major topographic 

relief in rift lakes, favor transference of organic matter to deeper basinal settings by both 

pelagic/hemipelagic and gravitational-induced processes (Hue et al., 1990). Pela

gic/hemipelagic processes favor a more widespread organic matter distribution. On the 

other hand, gravitational-induced processes result in a patchy distribution of the organic 

matter. The relative importance of both processes may change as the lacustrine basin 

evolves through time. 

Major criteria employed in assessing petroleum source-rock quality are: 1) total 

organic carbon content (TOC), 2) kerogen type, and 3) kerogen maturation level (Tissot 

and Welte, 1984; lmbus et al., 1990). 

An important characteristic of organic carbon-rich strata is that they may present 

higher electrical resistivity than organic-lean sediments (Meyer and Nederlof, 1984). 

This possibility enables petroleum geologists to identify these horizons on resistivity 

logs and map their regional distribution. 

In this section the relation between the stratigraphic position of some of the 

marker beds and organic matter-rich horizons of the Lower Cretaceous tectonosequence 

will be shown in terms of their: 1) total organic carbon content (TOC) and 2) hydrogen 

index (HI; table 5.2) values. Both geochemical indexes may possess paleoecologic 

importance. High HI values indicate algal/amorphous organic matter (table 5.2). On the 

other hand, low HI values suggest presence of coaly organic debris. TOC values (figures 

5.19 through 5.22) represent direct evidence of the preservation potential of the basin, 

and may reflect both degree of organic productivity and bioturbation, and even 

hydrological conditions of the lacustrine basin. HI values (figures 5.23 and 5.24) suggest 
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the type of organic matter associated with the sediments and may be an indicator of the 

autochthonous versus allochthonous nature of the organic debris. 

Both TOC and HI values may be important indicators of lake-level fluctuations. 

For instance, Talbot and Livingstone (1989) found significant differences in TOC and 

HI values for Late Quaternary sediments of lakes Victoria and Rukwa (East Africa). 

According to the authors, these variations may be related to fluctuations in lake-level 

with values decreasing toward sediments characterized by subaerial deposition. 

Hydrogen index 0-200 201-500 501-750 >750 

(HI) 

Principal Altered/oxidized Terrestrial plants Higher plants Phytoplankton 

source mate- plant material (woody and (cuticle, spores, (algae, bacteria, 

rials (mainly wood other lignocellu- pollen, resin, amorphous) 

and coal) Josic tissue) amorphous or 

mixtures of high 

and low HI 

material) 

Petrographic Coaly Woody Herbaceous Algal/amor-

groups phous 

Preservation High Intem1ediate Intermediate Low 

Table 5.2 - Hydrogen index (HI) values of principal organic matter groups. Boundaries 

between the different petrographic groups are in reality very diffuse. Modified after Tal

bot and Livingstone (1989). 
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Figure 5.19 - Total organic carbon (TOC) values for wells located in Northeast Recon
cavo. Observe good match between TOC peaks and stratigraphic position of marker 60. 
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Figure 5.20 - Total organic carbon (TOC) values for wells located in Northeast and 
Central Reconcavo. Observe good match between TOC peaks and stratigraphic po -
sition of marker 11. 
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Figure 5.21 - Total organic carbon (TOC) values for wells located in Central and Sou
thern Reconcavo. Observe good match between TOC values and stratigraphic position 
of marker B. 
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Figure 5.22 - Total organic carbon (TOC) values for wells located in Central 
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Mello and Maxwell (1990) report that the organic matter of the lacustrine 

environments present in the Brazilian Eastem Margin during Cretaceous was lipid-rich, 

represented by freshwater algae to higher terrestrial plants. 

A series of profiles showing the correlation of total organic content with the 

stratigraphic position of marker beds is provided (figures 5.19 through 5.22). The 

analysis of cutting and core material was performed by Petro bras' Research Center. The 

high roe values associated with marker 60 (top tectono-depositional interval I) is 

noticeable (figure 5.19). For wells A and B, the match between the roe peak and the 

stratigraphic position of marker 60 is very good. All wells shown occur within the oil 

window, suggesting that the original organic carbon values were much higher than the 

actual measurements (figure 5.19). 

Organic carbon values shown for markers 11 (figure 5.20), 8 (figure 5.22), B 

(figure 5.21), and F (figure 5.22) depict the original organic carbon content of strata 

associated with the marker beds. These organic-rich strata occur above oil window for 

the Reconcavo Basin. Organic productivity and preservation potential may have been 

higher for the basal deposits of the tectonosequence (compare figure 5.19 with figures 

5.20 through 5.22). 

Highest HI values occur associated with the marker beds and these values 

decrease away from them (figures 5.23 and 5.24). There is also good correlation 

between the stratigraphic position of marker 60 and high HI values (figure 5.23A). 

These values suggest presence of algal organic matter-enriched horizons (table 5.2). For 

marker 11 (figure 5.23B), the highest HI values also occur close to the stratigraphic 

position of this bed, suggesting presence of herbaceous organic matter (table 5.2). 

Herbaceous-type organic matter also occur associated with marker B (figure 5.24). 

The high HI values associated with the marker beds suggest presence of al

gal/amorphous organic matter (autochthonous material) associated with marker 60 and 

herbaceous-type organic matter associated with markers 11 and B. Herbaceous organic 

matter can represent a mixture of autochthonous and allochthonous material (table 5.2). 
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The depicted profiles (figures 5.19 through 5.24) exemplify the good match 

observed between the stratigraphic position of some of the marker beds of the Lower 

Cretaceous tectonosequence and geochemical indicators. This suggests that organic-rich 

horizons in the Reconcavo Basin developed during phases of minimum input of 

externally-derived sediments and that favorable conditions for development of organic 

carbon-enriched horizons were frequently repeated during the deposition of the Lower 

Cretaceous tectonosequence (figures 5.19 through 5.24) .. 

The stratigraphic, paleontological, and geochemical characteristics of the 

sedimentary record associated with the marker beds suggest the occurrence of different 

climatic or tectono-climatic conditions at the time of their deposition, relatively to their 

surrounding deposits. 

The ostracod shells associated with marker 15 (figure 5.8) may reflect a 

productivity burst at that time (biocenosis). On the other hand, the reworked ostracod 

shells associated with marker 58 may represent a thanaeotocenosis. Ostracod-rich 

calcarenites and other facies associated with marker 8a (figure 5.10) suggest that periods 

of deposition of the marker beds of the Aratu Stage (tdi' s IV and V) in the Reconcavo 

Basin were characterized by minimum siliciclastic input 

The marker beds of the tectonosequence encompass the sedimentary record of 

deposits created during highstand conditions in the Reconcavo Basin. These deposits 

seem to have been deeply influenced by climatic conditions. At shorter time spans, 

tectonics becomes less clearly a dominant factor. Suitable water chemistry and 

siliciclastic-poor sedimentation favored the development of life during these periods. 

Highstand conditions led to water mass stratification and consequent organic matter 

preservation in the same fashion as observed at present in lakes Tanganyika and Malawi 

(Eastern Africa). 
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Figure 5.23 - Hydrogen index (HI) values for wells located in Northeast and Cen
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of markers 60 (A) and 11 (B). HI values suggest algal-type organic matter associa
ted with marker 60 and herbaceous-type associated with marker 11. 
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V.3. CLIMATIC CYCLES AND LACUSTRINE FLOODING-BOUNDED 

PACKAGES 

V .3.1. Introduction 

This section discusses possible influences of orbital-related mechanisms on the 

development of the cyclic lacustrine strata present within tdi II. Cyclicity observed in 

this interval may suggest that not only tectonism, but also climate was an active control 

on the creation of its stratigraphic architecture. 

The approach utilized to verify paleoclimate influence on the sedimentation of 

the lacustrine strata included passing resistivity curves through a Fast Fourier Transform 

(FFT) as a first attempt to characterize Milankovitch-type cycles in the Reconcavo 

Basin. For this purpose four wells, containing a well-developed series of marker bed

bounded packages (tectono-depositional episodes) within tdi II, were utilized. 

The discussion of paleoclimate influence on sedimentation in this chapter is 

pertinent because the focused sedimentary cycles are bounded by flooding surface

related marker beds. The presence of the flooding surfaces themselves may suggest 

apical conditions (most humid, rainiest seasons) for the Reconcavo Basin's climatic 

cycles during Lower Cretaceous. 

V .3.2. Influence of orbital-related climatic cycles on the deposition 

of tdi II (Middle Rio da Serra) sediments 

Sedimentation in intracontinental rift-valley lakes has been interpreted to reflect 

the interaction of tectonism and climate (Le Fournier et al, 1985; Olsen, 1986; Tiercelin, 

1990; Scholz and Rosendahl, 1990; Cohen, 1990, among others). Tectonism-related 

volcanism may represent another impo1tant element controlling facies development in 

these basins (Tiercelin, 1990). Stress fields, fault movement, and subsidence history 
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represent important elements controlled by tectonism. On the other hand, Olsen (1990) 

postulates that climatic regimes were more important to the style of lacustrine deposition 

for Newark basins than tectonism, once tectonism established conditions for lake 

development. Lambiase (1990) states that the occurrence, distribution, and type of 

lacustrine deposits in rift basins are mainly influenced by climatic factors. 

The geological record of the Phanerozoic includes numerous examples of 

sedimentary deposits that seem to have shared similar tectono-climatic conditions for 

their deposition. Periods characterized by high subsidence rates, relatively minor 

sediment input, and wet, rainy climatic conditions seem to have been common to some 

Devonian lacustrine sediments of the Upper Stromness Flagstone Fm. (Orcadian Basin, 

Scotland; Astin, 1990), to the Triassic Lockatong Fm. (Newark Rift System; Olsen, 

1986), to the Lower Cretaceous Candeias Fm. (Reconcavo Basin; Da Silva et al., 1989), 

to the basal sediments of the Meso-Cenozoic troughs of Southeastern China (Desheng 

and Ming, 1990), and to the Tertiary-Recent sediments found in East Africa, as lakes 

Tanganyika (Cohen, 1989) and Malawi (Crossley, 1984). 

The understanding of the influence of climate on sedimentation is very important 

for fully understanding the evolution of continental rift basins. Lake depth responds to 

the subsidence/sedimentation balance, but water volume is climate-related, being 

controlled by the precipitation versus evaporation ratio. Moreover, sedimentation 

associated with lacustrine highstands and lowstands may possesses important 

differences. If tectonic activity is controlled by the motion of evolving plates, what 

controls climate? What conditions have permitted the recurrent development of similar 

climatic cycles through the geologic time? Unfortunately, although the evolution of 

tectonic activity in a rift basin is reasonably well understood, the same does not hold 

for climate. 

Berger (1988) states that only mechanisms associated with variations of the 

Earth's orbit can be related to the long-term climatic data deduced from the geologic 

record. The Earth's orbital-related elements include precession, obliquity, and 
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eccentricity. These elements are quasi-periodic in duration and presently show modes 

in 23,000 and 19,000 years (precession), 41,000 years (obliquity), and 100,000 and 

413,000 years (eccentricity), respectively. Calculations suggest a lengthening of 

characteristic periods associated with both precession and obliquity cycles over the last 

500 Ma (Berger et al., 1992). 

For the analysis of tdi II strata, past values assigned for both precession (18 ky 

and 22 ky) and obliquity cycles (38 ky) were derived from the estimate done by Berger 

et al. (1992) for deposits 150 Ma old. 

Berger ( 1988) provides an example for visualizing the effect of obliquity cycles 

on climate. If there was no obliquity, the sun would remain permanently over the 

equator. As a consequence, the poles would lie in constant twilight, and there would be 

no seasons. On the other hand, if obliquity were 90°, the sun would stand vertically 

above the pole in mid-summer and seasons would be very intense. That is, the influence 

of the orbital-related mechanisms on Earth's climate is associated with changes in the 

seasonal and geographical distribution of sunlight (Olsen, 1986). The enigma to be 

deciphered, however, is how this phenomenon affects the global atmospheric system 

(wind pattern, rainfall, upwelling, etc) and at the local scale, basin sedimentation (facies 

development and biota). 

Cyclic climatic patterns have increasingly been identified in Pleistocene 

sediments. These cycles are termed Milankovitch cycles, after Milutin Milankovitch, 

who provided important mathematical constraints for testing the influence of the Earth's 

orbital elements on climate (Berger, 1988; Berger et al., 1992). The study of Quaternary 

pelagic sediments has shown strong indications of the climatic influence on sediment 

deposition. I.mbrie et al. (1984) found a close relationship between time-varying 

amplitudes of orbital-forcing mechanisms and time-varying amplitudes of 0180 analyses. 

According to the authors, amplitude of oscillations of isotopic records were influenced 

by changes in the global volume of glacial ice. 
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Climatic influence on Quaternary lacustrine sediments has also been reported. 

Giraudi (1989) studying lake-level fluctuations in Lake Fucino (Central Italy) came to 

the conclusion that these fluctuations for the last 30,000 years were related to changes 

in seasonal insolation and average annual rainfall. Pugin (1989) provided an example 

from the Western Swiss Alps where the Quaternary sediment record of the Bulle Area 

suggests a rapid climatic change in the last 10,000 years, from polar to temperate 

conditions. 

Two important issues concerning orbitally-related climatic cycles are: 1) how to 

detemrine whether or not orbital forcing mechanisms leave an imprint on non-glacial 

sediments (for instance, Fischer and Bottjer, 1991) and 2) how to recognize the 

influence of climatic cycles on pre-Pleistocenic sediments. Two important characteristics 

of the geological record that preclude a secure interpretation of orbital-related climatic 

cycles are: 1) the presence of time gaps and 2) limited resolution of age control. Fischer 

and Bottjer (1991) show that the climatic signal is frequently disturbed by the noise 

produced by tectonism and volcanism. Another important and frequent source of noise 

in sedimentary basins is erosion. 

Periodicity in older sedimentary deposits has been suggested, but it has proven 

difficult to document (Kominz et al., 1991). Force-fitting situations may occur in the 

effort to recognize Milankovitch-driven cycles. For example, Patzkowsky and Holland 

(1988) criticize some of the conclusions drawn by Van Tassell (1987) on his work on 

the sedimentary cycles of the Upper Devonian Catskill Delta because of his comparison 

of Devonian stratigraphy to Quaternary sea-level and Devonian accumulation rates to 

Quaternary eccentricity. 

Lacustrine, evaporite, and carbonate deposits are associated with environments 

m which orbitally-related climatic cycles signature have been identified in pre

Pleistocenic rocks. Some examples of sedimentary cycles recognized in continental rifts 

and other types of basins include the Cambrian peritidal carbonates of central Utah 

(Bond et al., 1991), the Devonian sediments of the Orcadian Basin (Astin, 1990), the 
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Upper Devonian deposits of the Catskill Delta (Van Tassel, 1987), the Triassic 

Lockatong Fm. of the Newark Rift System (Olsen, 1986; 1990; Kominz et al., 1991), 

the Alpine Triassic Lofer sediments (Fischer, 1964), and the Eocene Green River Fm. 

(Fischer and Bottjer, 1991), to name a few. Probably the Newark Basin's sedimentary 

cycles (Van Houten cycles) represent the best studied pre-Pleistocenic rift-valley 

lacustrine deposits (Olsen 1986; 1990). 

Age control is critical for interpreting climatic cycles. The presence of varves 

help to overcome the age control problem in lacustrine or marine sections, provided 

outcrop and core information are available. A less accurate solution for age determina

tion in cyclic deposits is the utilization of accumulation rates (Olsen, 1986, for instance). 

In the Reconcavo Basin cyclic sedimentation has been identified within tdi' s II 

(figure 5.3), IV, and V (figure 5.9). Lithostratigraphically, these cyclic sediments occur 

associated with the Candeias Fm./Gomo Mb. (tdi JI) and Pojuca Fm. (tdi' s IV and V), 

respectively (figure 1.6). Whether the recurrence of similar conditions within these two 

stages are climate-controlled is not addressed in this section. Local problems that may 

hamper the identification of climatic cycles in these sediments are: 1) limitations on 

chronostratigraphic resolution, 2) absence of outcrops of cyclic sediments, and limited 

core availability, and 3) absence of varves. Present paleontological detail in the 

Reconcavo Basin does not allow chronologic resolution below 0.8-1 .0 Ma. 

A simple approach to estimating the time span of each stratigraphic cycle of 

both Middle Rio da Serra and Aratu stages of the Reconcavo Basin is the division of 

the time span of these stages by the number of stratigraphic cycles associated with them. 

The duration of tdi II is estimated as ca. of 3 Ma. A total of 26 sedimentary cycles have 

been recognized within this interval in Northeast Reconcavo (Souza et al., 1989; figure 

5.3), representing an average of 115,000 year/cycle. Tdi' s IV and V spanned ca. of 8 

Ma. Seventeen sedimentary cycles occur within these two intervals (figure 5.9) with 

each cycle averaging 470,000 years. These estimates show that these cycles occur within 
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the time range 1()5 yr, shorter than the precision provided by the dating methods for the 

Reconcavo Basin. 

Only tdi II (Middle Rio da Serra) sediments in Northeast Reconcavo were 

analyzed. These sedimentary cycles (figure 5.3) have a elastic origin. No evaporites 

have been identified to date within this interval. This is an important difference when 

comparing the Candeias Fm. in the Reconcavo Basin with the Newark Supergroup in 

the Newark Rift System (Olsen, 1984; 1986; 1990). Olsen (1990) recognizes three major 

classes of lacustrine facies associations found in different basins of that rift system. 

These are, according to increasing overall dryness, the Richmond, Newark, and Fundy 

types. The first two associations are devoid of evaporites, while the third one is 

characterized by the intercalation of evaporite and laminated mudstones. 

In Northeast Reconcavo Basin, three facies associations can be recognized within 

tdi II (figure 5.25): 1) predominantly shale, 2) shale, sandstone, and limestone, and 3) 

shale and limestone. Sedimentary cycles with the highest proportion of limestone are 

present in the basal portion of tdi II while those made up predominantly of shale occur 

at the top. Because of contemporary tectonic activity, the areal occurrence of the cycles 

are variable. Basal cycles tend to be more areally restricted, while higher cycles are 

more widespread. Souza et al. (1989) report that markers 59-50 (figure 5.3) are 

restricted to the northeastern portion of Northeast Reconcavo, and cover an area ca. of 

120 square km. Markers 49-41 occur in an area ca of 350 square km. Marker 40, as 

previously mentioned, is a basinwide feature. 

The attempt to characterize Milankovitch-type cycles within tdi II was done by 

passing resistivity curves through a Fast Fourier Transform (Press et al., 1989). The 

computer program used was written by E. Faria (UT-Institute for Geophysics) and has 

not been published. The procedure involved the digitizing of resistivity curves of four 

wells (Al, Bl, Cl, and Fl). After digitizing the curves, the resistivity values were 

transformed from depth domain (z) into wavenumber domain (k). The output is shown 
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in terms of amplitude versus wavelength (l/k), which are related to the thickness of the 

sedimentary cycles. 

An average decompaction factor for the tdi II strata was incorporated into the 

program. Usually, in the northern portion of the Northeast Reconcavo these sediments 

subcrop and the control on the amount of erosion of younger stratigraphic units is fair 

to poor. Consequently, a decompaction factor of 1.42 was estimated using a well located 

in central Northeast Reconcavo where the sedimentary column is most complete. 

Another parameter included in the calculation was the average accumulation rate for tdi 

II strata. The assigned value was 0.40 m/1,000 years (figure 7.4). Considerable error 

may be introduced by taking an average accumulation rate. Nonetheless, the approach 

is considered valid and the only alternative because of the scarcity of information for 

this area of the basin. 

A short cross-section utilizing three of the four wells analyzed shows the lateral 

distribution of the marker beds (figure 5.26). The thickness of tdi II increases toward 

well Bl. The wells utilized show a different number of stratigraphic cycles. In well Al 

(figure 5.27), 15 sedimentary cycles were identified, corresponding to marlcers 40 

through 53. Well Bl (figure 5.28) shows the complete set of stratigraphic cycles 

proposed for tdi II strata (26 sedimentary cycles). Well Cl (figure 5.29) depicts only 

10 stratigraphic cycles, corresponding to markers 40 through 50. Finally, well Fl (figure 

5.30) shows 16 cycles. Markers 47, 48, 48a, and 49 were not recognized in this well. 

Graphical presentation of the Fourier analysis shows the digitized resistivity 

cwve with marker bed location and a power spectrum of the resistivity log (figures 5.27 

through 5.30). These graphs depict the amplitude of the events and a scale for 

interpreting their decompacted thickness (in meters). Numerals indicated above 

amplitude peaks correspond to the wavelengths they represent (figures 5.27 through 

5.30). 
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Numerous cycles can be identified (amplitude peaks; figures 5.27 through 5.30). 

From the thinnest to the thickest: 18-19 m, 21-23 m, 28 m, 33-35 m, 38-40 m, 45 m, 

and others with higher values. The time span of each of these cycles is obtained by 

dividing each of them by 0.40 m/1,000 yr. The results are: 45-47.5 ky, 52.5-57.5 ky, 

70 ky, 82.5-87.5 ky, 95-100 ky, and 112.5 ky, respectively. Amplitude peaks with time 

spans 45-47.5 ky approximate the duration of an obliquity cycle (38 ky). On the other 

hand, amplitude peaks with time span 95-100 ky and 112.5 ky approximate the duration 

of an eccentricity (100 ky) cycle. The next step in the exercise was to compare the 

duration of each of the marlcer-bounded intervals present in the four wells with the time 

span of the Earth's orbital elements (table 5.3). 

It was noticed that some of the intervals present different time spans along the 

four wells (figure 5.26). For instance, interval markers 45-46 shows the following time 

spans: 483.4 ky (well Al), 405 ky (well Bl), 370 ky (well Cl), and 206 ky (well Fl). 

These differences may be related to the input parameters (decompaction factor and 

accumulation rate value), which are ignoring geological characteristics of the focused 

area. 

Olsen ( 1986) concluded that both precession and eccentricity cycles controlled 

Newarlc Supergroup deposition. In this exercise, the number of wells utilized is low ( 4 

wells), but the cycle corresponding to a time span of ca. of 45-47.5 ky (18-19 m) 

approximates an obliquity cycle (table 5.3), and is present in all four wells analyzed. In 

well Fl (figure 5.30), the peak representing a thickness of 19 m shows the highest 

amplitude. Also, intervals that approximate the time span of an eccentricity cycle were 

detected on the four wells (table 5.3). 

The limited number of wells utilized and the low reliability of the input data 

(sediment compaction and accumulation rate) do not permit concluding that tdi II 

sedimentation was controlled by orbital-forcing mechanisms. Some amplitude peaks 

(figures 5.27 through 5.30) may record local events (autocyclicity). More wells and a 
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better control on both decompaction factor and accumulation rates for tdi II is needed. 

The con-elation of the marker-bounded intervals with that found, if any, in other basins 

(fucano, Sergipe-Alagoas, etc), may help in deciphering the influence of extrabasinal 

mechanisms on sediment deposition. 

The importance of performing Fourier analysis in sedimentary sections 

characterized by cyclicity is that it can be used to check whether different sedimentary 

cycles picked on resistivity or sonic logs are repetitive. Moreover, Fourier analysis may 

show ''hidden" cycles, i.e., intervals that are not visualized on resistivity, sonic or 

radioactive logs. A typical example of a "hidden" cycle is the 18-19 m one. This cycle 

appears in the four wells analyzed (figures 5.27 through 5.30). "Hidden" cycles 

consistence can be cross checked with other data, such as core and outcrop information. 

Sedimentary cycles corresponding to the time span of precession have not been 

identified. According to the input data, these cycles should present thickness between 

7.2 m (18 ky) and 8.8 m (22 ky). Though too thin to be detected on well logs, these 

cycles, if present, could be recognized in cored sections. 
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Well Al (fig. 5.27) Bl (fig. 5.28) Cl (fig. 5.29) Fl (fig. 5.30) 

#of cycles 15 26 10 16 

Distance from 24 - 16.5 9 

Bl (km) 

Precession cycle - - - -

(18 ky and 22 

ky) 

Obliquity cycle 48-48a (39 ky) - 48-48a (46.2 ky) 51-52 (35.5 ky) 

(38 ky) and 50-50a (35.5 

ky) 

Eccentricity 42-43 (106.6 ky) 42-43 (99.5 ky) 40-41 (103 ky) 54II-55 (99.5 

cycle (100 ky and 50-50a (99.5 and 45-46 (405 ky) 

and 413 ky) ky) ky) 

Table 5.3 - Relationship between tdi II marker bed-bounded sedimentary cycles and Earth's 

orbital elements. 



CHAPTER VI 

DEPOSITIONAL ELEMENTS OF THE LOWER 

CRETACEOUSTECTONOSEQUENCE 

VI.1. INTRODUCTION 

This chapter characterizes the sedimentary succession that makes up the Lower 

Cretaceous tectonosequence in the Reconcavo Basin. It is not the objective of this 

chapter to detail depositional processes or facies associations within the tectonosequen

ce. Rather, this section defines the vertical stratigraphic progression of each of the 

tectonosequence-related tectono-depositional intervals. 

The Lower Cretaceous tectonosequence comprises the local sedimentary record 

of an extensive rift system that occurred along Eastern South America and Western 

Africa during Mesozoic. The South American Rift (Dias, 1991) can be traced in 

Brazilian territory for ca. of 3,500 km, from Northeast Brazil to the Brazilian border 

with Uruguay. If the southern portion of the South American Plate is also included, the 

total length of this rift system surpasses 4,000 km, which is equivalent to or even 

greater than the length of the Tertiary-Recent East African Rift System. 

The Lower Cretaceous tectonosequence encompasses sediments deposited from 

the Lower Berrisian Stage to the Lower Aptian Stage (Arai et al., 1989; Harland et al., 

1982; figure 4.14). In the local chronostratigraphic scheme proposed by Petrobras, these 

sediments were deposited from Lower Rio da Serra Stage (NRT 002.1) through Jiquia 

Stage (NRT 009). The sedimentary record of the Lower Cretaceous tectonosequence 

covers a time span of ca. of 24 Ma, and its thickness may exceed 5 km along the 

basin's depocenters (figure 6.1). 
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The sediments present within the Lower Cretaceous tectonosequence show two 

important characteristics: 1) continental origin and 2) tectonically-influenced deposition 

from NRT 003 on. No volcanic rocks have been found associated with these sediments 

in the Reconcavo Basin. 

Six tectono-depositional intervals make up the Lower Cretaceous tectono-se

quence (figure 6.2). As proposed in chapter IV, they are designated, from the oldest to 

the youngest: 1) Lower Rio da Serra (I; NRT 002.1+ 002:2;), Middle Rio da Serra (Il; 

NRT 003), Upper Rio da Serra (ill; NRT 004), Lower Aratu (IV; NRT 005), Upper 

Aratu (V; NRT 006), and Buracica-Jiquia (VI; NRT 007+008+009). Characterization of 

each tectono-depositional interval (tdi) includes: 

I-Delineation of the external geometry and distribution of framework facies 

within each tdi; 

2-Description of the main depositional systems and their component facies 

associations within each tdi; 

3-illustration of facies relationships of each tdi regionally or semi-regionally by 

cross-sections and/or seismic lines; 

4-Summary of component depositional systems and paleogeography for each tdi. 

VI.2. DRAINAGE CLASSES AND ACCOMMODATION POTENTIAL 

Basin-fill of nonmarine intracontinental rift basins reflects the interplay between 

tectonism and climate. Depositional systems and basin-fill style are dependent on first

order elements, such as basin dimensions, tectonic activity, climate, and volcanism. 
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Two important points to be considered in the analysis of the sedimentary package of 

tectonically-active basins are drainage classes and accommodation potential. Both 

elements are intimately related to tectonism and climate in intracontinental settings. 

Sediment entry points, framework facies, and sediment storage sites constitute important 

topics in basin analysis that are associated with drainage classes and accommodation 

potential. The terminology utilized for rift-basin drainage classes in this chapter follows 

Cohen (1990) and was introduced in chapter ill (figure 3.3). 

The platform margin drainage area (#1) in the Reconcavo Basin would have 

covered the low subsidence portions of Central and Southern Reconcavo (figure 6.3). 

Main structural features within these areas include the Quiric6 Platform, Alagoinhas 

Low (late rift feature), and Cassarongongo and Sao Domingos Tilted Blocks (figure 

1.2). The eastern limit for this drainage class is defined by the Mata-Arac;as (Central 

Reconcavo) and Nova America (Southern Reconcavo) faults (figure 1.2). Its western 

limit probably coincides with the Inhanbupe Fault (figure 1.2). Escarpment margin 

drainage (#2) is restricted to the northeast-southwest strip associated with the Salvador 

Fault System (figures 1.2 and 6.3). The area influenced by escarpment margin drainage 

coincides with the distribution of the Salvador Fm. conglomerates. Axial drainage (#3) 

would have extended along the basin's depocenters, i.e., the Quiambina, Miranga, and 

Camac;rui lows (figure 6.3). 

The southern limit for platform margin drainage in the Reconcavo Basin is not 

clear. The Nova America Fault (figure 1.2) extends into the Todos os Santos Bay, but 

the control on it is limited. For this reason, the interpretation of the area of influence 

of this drainage type is terminated in the Todos os Santos Bay region (figure 1.2). The 

northern control for the platform margin drainage area is also poor. 

Sedimentation along the basin's depocenters records the interaction of the three 

drainage classes. The redistribution of platform mru·gin- and escarpment margin-derived 

sediments along the depocenters is gravitationally-influenced. For this reason, they tend 

to align axially, parallel to the basin's main fault system. 
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The accommodation potential or rate is defined as the summation of the 

subsidence, the water level variation, and the preexisting space (Cant, 1989). Highest 

accommodation rates in rift basins occur during early rifting or during periods of tecto

nic rejuvenation. Depocenters constitute suitable regions for sediments to accumulate 

and be preserved. On the other hand, more stable areas of the basin represent transient 

sites for sediment accumulation. Sediments deposited in less actively subsiding areas are 

subject to erosion, reworking, and consequent resedimentation. 

The concept of accommodation potential was discussed in the context of 

divergent margin basins (Jervey, 1988), which have different characteristics from rift 

basins. Characteristics of marginal marine basins include: (1) area of hundreds of 

thousands of square km, (2) uniform thermal subsidence, (3) influence of sea-level 

fluctuations (variability::::: 100 ± m), and (4) minor influence of climate. On the other 

hand, int:racontinental rift basins present: (1) area of up to few tens of thousands of 

square km, (2) punctuated differential tectonic subsidence, (3) frequent lake-level 

fluctuations (variability up to several lOO's m), and (4) high sensitivity to climatic 

changes. 

Differences in accommodation creation in both marginal marine and lacustrine 

rift basins are related to subsidence mechanism and water-level regulation. In lacustrine 

rift basins subsidence is mechanical (fault-related), rapid, and of sh01t time duration 

(few Ma). On the other hand, in marine basins, thermal subsidence (lithosphere cooling) 

is a slow, but continuous processes that will occur for lO's of Ma (McKenzie, 1978). 

In lacustrine rift basins, the coupled action of tectonism and climate change may rapidly 

create and destroy space for sediment accumulation. Another important parameter to be 

taken into account on basin-fill of rift lacustrine basins is the drainage basin/depositional 

basin ratio. This ratio in lacustrine rift basins is much higher than in marine marginal 

basins. As consequence, basin filling (accumulation rate) is more rapid in lacustrine rift 

basins, whatever the available space for sediment accumulation. 
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Sediment yield in the drainage basin of lacustrine rift basins is largely controlled 

by tectonism and climate. Tectonism accounts for relief rejuvenation and structural dis

continuities (faulting) between drainage and depositional basins. Sediment yield in the 

drainage basin is carried into the lacustrine rift basins by rivers and streams in the form 

of bed and suspended load (Sly, 1978). Strong tectonic activity may enhance differential 

elevation between drainage and depositional basins, disrupting the fluvial network 

feeding into the basin and creating structural barriers, which will preclude river-borne 

sediments reaching the depositional area. There is a direct relation between sediment 

yield in the drainage basin and precipitation (climate-related). This is explained by the 

interaction of precipitation and vegetation on runoff and erosion (Chorley et al., 1984). 

The rate of fill of a lacustrine basin is controlled by (1) sediment supply and (2) 

the differential elevation between the basin floor and the lowest topographic sill. 

Sediment supply is in tum controlled by tectonism (differential elevation and basin 

geometry) and climate. 

During phases of restriction (tectonic- and/or climate-related), sediment volume 

reaching the basin is low, lake circulation is restricted, and the resultant sediment record 

characterizes accommodation-dominated deposition (figure 6.4). Periods of rapid basin

floor deepening cause an imbalance between subsidence and sediment supply rates and 

may result in sediment starvation. With decreasing tectonic activity and suitable climatic 

conditions, lakes are filled and through-flowing drainage is established. These periods 

are characterized by high sediment supply, and part of the sedimentary volume brought 

to the basin may be carried out of it. These phases characterize accommodation-limited 

deposition (figure 6.4). 

The evolution of a rift basin shows accommodation-dominated deposition 

(subsidence rate> sediment supply) at its base when tectonic activity is high and lakes 

deep. As the basin evolves, tectonism wanes, lakes become shallower, and lake-level 

fluctuations begin to greatly influence depositional style. During these periods, sediment 
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supply keeps pace with or overcomes subsidence rate, characterizing accommodation

limited deposition. The sedimentary record of tdi II constitutes a suitable example of 

accommodation-dominated deposition while deposits of tdt s IV and V characterize 

accommodation-limited deposition. 

VI.3. THE CONGLOMERATIC WEDGE OF THE SAL V AOOR FORMATION 

The Salvador Fm. encompasses conglomeratic and sandy deposits present along 

the Reconcavo Basin's eastern border. The sedimentary record of this unit is genetically 

related to the tectonic activity of the Salvador Fault System (figure 1.2), the most 

important tectonic element of the Reconcavo Basin. The Salvador Fm. deposits 

intercalate with all lithostratigraphic units of the tectonosequence, except the Agua 

Grande Fm. (figure 6.2). 

Salvador Fm. strata range from sandstone up to boulder conglomerate. Three 

principal types of conglomerates occur (Netto et al., 1984): 1) pebble and cobble 

deposits constituted of sandstones and siltstones derived from the Upper Proterozoic 

Estancia Group (figure 1.6), 2) pebble and cobble deposits made up of limestones and 

dolomites de1ived from the Estancia Group, and 3) pebble to boulder deposits (up to 2 

m in diameter) constituted of gneiss, granulite, quartzite, and phyllite fragments derived 

from Precambrian metamorphic and metasedimentary rocks. 

Salvador Fm. deposits are distributed along a narrow band (10-15 km wide) and 

may reach thicknesses over 2000 m (Netto et al., 1984). They represent a system of 

coalescent alluvial fans associated with the escarpment-margin drainage. Depositional 

processes were influenced by the steep gradients associated with a high subsiding 

margin. Gravity-driven flow deposition (debris flow, grain flow, and turbidite currents) 

accounts for the majority of the sedimentary record of the Salvador Fm. Areal 

occurrence mapping for the Salvador Fm. sediments reveals an eastward expansion of 

younger deposits (figure 6.5). 
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VI.4. TECTONO-DEPOSIDONAL INTERVAL I (LOWER RIO DA SERRA 

STAGE) 

The sedimentary record of tectono-depositional inte1val I coincides with the 

Lower Rio da Sen-a Stage deposits (Lower to Middle Berrisian Stage) in the Rec6ncavo 

Basin. It covers time of deposition of the upper po1tion of subzone NRT 002.1 and NRT 

002.2 (figure 1.6). Its boundaties ru·e the tift onset unconfotmity (at its base) and marker 

60 (at its top). Time span involved in sediment deposition for tdi I is estimated to be 

ca. of 2 Ma (fig. 1.6). It constitutes the oldest tdi recognized within the Lower 

Cretaceous tectonosequence. 

The lithostratigraphic units that make up tdi I ru·e the Agua Grande Fm. and the 

Taua Mb. of the Candeias Fm., respectively (figure 6.2). Secondatily, the lowe1most 

deposits of the Gomo Mb. of the Candeias Fm. may also be included in this tdi (figure 

1.6). The Agua Grande Fm. is characterized by sandy deposit5 while the Tami Mb. 

consist5 of shaly sediments. Descliption of the lithologic atttibutes of the units contained 

within the Lower Cretaceous tectonosequence is provided in chapter I (section 1.2). 

The Agua Grande Fm. is the lowe1most sedimentary unit within the proposed 

tectonosequence. It overlies the Itapatica Fm. (figure 1.6) and the contact between these 

units is the erosional tift onset unconfo1mity. At the top, the Agua Grande Fm. has a 

sharp contact with overlying Taua Mb. The top contact between Tau{1 and Gomo mbs. 

is transitional. 

Tectonic activity coeval with tdi I was chm·acterized by mild differential 

subsidence of the Reconcavo Basin. This tdi predates the Middle Rio <la Seim rifting 

event. 
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VI.4.1. Depositional characteristics 

Isopach values for tdi I are 01iented NE-SW (figure 6.6), thinning toward the 

basin's eastern border. Isopach contours of the Taua Mb. and coeval shaly deposits 

(figure 6.7) also show the same trend observed for the entire tdi I. 

Analysis of the sand disttibution of the Agua Grande Fm. (figure 4.10) reveals 

two area<; of the basin with distinct contour characte1istics. The n011hem and central 

pmtions of the basin exhibit a n01theast-southwest contour trend. In Southern 

Reconcavo, however, contours strike approximately E-W. Highest isolith values for the 

Agua Grande Fm. occur at the no1them tip of the Reconcavo Basin, decreasing 

southward (figure 4.10). The Agua Grande Fm. thins toward the basin's ea<;tem border. 

Log patterns for tdi I show that the Agua Grande sandstones have sharp bases 

and blocky and fining upward log f01ms (figure 6.8). 

The Agua Grande Fm. has a qumtz-arenitic and subarkosic composition 

(Ghignone, 1979; Negreiros, 1987; 1990). Fine- to medium-grained sandstone 

characterizes this unit, though coarse-grained sandstone is also common (Ghignone, 

1979; Bairnso and Rivas, 1984). Bauer (1967) rep011s a north-south grain size decrease 

for the Agua Grande sandstones in the Reconcavo Ba5in. The most common 

sedimentary structures found within this unit ai·e trough (figure 6.9) and tabuhu- cross

bedding (Campos and Pe1rnni, 1990; Negreiros, 1990). 

Three sandy facies are recognized within the Agua Grande Fm. (Ba1rnso and 

Rivas, 1984 ), from the base to the top: 

l) Cycles showing upward-fining characterized by co<u-se- to pebbly sandstone 

passing to fine-grained sandstone. Cycles show poor to fair s011ing and their contacts 

are dominantly erosive. Also rep011ed are trough cross-bedding and shaly intervals. 

Average thickness for each cycle is 4 m and its sand-to-mud ration is 511. It shows a 

bell-shaped log fo1m; 
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2) Medium-grained sandstone with poor to fair soning showing planar cross

bedding and absence of muddy deposit<>. The basal contact of this facies is erosive. 

Thickness of this interval is up to 5 m with a very high sand-to-mud ratio. It shows a 

box-shaped log form; 

3) Medium-grained, unimodal, well s011ed, well rounded sandstone showing 

planar cross-bedding. Also present is a bimodal sandstone displaying coarse and medium 

granulation. This interval shows a box-shaped log fo1m (figure 6.8A and D). 

In conu·ast with Agua Grande Fm. sedimentation, the Taua Mb. deposits are 

essentially pelitic. Chm·acte1istics of this unit include: 1) low-resistivity , 2) splintery 

aspect (in both cores and cuttings), and 3) high organic content (Gaglianone et al., 1985; 

figure 5.23). 

Regional distribution of tdi I su-ata (figure 6.10) reveals thickness vruiations for 

both Agua Grande Fm. and Taua Mb. The Taua shales blanket the Agua Grande 

sandstones regionally (figure 6.2). 

VI.4.2. Depositional system synthesis 

Facies association #1 records deposition by a coarse-grained meande1ing fluvial 

system, wherea<; facies association #2 , characterized by very high sand-to-mud ratio and 

high lateral sand-body continuity, was deposited by a braided stream system (Netto, 

1978; Brurnso and Rivas, 1984). The change from meande1ing to braided reflects 

tectonic activity (Netto, 1978). Facies associations #1 and #2 ru·e identified as fluvial 

deposits in the log fotms for the Agua Grande Fm. 

Whenever baselevel is lowered, erosion and channel adjustment occur (Schumm, 

1977). Basin tilt to south during Agua Grande Fm. sedimentation led to relief 

rejuvenation upstremn, which altered stream gradient and channel pattern basinwide. As 

consequence, bedload channels (braided) developed to the no11h of the basin (figure 
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Figure 6.9 - Agua Grande Fm. Light gray and brown sandstone. Intercala· 
tion of fine to medium- with coarse-grained leyels characterize bimodal tex
ture. Coarser fraction saturated with hydrocarbon. Scale length = 30 cm. 
Modified after J. Campos (1986). See figure 2.2 for well location. 
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6.11) and meande1ing channel (mixed load) in central and southern pottions of the 

Reconcavo Bac;in (figure 6.11). 

Facies association #3 consists of eolian-reworked alluvial plain sediments 

(Campos and Pe1rnni, 1990; figure 6.11 ). Differentiation between flu vial and eolian 

facies of the Agua Grande Fm. has proven very imp01tant in the Reconcavo Basin. 

Eolian facies constitute the best reservoirs of the Agua Grande Fm. Prominently cross

bedded sandstones in figure 6.9 (boxes 119 and 2/9) are typical oil-saturated eofom 

deposits. 

Da Silva (1978) previously interpreted the E-W trending sandstone bodies in 

southwest Rec6ncavo (figure 4.10) as lacustrine strandplain units. However, newer data 

confitm their eolian origin (Ba1rnso and Rivas, 1984, Campos and Pe1rnni, 1990, among 

others). 

VI.4.3 V crtical stratigraphic progression 

Agua Grande Fm. sedimentation was characterized by a rejuvenation of relief 

related to a tilt of the basin to the south. Evidence for this phenomenon includes: 1) a 

NE-SW alignment of the Agua Grande Fm. depocenters (figure 4.10) with thickest sand 

isolith values occun1ng at the n01them tip of the basin, 2) trnncation to the no1th of the 

Itapaiica Fm. mm·kers against the base of the Agua Grande Fm. (figure 4.8). and 3) a 

general n01th-south grain size decrease (Bauer, 1967). 

The Agua Grande Fm. sandy deposits fits the basal sandstone of Lambiase· s 

generalized tectono-stratigraphic model (Lambiase, 1990). 

The Tam\ Mb. sedimentation (NRT 002.2) is essentially pelitic. The sharp 

contact of the Taua Mb. with the underlying Agua Gnmde Fm. suggests both tectonic 

and climatic changes in the Reconcavo Basin at the inte1face NRT 002.11002.2. This 

changes pemlitted the development of a basinwide, pe1manent, inte1mediate depth (tens 
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of meters) lake. The high organic content of the Taua shales (Gaglianone et al., 1985) 

point<; to the presence of a stratified water colunrn. Paleontological analyses of the 

ostracod species present within the Taua Mb. shales pennit inference of fresh/brackish 

water conditions (Tolderer-Faimer et al. , 1989). 

Facies associations related to the Agua Grande Fm. reflects the gradual evolution 

of the basin's paleogeography. Sediment input reduction and eolian reworking suggest 

increasingly mid climatic conditions towai·d the top of this unit. 

At the inte1face of Agua Grande Fm./Taua Mb., tectonic activity led to an 

increase in the subsidence rate of the basin accompanied by climatic changes toward 

more humid conditions. As consequence, a lacusttine system developed, tt·ansgressing 

and prese1ving the sandy facies of the Agua Grande Fm. Evidence of onlap of the Taua 

Mb. onto the Agua Grande Fm. can be recognized in seismic lines shot in Nonheast 

Reconcavo (figure 4.11). 

The subsidence associated with the Taua Mb. sedimentation was regional and 

may have been related to tectonic activity along the Salvador Fault System (figure 1.2). 

The lowe1most deposits of the Salvador Fm. (figure 6.2) may have been deposited 

coevally with tdi I. 

Venical stratigraphic progression within tdi I points out to a lacustt"ine 

transgression toward the top of the interval. Tdi I stt·ata are interpreted as the r'1 

transgression of the Lower Cretaceous tectonosequence. Its tectonic activity characteri

zes the transitional tectonic stage of the tectonosequence in the Rec6ncavo Basin, which 

predates the active faulting stage. Major events within this interval were the develop

ment of the regional unconfo1mity at the base of the Agua Grande Fm. and the tectono

climatic episode associated with the Tau{t Mb. sedimentation (NRT (X)2 .2) . Both events 

were harbingers of the oncoming Middle Rio da Seim tectonism (tdi II). 
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VI.5. TECTONO-DEPOSITIONAL INTERVAL II (MIDDLE RIO DA SERRA 

STAGE) 

Tectono-depositional interval II coincides with the Middle Rio da Seim deposit.;; 

of the Reconcavo Basin. It is chronostratigraphically equivalent to the Upper Berrisian 

Stage (Arai et al., 1989; Harland et al., 1982). Its boundruies ru·e mru·kers 60, at the 

base, and marker 40, at the top (table 4.1). Time span involved in deposition of tdi II 

is estimated at ca. 3 Ma (table 4.1 and figure 1.6). It is equivalent to biozone NRT 003 

(subzones NRT 003.1 and 003.2). 

The lithosu·atigraphic unit that makes up tdi II is the Gomo Mb. of the Candeias 

Fm. (figures 1.6 and 6.2), which consists mainly of shales with subordinate sandstone 

and limestone beds. The sandstones ru·e encased within organic-rich shales and constitute 

impo1tant hydrocru·bon reservoirs in the Reconcavo Basin. 

The Gomo Mb. is differentiated from the underlying Taua Mb. by the presence 

of limestones intercalated with shales, which produce higher resistivity values on electric 

logs (figure 1.7). Contact between the two units is gradational (figure 6.2). The contact 

between the Gomo and Maracangalha mbs. is also transitional. This contact is erosional, 

however, where the Pitanga Mb. sandstones overly Gomo Mb. shales. 

Tectonic activity coeval with tdi II was strong and chru·acte1izes the onset of 

major faulting and block tilting in the Rec6ncavo Basin. 

VI.5.1. Depositional characteristics 

Isopach values for tdi II delineate two distinct ru·eas for the Rec6ncavo Basin. 

One with contour values up to 200 m occurs at the northwestern po1tion of the basin 

(figure 6.12). The other is characterized by nrurnw, NE-SW-oriented areas with contour 
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values over 1600 m located close to the bm;in's eastern mm·gin (axial depocenters; figu

re 6.12). Basinwide conglomeratic deposits of the Salvador Fm. m·e coeval with this tdi. 

Analysis of sand occmTence for tdi II (figure 6.13) reveals two major sandy 

trends: one NE-SW (axial), pm·allel to the basin's p1incipal axis and other oriented NW

SE (transverse). Axial sandstones m·e mainly present in No1theast and Central 

Rec6ncavo (figure 6.13) while transverse sandstones occur mostly in Southern 

Reconcavo (figure 6.13). Sand occmTence to west/no1thwest of the basin was strongly 

influenced by faulting (figures 1.2 and 6.13). 

Limestone and shale m·e present at the base of the interval, sandstone in the 

middle pmt, and mainly muddy sediments constitute the upper po1tion of tdi II (figure 

6.14). 

Compositionally, axial sandstones vary from subm·kose to sublithom·enite (lower 

deposits) to lithic m·kose and feldsphatic lithm·enite (upper deposits). This compositional 

change is accomplished by enrichment in lithic fragments (Bmhn et al., 1985; Bruhn, 

1985; Souza et al., 1990). Sandstone is moderately to well so1ted, medium-grained and 

may or may not be intercalated with conglomeratic beds of the Salvador Fm. 

Sedimentary stmctures recognized within these sandstones fit those desc1ibed for 

turbidite beds (Bouma, 1962): massive bedding (figure 6.15), TAn• TABE' Tnc• TnE• and 

TncE (Bmhn, 1985). Axial sm1dstone bodies m·e up to 40 m thick and sand body 

associations have a vm·iable width between 2-4 km (figure 6.16). 

Transverse sandstone composition include qumtz arenite, subarkose, and 

sublitharenite (Carozzi et al., 1976; Cm·ozzi and Fonseca, 1989; Menezes, 1991). 

Sandstone is moderately so1ted and displays fine to medium grain size. Sedimentary 

stmctures include Bouma sequence, sole markings, load casts, and rip-up clast'i. 

Reworked cm·bonate clasts (miciite, pisoid, and oncoid) occur associated with these 

sandstones (Carozzi and Fonseca, 1989). Micrite clasts present oxidation rims, 

desiccation cracks, laminated cmsts, and pseudobrecciated structures. Transverse sands-
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Figure 6.15 - Gomo Mb. Medium-grained sandstone of tdi II displaying TA 
structure. At the base of the sandstone bed, disorganized conglomerate oc
curs. Scale length = 30 cm. See figure 2.2 for well location. 
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tone bodies exhibit thickness up to 30 m. Sandy facies association for transverse 

sandstone may have down-dip occuffence over 4 km (figure 6.17). 

VI.5.2. Depositional system synthesis 

Facies associations for both axial (figure 6.16) and transverse (figure 6.17) 

sandstones can be generalized for other portions of the basin, except for axial sandstones 

occun"ing along the downthrown blocks of faults located away from the basin's eastern 

border. In this case, the axial sandstones are devoid of intercalation with syntectonic 

conglomerates (figure 6.13). I will first discuss the axial sandstones occuning along the 

basin's eastern border (N 01theast Rec6ncavo) because both their association with 

conglomerates and economic impottance. 

In N01theast Rec6ncavo the axial sandstones have been interpreted as turbidite 

deposits (Brnhn, 1985; Brnhn et al., 1985; Souza et al., 1990, among others). They are 

genetically related to the conglomerates of the Salvador Fm. Evidence of this association 

includes: 1) lateral and ve1tical relationships (figure 6.16), 2) paleocuffent indication 

(ba()ed on processed dipmeter logs), and 3) sand emichment with lithic fragments 

de1ived from the basin's eastern border. Other characteristics of these sandstones are the 

absence of typically deltaic or other shallow-water sedimentary strnctures or emergence 

features (coals, paleosoils, plant roots, and mud cracks). 

Axial sandstones of No1theast Rec6ncavo were associated with a very active 

fault system (Salvador Fault System; figure 1.2). Gravity-d1iven flows ;.u-e common in 

coarse-grained, high-gradient systems of tectonically-active basins, like rift basins. 

Log forms of the axial sandstones display two intervals (figure 6.16 ): 1) basal 

deposits showing coarsening- and thickening-upward (compacted thickness of ca. of 140 
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m) and 2) top deposits depicting fining- and thinning-upward (compacted thickness of 

ca. 80 m). Source for the basal deposits would have been reworked Agua Grande and 

Sergi fms. For the top deposits, sandy mate1ial was de1ived from Paleozoic deposits and 

Precamb1ian metasediment5 and granulitic rocks (figures 1.3 and 1.6). 

Axial sandstones are present in the lower po1tion of tdi II (c01Tesponding to NRT 

003.1 strata; figure 1.6). 

Facies association of these sandstones with conglomerates suggests a genetic link 

to two types of depositional models: fan-deltas and turbidity cmTents. 

The sandstone-conglomerate association found in N 01theast Reconcavo does not 

fit any of the fan-delta types of Ethiidge cmd Wescott's classification (Ethtidge and 

Wescott, 1984), mainly because of the lack of shelfal components. The thicknesses of 

the two sandy intervals (figure 6.16) point to deep-water sedimentation (> 100 m). 

Vmious terms have been applied to deep-water fan-deltas: slope-apron fan or 

fan-delta.front slope (Porebski, 1984),.fan-deltoid slope apron (Busby-Spera, 1988), and 

deep-water fan-delta (Higgs, 1990). The sedimentary structures repo1ted for axial 

sandstones have been similarly desc1ibed in modern fjord fan-deltas (Ptior and 

Bomhold, 1988). Gravity-driven sedimentmy flows (turbidity cmTents and deb1is flows) 

and vruious types of sliding and avalanching constitute dominant processes in the 

development of coarse-grained deltas in t]ord areas (Prior and Bomhold, 1988). 

The alternative depositional model for the axial sandstones involves turbidity 

cmTents. Chru-acteristics of the basal deposits (figure 6.16) allow the interpretation of 

prograding lobes (mid-fan lobes) with top strata constituting the record of channelized 

facies (figure 6.16) in the same fashion as desc1ibed for marine basins (for instance. 

Walker, 1978). Turbidite facies have also been repotted for other lacustrine rift basins, 

mainly in the East Af1ican Rift System (Le Fournier et al., 1985; Cohen, 1990; Scholz 

and Rosendahl, 1990, among others). 
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The close association of the a.>.:ial sandstones with the conglomerates of the 

Salvador Fm. implies in the presence of line sourcing. These s<mdy deposits fit the 

general desc1i.ption of slope aprons (Stow et al., 1982) or sand-dominated slope aprons 

(Reading, 1991), which are characte1i.zed by an almost linear source (the Salvador Fault 

System), multiple feeders, and lateral extension along the basin's margin (figure 6.16). 

Turbidite models proposed for submati.ne ba5ins that approximate the slope apron model 

include eustastically-controlled submarine ramp (Heller and Dickinson, 1985) andfault

controlled submarine ramp (Surlyk, 1987). In the case of the Reconcavo Basin's axial 

sandstones, a fault-defined slope, instead of a ramp, was present. 

Facies association, sedimentaty structures, and geological setting pennit the 

interpretation of both a coalesced fan-delta apron or an axial turbidite channel/lobe 

complex mi.gin for the axial sandstones of Northeast Reconcavo. A regional integration, 

instead of oil field-scale studies, is necessmy to assess the feasibility of one or both 

depositional models. Axial sandstones occurring away from the basin's eastern mm·gin, 

i.e., along the basin's depocenters (figure 6.13), are interpreted as turbidite deposits, 

sourced from the eastern and notthem p01tions of the basin. 

Transverse sandstones do not show intercalation with and are not overlain by 

syntectonic conglomerates. They ai·e charncteii.zed by presence of resedimented 

limestone clast5 and subaeti.al exposure features (Carozzi et al., 1976; Cm·ozzi and 

Fonseca, 1989) and ai·e associated with growth faulting (figure 6.17). 

These sandstones tend to be better developed on the downthrown block of the 

Candeias Fault (figures 1.2 and 6.13). This fault seems to have behaved m; hinge-line 

for deep-water sand sedimentation during tdi II. The litnited work done on these 

deposits permits the recognition of a sublacustrine turbidite complex (Camoes, 1988) 

where the best reservoirs ai·e associated with channeled tnidfan lobes (Carozzi and 

Fonseca, 1989). Sand for these deposits would have been provided by erosion of the 

Agua Grande and Sergi fms. from uplifted blocks within and borde1i.ng the basin. 
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Transverse sandstones constitute the record of point-sourced, sand-dominated 

sublacustrine fan deposits not directly associated with deltaic systems. In the vicinity 

of the downthrown block of the Candeia5 Fault, growth faulting acted as efficient sand 

trap (figure 6.17). Transverse sandstones are present within the upper po1tion of tdi II 

(conesponding to NRT 003.2 strata; figure 4.14). 

The sedimentary record of tdi II is equivalent to the T1iassic Lockatong Fm. of 

the Newm·k Ba5in (Olsen, 1990) and to the Cretaceous Abu Gabra Fm. of Southern 

Sudan (Schull, 1988). 

VI.5.3. V crtical stratigraphic progression 

Tdi fl is coeval with the onset of major tectonic activity in the Reconcavo Basin 

(faulting and block tilting). As consequence of faulting, the basin's paleoslope was 

reo1iented to east-southeast. The rift phase redefined the basin's structural framework 

and led to the development of low subsidence platfo1m areas and high subsidence 

depocenters (axial depocenters). The hinge-line defined by the 200 m contour (figure 

6.12) approximates the Agua Grande Fault in Central Rec6ncavo and the Nova America 

Fault in Southern Rec6ncavo, respectively. This hinge-line controlled deposition of the 

sandy deposits present within tdi II. 

Platfo1ms were characterized by flexural faulting and limited accommodation 

space. As consequence, they were subject to intennittent sediment erosion and bypa<>s. 

The axial depocenters (figure 6.12) provided the basin's ultimate sediment storage sites 

because of their higher accommodation potential. The physiographic subdivision 

between the platf01m and depocenter regions in the Rec6ncavo Basin occurs in few lO's 

of km (figures 1.2 and 6.12), which facilitated transpo1t of sand-sized and even coarser 

sediments to the basin center. 

Tectonism coupled with humid climatic conditions led to the development of a 

basinwide, deep (100's m), stratified, fresh/brackish water lake (Tolderer-Faimer et al., 
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1989). Volumenically, the organic-tich shales present within tdi // constitute the most 

important source-rocks for the Rec6ncavo Basin (Gaglianone et al., 1985). 

Sand deposits account for a minor p01tion of the bulk of tdi Il. Paucity of sand 

may be attributed to a fluvial drainage system in reorganization and possible presence 

of snuctural bm1iers located along the ba5in ' s mm·gins. Sn·atig:raphic progression within 

tdi // suggest5 a continuous deepening of the lacustrine water-body toward the top of 

the interval, which is dominated by muddy sediments. Highest lake-level for tdi /l 

occun-ed close to the stratigraphic position of marker 40. Tdi II strata characte1ize the 

2"d transgression of the Lower Cretaceous tectonosequence. 



181 

Vl.6. TECTONO-DEPOSITIONAL INTERVAL III (UPPER RIO DA SERRA 

STAGE) 

Tectono-depositional interval III coincides with the Upper Rio da Seim Stage 

(NRT 004) in the Rec6ncavo Basin. It encompasses the Valanginian Stage plus the 

lower portion of the Haute1ivian Stage (figure 1.6; Arai et. al., 1989; Harland et. al., 

1982 ). Its boundaiies ai·e marker 40, at the base, and mai·ker 15, at the top (table 4.1 ). 

Time span involved in the deposition of tdi Ill is estimated to be about 7 .5 Ma. It 

covers time of deposition of biozone NRT 004 (subzones NRT 004.1 through 004.5). 

Lithostratigraphically, tdi Ill is made up of the Maracangalha and Pitanga mbs. 

of the Candeias Fm., the Caiua<;u Beds of the Maifun Fm., and of the Ma1flffi Fm. 

(figure 1.6). The Mai·acangalha Mb. is constituted of shales, practically devoid of 

limestones, and presents low resistivity values. Both Pitanga Mb. and Catl.m<;u Beds ai·e 

sandy units encased within the Mm·acangalha Mb (figme 6.2). The Maifim Fm. occurs 

at the top of tdi Ill (figure 6.2). 

The contact between Mai·acangalha and Gomo (tdi II) mbs. is transitional. To 

the top, the contact between Maifrm and Pojuca (tdi IV) fmc;;. is also transitional (figure 

6.2). This contact may be erosional if the Taquipe Fm. overlies the Mmfrm Fm. (figure 

6.2). 

Tectonic activity was intense during the deposition of the lmver p01tion of tdi 

Ill, waning toward the top of the inte1val. 

VI.6.1. Depositional characteristics 

Isopach disttibution for tdi Ill reveals the same pattem obse1ved for tdi JI, i.e., 

depocenters occwTing close to the basin's eastem border and platfmm meas present to 

west/no1thwest of the bac;;in (figure 6.19). Shale diapi.Iism occmTed <luting deposition of 

tdi Ill (Ghignone, 1967; Horschutz and Teixeira, 1969). 
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Sand isolith distribution for the Cruuas;u Beds (figure 6.20) reveals this unit is 

best developed in Central and Southern Reconcavo. Highest sand isolith values for the 

Cruuas;u Beds tend to display an axial orientation. 

Sand isolith for the Pitanga Mb. shows this unit has a discontinuous nature and 

may locally reach very great thicknesses (over 1000 m; figure 6.21 ). Pitanga Mb. 

sandstones ru·e better developed in Southern Rec6ncavo. Both the Caruas;u Beds and 

Piumga Mb. occur in the lower po1tion of tdi III (figure 6.2). 

The Mrufon Fm. is present at the top of tdi III. Sand disttibution for this unit 

reveals its presence in both low and high subsidence ru·eas of the basin (figure 6.22). 

The Camas;u Beds consist of fine-grained, argillaceous sandstones, which usually 

display a sel1'ate pattern on SP logs (Netto et al., 1984). These sandstones occur as 

numerous sandy bodies intercalated with the Maracangalha Mb. shales (figure 6.23). The 

Pitanga Mb. sandstones are similar in composition to the Camas;u Beds, but m·e 

distinguished by their massive aspect in both outcrop and cores and unifo1m resistivity 

values (figure 6.23). Both lithologic units are characterized by the presence of water

escape structures (figure 6.24). Dish, pillar, flrune, and ball and pillow sttuctures m·e 

common features of these sandstones. Also common is the presence of convolute 

bedding, recumbent folding, slides, slumps, and sand dykes (Da Silva et al., 1989; Raja 

Gabaglia, 1991 ). The Carnas;u Beds show typical sedimentary strnctures of turbidite 

beds (Bouma, 1962). 

Mmiim Fm. sandstones display very fine to medium grain size (Mato et al., 

1991 ). Common sedimentary structures present within the Mrufim Fm. sandstones 

include parallel bedding, tabular and trough cross-bedding, and ripple-cross lrunination. 

Slump and other water-escape stmctures are also common, mainly when the sandstone 

bodies m·e thicker than 20 m (Da Silva et al., 1989). Shale deposits associated with the 

Matiim Fm. sandstones commonly present intensive bmrnwing and root marks. 
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Depositional cycles within the sand bodies of the Marfim Fm. show two distinct 

patterns: 1) coarsening upwm·d and 2) fining upwm·d. The f01mer pattern is chm-acterized 

by very fine-grained, micaceous sandstone at the ba5e passing upward into fine-grained 

sandstone with parallel or low-angle bedding. The latter depositional cycle displays fine

to medium-grained sandstone showing trough cross-bedding grading into very fine- to 

fine-grained sandstone with climbing ripples (Mato et al., 1991). 

Depositional processes associated with both Carna9u Beds and Pitanga Mb. may 

have niggered shale diapitism along the basin's depocenters (figure 6.25). Sand 

disn·ibution for the Cm·ua9u Beds shows occmTence of thick deposits of this unit close 

to diapitic areas (figure 6.20). 

VI.6.2. Depositional system synthesis 

The basin setting during lower tdi III was characte1ized by well-defined low

and high-subsidence areas, which favored the action of sediment gravity flows. Sand 

disnibution for both Carua9u Beds (figure 6.20) and Pitanga Mb. (figure 6.21) reflects 

the basin's physiography dming lower tdi Ill where the sandy deposits were rest1icted 

to depocenters. 

Middleton and Hampton (1973; 1984) recognize four ideal types of sediment 

gravity flows: 1) deb1is flow, 2) liquified sediment flow, 3) grain flow, and 4) turbidity 

cun-ent. These types are identified on the basis of the grain support mechanism. In 

tectonically-active basins, gravity flow deposit'> may represent impottant conaibutors to 

basin-fill. 

Ghignone (1979) lists the following chm·acteristics for the Pitanga Mb. 

sandstones: 1) absence of internal strnctures, except for dish strnctures, 2) lack of 

granulomettic va1iation, 3) presence of shaly clasts in the sandy mauix, and 4) sharp 
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contacts with host deposits. These characteristics led him to interpret the Pitanga Mb. 

as product of grain flow deposits. 

Depositional processes involved in the deposition of both Pitanga Mb. and 

Caruac;u Beds sandstones represent a continuum of events, as shown by Middleton and 

Hampton (1984). Required parameters for the deposition of such a deposits are: 1) sand 

availability, 2) presence of sufficient depositional slope, and 3) mechanism(s) capable 

of sediment transference to deep basin. The Reconcavo Basin's scenario dming lower 

tdi Ill seems to have met the above mentioned conditions. Moreover, at that time 

tectonism was an active f eatw·e of the basin. 

Delta front settings may constitute transient sites for sand accumulation, 

patticularly in tectonically-active basins. The usually high drainage area/delta front area 

ratio suggests that instantaneous sediment accumulation rates in these regions may be 

very high (Lindsay et al., 1984). Gravity-related slope failure on fine-grained deltas is 

associated with increasing pore pressure within muddy sediment5 due to gas generation, 

or rapid sediment accumulation rates (Coleman et al., 1983; Coleman and Prior, 1988). 

Frequency and magnitude of resedimentation event5 are related to slope gradient and 

instability of the delta front (Olton and Reading, in press). Seismicity associated with 

the iift phase is a plausible mechanism to instabilize sand deposits in delta front ai·eas 

(Da Silva et al., 1989; Raja Gabaglia, 1991). 

Both Pitanga Mb. and Carnac;u Beds deposits share common lithologic 

characteristics (very fine- to fine-grained sandstones) and sediment source. The 

difference between the two types are related to the gravity flow types involved in their 

deposition. The high mattix content found in the Pitanga Mb. and it5 massive aspect 

suggest the action of debris flow-related processes. Dish strncture-beming Pitanga 

sandstones may be related to grain flow deposition, as suggested by Ghignone (1979). 
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Figure 6.24 - Carua~u Beds. Upward-fining cycles constituted of po
lymitic conglomerates and shale intraclasts in a sandy matrix. Fine
grained sandstone displays water-escape structures. Modified after J. 
Cai'\:eta (1989). See figure 2.2 for well location. 

190 



w 
0 km 

-1 

-2 

0 

Riacho de Sao Pedro 

Diapir 

0 0 0 

tectono-depositional intervals IV and V 

0-well control 
0 0.3 km 
~----~ 

Figure 6.25 - Dip cross-section located in the Miranga Low. Observe: a) presence of thick Pitanga sandstone 
close to the shale diapir; b) sedimentary growth of the Marfim Fm. and younger stratigraphic units, and c) 
truncation of the sedimentary deposits of tdi's III, IV, and V against the diapir's wall. Modified after Da Sil
\'a et al. (1989). 

E 



192 

The Caruac;u Beds rarely present complete Bouma sequences. Very frequent, 

however, is the occmTence of thick beds of very-fine to fine-grained sandstones 

intensively fluidized, suggesting rapid deposition from high density turbulent flows 

(Lowe, 1982). 

The model suggested for both Pitanga Mb. and Camac;u Beds sandstone 

deposition implies the presence of fluvio-deltaic deposits in Southern Tucano Basin, as 

proposed by Carozzi and Fonseca (1989). By this model, the Quiric6 Platform (figw·e 

1.2) behaved, most of the time, as a bypass region connecting the source area with the 

Reconcavo Basin's deeper settings. Massive aspect, internal features, and seismic 

mounding/lenticularity (figure 6.26) associated with Pitanga Mb. sandstones suggest 

action of slump/debris flow processes. The external geometry of both Pitanga Mb. and 

Caruac;u Beds sandstones suggests deposition of these sediments in deep basin via 

paleochannels. The presence of Pitanga Mb. fatther into the basin is explained by the 

murnwness of the depocenters and presence of high gradients (fault- and block-tilting

related). Both Pitanga Mb. and Cruuac;u Beds represent sublacustrine, point-sourced 

deposits. 

The Matfim Fm. deposits constitute the record of a constrnctive, lobate deltaic.: 

system. Coarsening-upward log patterns are interpreted as mouth bar and delta front 

deposits. On the other hand, fining-upwru·d log patterns suggest the presence of 

disttibutary channel fills. Sand distribution for the Mrufun Fm. displays a geometry 

suggesting the presence of a river-dominated delta encompassing both Southern Tucano 

and Reconcavo Basin (figure 6.22). Also, NE-SW sand deposits occurring in No1theast 

Reconcavo imply in conttibution from the Aponi High (figure 1.2). Sand isolith 

contours for the Matfrm Fm. (figure 6.22) were drawn taking into account sand bodies 

thicker than 5 m, interpreted to be framework facies of tluvio-dominated deltas, i.e., 

disttibutat)' channel and channel mouth bar sands (Galloway and Hobday, 1983). 
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Sand content for the Marfim Fm. increases to no1th/n01thwest (figure 6.27). This 

verification agrees with Frazier's first p1inciple on siliciclastic sedimentation (Frazier, 

1974), i.e., fluvial courses bring elastic sediment5 to the basin margin and that 

sedimentary basins are filled from the margin toward the center. Ayers (1986), studying 

the deltaic deposits of the Paleocene Fo1t Union Fm. in the Powder River Basin, made 

a similar interpretation for the framework facies of that unit. 

Both tdi II and lower tdi lll were charactetized by intense tectonism. Sand 

deposits of these intervals were related to gravity-driven processes (accommodation

dominated deposition). Outing upper tdi lll, tectonic quiescence and earlier sedimentary 

infilling reduced gradients within the basin, and a better integrated tluvial network 

prograded basinwide sandy deposit<> into and along the iift axis (accommodation-limited 

deposition). 

Tdi II sediment5 were interpreted to be intemally- or marginally-de1ived. Larger 

areal occutTence, distinctive lithologic composition, and prominent tluvio-deltaic 

sedimentation are all charactetistics indicating an extemal sediment source for tdi Ill 

deposits (fluvio-deltaic). 

VI.6.3. Vertical stratigraphic progression 

Active tectonism coupled with suitable climatic conditions sustained high lake

levels during lower tdi III. The best evidence for a deep lake during lower tdi Ill is the 

voluminous gravity-flow deposits of the Pitanga Mb. and Cmuaiyu Beds in both Central 

and Southem Reconcavo (figure 6.28). Outing upper tdi Ill, however, the basin filled 

and experienced shallow water sedimentation except for the remnant deep lake in the 

southem po11ion of Southem Reconcavo. Lake-level fluctuations and dtier climatic 

conditions (Regali, 1966), caused a decrea<>e in the rate of creation of accommodation 

potential for the upper tdi III deposit5 (Matfim Fm.). 
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Paleoecologic studies (Tolderer-Fa1mer et al., 1989) also confinn the transition 

from deep lake (lower tdi Ill) to shallow lake sedimentation dming upper tdi III. Fluctu

ations in both faunal density and species diversity of the ostracod fauna, characterize 

upper tdi Ill. Ostracod-poor phases would coincide with major episodes of siliciclastic 

input to the basin. Organic productivity dming upper tdi III was moderate to low (meso 

to oligotrophic) in a lake characte1ized by low salinity (oligohaline; Tolderer-Fanner et 

al., 1989). 

The stratigraphic progression observed for tdi III, from gravity-d1iven deposits 

at the base to deltaic strata to the top, constitutes the 1" regression of the Lower 

Cretaceous tectonosequence. 
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VI.7. TECTONO-DEPOSITIONAL INTERVAL IV (LOWER ARA TU STAGE) 

The sedimentary record of tectono-depositional intetval IV coincides with the 

lower po1tion of the Aratu Stage (NRT 005; subzones NRT 005.1 through 005.4) in the 

Reconcavo Basin. It is chronost:ratigraphically equivalent to the Hauterivian Stage (Arai 

et al., 1989; Harland et al., 1982). Its boundaries are marker 15, at the base, and marker 

7, at the top. Time span involved in the deposition of tdi N is estimated in ca. of 5.5 

Ma (table 4.1 ; figure 1.6). 

Lithostratigraphically, tdi IV is characterized by the Pojuca, Taquipe, and 

Candeias fms. (figures 1.6 and 6.2). The Pojuca Fm. constitutes the dominant 

lithostratigraphic unit of both tdi' s N and V. Taquipe Fm. deposit-; tend to be restricted 

mainly to the western p01tion of Southern Reconcavo while Ccmdeias Fm. sediments are 

present in southernmost Reconcavo Basin. 

The Pojuca Fm. is charactetized by the intercalation of sandstone, shale, and 

limestone. Its basal contact with the Marfim Fm. is transitional. The basal deposits of 

the Pojuca Fm. are tmncated at the western p01tion of the basin by the Taquipe Fm. 

(figures 1.6 and 6.2). To the top, the Pojuca Fm. extends into tdi V. The basal contact 

of the Taquipe Fm. may be erosional with Pojuca, Matfim, or Candeias fms. (figures 

4.14 and 6.2). To the top, the Taquipe Fm. is transitional with the Pojuca Fm. 

Tectonism during the deposition of tdi IV was mild. Growth faulting activity was 

common within this inte1val. 

VI.7.1. Depositional characteristics 

Isopach disttibution for tdi N reveals thickest deposits are restricted to the 

Miranga and Cama9ru·i lows (axial depocenters; figure 6.29). Low subsidence areas 

show values around 200 m, except for the western po1tion of Southern Reconcavo 

where contours reaching more than 400 m occur (figure 6.29). 
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Sand isolith disttibution for this inte1val shows its presence in both low and high 

subsidence areas of the basin (figure 6.30). Contour values over 100 m are present in 

both n01thwestern portion of basin and along the axial depocenters. Values decrease 

toward Southern Reconcavo. 

The Taquipe Fm. occm·s mainly in western Southem Reconcavo (Netto et al., 

1984; Amorim, in press; figure 6.31). Amorim also reports the presence of the Taquipe 

Fm. in both Central Reconcavo and Southern Tucano Basin where the amount of 

infmmation on this unit is sparse. The occmTence area for the Taquipe Fm. in Southern 

Reconcavo should also encompass the Todos os Santos Bay (figme 6.31). 

The Pojuca Fm. sandstones are dominantly very fine- to fine-grained and show 

well s01ting. Common sedimentary strnctures include trough cross bedding and ripple 

cross lamination. Sandstone body thickness is vaiiable between few meters to more than 

10 m. Osu·acodal limestone (calcilutite and calcarenite) occurs intercalated with 

sandstone and shale deposits. Shaly deposits present burrowing and root marb. Coal 

fragments are also common within the Pojuca Fm. Sedimentation within this unit was 

cyclical and several marker beds (7 through 15; figure 5.9) occur ao;;sociated with it. 

The Taquipe Fm. consists of greenish gray shale, which ha<; characte1istic low 

resistivity (Netto et al., 1984). Sandstone is fine-grained and usually presents massive 

bedding and water-escape structures. Also common is the presence of conglomerate 

containing fragments of oncolite, chett, meta<;edimentaty rock. and muddy intraclast 

(figure 6.32). This unit presents a variable thickness between 100 and 800 m (Am01im, 

in press). The recognition of the Taquipe Fm. in southernmost Southern Reconcavo 

(Todos os Santos Bay) is problematic because it overlies the shaly Candeias Fm. (Netto 

et al., 1984, Da Silva et al., 1989). Both Candeias and Taquipe fm<;. shai·e similai· 

lithologic composition. In this case, the separation of both units is frequently done with 

the help of paleontology. 



38°30' 

Southern 

Tucano Basin 

Todos os 
Santos Bay 

Salvador Cit 

Figure 6.29 - lsopach map for tdi IV. 

201 

38°00' 

Apora'High 

+ + 

12°00' 

O - sediment erosion 

20 Km 

C.I. = 200 m 13 oo· 



38°30' 

Southern 

Tucano Basin 

/,- + 
/ 

::// 
~'/ 

. Salvador Cit 
Figure 6.30 - Sand isolith map for tdi IV. 

3s' oo· 

Apora'High 
+ 

+ + 

.. 
0 - sediment erosion 

0 
===1==-2--JO Km 

C.L= 25 m 

202 



203 

Facies associations within tdi IV show that sandstone bodies thin upward (figw·e 

6.33). The thickest sand bodies of this interval occur associated with the Santiago 

sandstone, present between markers 11 and 14 (figure 5.9). Tdi IV sandstones constitute 

impo11ant hydrocarbon reservoirs in the Reconcavo Basin. 

VI. 7 .2. Depositional system synthesis 

Facies associations within tdi IV suggest relative tectonic quiescence, which 

favored the development of laterally continuous sand bodies (figure 6.34). Several 

authors admit a deltaic origin for most of the sedimentary record of this interval (Miura 

et al., 1969; Horschutz et al., 1973; Ghignone, 1979; Netto et al. , 1984, among others). 

Tdi IV sedimentation reflect'> the continuation of Mruftm-type deposition in a shallower 

lacustrine basin. Sedimentary cyclicity of these deposits suggests frequent baselevel 

fluctuations (Miw·a et al., 1969). If tectonism was relatively quiescent at that time, 

paleoclimate might have been an important mechanism regulating water depth and facies 

distribution. 

Both paleoclimatic and baselevel changes highly influence the evolution of 

geomorphic forms (Chorley et al., 1984). Paleoclimatic changes induce impo11ant 

alterations in the drainage basin, such as smface mnoff, stream dischru·ge, erosion rates, 

and sediment grain size, among others. Tectonism in rift basins is an important element 

producing baselevel changes. 

The relative tectonic quiescence present dming deposition of tdi N petmitted the 

progradation of deltaic system, which entered the basin across the low subsidence 

northwest portion of the basin (platform-mru·gin drainage) and along the basin axis 

depocenters (axial drainage; figure 6.30). Lower gradients within the basin permitted the 

development of a ramp separating platfmmal areas and axial depocenters. D01ing 

deposition of tdi' s JJ and JI/ this boundruy was fault-related. 
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Figure 6.32 - Taquipe Fm. Conglomerate and fine·grained sandstone. 
Conglomerate contains pebbles and cobbles of oncolites, chert, metase· 
dimentary rocks, fish bones, and muddy intraclasts. Fine- grained san
dstone displays water-escape structures and muddy intraclasts. Modi
fied after C. Bruhn (1986). See well location in figures 2.2 and 6.31. 
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The Taquipe Fm. sediments are interpreted as the fill of a paleocanyon (Netto 

and Oliveira, 1984; Amo1im, in press, among others). According to Amoiim, the oiigin 

of the Aratu paleocanyon is related to the activity of the Paranagua Fault (western limit 

for the Taquipe Fm.) located in western Southern Reconcavo (figure 1.2). 

The activity of the Paranagua Fault led to block-tilting toward the west (counter

to-the-basin tilting), which would have facilitated onset of focused erosion. The 

excavation of the Taquipe paleocanyon is interpreted to have commenced during NRT 

005.3 (figure 1.6) with its filling having taken place between NRT 005.4 and NRT 

006.2 (figure 6.34; Amorim, in press). The localized absence of some biozones within 

the Taquipe Fm. point5 out to internal minor-scale erosional processes. 

The erosional surface present at the base of the Taquipe Fm. displays low relief. 

Some seismic lines, however, display uuncation of underlying strata against the base of 

this unit (figure 6.35). Low-amplitude reflectors occunfog above the erosional smface 

are interpreted as shaly sediments, and basal deposits of the Taquipe Fm. onlap onto the 

erosional smface that marks its base. 

Coarse-grained facies within the Taquipe Fm. include slide, slump, deblis flow, 

and turbidites (Mato, 1990; Am01im, in press; figure 6.32). Turbidite sand bodies 

constitute important hydrocarbon reservoirs within this unit. 

Rising baselevel toward the top of tdi JV pushed deltaic sedimentation toward 

more no1thern p01tions of the basin (figure 6.36). Localized tectonic activity plus 

reduced sediment input may have triggered mass-wa5ting processes and initialized the 

excavation of the Taquipe paleocanyon. The paleocanyon opened out into the deep 

lacustrine system present at southernmost Reconcavo Basin (Candeias Fm.). 

Evidence for decrea5ing sediment supply dming tdi N is provided by the 

retrogradation of the fluvio-deltaic system that fed into the basin to more n01them 

p01tions of the Reconcavo 1ift (figure 6.36). For this reason, the upper po1tion of tdi IV 

consists mainly of shaly deposits and thin sandstones. 
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The basal deposits of the Taquipe Fm. are also dominantly shaly, containing intercala

tions ofredeposited sand (figure 6.34). These basal sandy strata characte1ize subaqueous 

onlap fill-type deposits (Galloway et al., 1991; figure 6.32). 

One relevant aspect related to the Taquipe paleocanyon is that it seem<; to have 

been connected to a platfo1m-margin source area to the no1th (figure 6.31). Thus, the 

same area that delivered sediments for the deposition of the Pojuca Fm. also fed the 

Taquipe Fm. For this rea<;on, the eruichment in coarse-grained fades in younger 

deposits observed of the Pojuca Fm. is also noticed for the Taquipe Fm. (figures 6.34 

and 6.37). 

The importance of paleoclimate influence on both facies types and distribution 

have been identified elsewhere in both ancient (McGowen et al., 1979; Olsen, 1986; 

1990) and Recent (Cohen, 1989; 1990; Scholz et al., 1990) continental deposits. The 

work by McGowen et al. (1979) on the T1iassic Dockum Fm. of West Texas and New 

Mexico is a classic example of paleoclimatically-influenced sedimentation in 

intracontinental settings. There, the authors identify lowstand- and highstand-related 

deposits where highstand (wet climate) sedimentation had a more constrnctive character. 

The relevance of climate-related lake-level fluctuations in controlling coarse

grained facies disnibution has been overlooked in Reconcavo Basin. Despite the 

upward-shallowing facies trend shown by the Lower Cretaceous deposits of this basin 

(figure 6.2), only tectonism has been evoked as the main forcing mechanism, 

responsible for basin creation and filling. Da Silva et al. (1989), Da Silva and Picarelli 

(1990), and Mato et al. (1991), however, have a5c1ibed to paleoclimate an important role 

in the evolution of the sedimentary record of the Reconcavo Basin. 

The sedimentary record of tdi IV is similar to the synrift Mmiakani Fm. of the 

Mombasa Basin (Pe1mo-T1iassic Karroo deposits of southern and eastern Africa; 

Lambiase, 1990). 
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Vl.7.3. Vertical stratigraphic progression 

Tectonic quiescence and suitable climatic conditions pe1mitted the progradation 

of a deltaic system into the Rec6ncavo Basin dming tdi N (figure 6.38). Sand 

percentage increases toward the no1thwest (figure 6.37), stressing the importance of 

platf01m-margin drainage in cai1y'ing sediment<> into the basin. In most of the Rec6ncavo 

Basin, tdi N sedimentation was accommodation-limited (Pojuca Fm.). Localized tectonic 

activity in western Southern Rec6ncavo created accommodation-dominated strata 

(Taquipe Fm.). Sand thinning-upwai·d towai·d the top of the interval with consequent 

retreating of the fluvio-deltaic system that fed into the basin, suggest increasing 

accommodation space creation and declining sediment supply toward the top of tdi N. 

Paleoecologic analyses of ostrncodal fonns reveal poor development of species 

toward the top of tdi IV. Also, ostracod shell pititization points to iising water-levels 

toward the top of interval. 

The stratigraphic progression desctibed for tdi N is interpreted as the 3rd 

transgression of the Lower Cretaceous tectonosequence. 
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VI.8. TECTONO-DEPOSITIONAL INTERVAL V (UPPER ARA TU ST AGE) 

The sedimentary deposits of tectono-depositional interval V coincides with the 

upper po1tion of the Aratu Stage (subzones NRT 005.5, 006.1, and 006.2) in the 

Rec6ncavo Basin. Its is chronologically equivalent to the lower po1tion of the BruTemian 

Stage (Arai et al., 1989; Hru·land et al., 1982). Its boundruies ru·e marker 7, at the base, 

and mru·ker 1 at the top. Time span involved in the deposition of tdi V is estimated to 

be ca. 2.5 Ma (table 4.1 and figure 1.6). 

Lithostratigraphically, tdi V consists of the Pojuca, Taquipe, and Candeias fms. 

(figures 1.6 and 6.2). As in tdi N, the Pojuca Fm. constitutes the dominant unit. 

Contact5 of the lithostratigraphic units of this interval with adjacent ones ru·e transitional. 

Top contact of tdi V is between Pojuca and Sao Sebastiao fms. (figure 6.2). Tectonic 

activity coeval with tdi V was minor. 

VI.8.1. Depositional characteristics 

Isopach dist1ibution reveals presence of thickest deposits in both the Miranga 

and Cama~ru·i lows (figure 6.39). Along western Southern Reconcavo contour values ::U"e 

similru· to those found along the depocenters, and their orientation mimics that of the 

Taquipe paleocanyon (figures 6.39 and 6.31). 

Sand occuffence for this interval displays the same pattern observed for tdi N, 

i.e., highest contours are present in the northwest p01tion of the basin ru1d along the 

Miranga Low (figure 6.40). In the Miranga Low, thickest isolith values coincide with 

thickest isopachs. Lowest sand isolith values occur in Southern Reconcavo (figure 6.40). 

Sandstones present within tdi V ru·e fine- to medium-grained and show good 

so1ting. Shale and silt deposits usually incorporate root mru·ks and coal fragments (Netto 

et al., 1984 ). Biogenic limestones also occur, though less frequent! y than in tdi JV. 
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Ve1tical facies trends for tdi V are coarsening- and thickening-upward. To the 

top, sandstone deposits may reach thicknesses of tens of meters (figure 6.41). 

VI.8.2. Depositional system synthesis 

Deposition of tdi V strata was characte1ized by relative tectonic quiescence, 

which permitted the development of laterally extensive sand bodies (Miura et al., 1969). 

Depositional conditions seem similar to those present dming tdi IV. Mild tectonic 

conditions encouraged the progradation of a large fluvio-deltaic system across and along 

the basin. Lacusttine deposition was restticted to the southerly p01tion of Southern 

Reconcavo. 

The sandy character of tdi V sedimentation suggest5 a better integration of the 

fluvial network that fed into the Reconcavo Basin. Presence of low gradients and 

shallow water within the basin allowed extensive delta progradation. The sandiest 

deposits occun"ing at the top of the Taquipe Fm. (NRT 005.5 and 006.1) chm·acterize 

prograding fill-type stt·ata. Even in most rapidly subsiding po1tions of Southern 

Reconcavo, sediment input exceeded subsidence. 

Evidence of progradation dming tdi V occurs in Southern Reconcavo (figures 

6.42 and 6.43). In a semiregional scale, progradational geometty can be interpreted from 

seismic data (figure 6.42) where clinofonm extend at least for 5 km and show an 

angulruity of 42 to 52. Outcrops deposits showing clinoformal geometry (figure 6.43) 

consist of silty mudstone and ve1y fine- to medium-grained sandstone. The length of 

each individual clinofmm is ca. of 60 m and it5 maximum thickness is around 2 m. 

Topographic relief between topset and bottomset, a5 presently, is about 9 m, which 

suggests a local water column dming deposition of these deposit5 in the range 10-15 m. 

This water depth estimate takes into account postcompactional effect5. 
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Increasingly coarse-grained sediment supply characterizes tdi V. Analysis of the 

location of the fluvio-deltaic system active in the basin shows its presence in both 

No1theast and Central Reconcavo (figure 6.44). The main sediment gateway for tdi V 

was located at the northwest po1tion of the basin, connecting South Tucano and 

Rec6ncavo ba5ins (platf01m-margin drainage). 

VI.8.3. Vertical stratigraphic progression 

Tectonic quiescence, suitable climatic conditions, and a well-integrated tluvial 

network were responsible for sediment progradation during tdi V. Low gradients in the 

basin favored the development of progradational fluvio-deltaic sedimentation, which 

extensively covered Noitheast and Central Reconcavo, and no1them areas of Southern 

Rec6ncavo at the end of tdi V (figure 6.44). Gravity flow bypassing was limited. 

Coarse-grained sediment source was mainly derived from the n01thwest margin 

of the basin (platfo1m-margin drainage), brought by rivers draining the Tucano Basin. 

Sand percentage reaches more than 60% in the platfo1mal area located at the 

notthwestem patt of the basin (figure 6.45). Also, along the axial depocenters sand 

percentage was high. In general, sand percentage decreases to the south of the basin 

(figure 6.45). 

Sediment deposition dming tdi V was accommodation-limited, regulated by slow 

basin subsidence and lake-level fluctuations. Shallow-water conditions chat-acte1ized 

sedimentation dwing this inte1val (figure 6.46). Analysis of the ostracodal fauna of tdi 

V interval reveals low productivity, which, coupled with poor vegetation development, 

suggest both shallow-water and dry climatic conditions (Tolderer-Fm·mer et al., 1989). 

Lacusuine sedimentation was resuicted to the high subsidence area of Southern 

Rec6ncavo (Crunac;m·i Low). Eventually, major paleoclimatic changes led to the 

development of basinwide lacusttine conditions where the mai·kers beds of tdi V were 

created (figure 5.9). 



Figure 6.43 - Prograding clinoforms in Southern Reconcavo. Main lithologic types present are 
silty mudstone and very fine- to medium-grained sandstone. Limestone crust occurs at the top 
of each progradational event. Estimated water depth is 10-15 m. Sediment transport to south
east (lo the left). Vertical scale = Sm. Photograph by J. I. Ghignone. See figure 2.2 for outcrop 
location. 
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Shallow water sedimentation, sand em-ichment towm·d the top of the inte1val, and 

depositional style pennit interpreting the stratigraphic progression within tdi Vas the 2nd 

regression of the Lower Cretaceous tectonosequence. 
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VI.9. TECTONO-DEPOSITIONAL INTERVAL VI (BURACICA AND JIQUIA 

STAGES) 

The topmost tectono-depositional inte1val of the Lower Cretaceous tectonose

quence coincides with the Buracica (NRT 007/008) and Jiquia (NRT 009) stages. It 

encompasses the Upper BruTemian plus the lower po1tion of the Aptian Stage (figure 

1.6; Arai et al., 1989; Hrufand et al., 1982). The boundruies for tectono-depositional 

inte1val V ru·e mru·ker 1, at its base, and the breakup unconfonnity, at its top. Time span 

involved in the deposition of tdi VI strata is estimated in 3.5-4 Ma. 

Lithostratigraphically. tdi VJ is characte1ized dominantly by the Sao Sebastiao 

Fm. The Pojuca Fm. is present in the Southern and at the eastern Cenu·al Rec6ncavo. 

Buracica Stage su·ata may occur totally or prutly preserved throughout the 

Reconcavo Bm;in. Jiquia Stage sediment occun-ence, however, is restticted to localized 

ru·eas of the axial depocenters. For the rest of the Reconcavo Basin, Jiquia Stage 

deposits are absent due to later erosion. Where present, Jiquia Stage deposits ru·e ca. 

70% thicker than Buracica su-c1ta. This was verified in both the Miranga and Cama~rui 

lows in Rec6ncavo Basin a<; well in the Inhanbupe Low in Southern Tucano Basin. For 

this reason, the isopach estimate for tdi VI presumes that Jiquia Stage deposits are 1.7 

times thicker than the Buracica counterpruts. This represents a minimum thickness 

estimate for the Jiquia Stage isopach. 

Strong tectonic activity was present dming the deposition of tdi VJ. Relief 

rejuvenation, basement-related faulting creation and reactivation charactetize this 

interval. 

VI.9.1. Depositional characteristics 

Isopach distribution for this interval displays the highest values among all the 

tectono-depositional inte1vals. Along the axial depocenters, isopach values may exceed 



230 

3000 m (figme 6.47). These values are consistent with values repo1ted by Ghignone 

(1979), who estimated the thickness for the Sao Sebastiao Fm. in 3,000-plus rn. Even 

in more tectonically-stable areas of the basin, isopach values are high (figure 6.47). 

Sand isolith occurrence for tdi VJ also shows the highest values among the 

analyzed intervals (figure 6.48). Along the axial depocenters, major sandy axis tend to 

coincide with thickest isopachs. Even in the Cama~mi Low, repo1ted sand isolith values 

are high (figure 6.48). 

Tdi VJ consist'> of sandstones and shales. Sandstone present within this interval 

is fine- to medium-grained, well smted, subangulm· to subrounded m·kose, with lesser 

sublithoarenite and lithic a.rkose (Oliveira et al., 1977). Coarse sand is present at the top 

of tdi VJ. The p1incipa.l sedimentary strucnire repmted for these sandstones is trough 

cross-bedding. Water-escape suuctures, as sand dykes, convolute bedding, and massive 

bedding a.re also common (figure 6.49). The intercalation of sandstone, shale, and 

limestone common for tdi' s N and V deposits is absent in this interval. 

The majotity of the sandstones present within tdi VI constitute fining-upwm·d 

cycles. Some thicker finning-upwm·d cycles represent the superposition of several 

depositional units, which may reach thicknesses between 15 and 30 m (Oliveira et al., 

1977). Log forms for tdi VJ shows that sandstone bodies become blocky toward the top 

of the inte1va.l (figure 6.50). 

Tdi VI possesses the greatest potential for petroleum rese1voir facies among all 

the inte1vals of the Lower Cretaceous tectonosequence. Sand bodies m·e thick and 

laterally continuous and exhibit high pe1moporosity characteristics. The la.ck of sea.ling 

beds, however, nullifies this potential. Where the sand-to-mud ratio is lower at the base 

of the inte1val, small hydrocm·bon accumulations occur in both Southern and Central 

Rec6ncavo. Tdi VJ sandstones constitute the most impo1tant aquifers for both South 

Tucano and Rec6ncavo basins. 



38°30' 

Southern 

Tucano Basin 

D 

Todos os 
Santos Bay 

Figure 6.47 - Isopach map for tdi VI. 

231 

3a'oo· 

Apora'High 

+ + 

12°00' 

0 20 Km 

C.I.= 500 m 13 oo· 



3a3o· 

Southern 

Tucano Basin 

D 
\) 

(? 

(] 

Salvador Cit 

Figure 6.48 - Sand isolith map for tdi VI. 

232 

3a'oo· 

Apora'High 

+ + 

12°00' 

0 20 Km 

C.l.=500 m 13°00· 



233 

VI.9.2. Depositional system synthesis 

Tdi VI represents the sandiest interval of the Lower Cretaceous tectonosequence. 

Coarse-grained deposition resulted from the regional integration and rejuvenation of the 

drainage system that fed into the Reconcavo Basin. Climatic conditions favored the 

erosion and transportation of sand from the source area. Active tectonism accounted for 

source uplift and basin subsidence. 

Lacustrine conditions during tdi VI were restticted to the more southern portions 

of the Cama9ari Low. Toward the top of this interval, the lacustrine environment 

gradually disappeared. Basinwide recognizable marker beds of this interval (markers B, 

C, F, and L) are associated with sho1t-te1m paleoclimatic changes that caused basin 

inundation by a lacustrine system. The fossil zones found within this interval are mainly 

related to these marker beds. 

Fining-upward cycles, presence of trough cross-bedding, and high sand 

percentage, constitute characte1istics that point to the dominance of fluvial systems in 

the deposition of tdi VI strata. Regionally, sand bodies coalesce and can be conelated 

for tens of kilometers (figure 6.51). Intercalation of sandy deposits with muddy 

sediment<.; associated with floodplain settings tend to decrease both toward no1th and to 

the top of tdi VI (figure 6.51 ). 

The trend toward increasingly importance of fluvial systems in delivering 

sediment<.; to the Reconcavo Basin dming Upper Bru.Temian-Lower Aptian stages is not 

unique. The 1ift basins that make up the South Ame1ican Rift show a late-stage sand 

eruichment trend towru.·d the top of synrift strata (Dias, 1991). The only exceptions are 

the Campos and Santos basins, located in Southern Brazil. 

Dias ( 1991) interprets the time interval conesponding to the deposition of tdi 

VI as a pha5e of intensive progradation in the Reconcavo, Tucano, and Sergipe-Alagoas 

basins. That author refers to the "coarse elastic nature" of the Buracica-Jiquia sediments, 



Figure 6.49 - Sao Sebastiao Fm. Very fine-grained sandstone showing 
water-escape structures. Observe presence of sand dyke, convolute bed
ding, and massive structure. Darker color due to hydrocarbon saturati
on. Scale length = 30 cm. See figure 2.2 for well location. 
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not providing, however, information conceming the related depositional systems. By 

nature, fluvial systems are essentially aggradational (Galloway and Hobday, 1983). 

Lateral accretion and progradation are localized within the realm of fluvial deposition. 

The locus of primary coarse-grained deposition in fluvial systems is the channel itself. 

So, channel-fill facies constitutes the framework facies for the analysis of fluvial 

systems. 

In the Reconcavo Basin, the aggradational character of sedimentation during 

deposition of tdi VI was reinforced by the presence of active tectonic subsidence, which 

led to the preservation of hundreds of meters of sand-rich deposits. Increasing sand 

coarseness toward the top of tdi VI suggest a transition from mixed-load to bed-load 

channels toward the top of the interval. Where top deposits of tdi VI are present, they 

are dominantly sandy and coarse-grained. 

A progressive climate change toward more arid conditions seems to be evident 

from tdi' s IV and V to tdi VI. This climatic change reflects the long-term climatic trend 

commonly observed for rift basins, i.e., hot and humid (rainy) conditions early in the 

rift section, becoming more and more arid toward its top. The dominance of coarse

grained sedimentation during tdi VI constitutes a strong sedimentologic evidence for arid 

climatic conditions (Chorley et al., 1984). 

Other examples of sand-rich intervals capping rift basin-fills include the Isalo 

I sandstones, which are the topmost deposits of the Permo-Triassic section of the 

Morondava Basin, Southwestem Madagascar (Lambiase, 1990), the Freda sandstone, 

which is the youngest strata of the Precambrian Mid-Continent Rift in Northem United 

States (Dickas, 1986), and the sand-rich Cretaceous Ghazal and Baraka fms., the top 

deposits of the rift basins located in Southern Sudan (Schull, 1988). 
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VI.9.3. Vertical stratigraphic progression 

Tdi VI was coeval with the second major period of tectonic activity in the 

Reconcavo Basin. Accumulation of thousands of meters of predominantly sandy deposits 

suggests ready availability of sandy source material in the drainage basin, an efficient 

fluvial network connecting source and depositional basins, and rapid space creation for 

sediment storage. 

Sand content increases toward the platformal area located at the northwestern 

portion of the basin (figure 6.52). Sediment source from the basin's eastern escarpment 

is also suggested (figure 6.52). 

Renewed tectonic activity was not accompanied by the development of a 

basinwide lacustrine system, as during tdi II. Rather, sedimentologic and paleoecologic 

evidences suggest dominance of arid climatic conditions and areal shrinking of the 

lacustrine system present in southernmost Reconcavo Basin (figure 6.53). Ostracod 

fauna analysis permit inferring very shallow water conditions, characterized by low 

diversity and poor species development (Tolderer-Farmer et al., 1989). Ostracod 

enrichment peaks during tdi VI were restricted to phases of regional flooding of the 

basin (mruker bed creation events). Polen and spore data also support interpretation of 

dry, arid climatic conditions during tdi VI (Regali, 1966). 

The sedimentary record of tdi VI is interpreted as the 3rd regression of the Lower 

Cretaceous tectonosequence. 
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VI.10. ROLE OF TECTONICS IN THE DEVELOPMENT OF THE LOWER 

CRETACEOUSTECTONOSEQUENCE 

Tectonic activity associated with the rift phase in the Reconcavo Basin played 

a major role in the development and evolution of the tectonosequence·s stratigraphic 

record. Elsewhere, the correlation of major depositional events with tectonic episodes 

has been demonstrated (Boote and Kirk, 1989; Poag and Sevon, 1989). Also, long-term 

tectonism can create rock packages, which are regionally correlatable (Hubbard, 1988). 

In the Reconcavo Basin, the impact of tectonism is manifested in numerous 

ways: 

1) Both rift onset and breakup unconformities (angular discordant surfaces; 

figure 6.2) signal impot'tant (localized) tectonic changes in the extensional stress field 

present in Eastern Brazil during Early Cretaceous. 

2) The Reconcavo Basin's structural framework was totally modified during 

early tdi II (figure 1.2). Tectonic activity created platforms (low subsidence areas) and 

axial depocenters (high subsidence areas). Space creation for sediment storage increased 

during the deposition of the tectonosequence. 

3) Rejuvenation of the drainage basin relief effected rates of erosion and 

sediment creation and increased topographic differences between drainage basin and 

depositional area characterize sediment deposition during the rift phase. 

4) There is a major difference in both depocenter location and geometry when 

comparing pretectonosequence deposits (figure 4.7) and tectonosequence-related strata 

(figures 6.6, 6.12, and figure 6.19, for instance). 

5) Within the tectonosequence six tdi' s are recognized. Three show upward

deepening and the others upward-shoaling trends (6.54). These intervals can be 

correlated with distinct tectonic periods within the tectonosequence. 

6) Active tectonism may have disrupted the fluvial network established during 

Upper Jurassic (Sergi Fm.; figure 1.6) and earliest Lower Cretaceous (Itaparica Fm.) 
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times. The main sediment gateway for the Reconcavo Basin during deposition of the 

tectonosequence was related to platfo1m-margin drainage. The establishment of this 

drainage type was tectonically-influenced (low subsidence/stable area). 

An immature fluvial network plus the possibility of tectonic-related structural 

barriers present along the basin's margins is implied in the low accumulation rates 

during the early tectonosequence history (discussed in chapter VII). Toward the top of 

the tectonosequence, however, the increase in accumulation rates reveals a well

interconnected fluvial network and efficient sediment supply. 

VI.11. ROLE OF PALEOCLIMATE IN lHE DEVELOPMENT OF THE 

LOWER CRETACEOUS TECTONOSEQUENCE 

Basin-fill in intracontinental rift lakes is achieved by the interplay between 

tectonism and paleoclimate (figure 6.55). The tectonic signature is more easily 

recognized in packages spanning 106 years in duration. Sedimentary intervals created 

during shorter time spans (tectono-depositional episodes), however, are likely to show 

a higher dependence on paleoclimate. Sedimentary cyclicity constitutes strong evidence 

of the paleoclimatic signature on deposition of lacustrine strata (Astin, 1990; Olsen, 

1990). Phases of marker bed creation represent apical conditions in climatic cycles. 

Both tectonic activity and paleoclimatic conditions in a sedimentary basin are 

linked to larger scale processes (figure 6.56). Locally, paleoclimate influences lake-level 

fluctuations by changing the hydrologic budget, the amount and nature of elastic 

sediments supplied to the depositional basin, and the vegetative cover. Sediment yield 

and precipitation are directly related (Chorley et al., 1984). 

There are a series of evidence, both regional and local, which links paleoclimate 

to the deposition of Lower Cretaceous continental strata in the several lacustrine basins 

located in Eastern Brazil, including the Reconcavo Basin. 
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Basically, the evidence shows a climatic trend toward more ch)', arid conditions 

at the top of the rift inte1val. 

Regional evidence 

1-In all basins of the South American Rift (Dias, 1991), except for the Campos 

and Santos basins, the sandiest deposits are located at the top of the rift interval. 

Lambiase (1990) reported this characteristic for rift basins located in different continents 

and displaying distinct ages. 

2-Viana (1986) con-elates the ostracod mass extinction that occwTed during 

Upper Jiquia and Alagoas stages (NRT 009 and NRT 010, respectively) with a 

progressive salinization of the late rift lacustrine waters; 

3-Rodrigues and Takaki (1986), using carbon isotope data from bitumen and 

carbon and oxygen isotope data from limestone, conclude that the rift lakes during 

Buracica time in the Espirito Santo and Campos basins were characterized by fresh 

water. For the Jiquia Stage, those authors conclude that the water was hypersaline. 

Aridity peaked dming Alagoas time with the deposition of evaporites in several basins 

of the South American Rift (Dias, 1991); 

Local evidence 

1- Basal deposits of the Lower Cretaceous tectonosequence are sand-poor 

(organic-rich) while the top ones are sand-rich. 

2-The boundary between Agua Grande Fm. and Taua Mb. (tdi /) may represent 

a sharp change in climatic conditions associated with basin subsidence. Top deposits of 

the Agua Grande Fm. are characterized by eolian reworking. The organic-rich sediments 

of the Taua Mb. were deposited in a basinwide lacustrine environment. 

3-Basinwide (tdi' s IV and V) and localized (tdi II) sedimentary cyclicity is 

observed within the tectonosequence. 
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4-The correlation among ostracod population/diversity, lake characteristics, and 

sand richness within tdi' s IV and V (figures 6.36 and 6.44, respectively) suggests lake

level fluctuations during Aratu Stage and upward-shallowing to the top of tdi V. 

5-Paleoecologic studies within the tectonosequence (Tolderer-Farmer et al., 

1989) suggest an upward-shallowing of the lacustrine environment. Palinologic analyses 

(Regali, 1966) hint at more arid conditions during late rift. 
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CHAPTER VII 

ACCUMULATION RATES OF THE LOWER 

CRETACEOUSTECTONOSEQUENCE 

At present, geologists are more prone to accept the episodic character of 

sedimentation (Dott, 1983). Episodicity in sedimentation implies in that most of the 

geologic time would be spent with erosion, reworking, and sedimentation of deposits 

characterized by fine grain size and slow rates of deposition (Della Favera, 1984). 

Sadler (1981) explains that the continuity of sedimentation is directly related to 

the notion of completeness of stratigraphic sections. Accordingly, all sedimentary 

intervals contain hiatuses at some scale and sediment accumulation rates are expected 

to vary geographically, characterizing the nonunifonnity of deposition (influenced by 

the basin-floor topography) and with time, reflecting the unsteadiness of the geologic 

processes. 

Sedimentary sequences record geologic time as intervals of sediment increments 

alternated with gaps. The balance between increments and gaps detennines the 

completeness of the sedimentary record (Sadler, 1981). The notion of completeness of 

the sedimentary record is also linked to the age control of the geologic processes. The 

more refined the dating, the more accurate will be the comprehension of the basin's 

evolution. 

The sediment accumulation rates have to be interpreted as average values for 

time intervals spanning thousands of years to million of years. But even average values 

representing time intervals characterized by continuously changing subsidence rates, 

sediment input, and climatic conditions (from the beginning through the middle to the 

end of each time interval) provide useful information for basin analysis. Relevant points 

include characterization of (1) main tectonic pulses, (2) accommodation potential of the 
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basin in both space and time, and (3) sediment delivery, and (4) sediment accwnulati.on 

rates among different depositional systems. 

Poag and Sevon (1989) observed a direct relationship between sedimentation 

peaks and tectonic activity for the Mesozoic and Cenozoic sediments of the Eastern U.S. 

Middle Atlantic Continental Margin. Galloway and Williams (1991) showed for the 

Paleogene sedimentary section of the Gulf of Mexico basin that periods of declining 

sediment supply were characterized by over-accommodation and flooding of the 

depositional area. Galloway and Williams ( 1991) also showed that different depositional 

systems accumulated different volwnes of sediment through time and that these 

sediments were distributed in a nonhomogeneous way through the basin. 

The analysis of sediment accumulation rates in different depositional systems 

is important in the sense of pointing to the delivery efficiency of these systems. 

Therefore, the examination of the sediment accumulation rate maps through several time 

steps, with knowledge of the principal depositional systems that were active in the basin, 

may be more informative for regional studies than the analysis of isopach maps for the 

same time intervals. 

This chapter discusses the evolution of the sediment accwnulati.on rates of the 

Lower Cretaceous tectonosequence. This tectonosequence spanned ca. of 24 Ma and has 

been broken down into six tectono-depositional intervals. Associated biozones have time 

spans between 1.2 Ma and 7 .5 Ma, except for biozone NRT 008, with a time span of 

ca. of 0.8 Ma (table 7 .1 ). 

The Agua Grande Fm., the basal unit of the tectonosequence, was omitted from 

the interval to be decompacted due to the poor age control on the time elapsed for its 

deposition. Also, the Salvador Fm. conglomerates were not included in this study 

because of the difficulty in their dating. 

Published information on sediment accumulation rates from rift basins is scarce. 

Most of the references are from the Cenozoic East African rifts. The estimated 

accumulation rates for lakes Tanganyika, Turkana, and Malawi (Degens et al., 1971; 
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Johnson, 1984; Johnson et al., 1987; Cohen, 1989; Cohen, 1990; Johnson and Ng'ang'a, 

1990) are restricted to the topmost sediments of those tectonic lakes. In contrast, the 

Reconcavo Basin's Lower Cretaceous tectonosequence encompasses the entire rifting 

episode in the basin (table 7.1). 

Interval Time span (Ma) Active depositional systems 

NRT 009 (VI) 1.7 Fluvial 

NRT 008 (VI) 0.8 Mainly fluvial; lacustrine 

NRT 007 (VI) 1.2 Mainly fluvial; deltaic; lacus-

trine 

NRT 006 (V) 2.5 Fluvio-deltaic; lacustrine 

NRT 005 (IV) 5.5 Fluvio-deltaic; lacustrine 

NRT 004 (III) 7.5 Lacustrine; deltaic 

NRT 003 (II) 3.0 Lacustrine 

NRT 002.2 (I) 2.0 Lacustrine 

Table 7.1 - Chronostratigraphic intervals recognized within the Reconcavo Basin's Lo

wer Cretaceous tectonosequence. Roman numerals in parenthesis indicate tectono-depo

sitional intervals and associated biozones. 

VII.1. DATA BASE 

The characterization of accumulation rates for the Lower Cretaceous tectonose

quence in the Reconcavo Basin utilized 91 wells, covering ca. of 70% of the basin's 

area (figure 7.1). Wells with the maximum of prese1ved section were selected. For this 

reason, wells situated in the northeastern, western, and southern portions of the 

Reconcavo Basin were left out. The selected wells are located in the most important 
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structural elements of the basin. It was necessary to estimate the original thickness of 

the Jiquia Stage sediments (NRT 009), which constitutes the topmost deposits of the 

tectonosequence. Since the end of rifting in the basin, most of the sediments of this time 

interval have been removed by erosion. 

Four wells, located in different tectonic elements of the basin (figure 7 .2), 

provided information for porosity/depth curves. Wells A and B are located in the 

Quiric6 Platform (Central Reconcavo ), a relatively stable area during the rift phase. Well 

C is located in the Patioba Structural Step (Northeast Reconcavo ), a tilted block running 

parallel to the basin's eastern border. Finally, well D is located in the Miranga Low 

(Central Reconcavo ), a high subsidence area during the rift phase. 

The sampling of the tectono-depositional intervals is uneven. Usually, in shallow 

areas all the sedimentary column is drilled. In deeper areas, the basal intervals of the 

Lower Cretaceous tectonosequence normally are not drilled. So, understandably, the data 

for the older (deeper) intervals are poorer than for the younger ones. 

The porosity data were obtained from sonic logs run in the four wells. Sonic 

logging did not cover the topmost sedimentary sections, and the missing interval varies 

from 250 to 400 m. 

For normally pressurized sediments, the porosity <j> can be represented by the 

equation (Ruby and Hubbert, 1960~ Sclater and Christie, 1980): 

<!>=<!> oe-cz 

where<!>= porosity at depth z, <j> 0= surface porosity (z=O), c= constant of dimension, and 

z= depth. Constant c expresses the amount of compaction with depth for each individual 

lithological type. Initial porosity values for sands of the Reconcavo Basin range between 

37% and 46% (table 7.2). 
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Figure 7.1 - Location map of the wells utilized for decompaction of the Lower Creta
ceous tectonosequence of the Reconcavo Basin. 
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Sandstone Constant of Shale Constant of 

Well initial porosi- dimension initial porosity dimension 

ty ($0; %) (c; llkm) ($0; % ) (c; llkm) 

A 45.69 .471 45.39 .465 

B 42.24 .473 44.79 .285 

c 45.64 .592 50.26 .361 

D 36.59 .513 45.43 .285 

Table 7.2 - Porosity characterization of sandstones and shales of the Rec6ncavo Basin. 

Atkins and McBride (1992) estimated depositional porosities for Holocene 

beach, point-bar, braid-bar, and dune sands between 47 and 49% utilizing surficial 

samples. These values are close to the initial porosity values found for sandstones of 

wells A and C (table 7.2). Hiscott et al. (1990) estimated initial porosity values for 

sandstones and shales of the Mesozoic rift basins of the North Atlantic as 30 % and 54 

%, respectively. The porosity data shown (table 7.2) suggests that a porosity of 30 % 

for sandstone is found at present in the Reconcavo Basin at depths ranging between 0.4 

and 0.9 km. 

The initial porosity values estimated for the shales of the Reconcavo Basin are 

quite different from that found by Sclater and Christie (1980) for the North Sea 

sedimentary section (<l>oshaie= 63%; see table 7.2 for comparison). For sandstones, the 

values tend to be similar to that found by those authors in the North Sea Basin (<1> 0 

sandstone= 49% ). The explanation for the differences found in shale initial porosity values 

may be related to the different environments of deposition for the two basins. In 

Reconcavo Basin, sedimentation was totally continental whereas in North Sea marine 

deposition prevailed. Another factor that may account for such porosity differences is 

the nonlogged sedimentary section. Had all the sedimentary section of the four wells 
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been logged through the surface, the initial porosity values for the Reconcavo Basin's 

shales would more closely approximate that of the North Sea's. 

The <l>o values were calculated using the porosity regression program (PoRegr) 

of the Basin Analysis System (BASS), a software package developed by Petrobras for 

the analysis of sedimentary basins, which runs in IBM-type personal computers. The 

methodology used for decompacting the studied stratigraphic interval is that described 

in Bond and Kominz (1984). 

VII.2. ACCUMULATION RA TES MAPS 

The decompaction of the sedimentary column of the Lower Cretaceous 

tectonosequence revealed that the depocenters of the Reconcavo Basin had an original 

sedimentary thickness between 5 and 7 km for the Quiambina and Miranga lows and 

probably over 7 km of sediments for the Cama~ari Low. The oldest shales (tdi I) show 

present thicknesses varying between 57% and 59% of their original thicknesses for wells 

located in the depocenters. For low subsidence areas, the tdi I shales are between 60% 

and 70% of their original thicknesses. 

After decompaction of the entire sedimentary column of the wells, the original 

thickness of each interval was divided by its corresponding time span, and in all 

accumulation rate maps, values are expressed in meters/1000 years. 

The presentation and discussion of the sediment accumulation rate maps follow 

a consistent format: (1) lithostratigraphy, (2) active depositional systems, (3) tectonic 

activity, and (4) estimated accumulation rates. 

For a better understanding of the accumulation rate maps, it is useful to consult 

the Reconcavo Basin's stratigraphic chart and the basin's main tectonic elements, 

respectively (figures 1.6 and 1.2). 

Although, the accumulation rate map for time interval NRT 009 (table 7.1) is 

speculative because of the lack of control for its original thickness, the NRT 009 map 
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may be useful for the understanding of the evolutionary history of sedimentation in the 

Reconcavo Basin. 

VIl.2.1. Tectono-depositional interval I (NRT 002.2) 

Lithostratigraphy: Largely shaly sediments of the Taua Mb. of the Candeias Fm. 

The oldest sediments of the Gomo Mb. (Candeias Fm.), present in the deepest portions 

of the basin, are also part of this time interval. 

Depositional Systems: Records the initial transgression of the basin. Tdi I shales 

were probably deposited in shallow to intermediate depth lakes, but under anoxic 

conditions (inferred from their high TOC content; Gaglianone et al., 1985). 

Tectonic Activity: Deposition of this interval predates the onset of the main 

faulting episode in the basin. However, accumulation rate values (figure 7.3) suggests 

a more actively subsiding region ran northeast/southwest, flanked by a relatively more 

stable area to the west. The principal tectonic elements of the basin that would show 

clearly during deposition of tdi II were already outlined at this time. 

Accumulation Rates: There are two groups of values. Firstly, those occurring in 

the deeper northeast/southwest region (figure 7.3), where the values range from 0.10 to 

0.13 m/1000 years. Secondly, wells located in low subsidence areas, to the 

west/northwest, present values ranging between 0.04 and 0.08 m/1000 years. 
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VII.2.2. Tectono-depositional interval II (NRT 003) 

Litlwstratigraphy: Gomo Mb. of the Candeias Fm. 

Depositional Systems: Shallow and deep lacustrine settings. Sublacustrine gravity 

flows are also present. 

Tectonic Activity: Contemporaneous with the onset of the main faulting period. 

The basin was differentiated into areas with low (Cassarongongo and Quiric6 platforms) 

and high (Quiambina, Miranga, and Cama~ari lows) rates of subsidence. 

Accumulation Rates: At depocenters, values range from 0.30 ml to 0.65 mllOOO 

years (figure 7.4). Shallower areas show sediment accumulation rates varying from 0.03 

ml to 0.13 mllOOO years. At the northwestern portion of the Quiric6 Platform, values 

are nearly ten times lower than the minimum values found along depocenters, 

suggesting sediment bypass and erosion. 

VII.2.3. Tectono-depositional interval ill (NRT 004) 

Lithostratigraphy: The basal portion of this interval corresponds to the 

Maracangalha and Pitanga mbs. of the Candeias Fm., and to the Carua~u Beds of the 

Marfim Fm. The top consists of Marfim Fm. deposits. 

Depositional Systems: Deep lacustrine setting with turbidite and mass flow 

deposits. At the top, deltaic deposits occur in both Northeastern and Central Reconcavo. 

In Southern Reconcavo, lacustrine sedimentation continued (Candeias Fm.). 

Tectonic Activity: Tectonism diminished late in the history of the interval. 

Supply exceeded accommodation at the time of deposition of the Marfim Fm. 
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Accumulatwn Rates: This time intetval encompasses a 7 .5 Ma period during 

which subsidence-dominated sedimentation gave rise to sediment input-dominated 

deposition. At the depocenters, accumulation rates ranged from 0.10 ml to ca. of 0.30 

mllOOO years (figure 7.5). Low subsidence areas show values between 0.03 ml to ca. 

of 0.11 mllOOO years. Similarly to the tdi II accumulation rates map, the northwestern 

portion of the Quiric6 Platform exhibits very low sediment accumulation rates. 

VII.2.4. Tectono-depositional interval IV (NRT 005) 

Lithostratigraphy: Pojuca and Taquipe fms. In Southern Reconcavo, deposition 

of Candeias Fm. sediments continued. 

Depositional Systems: Mainly fluvio-deltaic deposits. At the western portion of 

both Central and Southern Reconcavo there is evidence of sublacustrine paleocanyon 

cutting (Taquipe Fm.). Lacustrine sedimentation continued to the south of the Mata-Catu 

Fault. Most of the sedimentation of this time intetval is interpreted as sediment input

dominated. 

Tectonic Activity: Relative tectonic quiescence, which permitted the progradation 

of deltaic deposits. Extensive growth faulting is associated with the Pojuca Fm. sedi

ments. 

Accumulation Rates: Values range from 0.12 mJ to 0.22 m/1000 years for the 

depocenters (figure 7.6). Platformal area accumulation rates varied between 0.06 ml and 

0.1Oml1000 years. Higher accommodation potential in depocenters allowed presetvation 

of two to three times more sediments than in shallow basin. The well-defined deep 

versus shallow areas picture present at the time of deposition of tdi II (faulted margin) 

sediments, changed to a ramp-like margin during time of deposition of tdi N. 
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VII.2.5. Tectono-depositional interval V (NRT 006) 

Lithostratigraphy: Pojuca Fm. To the south of the Mata-Catu Fault, deposition 

of the Candeias Fm. sediments continued. The topmost sediments of the Taquipe Fm. 

were deposited on the western portion of the basin. 

Depositional Systems: Fluvio-deltaic sediments, with increasing fluvial 

domination, make up the upper po1tion of the Pojuca Fm. Lacustrine sedimentation with 

sublacustrine resedimented deposits filled Southern Reconcavo. The infilling of the 

Taquipe paleocanyon (Taquipe Fm.) ended late in this time interval. 

Tectonic Activity: Relative tectonic quiescence. Active growth faulting continued. 

Accumulation Rates: Two important features are shown in this interval (figure 

7.7). Firstly, accumulation rate values suggest a gradual infilling of the depocenters 

(Quiambina, Miranga, and Cama9ai'i lows). Secondly, a N-S trend is shown at the 

western portion of the basin. This trend outlines a localized depocenter in this area of 

the basin with sediment accumulation rates similar to that found along main depocen

ters. This is interpreted as the final infilling of the Taquipe paleocanyon (faquipe Fm.). 

The accumulation rate values found along the main depocenters range from 0.12 

ml to 0.30 mllOOO years. In reality, the small area showing accumulation rate values 

around 0.30 mllOOO years (Central Reconcavo; figure 7.7) was a region of active 

diapirism, and these values may reflect such activity. In the broader, more stable area, 

accumulation rates vai'ied between 0.06 ml and 0.14 mllOOO years. The accumulation 

rate values found along the northeastern portion of the Quiric6 Platform are close to that 

found along the depocenters. 
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Vll.2.6. Tectono-depositional interval VI (NRT 007) 

Lithostratigraphy: Most of the sediments associated with this chronostratigraphic 

interval correspond to the Sao Sebastiao Fm. Secondarily, Pojuca Fm. sediments occur 

in both Central and Southern Reconcavo. To the southern of the Mata-Catu Fault, the 

shrinking lacustrine environment continued to deposit sediments of the Candeias Fm. 

Depositional Systems: Mainly fluvial. A lacustrine depositional system was still 

active in Southern Reconcavo. 

Tectonic Activity: Renewed tectonic conditions. 

Accumulation Rates: The sediment accumulation rates estimated for this time 

interval are two to three times higher than that found for the previous interval (NRT 

006; compare figures 7.7 and 7.8). Values found along depocenters range from 0.30 ml 

to 0.65 mllOOO years. Again, the area of diapiric activity displays accumulation rate 

values around 0.60 mllOOO years. For low subsidence areas, the values are not much 

different from that estimated for the depocenters, suggesting a gradual equalization of 

subsidence rates. In the low subsidence areas, accumulation rates varied between 0.20 

ml to ca. of 0.50 mllOOO years. 

VIl.2.7. Tectono-depositional interval VI (NRT 008) 

Lithostratigraphy: Sao Sebastiao Fm. 

Depositional Systems: Mainly fluvial. 

Tectonic Activity: Active contemporary tectonism. 

Accumulation Rates: Due to the resurgent tectonic activity, the depocenters were 

reactivated, and the higher subsidence rates allowed them high rates of sediment accu-
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mulation (figure 7 .9). The values found along the depocenters range from 0. 70 ml to ca. 

of 1.30 mllOOO years. At the eastern portion of Southern Reconcavo, high rates of 

subsidence permitted accumulation rates up to 1.40 mllOOO years. In the low subsidence 

regions of the basin, values vary between 0.40 ml to 0.80 mllOOO years. Along with 

tectonic activity, sediment input was very high, suggesting a very well-integrated 

drainage system. 

VII.2.8. Tectono-depositional interval VI (NRT 009) 

Lithostratigraphy: Sao Sebastiao Fm. 

Depositional Systems: Dominantly fluvial systems. 

Tectonic Activity: Indeterminate, but probably high. 

Accumulation Rates: The results of this map (figure 7.10) are to be interpreted 

with caution because of the poor control on the original thickness of this time interval. 

It corresponds to the end of the rifting and also to the end of the main depositional 

events in the Reconcavo Basin. The map suggests an equalization of the depositional 

area (depocenters and low subsidence regions) with accumulation rates varying from 

0.60 ml to 0.80 mllOOO years. Along the depocenters, accumulation rate values range 

from 0.80 ml to 1.10 m/1000 years. Locally, in the Cama~ari Low (figures 1.2 and 

7.10), accumulation rate values reach up to 1.40 m/1000 years. 

VII.3. VARIATION OF ACCUMULATION RATES IN SPACE AND TIME 

The accumulation rate mapping has revealed a wide range of variation in both 

space and time. Spatial vaiiations ai·e interpreted to be related to the different rates of 

subsidence experienced by low subsidence areas and depocenters of the basin, which 
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resulted in different accommodation potential (Jervey, 1988) for these regions. Temporal 

changes in accumulation rates, suggest both changes in subsidence rates (tectonic-related 

subsidence) and in climatic cycles, which influenced the development of different 

depositional systems. 

Depocenters in the rift phase of a sedimentary basin tend to be relatively static 

areas, in the sense of having not experienced major lateral shifts. Rift basin depocenters 

may or may not be aligned. Depocenters in Reconcavo Basin remained aligned through 

time, showing a high asymmetry in cross-section (figure 1.5). Nonaligned depocenters 

are usually transected by major faults (accommodation zones; Rosendahl et al., 1986), 

which displace and invert their polarities along the basin, as observed for lakes 

Tanganyika (Rosendahl et al., 1986) and Turkana (Cohen, 1989). 

A transect through Central Reconcavo shows the connection between shallow 

and deep settings of the basin (figure 7.11). It displays a faulted margin acting as 

boundary (indicated by numeral 1) between low subsidence areas (to the northwest) and 

more high subsidence regions (to the southeast). A gradual basinward increase of the 

accumulation rates characterizes tdi' s II and III. For younger intervals, it seems that the 

boundary migrated basinward (shown by numeral 2), and behaved more like a ramp, 

suggesting both a decrease in tectonic activity and a gradual infilling of the depocenter. 

The compartmentalization of the Reconcavo Basin into three subbasins 

(Northeast, Central, and Southem) shows that the area with highest accumulation rate 

values is the Cama~ari Low (Southem Reconcavo). During early rifting, sediment 

accumulation rates in this area reached 0.20 m/1000 years (figure 7.5). Later, during 

deposition of the tdi VI (NRT 008), these values attained a maximum of 1.40 m/1000 

years (figure 7.9). 

The contoured accumulation rate maps show, as a whole, that the rates increased 

basinward from very low values at the northwestern portion of the Quiric6 Platform to 
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the highest rates observed along the basin's depocenters. The relative narrowness of the 

shallow margin (ca. of 30 km in dip cross-section) coupled with syndepositional tectonic 

activity, facilitated sediment transfer to the depocenters. 

Depocenters in the Reconcavo Basin acted as sediment traps where high rates 

of subsidence allowed the accumulation of probably more than 6 km of sediments of 

the Lower Cretaceous tectonosequence. Low subsidence areas, on the other hand, 

experienced lower subsidence rates and acted much of the time as areas for transient 

sediment storage. Shallow areas of the basin were subject to erosion and sediment 

bypass. It has not been possible to estimate the sediment volume eroded from platformal 

areas and transferred to the deeper portions of the Reconcavo Basin. 

The main sediment entry points in the Reconcavo Basin are interpreted to be 

related to platform-margin and axial areas (in the sense of Cohen, 1990), respectively. 

As the platform-margin-derived sediments reached deeper portions of the basin, they 

were axially reoriented, following depocenter elongation (figures 7.3 through 7.10). 

Da Silva et al. (1989) show that the depositional area of the Reconcavo Basin 

widened during the Rio da Serra Stage (tdi' s I, JI, and III) and that major faults have 

acted as hinge-lines during this stage. 

The accumulation rate maps for tdi' s I, JI, and III show a more or less uniform 

range of values for the low subsidence areas (0.04 ml to 0.12 mllOOO years). Accumula

tion rate values observed for the depocenters, however, differ. They range from 0.10 ml 

to ca. of 0.20 mllOOO years for tdi I (figure 7.3) increasing during tdi II (onset of major 

faulting) from 0.20 ml to ca. of 0.40 mllOOO years (figure 7.4). For tdi Ill, depocenter 

values decrease, ranging from 0.14 ml to ca. of 0.32 mllOOO years (figure 7.5). This 

trend had already been observed by Da Silva et al. (1989), who explained it in terms 

of enlargement of the depositional area from tdi II to tdi III. 
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VII.3.1. Accumulation rate profiles 

Sediment accumulation rate profiles in five representative wells (figures 7.12 

through 7.16) show the evolution of accumulation values through time in the Reconcavo 

Basin. Two of the wells are located in low subsidence areas of the basin (Cassarong

ongo Structural Step and the late rift Alagoinhas Low; figures 1.2, 7.12 and 7.13). The 

other three wells are located in the basin's depocenters (Quiambina, Miranga, and 

Cama9ru.i lows, respectively; figures 7.14 through 7.16). The sediment accumulation rate 

value for each time interval is shown at the middle of the respective time slice. These 

values are a representative average of the entire interval. 

An increase in sediment accumulation rates can be observed for tdi' s II, V, and 

VI (NRT 007 and 008; figures 7.12 through 7.16). Tdi II values probably represent 

sedimentation in a basin with restticted depositional area. An increase in accumulation 

rate during tdi V is obse1ved in both Cassarongongo Tilted Block and late rift 

Alagoinhas Low (figures 1.2, 7.12, and 7.13). 

Several authors postulate a second and final major tectonic episode in the 

Reconcavo Basin during Buracica/Jiquia time (Ghignone, 1979; Netto et al., 1984, 

among others). The higher accumulation rates observed for tdi VI (NRT 007 and 008) 

suggest such an event (figures 7.8 and 7.9, respectively). Time interval NRT 008 

presents a sediment accumulation peak, which in depocenters accounted for sediment 

accumulation rates of up to 1.40 m/1000 years. The rate of increase in sediment 

accumulation can be observed for wells located on both shallow and deep settings of 

the basin, suggesting a basinwide event (figures 7.12 through 7.16). Top time interval 

associated with tdi VI (NRT 009) shows accumulation rate values even higher than that 

observed for NRT 008 sediments. 
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The lack of control on Jiquia sedimentation (NRT 009), however, prevents a more 

accurate interpretation of the depositional processes active at the end of the rift phase 

in the Reconcavo Basin. 

Accumulation rate values increased with time for both shallow and deep settings 

of the basin. This increase in sediment accumulation rate with time, also expresses the 

degree of organization of the drainage system which fed into the basin. 

Accumulation rate profiles of rift basins show subsidence history evolution of 

the basin's main stmctural elements, particularly the depocenters. These profiles differ 

from those of strike-slip basins, another kind of tectonic basin where depocenters shift 

through time as function of the lateral displacement of major strike-slip fault systems 

(Crowell, 1974; Nilsen and McLaughlin, 1985). In the case of the Reconcavo Basin, the 

accumulation rate maps suggest a stable behavior for the basin's depocenters. 

VII.4. ACCUMULATION RATES AND DEPOSIDONAL SYSTEMS 

Basin-fill characteristics of the Lower Cretaceous tectonosequence were 

discussed in chapter VI. The principal depositional systems comprising the tectonose

quence are interpreted to have been lacusttine, fluvio-deltaic, and fluvial. Numerous 

authors interpret the Reconcavo Basin's rift phase sedimentation as having had an initial 

fill by lacustrine systems with important gravity resedimentation processes (Carozzi et 

al., 1976; Netto et al., 1984; Bruhn, 1985; Da Silva et al., 1989), followed by fluvio

deltaic sedimentation (Ghignone, 1969; Miura et al., 1969; Ghignone, 1970; Klein et al., 

1972; Da Silva et al., 1989), and terminated with predominantly fluvial deposits (Gama 

Jr. and Fonseca, 1971; Oliveira et al., 1977; Ghignone, 1979). 

Lacustrine sediments dominated the lower tectonosequence due to higher 

subsidence rates, areally restricted drainage area, and propitious climatic conditions. Tdi 

I shales (NRT 002.2; figure 7.3) characterize the basin's initial transgression, signaling 

a paleoclimatic change to more humid conditions in comparison to the relatively arid 
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climatic conditions of the Agua Grande Fm. With onset of a major faulting phase during 

tdi II, subsidence rates increased and the main structural elements of the basin were 

defined. Tectonism waned toward the late tdi III when sediment input increased. 

Sediment accumulation rates during the lacustrine phase of the basin reached up 

to 0.40 m/1000 years for depocenters during tdi II (figure 7.4). In low subsidence areas, 

the Rio da Serra Stage's accumulation rate values varied from 0.04 ml to 0.12 m/1000 

years. 

Sublacustrine resedimentation processes were important during the lacustrine 

phase of the basin. In certain areas of Southern Reconcavo, the Pitanga Mb. deposits 

includes more than 1 km of stacked sediments (figure 6.21). Most of these deposits are 

associated with tdi III sediments. Unfortunately, so far, there is insufficient chronologi

cal resolution to characterize the sediment accumulation rates for the sublacustrine 

deposits. 

Sediment input became dominant during late tdi III, and during the rest of the 

rift phase in the basin (fluvio-deltaic deposition). For this reason, detailing the history 

of the fluvio-deltaic deposition is impossible. Rather, the available record is an average 

number representing the superposition of numerous deltaic episodes in the basin. The 

accumulation rate values for the fluvio-deltaic depositional interval are not different 

from those observed for the lacustrine counterpart. For less actively subsiding areas of 

the basin, values range from 0.04 ml to ca. of 0.14 mllOOO years (figures 7.6 and 7.7). 

For depocenters, the estimated values occur between 0.14 ml and 0.20 m/1000 years. 

Locally, as already mentioned, accumulation rate values reach up to 0.30 m/1000 years. 

These areas (peripheral synclines) coincide with regions of shale diapirism. 

Fluvial sedimentation dominated during tdi VI (NRT 007 through 009; figures 

7.8 through 7.10). Associated with this deposition are the highest rates of sedimentation 

in the basin. From lower tdi VI on (NRT 007), a rapid increase in accumulation rates 

occurs. These rates reach their highest values during middle and late tdi VI (NRT 008 

and 009; figures 7.9 and 7.10). These high accumulation rates suggest: 1) resume in 



281 

tectonism and 2) evidence of the activity of a well integrated drainage system. During 

tdi VI, the Reconcavo Basin was rapidly filled, with accumulation rates in the low 

subsidence regions of the basin not much different from those found along depocenters. 

Plots of sediment accumulation rates against distance along the basin, relative 

to the basin margin (sediment entry point), show variability of these rates in space and 

time (figures 7.17 and 7.18). For tdi's II and Ill, the main depositional system are 

interpreted as lacustrine with deltaic influence at the top of tdi III. Tdi V represents 

fluvio-deltaic conditions. Finally, tdi VI (NRT 008) is characterized by fluvial deposi

tion. In both profiles the order of magnitude of both lacustrine and deltaic sedimentation 

is not much different (figures 7.17 and 7.18). What is really different are the values 

associated with the fluvial deposition. These values are 4 to more than 10 times higher 

than those observed for the lacustrine sediment accumulation rates. The accumulation 

rate difference between fluvial and deltaic sediments are slightly lower, i.e., 5 to 8 

times. 

It seems that during the beginning of deposition of the Lower Cretaceous 

tectonosequence in Reconcavo Basin the drainage system was immature and possibly 

structural barriers impeded southwardbound fluvial systems. For this reason, much of 

the coarse-grained sedimentation deposited during tdi II (NRT 003) was intemally

derived. With barrier removal and more quiescent tectonic conditions, and a correspond

ing better organization of the drainage system, sediment-input dominated the basin, and 

deltaic deposits were laid down. A very effective drainage system culminated the filling 

of the basin during tdi VI. 

Finally, it is interesting to compare the estimated sediment accumulation rates 

with values for depositional systems found in other basins. Olsen (1986) reports 

accumulation rates for the Triassic Lockatong Fm. (Eastern U.S.A.) in ca. of 0.024 

m/1000 years. As mentioned, this unit seems to share similar tectonic-climatic charac-
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teristics with the Candeias Fm. during tdi II. The estimate made by Olsen (1986) is 

within the range of values found for tdi II deposits in the Reconcavo Basin. Modem 

candidates for this comparison are the East African Rift System lakes. 

Cohen (1989; 1990) estimated accumulation rates for deep-water settings (over 

500 m) for Lake Tanganyika in 0.40/ to 0.50 m/1000 years. On the other hand, Johnson 

et al. (1987) estimate accumulation rates for Lake Turkana between 3.0/ to 5.0 m/1000 

years. The values calculated for Lake Tanganyika match those found in lacustrine 

depocenters during tdi II. The accumulation values found for Lake Turkana, however, 

surpass the highest rates found in the Reconcavo Basin. Three factors may account for 

such high values in Lake Turkana: (1) presence of easily erodible volcanic rocks; (2) 

extremely large drainage area to lake area ratio, ca. of 17.6:1, and (3) lack of vegetative 

cover (Reading, 1986). The accumulation rates estimated for sediments from both lakes 

Tanganyika and Turkana encompass only the modem deposits of lakes. For this reason, 

these values may not be representative for longer time spans. 

Galloway and Williams (1991) estimated sediment accumulation rates for the 

Paleogene fill of the Gulf of Mexico Basin. They found for fluvial systems values 

between 0.03m/ to 0.15 m/1000 years along the landward margin of low subsidence 

areas. The rates for the Gulf's Paleogene flu vial systems are 8 to 10 times lower than 

the values found for the Reconcavo Basin during times of fluvial deposition (tdi VI; 

figures 7.8 through 7.10). 

Deltaic systems accumulation rates for the Paleogene deposits of the Gulf of 

Mexico is variable between 0.03 ml (stable-platform deltas) to 0.75 m/1000 years (shelf

margin deltas). Also, deltaic strata deposited on rapidly subsiding and tilting platforms 

exhibit high accumulation rates values (ca. of 0.6 m/1000 years; Galloway and 

Williams, 1991). These rates are generally higher than those found for similar deposits 

in the Reconcavo Basin (tdi's IV and V deposits; figures 7.6 and 7.5). 

The comparison is being made between two basins with different tectonic 

characteristics. In the Reconcavo Basin, even the more stable areas would have 
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experienced more subsidence (rift phase), and for consequence created a higher 

accommodation potential than the c01Tesponding areas of the Gulf of Mexico Basin 

during Paleogene (thermal phase). Differences in the characteristics of the basins 

account for accumulation rate discrepancies (depositional area surface, water depth, 

drainage area to depositional area ratio, faulting intensity, diapirism, etc). 



CONCLUSIONS 

This study focused on the rift phase of the Reconcavo Basin. The rifting episode 

in this basin spanned ca. 24 Ma and the resultant sedimentary record is totally 

nonmarine, reaching more than 5 km in thickness along the basin's depocenters. The 

rock record of the rift phase reflects influence of both long-term tectonics and short-term 

climatic fluctuations. 

The proposed chronostratigraphic model stresses the importance of tectonics in 

the creation of genetically-related stratigraphic packages. The Lower Cretaceous 

tectonosequence is bounded by two basinwide tectonically-related unconformities. 

Within the tectonosequence, sedimentary deposits created during distinct tectonic periods 

during the rift phase are termed tectono-depositional intervals. Such intervals are 

bounded by time-relevant lacustrine flooding surfaces whose physical record constitutes 

marker beds. These horizons were deposited during phases of minimum siliciclastic 

input to the basin and are associated with organic-rich deposits and biogenic sediments. 

A tectono-depositional interval can be further subdivided into smaller chronostratigra

phic units called tectono-depositional episodes. The proposed sequence model can be 

applied to the study of many nonmarine, tectonically-active basins. 

The sedimentary record of the Lower Cretaceous tectonosequence in the 

Reconcavo Basin shows initial fluvio-lacustrine conditions. With onset of active 

tectonism, a deep lacustrine system developed and sublacustrine coarse-grained deposits 

were deposited in association with lake-center organic-rich shales. With decrease of 

tectonic activity, drainage basin integration, and correspondent increase in sediment 

supply, deltaic sedimentation developed. As consequence, a series of regionally 

extensive, progradational sand bodies were deposited. At the top of the tectonosequence, 

tectonic deformation resumed, and the depositional record of this phase consists mainly 

of fluvial strata. 
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Analysis of the accumulation rates within the tectonosequence reveals increasing 

values toward the top of the interval. During early rifting, the drainage system that fed 

into the Reconcavo Basin was probably disrupted by structural discontinuities. Along 

the escarpment margin, as noticed in many rift basins, fluvial courses ran parallel, but 

outside of the basin, or were diverted away from it. As result, the sedimentary record 

of the Reconcavo Basin during early rift (tdi II) was coarse sediment starved. The 

establishment of fluvio-deltaic conditions during tdi' s W and V, however, reflects a 

higher organization of the fluvial network. Finally, the presence of mostly fluvial strata 

associated with tdi VI records a well-organized fluvial system feeding into the basin. 

The highest accumulation rates of the tectonosequence, found within tdi VI, support such 

a condition. 

Important concluding points of this dissertation are, as follows: 

1) The proposed sequence model reconciles and integrates relevant elements in 

basin analysis: tectonic framework, depositional systems, bounding stratigraphic surfaces 

and marker beds, and bedding architecture within the context of a continental rift basin. 

2) Within the tectonosequence, marker beds, rather than erosional surfaces, 

approximate the boundaries between strata with distinct tectonic, sedimentologic, and 

paleoecologic characteristics. These strata constitute the tectono-depositional intervals 

of the Lower Cretaceous tectonosequence. Paleoclimatic influence on the deposition of 

the short-term tectono-depositional episodes was high. 

3) Marker beds display distinct lithologic composition. Biogenic sediments tend 

to overwhelm the siliciclastic contribution. Geochemical profiles show a good 

correlation between peaks of organic matter enrichment and the stratigraphic position 

of marker beds. Also, there is a good match between the stratigraphic location of 

regional marker beds and paleontological tops, which substantiates the chronostratigra

phic importance of such horizons. 
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4) The sedimentary record of the Lower Cretaceous tectonosequence can be 

interpreted as long-term transgressive and regressive phases. These depositional phases 

can be correlated with periods of distinct tectonic activity. 

5) Organic-rich deposits occur at the base of the tectonosequence. Sand content, 

however, increases toward the top of the tectonosequence. The progressive facies trend 

observed within the Lower Cretaceous tectonosequence is compatible with that of other 

lacustrine rift basins. 

6) Platform-margin drainage accounted for most of the coarse-grained 

sedimentation of the basin during the deposition of the Lower Cretaceous tectonose

quence. Axial drainage was also important. Escarpment drainage influence was rest:Iicted 

to the basin's eastern border. 

7) Lowest accumulation rates were associated with basal tectono-depositional 

intervals. Increasing values toward the top of the Lower Cretaceous tectonosequence 

suggests a well integrated flu vial network and high sediment supply. 
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