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ABSTRACT: The development of the transcontinental Amazon Ri-
ver System involved geological events in the Andes Chain; Vaupés, 
Purus and Gurupá arches; sedimentary basins of the region and sea 
level changes. The origin and age of this river have been discussed for 
decades, and many ideas have been proposed, including those pertai-
ning to it having originated in the Holocene, Pleistocene, Pliocene, 
Late Miocene, or even earlier times. Under this context, the geology of 
the sedimentary basins of northern Brazil has been analyzed from the 
Mesozoic time on, and some clarifications are placed on its stratigra-
phy. Vaupés Arch, in Colombia, was uplifted together with the Ande-
an Mountains in the Middle Miocene time. In the Cenozoic Era, the 
Purus Arch has not blocked this drainage system westward to marine 
basins of Western South America or eastward to the Atlantic Ocean. 
Also the Gurupá Arch remained high up to the end of Middle Mioce-
ne, directing this drainage system westward. With the late subsidence 
and breaching of the Gurupá Arch and a major fall in sea level, at the 
beginning of the Late Miocene, the Amazon River quickly opened its 
pathway to the west, from the Marajó Basin, through deep headward 
erosion, capturing a vast drainage network from cratonic and Andean 
areas, which had previously been diverted towards the Caribbean Sea. 
During this time, the large siliciclastic influx to the Amazon Mou-
th (Foz do Amazonas) Basin and its fan increased, due to erosion of 
large tracts of South America, linking the Amazon drainage network 
to that of the Marajó Basin. This extensive exposure originated the 
Late Miocene (Tortonian) unconformity, which marks the onset of 
the transcontinental Amazon River flowing into the Atlantic Ocean.
KEYWORDS: Amazon River reversion; Headwater erosion; Torto-
nian; Gurupá Arch.

RESUMO: O desenvolvimento do Sistema de drenagem do Rio Am-
azonas envolveu eventos geológicos nos Andes; arcos de Vaupés, Purus e 
Gurupá; bacias sedimentares da região, assim como mudanças do nível 
do mar. A origem e a idade deste rio têm sido discutidas por décadas, 
e muitas ideias têm sido propostas, incluindo aquelas relacionadas a 
ele ter se originado no Holoceno, Pleistoceno, Plioceno, Neomioceno, 
ou mesmo antes. Nesse contexto, a geologia das bacias sedimentares do 
norte do Brasil foi analisada a partir da era Mesozoica, e alguns es-
clarecimentos são colocados na sua estratigrafia. O  Arco de Gurupá 
permaneceu elevado até o Mesomioceno, direcionando o sistema de 
drenagem primeiro para o oeste e posteriormente para norte, sem ob-
strução do Arco do Purus na Amazônia central. O Arco de Vaupés, 
na Colômbia, foi soerguido junto com as montanhas dos Andes no 
Mesomioceno, separando a drenagem do Caribe da do Rio Amazonas. 
Com a subsidência tardia e o brechamento do Arco do Gurupá e uma 
grande queda no nível do mar no início do Neomioceno, o Rio Amazo-
nas abriu rapidamente seu caminho, de leste para oeste, a partir da Ba-
cia do Marajó. Isto aconteceu através de erosão remontante profunda, 
que capturou a vasta rede de drenagem das áreas cratônicas e andinas, 
que anteriormente se desviara ao mar do Caribe. Durante esse tempo, 
o grande influxo de siliciclásticos à Bacia da Foz do Amazonas e seu 
leque aumentou, em razão da erosão em vastas áreas da América do 
Sul, incorporando a rede de drenagem da Bacia do Marajó à drenagem 
amazônica. Essa exposição extensiva originou a discordância tortoni-
ana que marca o estabelecimento do Rio Amazonas transcontinental 
em direção ao Oceano Atlântico.
PALAVRAS-CHAVE: Reversão Rio Amazonas; Erosão remontante; 
Tortoniano; Arco do Gurupá.
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INTRODUCTION

In Brazilian Amazonia, geological data from wells and 
geophysical surveys initiated by the National Petroleum 
Council (Conselho Nacional de Petróleo – CNP), in 1939, 
and by Petrobras, in 1953, revealed three structural arches, 
which presented diverse ages and origins, while in Peruvian 
and Colombian Amazonia, other arches were also identi-
fied. In Brazil, the Iquitos, Purus and Gurupá arches seg-
mented the sedimentary area in the Upper, Middle and 
Lower Amazon basins, respectively (Morales 1957, 1959). 
According to this author, the Iquitos Arch separates the 
Acre and Andean Foreland basins from the Solimões Basin 
(formerly denominated Upper Amazon Basin); the Purus 
Arch separates the Solimões and Amazon basins (designated 
Middle Amazon Basin); and the Gurupá Arch separates the 
latter from the Marajó Basin (denominated Lower Amazon 
Basin) (Schobbenhaus et al. 2004).

Gurupá Arch is the shoulder of the Marajó rift that 
formed in the early phases of the Central Atlantic Ocean 
opening, in the Early Cretaceous time (Caputo 2012). 
Purus Arch resulted from a Middle Proterozoic graben in 
central Brazil, with an approximate north-south direction, 
which crossed the Amazonian basin area and reversed in 
the Late Proterozoic, becoming an exposed high up to the 
Mississippian time (Wanderley Filho 1991).

The Iquitos Arch resulted from a Neogene periph-
eral isostatic forebulge brought about by the Andean 
chain overloading on the South-American Plate west-
ern edge (Caputo 1985a,b, 1991, 2012, Roddaz et al. 
2005, Caputo & Silva 1990). This arch, with a NW-SE 
direction, has remarkable expression in Peru, but is less 
visible in Brazil, where it has been inferred in several 
positions, being for this reason difficult to determine its 
actual location. Nevertheless, this arch does not separate 
the Acre and Andean foreland basins from the Solimões 
Basin in Brazil, being this separation accomplished by the 
Envira Arch, formed by the Late Jurassic Juruá Orogeny 
(Caputo 2014).

In addition to the mentioned arches, highs are also 
described in the basins of northern Brazil. The Monte Alegre 
Dome, with an area of 20 by 30 km, does not segment 
the Amazon Basin, having local character in the Amazon 
Basin’s Northern Platform, and its genesis is likely related 
to Mesozoic basic intrusions. The Carauari High subdivides 
the Solimões Basin in the sub-basins of the Juruá (East) 
and Jandiatuba (West), and its genesis is related to an iso-
static peripheral forebulge of a thick diabase sill (upper sill; 
Fig. 1). Vaupés Arch, in Colombia, a transversal feature to 
the Andes, was formed with the Andean uplift in the Middle 
Miocene (Mora et al. 2010), caused by the Nazca and South-
American plates collision.
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Figure 1. The Schematic longitudinal section of the Acre, Solimões, Amazon and Marajó basins shows structural 
arches and highs. Modified section of Wanderley Filho and Travassos (2009).
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Tectonic activity of structural highs and arches was fun-
damental in directing the northern South-American drainage 
network, while sea level changes influenced on sedimentation 
(continental and marine) and erosion in sedimentary basins.

AMAZONIA STRUCTURAL 
ARCHES GENESIS AND 

PALEOGEOGRAPHY GURUPÁ ARCH 
AND NEIGHBORING AREAS

Paleozoic Amazon and Parnaíba basins were connected 
between themselves and the Paleozoic basins of northwestern 
Africa (Taodeni and Accra basins), with marine ingressions 
originated through that continent. In Accra Basin (Ghana), 
in onshore and offshore regions, the Paleozoic column pres-
ents the same stratigraphy and glacial events as that of the 
Parnaiba basin, up to the Carboniferous (Caputo 1984a). 
Gondwana and Laurasia continents amalgamation in the 
Mississippian time caused the North African Paleozoic 
basins to uplift and close, bringing about the Amazon Basin’s 
marine sedimentation discontinuity. Only in Pennsylvanian 
did the sea enter again, coming from the West, through the 
Solimões Basin and Purus Arch. In the Permian, the sea 
retreated from the area towards the coastal marine basins 
of Western South America (Caputo 1984a).

In the Triassic time, an intercontinental drainage sys-
tem linked the current high Sahara region (Africa) to the 
western portion of South America, where correlative sedi-
ments were deposited. This would be the first intercontinen-
tal Amazon River. At the final stage of the Triassic Period, 
a thermal uplifting, at the junction between these conti-
nents (Aires 1985), broke the continuity of that drainage, 
being that the portion which remained in South America, 
from the east end of the Amazon Basin, would have kept 
its course westwards, constituting the first transcontinental 
Amazonian drainage. The aforementioned uplifting caused 
widespread erosion and may be connected to a hot spot, 
since data from gravimetric modeling conducted by Aires 
(1985) suggested crustal replacement for denser mantle mate-
rial to have occurred in the Marajó region, when the North 
Atlantic Ocean rifting took place. The continental crust was 
thinned and heated, causing it to arch and rise along with 
the Paleozoic sedimentary package of the Amazon Basin east-
ern end (Fig. 2). Extensive old NW cratonic fractures were 
reactivated and filled with diabase during the basic intru-
sions of Penatecaua Formation, which presented its largest 
number of fractures in this direction (Fig. 3), according to 
geological data from the Amapá State cratonic area (Villegas 
1994, Costa et al. 2002).

Probably, from the Jurassic began to take place the most posi-
tive trend of uplift of the Marajó region. Its climax occurred in the 
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Figure 2. Seismic geological section of Gurupá Arch, where the basement still remains elevated, at the Amazon 
Basin’s eastern end. This high hindered the Amazon and Solimões basin eastward drainage and directed it at first 
westward and later, with the construction of the Andes, northward toward the Caribbean Sea. The horizontal 
Cenozoic layers, overlaid the uplifted arch, characterize an angular unconformity, and normal faults also affected 
the dip of the beds. While there was almost continuous subsidence and deposition of the post-rift section of the 
Marajó Basin, the Gurupá Arch was being uplifted. This structural feature would only have been buried with 
the Late Miocene sedimentation in situation of downlap, when there would have been a possibility of draining 
to the Atlantic Ocean. Modified section of Campos and Teixeira (1988).
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Early Cretaceous with the rupture of the Gondwana Continent 
and the formation of the Central Atlantic Ocean and the Marajó 
rift, the shoulder of which constituted the Gurupá Arch (Fig. 1), 
situated near the new ocean coast (Zalán & Matsuda 2007).

This arch became a watershed between the Amazon and 
Marajó basins (Fig. 2). The latter basin consists of an assem-
blage of genetically related taphrogenic sub-basins (Figs. 1 
and 3), formed on the Brasiliano-Pan African Araguaia and 
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normal and strike-slip faults, and flanked by Amapá and Ponta de Pedras platforms, as well as Gurupá and 
Capim arches. The Marajó basin system area encompasses the island regions of Marajó Archipelago and part of 
continental areas of Pará and Amapá states. Modified of Villegas (1994) and Costa et al. (2002).
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Gurupi belts (Zalán & Matsuda 2007, Costa et al. 2002). 
The oldest Mesozoic layers drilled in this region show to be 
as old as Barremian, but seismic sections indicate significant 
presence of older Mesozoic beds.

The rifting, which gave rise to the Marajó Basin, at the 
Early Cretaceous, caused independent sedimentation from 
the Amazon Basin. The Marajó Basin has many affinities 
and formations common to the Grajaú (Parnaíba Basin) and 
Foz do Amazonas basins (Zalán & Matsuda 2007, Santos 
& Rossetti 2006, Rossetti & Valeriano 2007, ANA 2015).

Following the opening of the Amazon Basin (Cuminá 
Event) in the beginning of the Paleozoic, the Gurupá tec-
tonism was the most expressive tectonic event, since it 
definitely destroyed the Amazon Basin’s physical continu-
ity with the Parnaíba and northwestern Africa basins, and 
uplifted its eastern Pre-Ordovician basement during the 
rupture of the Gondwana Continent (Caputo et al. 1983, 
Caputo 1984a, 2012).

The continental crust stretching was not enough to break 
up the continental plate and form an oceanic crust on the 
Marajó Basin floor. The Gurupá Arch uplift brought about 
the erosion of over 5,000 m of Paleozoic strata and diabase 
sills, as well as Pre-Ordovician rocks of unknown thickness. 
Remnants from Amazon and Parnaiba basins’ Paleozoic 
strata were preserved on Marajó rift (Caputo 1984a, Zalán 
& Matsuda 2007), indicating their preterit continuation 
with the Parnaíba and African basins. On the west edge of 
this rift, by the Gurupá Arch, occurred sedimentation of fan-
glomerates (Jacarezinho Formation), resulting from debris 
flows along a steeped faulted zone, similar to what occurred 
with the Salvador Formation in the Recôncavo Basin (Bahia 
State), throughout the rift stage, indicating a high relief on 
this border. At the end of the Albian, occurred an interrup-
tion in the sedimentation that lasted near 3 Ma, with the 
closing of the rift stage (Zalán & Matsuda 2007). With the 
return of the sedimentation in the post-rift stage there was 
an expansion of the deposional site, with sediments over-
lapping deposits from the rift stage and the basement por-
tion of the adjacent Amapá and Ponta de Pedras platforms 
(Fig. 3) from the end of the Albian onwards (Galvão 2004, 
Zalán & Matsuda 2007). 

The Gurupá Arch did not apparently subside completely 
due to the thermal decay that should normally take place 
40 Ma following the rifting, because other tectonic forces 
also began to work in the area. During the subsidence and 
deposition in the post-rift stage of the Marajó Basin, uplifting 
in the area of the arch occurred, suggesting a possible tec-
tonic decoupling between the arch and taphrogenic basins, 
from the Albian onwards. While subsidence and deposition 
continued in the Marajó Basin up to the Quaternary, with 
few sedimentation breaks, subsidence ceased for a long time 

on other Brazilian coast’s aborted Cretaceous rifts (Tacutu, 
Bragança-Vizeu, Araripe, Jatobá, Tucano and Recôncavo). 
Marajó Basin and Gurupá Arch presented an anomalous 
behavior as to subsidence when compared with other men-
tioned rifts. 

From the Cretaceous, the Marajó Basin deposition had 
continuity with the Grajaú Basin (Parnaíba) equivalent for-
mations, represented by Codó, Itapecuru, Ipixuna, Pirabas, 
Barreiras and Post-Barreiras formations (Santos & Rossetti 
2006, Zalán & Matsuda 2007, Figueiredo et al. 2007).

Cretaceous and Cenozoic sediments presented a quite 
significant amount of Braziliano zircon minerals in the Foz 
do Amazonas Basin (Jorge de Jesus Picanço de Figueiredo, 
personal communication, 2015), indicating a different 
source than that of the rocks of the Amazon River Valley.

The presence of abundant Brasiliano-aged and older 
zircon minerals in the Itapecuru Formation suggests, for 
Marajó Basin, a major sediment source from tectonostrati-
graphic terranes of Araguaia and Gurupi Brasiliano belts, 
and older rocks recycled from Parnaíba Basin, Borborema 
and Maroni-Itacaúnas Provinces (Fig. 4) (Nascimento 2006). 

The greater sedimentary supply on Marajó Basin arose 
from its East-southeast flexural border, and originated 
from drainage from Grajaú and Parnaíba basins, as well as 
the ancestral Tocantins River (Figs. 3 and 4), which cur-
rently drains 700,000 km2 of the Central region of Brazil 
(Latrubesse et al. 2010). 

Gurupá Arch stayed exposed from its formation up to 
the early Late Miocene. The arch’s elevation maintenance is 
also deduced, since an epeirogenesis in the Amazon Basin 
occurred, from the Albian, evidenced in several apatite fis-
sion track studies (Gonzaga et al. 2000, Pina et al. 2014, 
among others), and neither presents marine formations, since 
the end of the Paleozoic (Daemon & Contreiras 1971a, b), 
conversely to what is seen in Marajó Basin.

Toward the Gurupá Arch apex, in the seismic section 
(Fig. 2), the latest Cenozoic beds are seen to onlap the Paleozoic 
sedimentary package. This shows that the region has been 
high up to the Middle Cenozoic time. Some anomalous 
dips in the section are due to the presence of normal faults. 
Nevertheless, the possible Late Miocene-Early Pliocene lay-
ers downlap towards Marajó basin is not observed due to the 
lack of a farther to the east seismic record (Fig. 2). Gurupá 
Arch was only covered by sediments in the latest Miocene.

In the continental platform of states of Amapá and Pará 
(Foz do Amazonas Basin), with some clastic sediment inter-
ruptions, the accumulation was predominantly constructed of 
limestone since the Paleocene (Selandian) up to the Middle 
Miocene (Serravalian) (Figueiredo et al. 2007). The Marajó 
Basin functioned as an intermediary basin decanting coarse 
clastic sediments. This fact is pointed out by the low amount 
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of clastic contribution to the open sea, through this basin, 
when the Amazon drainage went westward.

In the beginning of the Late Miocene, due to glacia-
tion in Antarctica, a major sea level drop triggered deep 
river incision and headward erosion, extending the Amazon 
River drainage from the Atlantic coast westward up to the 
Andes and Vaupés foothills, thus configuring a large trans-
continental river. This brought a larger sedimentary income, 
due to the incorporation of the Amazon River drainage into 
that of the Marajó Basin, and sea-level fall, beyond the shelf 
edge, causing the destruction of the carbonate platform in 
the Foz do Amazonas Basin.

At this time, a larger amount of clastics would have 
been carried out to the open sea, through the Mexiana 
Sub-basin (Fig. 3), forming valleys in the continental shelf. 
In the continental slope, a large submarine canyon directed 
sediments to abyssal regions of the Foz do Amazonas Basin 
(Castro et al. 1978). This is made clear by the presence of 
coarser clastics in the Foz do Amazonas Basin in the con-
tinuation of the Mexiana Sub-basin. Most sedimentation 

on the Amazonian cone was directed northward from the 
Amazon River Mouth, in the confrontation with Amapá 
state, due to sediments dragging and transporting caused by 
northward marine currents along the north Brazilian coast. 
With high deposition rates, a section as thick as 8,000 m 
was deposited at the foot of the continental slope, building 
the Foz Amazon Basin fan (Silva et al. 1999).

Following the Antarctic glaciation, the sea level raised 
transferring most of the Andean-sourced sedimentation to 
the continental area with the deposition of the Late Miocene-
Pliocene Solimões Formation in northern basins of Brazil.

With the new glaciations in the northern hemisphere, 
at the end of the Pliocene and Pleistocene (Miller 2011), 
new erosion on the continental basins increased the sedi-
mentary income on the Foz do Amazonas Basin and on its 
submarine fan. At this time, deposition of the Tucunaré 
Formation sandy deposits on the Marajó Basin and upon 
the Continental Platform (Figueiredo et al. 2007), and sedi-
mentation of thin clastics of Pirarucu and Orange formations 
on the slope and deep regions, respectively, have increased.
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Figure 4. Potential source-areas of the Mesozoic (and Cenozoic) sediments from Marajó and Foz do Amazonas 
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The Barreiras Formation sedimentation (Late Oligocene-
Middle Miocene) in the Pará State coastal region and Marajó 
Basin is related to the worldwide sea-level eustatic rise that 
had its peak in the Middle Miocene (20 – 12 Ma), in the 
Burdigalian and Serravallian time (Arai 2006, Rossetti et al. 
2001). This deposition was independent of that of the Alter 
do Chão Formation in the Amazon Basin due to the presence 
of the Gurupá Arch. The Miocene deposition underwent 
interruption in the early Late Miocene (Tortonian), when 
there was the remarkable sea level drop, which caused ero-
sion both in the Foz do Amazonas Basin and inland coastal 
(Arai 2006, Rossetti et al. 2001) and continental regions of 
the Amazon, Solimões, Acre and Andean foreland basins. 
In the Early Tortonian, sea level fell beyond the contempo-
rary shelf edge over the entire Brazilian coast (Figueiredo 
et al. 2010). That unconformity in the marine region occurs 
within the NN9 Nanofossil Biozone in the Tortonian, with 
a break of 0.7 Ma (Figueiredo et al. 2009). Furthermore, the 
lowering of the sea level brought about deposition of thin 
grained clastics on the Foz do Amazonas Basin submarine 
fan. Only at the end of the Miocene and the beginning of 
the Pliocene (Zanclean, 4 – 5 Ma), with new, significant 
sea-level rise, clastic sediments started to accumulate again 
in the platform and coastal region (Arai & Shimabukuro 
2003, Arai 2006).

The deposited Post-Tortonian sequence, named infor-
mally Post-Barreiras 1 and Post-Barreiras 2 or Upper Barreiras 
Formation, in the coast of Pará, displays a large abundance of 
reworked, pre-Tortonian and Tortonian fossils (Arai 2006), 
and it is correlated to the Solimões Formation and Içá for-
mations respectively in the Western Amazon, Solimões and 
Acre basins. Post-Barreiras sediments, with other names 
(Tucunaré, Pirarucu, and Orange formations), are very well 
developed in offshore areas and Foz do Amazonas Basin fan.

At the end of the Pliocene and Pleistocene, sea-level 
changes degraded and aggraded the continental region many 
times due to glacial and interglacial phases. In the Holocene, 
with the general ice melting, a new rise of the sea-level 
occurred. The Amazonian submarine fan became inactive 
(Figueiredo et al. 2009) and sedimentation started to hap-
pen along the continental platform of the Foz do Amazonas 
Basin, as well as along the river floodplains and valleys of 
the Amazon drainage.

The Foz do Amazonas Basin submarine fan presents vary-
ing deposition rates (Figueiredo et al. 2009) due to many 
modifying factors, such as: sea-level and sea-current changes, 
growing expansion of the Amazon drainage, reduction and 
increase in forest area, worldwide and regional continental 
climate changes that can change weathering, sediment sup-
ply, and Amazon River sediment transport. Furthermore, the 
Caribbean, the Andes and sedimentary basins neotectonics 

may change the sediment input. One observes currently, 
with the high sea-level, the Amazonian cone receives just a 
minute volume of pelagic ooze. After deposition of the Post-
Barreiras Formation a flexural uplift occurred along a belt 
with its crest situated ~300 km from the coastline (Driscoll 
& Karner 1994), but the Amazon River overcame this high. 
This flexural bulge, as high as 40 – 50 m, spatially coinci-
dent with the Gurupá Arch, was induced by the Amazon 
fan load and may have affected the fluvial and coastal dep-
ositional processes after the Middle Miocene.

PURUS ARCH AND AMAZON BASIN

The Purus Arch and Amazon Basin geological relation-
ship is linked on the distribution of loads between erosion 
and deposition rates, promoting isostatic balanced verti-
cal movements. The crystalline basement erosion induces 
its isostatic rise due to load alleviation, while the resulting 
eroded sedimentary load causes additional subsidence on the 
basins and vicinities along with a peripheral bulge farther 
out from them (Banks et al. 1977). Up to now, the Guyana 
and Brazilian shields erosion have released, for filling the 
Amazon Basin, sediments for building an over 5,000 m 
thick sedimentary pile, as well as countless amounts of them 
to other areas. The sedimentary filling promoted isostatic 
uplifting of cratonic areas and basin flank areas, the outcrops 
and plateau surfaces of them may be found at over 200 m 
above sea-level, and higher in basin flank belts.

The Amazon Basin with an area of nearly 500,000 km2 
of Paleozoic layers presents a stratigraphic column mainly 
comprised by Ordovician to Permian-aged groups and for-
mations (Cunha et al. 2007, ANA 2015). In addition, over 
1,000 m thick diabase sills intruded into the Paleozoic sec-
tion at the end of the Triassic time. Above Cretaceous strata 
capped by Cenozoic layers occur, which enclose the depo-
sition on the Amazon Basin.

The first oil wells in the Amazon Basin, drilled in the 
1950s in the localities of Codajás (2-CS-1-AM), Lábrea 
(2-LA-1-AM), Três Bocas (1-TB-1-AM) and Tupana 
(2-TN-1-AM), showed the absence of Silurian and Devonian 
formations, between Pennsylvanian strata and Pre-Silurian 
basement in the Purus Arch region, west of Manaus. At that 
time, rocks as old as Ordovician were unknown in those basins 
(Caputo et al. 1971, 1972). Morales (1957, 1959) inferred 
the Purus Arch uplift to have started in the Devonian, hav-
ing culminated in the Mississippian, when there would have 
been erosion of the previously deposited Siluro-Devonian 
strata. This conception resulted from the alleged existence 
of a continuous basin from the Lower to the Upper Amazon 
region. According to that author, in the Pennsylvanian time, 
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during the Monte Alegre, Itaituba and Nova Olinda forma-
tions deposition, the Purus Arch would have restricted the 
connection between the Upper and Middle Amazon basins, 
creating conditions for the evaporites deposition within the 
Middle Amazon Basin up to Gurupá Arch. Nevertheless, 
current data reveal that this eastern arch still had not been 
formed in the Paleozoic time. Salt accumulation had only 
come about due to high evaporation rates in a shallow 
Amazonian sea nourished by the far west ocean.

On wells of the flanks of the Purus Arch, Caputo and 
Vasconcelos (1971) observed the thinning and pinching 
out of some basal Paleozoic formations and their onlap by 
younger stratigraphic units, showing no physical evidence of 
a typical regional Paleozoic tectonism, such as faults, folds or 
tilts. Therefore, the geological setting was incompatible with 
the proposition of a tectonic uplift of that arch, following 
the Devonian deposition, without physically affecting it and 
older strata, as proposed by Morales (1957, 1959). This fact 
leads them to conclude that this arch had been built prior 
to the Paleozoic sedimentation on Solimões and Amazon 
basins, serving as a divider between them and originating 
two independent basins (Caputo & Vasconcelos 1971).

Caputo (1984a) proposed designating the Upper and 
Middle Amazon basins as Solimões and Amazon, respec-
tively, while the Lower Amazon Basin was already being 
denominated as Marajó Basin. This geotectonic context 
was also confirmed in later studies by Silva (1987, 1988) 
and Quadros (1988) who proved these basins to have been 
independent up to the Mississippian. As a consequence, the 
Pre-Pennsylvanian marine transgressions reached the Upper 
Amazon (Solimões) Basin by the west side of South America 
and the Middle and Lower Amazon basins by its east side 
(Caputo & Vasconcelos 1971).

With the aggregation of the Pangea Continent in the 
Mississippian, the Amazon Basin marine communication 
with African basins was closed, turning out the marine ingres-
sions coming just from the west, through the Solimões Basin. 
Such conclusion opposes the Morales interpretation (1957, 
1959), which suggested Amazonian Paleozoic basins would 
have an open marine connection up to the Devonian, with 
restrictions only in the Permo-Carboniferous. 

The Purus Arch, located 240 km west of Manaus, con-
sists of a regional structure originated from the distension in 
the Mesoproterozoic Era, which resulted in the development 
of the Cachimbo Graben; this, in turn, consists of a broad 
depression in Central Brazil containing sedimentary and 
igneous rocks as thick as 8,000 m (Wanderley Filho 1991, 
Wanderley Filho & Costa 1991). At the Neoproterozoic 
time, the Cachimbo Graben was reversed, due to compressive 
stresses in the region, becoming a structural high (Wanderley 
Filho 1991). During its development, the northern portion 

of that graben extended to the area where the Paleozoic sed-
imentation of the Amazon and Solimões basins, in northern 
Brazil, was to take place later on. The Purus Arch remained 
exposed from the Neoproterozoic up to the beginning of the 
Pennsylvanian and, during its long exposure, it is here inter-
preted that erosion diminished its weight, bringing about 
isostatic rise and lowering through erosion, phenomenon 
common to what takes place in mountains denudation. In a 
complementary way, it is interpreted that the Paleozoic sed-
imentation on the sedimentary basins adjacent to the big 
arch must have also caused a partial rise, as well as erosion, 
due to peripheral isostatic bulging brought about by the 
adjoining basin sediments combined burden. The intermit-
tent lowering of this arch must have likewise been caused 
by the overload and erosion created by glaciers during four 
glacial phases in Llandoverian, Famennian, Tournaisian and 
Visean times, recorded in the Amazon, Solimões, Parnaíba 
and Paraná basins (Caputo et al. 2008), which may have 
contributed to wear the Purus Arch. It is also deduced 
that sea-level changes would have caused discrete isostatic 
upward and downward movements of the arch, due to the 
loading and unloading of sediments and water in the adja-
cent basins of the region.

The Purus Arch had its apex in Tefé and Coari town-
ship area (Solimões Basin, eastern portion), when it held its 
first Paleozoic sediments. Only in the Early Pennsylvanian 
the arch, lowered by erosion, was then for the first time 
surpassed and covered by intermittent marine ingressions 
coming from the west (Fig. 5 – section A). 

The transgressions reached even the Paleozoic Basin of 
the Parnaíba and, probably, African basins, with generalized 
evaporitic-carbonate-clastic cyclothemic sedimentation, con-
taining fossils with Andean affinities (Mesner & Wooldridge 
1962, 1964). Marine communication between those basins 
was intermittent, according to what is inferred from the 
changes of the vertical facies in Pennsylvanian cyclothems 
of the Paleozoic basins of northern Brazil.

Data from boreholes show the arch have been buried 
for the first time by the Monte Alegre and Itaituba forma-
tions of the Amazon Basin (Fig. 5). The first unit is thin 
or locally absent on the arch, according to the record on 
some Petrobras boreholes, indicating the presence of some 
irregularities in the arch paleorelief, which were gradually 
covered and leveled by the subsequent Itaituba Formation 
sedimentation. From the Pennsylvanian to the Permian, it is 
observed that, under the effect of the ever-growing Paleozoic 
sedimentary pile overload, a small subsidence occurred in 
the area of the arch and a larger one in the neighboring sed-
imentary basins central areas.

In the region of the Purus Arch, Cretaceous layers are 
absent (Figs. 1 and 5). Early-Middle Miocene sediments 
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Chão Formation, and to the west they belong to the new Repouso Formation, proposed by ANA (2015) of a more 
pelitic nature. The Solimões Formation, with an Andean source area, goes beyond the Purus Arch eastward and is 
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See also Figure 1. 
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with Gurupá Arch source area, to the east of the Purus 
Arch, belong to the Alter do Chão Formation and, to the 
west, to the new Repouso Formation with a pelitic nature. 
Sediments of this unit are composed of plastic, laminated 
or massive dark grey and light green mudstone and silt-
stone. Fine grained greenish grey sandstone intercalations 
are often present, and white and grey-green limestone occurs 
in small proportion. 

The Solimões Formation, with an Andean source area, 
goes beyond the Purus Arch eastward and it is younger than 
the Repouso and Alter do Chão formations.

Organic geochemical-based modeling studies, carried out 
by Gonzaga et al. (2000) on Paleozoic layers of the Amazon 
Basin, indicated a 1,800 m thick Paleozoic section to have 
been eroded, and the basin old borders extended far beyond 
their present position.

During the Phanerozoic, 16 known erosive unconfor-
mities in the Amazon Basin occurred, related mainly to sea-
level changes, regional glaciations and, in a smaller extent, 
to epeirogenesis. Possibly, short duration unconformities 
were caused by sea-level changes and glaciations (Caputo 
et al. 2006a, b), and longer lasting ones by epeirogenesis.

Following the closing of the Paleozoic deposition in the 
Permian, a new erosive stage in the Amazonian basins came 
about, and in the area of the arch a discrete isostatic lower-
ing occurred, due to the decrease of the lateral lithoestatic 
pressure, on account of the removal of sediments from the 
neighboring sedimentary basins during the Triassic.

At the end of the Triassic Period (~200 Ma), the Penatecaua 
tectomagmatism took place in the Amazon and Solimões 
basins, and adjacent shields, resulting on the intrusion of 
diabase dikes and sills into Paleozoic stratigraphic units, with 
over 1,000 m of total sill thickness. This magmatism makes 
part of the Central Atlantic Magmatic Province (CAMP) 
defined by around 200 Ma-aged tholeiitic basalts and dia-
bases, cropping out from previously united parts of North 
America, Europe, Africa and South America (Marzoli et al. 
1999). The thick intrusions brought about uplifting of the 
formations of the Paleozoic basins, being more significant in 
Gurupá and Purus arches, and in the Carauari and Monte 
Alegre highs, and larger relative subsidence in the central 
area of the basins due to the weight exerted on those areas 
by the wider sill thickness (Fig. 1).

Following the basic magmatism, from the latest Triassic 
onwards, a period of erosion and applanation occurred, 
lasting for 75 Ma in the Amazon and Solimões basins 
and structural highs (Carauari, Purus, Monte Alegre and 
Gurupá). The Permian, Andirá (Amazon Basin) and Fonte 
Boa (Solimões Basin) formations underwent deep erosion 
in the basins and were completely removed from the above 
mentioned structural highs. Likewise, the upper portions 

of Arari (Amazon) and Taititu (Solimões) formations, cor-
responding to the biostratigraphic zone XVI of Daemon 
and Contreiras (1971a, b), were partially eroded. These last 
mentioned formations, which are also of evaporitic char-
acter and unconformable, cap the Carauari (Solimões) and 
Nova Olinda (Amazon) formations and were recently pro-
posed by ANA (2015).

It has been deduced that, with the higher relief in the 
eastern part of the Amazon Basin, drainage still headed west-
ward throughout the Jurassic, Cretaceous and most of the 
Cenozoic time. Subsidence and sedimentation returned in 
the Cretaceous, from the Aptian to the Late Cenomanian 
time (Dino et al. 2000), with the implementation of con-
tinental fluvial environment in the Amazon Basin, the 
deposits of which have been attributed to the Alter do 
Chão Formation (Cunha et al. 1994, 2007). However, in 
a recent study based on paleontological evidence, Caputo 
(2009, 2011) proposed a change of the lithostratigraphy of 
the post-Paleozoic sedimentary units of the Amazon Basin, 
through calling them Jazida da Fazendinha (Cretaceous) and 
Alter do Chão (Cenozoic) formations, respectively. The name 
Alter do Chão Formation, proposed by (Kistler 1954), has 
priority and is well established in the geological literature 
to define the Cenozoic Amazon Basin’s sedimentary cover. 
As a complement, palynostratigraphic studies on outcrops 
of Central Amazonia, regions of Manaus, Manacapuru, 
Presidente Figueiredo municipalities and Uatumã River, 
show the extensive Middle Miocene sedimentary cover which 
makes up the relief of this portion of the basin (Dino et al. 
2012, Soares et al. 2015).

During the Cretaceous deposition, the Purus Arch pre-
sented less subsidence because of the differential sedimen-
tary overload on the Paleozoic sedimentary basins.

Studies on apatite fission tracks indicate that in the east-
ern region of the Brazilian Shield denudation has occurred 
between 3 and 7 km, following the Middle Paleozoic, with 
higher intensity from 130 to 60 Ma ago (Harman et al. 
1998). Around 110 (Gonzaga et al. 2000) or 106 Ma ago 
(Pina et al. 2014), in the Albian, there was cooling (uplift-
ing) in the Amazon Basin’s basement and sedimentary area, 
as observed by fission tracks, indicating a broad exhumation. 
Fission track data also show a cooling and uplifting of Chapada 
do Araripe (northeastern Brazil), initiated between 100 and 
90 Ma ago (Morais Neto et al. 2006). Geomorphologic 
uplift was also detected in the region between the south-
east of the Amazonian Craton, Amazon River Mouth and 
the Guianas region from Cretaceous onwards, which may 
have influenced on the watershed between the Amazon and 
Marajó basins (Zonneveld 1985).

From the Turonian to the Paleocene time, despite higher 
sea-level stands, erosion has taken place in the Amazon Basin, 
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when the Purus Arch was simultaneously uplifted and worn 
down. This applanation wholly and partially removed the 
Cretaceous and upper Pennsylvanian beds from biostrati-
graphic zones XV and part of the XIV, respectively, as well 
(Daemon & Contreiras 1971a, b, Fig. 2). In the eastern region 
of the basin, the erosion was more intense and reached strati-
graphically deeper Paleozoic layers, and at the Gurupá Arch 
apex (Fig. 1), in the eastern extremity of the Amazon Basin, 
the whole Paleozoic section and part of the basement were 
removed (Daemon & Contreiras 1971a, b, Fig. 2) (Fig. 1).

During the Cenozoic time salt movement (halokinesis) 
took place in the Amazon Basin (Costa 2002). From the 
Eocene time on, the Alter do Chão Formation deposition 
started in the Amazon Basin, partially covering the Jazida 
da Fazendinha Formation (Cretaceous), and in the Purus 
Arch (Fig. 5) covering the Nova Olinda Formation (Late 
Pennsylvanian) and in Gurupá Arch older Paleozoic for-
mations (Fig. 2).

There are controversies as to the onset of the transcon-
tinental Amazon fluvial System. Castro et al. (1978 and 
Shephard et al. (2010) suggested it to have taken place in the 
Middle Miocene time; Hoorn et al. (1995) and Figueiredo 
et al. (2009) in the Late Miocene; Espurt et al. (2007) and 
Roddaz et al. (2005) not before the Pliocene; Latrubesse 
et al. (2010), Campbell et al. (2006) and Campbell (2010) 
in the Late Pliocene; and Almeida (1974) in the Pliocene-
Early Pleistocene. Bezerra (2003), Rossetti et al. (2005) and 
Bezerra and Ribeiro (2015) inferred the Amazon River to 
have flowed through the Tacutu Rift, the Essequibo River 
and the coast of Guyana Republic to the Atlantic Ocean in 
the Plio-Pleistocene and at the end of the Pleistocene and 
in the Holocene, being guided to its present valley site, by 
following neotectonic faults. However, a quite significant 
clastic deposition should have had taken place in the Plio-
Pleistocene, forming a delta and a submarine fan during 
the alleged permanence of the Amazon River Mouth on 
the Guyana Republic coast. Moreover, the Plio-Pleistocene-
aged Boa Vista formation and Holocene sediments, partly 
resulting from eolian deposition, which covers the Tacutu 
Rift, presents an elevation of 100-120 m above sea level 
throughout its full extension (Eiras and Kinoshita, 2006; 
Vaz et al., 2007), that is, almost twice that of the Amazon 
River valley in the Colombia, Peru and Brazil triple border. 
Echo sounding profiles of shelf off Essequibo River (section 
DK) show no indication of a Quaternary delta building, but 
off the Orinoco River mouth (section DH) they present a 
delta platform (Nota, 1958). The sedimentary record of 
the neighboring Orinoco River delta occurs in the Maturin 
Basin of eastern Venezuela at the end of the Miocene, and 
is particularly evident during the Pliocene and Pleistocene 
(Díaz de Gamero, 1996).

The Purus Arch movement analysis here performed points 
out the Solimões Basin to have been exposed at the end of 
the Oligocene or the beginning of the Early Miocene, when 
the sea-level was low. In the Amazon Basin it still has not 
been possible to prove a possible intra-Alter do Chão Late 
Oligocene fossils-based unconformity. 

In the Solimões Basin (Jandiatuba Sub-basin), Early 
Miocene (or Late-Oligocene) layers occur unconformably 
over the Cretaceous (Javari Formation). But, from the end 
of the Oligocene to the beginning of the Late Miocene, both 
the Purus Arch and sedimentary basins were the focus of sub-
sidence and sedimentation, with the deposition of the upper 
portion of the Alter do Chão Formation in the Amazon Basin 
and Repouso Formation in the Solimões Basin. The latter 
formation is discussed in the Solimões Basin section. 

At the Tortonian time, with the subsidence of the 
Gurupá Arch, wide sea-level fall and simultaneous Vaupés 
Arch uplifting (Hoorn et al. 2010, Mora et al. 2010), the 
whole continental area was exposed to erosion (Ucayali 
unconformity of Campbell et al. 2006). This caused a deep 
headward valley incision of the fluvial system of the Amazon 
River from the Marajó Basin, with no obstruction from the 
Purus Arch, which left the way free for the transcontinental 
Amazon River to flow into the Atlantic Ocean. 

At the end of the Late Miocene and Early Pliocene, due 
to the sea level rise (Haq et al. 1987, 1988), the Solimões 
Formation deposition took place with fluvial sediments orig-
inating from the Andes, in Acre and Solimões basins, and 
in a small part of the west extremity of the Amazon Basin 
(Cunha et al. 2007, Motta 2008). Fluvial paleocurrents 
show an eastward flow, and sedimentation was first in deep 
valley floors of Amazon and Solimões Basin rivers and later 
along their floodplains. 

Most of the Amazon Basin provided no accommoda-
tion for the Solimões Formation accumulation, since its 
relief became too high due to epeirogenic uplifting after the 
Middle Miocene time (Fig. 6). This uplifted area is the site of 
numerous Neogene bauxitic and no-bauxitic plateaus, higher 
in the basin flanks and lower close to the central basin axis 
area. Large plateau tops reached about 250 m above sea level, 
according to SRTM 90 m digital elevation model (DEM) 
from NASA, as opposed to the conclusions of Shephard et al. 
(2010), who stated subsidence lowered central and eastern 
basins of northern South America driven by mantle convec-
tion, from 14 Myr ago to date. Sacek (2014) concluded that 
the reversal of the Amazon River can be interpreted by the 
dynamics of surface processes and the flexure of the litho-
sphere in response to the formation of the Andes instead of 
regional uplift guided by mantle convection as proposed by 
Shephard et al. (2010), but Sacek’s (2014) hypothesis also 
fails to fully reproduce the area stratigraphic development. 

311
Brazilian Journal of Geology, 46(2): 301-328, June 2016

Mario Vicente Caputo, Emilio Alberto Amaral Soares



He informs that further investigation is therefore needed in 
order to understand the dynamic interaction between sur-
face and tectonic processes, and their implications on the 
development of a megawetland that preceded the reversal 
of the Amazon River drainage.

In the Pleistocene Epoch, several sea level ups and downs 
took place due to the northern hemisphere glaciation cycles, 
with sedimentation of the Içá Formation and several ter-
races in the Amazon and Solimões basins, along river val-
leys and floodplains.

The earliest Pleistocene deposits of the Içá Formation 
were recorded 50 m beneath the Rio Negro valley floor 
(Soares et al., in press), suggesting that at this time aggrada-
tion first took place in the deep valley, then along the flood-
plain. Likewise, the preservation of older sequences in the 
Foz do Amazonas Basin shows to be in the incised canyon 

floor rather than along the shelf area (Gorini et al. 2013). 
As the sea level rose over the shelf ’s edge, some sequences 
began to be preserved on the continental shelf once again.

There is a general idea asserting the Purus Arch would have 
been a topographic barrier separating the drainage between 
Solimões and Amazon basins, prior to the formation of the 
modern Amazon River (Potter 1997, Figueiredo et al. 2009, 
Nogueira et al. 2013, Rossetti et al. 2015). Nevertheless, 
no evidence was found to support this idea, since on the 
Purus Arch area and westernmost portion of the Amazon 
Basin, Solimões Formations strata occur, containing Andes-
originated palynomorphs and minerals (Cunha et al. 2007, 
Motta 2008, Soares et al. 2015), indicating there have been 
no obstruction of the eastward drainage from the Solimões 
Basin to the Atlantic Ocean throughout the Negro, Amazon 
and other river deep valleys.
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Figure 6. Contact between the Alter do Chão (Eocene-Middle Miocene) and Içá (Pleistocene) formations eastward 
from the Purus Arch and westward from the Negro River in the Amazon Basin. Içá Formation in the west is 
characterized by immature, extremely flat and low relief, while in the east Alter do Chão Formation is uplifted in 
a more advanced dissicated stage with deep valleys and dense drainage. On Içá Formation Pleistocene terraces 
occur not yet fully delimited. One observes that the area of the Manacapuru town to the North is situated in 
the grounds of Alter do Chão Formation, which is considered by some authors as the informal Novo Remanso 
Formation. This contact, considered as Solimões-Alter do Chão had been observed by Santos (1974) in radar semi-
controlled mosaic of the SA.20-Z-A sheet. Source: Digital Elevation Model (DEM), SRTM 90m, TOPODATA Project-
Geomorphometric database of Brazil.
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At least three, between 200,000 and 6,000 years ago, 
Pleistocene and Holocene fluvial terraces were developed along 
the Amazon River drainage in the Amazon Basin (Soares 
et al. 2007, Soares et al. 2010, Gonçalves 2013). In a recent 
study, Rossetti et al. (2015) describe up to 300,000 years 
old, Pleistocene fluvial terraces in the Madeira River, per-
taining to Içá Formation.

SOLIMÕES AND ACRE BASINS

In Solimões Basin, the Carauari High delimits the 
Jandiatuba (West) and Juruá (East) sub-basins. Paleozoic 
formations cover an area of 440,000 km2 (Wanderley Filho 
et al. 2007), and its Cenozoic isostatic uplift showed to 
be lower than that of the Amazon Basin due to a thinner 
Paleozoic sedimentary column, high magmatism at the end 
of the Triassic and intense tectonism at the end of the Jurassic 
time followed by erosion. The erosion was more intense in 
that basin after the latest Triassic Penatecaua tectomagma-
tism and the Late Jurassic Juruá Orogeny. It is interesting 
to observe that in the Juruá Sub-basin the differential, thick 
diabase upper sill (first sill) overload depressed the earth’s 
crust in its central region, preserving part of the Fonte Boa 

Formation (Permian) of the top of the Paleozoic column 
(Fig. 1). The broad sill isostatically depressed the crust up to 
its periphery, including the western part of the Purus Arch 
and, uplifted the outer region, generating to the west the 
Carauari High, and, to the east, it raised the eastern portion 
of the Purus Arch even more, moving its apex eastward, from 
the Tefé and Coari township zone (Fig. 5 – Section A) to 
the Codajás township area (Fig. 5 – Section B). The addi-
tional Purus Arch uplifting caused erosion and reduction 
of the Solimões and Amazonas Paleozoic basins wideness 
in the arch region (Fig. 7).

The sills accompanied the isostatic elevation of Paleozoic 
beds in the highs (Fig. 1), where the total erosion of Permian 
beds and partial erosion of Pennsylvanian ones in the north-
ern basins of Brazil took place.

At the end of the Jurassic (Kimmeridgian – 150 Ma), the 
Juruá Orogeny caused structural inversions, block uplifts, 
folds and tilts, attributed to compression and shearing along 
a wide belt of the Solimões Basin (Fig. 7), and massive ero-
sion resulting on strong, subsequent applanation, from the 
Late Jurassic to the Early Cretaceous time (Caputo 2014).

In the past, the whole Amazon and Solimões basins post 
Paleozoic section was called Alter do Chão Formation with a 
probable Cenozoic age. Then, the Solimões Formation was 

Figure 7. In the Paleozoic time, the Solimões Basin also had continuity with the basins of Vaupés-Amazon of 
Colombia (Baldis 1988), Marañon and Ucayali of Peru and Madre de Dios of Bolívia. The Juruá Orogeny as old as 
Late Jurassic (150 Ma) affected, in Brazil, Acre and Solimões basins, causing uplift and erosion on their eastern 
and western portions, respectively, when vast basement areas were exposed and removed (red color). Eirunepé 
and Acre basins were disconnected during the Juruá Orogeny from the Solimões Basin by Jutaí and Envira arches, 
respectively (Caputo 2014, ANA 2015). Exposed Paleozoic Solimões Basin sedimentary strata and diabase sills 
were covered by the Javari Formation in the Cretaceous time.
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revalidated as a Cenozoic upper unit in the Solimões Basin 
(Caputo et al. 1972) to replace the Solimões Series of Rego 
(1930) due to its general lutaceous character, and partly 
reducing depositional environment, with the lower sandy 
section remaining as the Cretaceous-aged Alter do Chão 
Formation. Eiras et al. (1994) created the Javari Group by 
bringing the two formations together. The Javari Group, 
comprised by the Solimões and Alter do Chão formations, 
was undone as a group (ANA 2015), because of the pres-
ence of an unconformity between these well distinct units. 
The new Cretaceous Javari Formation, which before was in 
the group rank and now in the formation category, was used 
to replace the Alter do Chão Formation denomination in 
this stratigraphic section, since this unit proves to be as old 
as Cenozoic in its type-section in the Amazon Basin (Caputo 
2009, 2011a,b, 2014, ANA 2015). The Javari Formation 
is basically made up by fine and coarse grained sandstones 
and conglomerates as old as Cretaceous. The type-section of 
this unit is located in the depth interval between 1,261 to 
765 m of the Petrobras borehole 2-RJ-1-AM (Javari River, 
stratigraphic no 1, Amazonas State), in the 4o 45’ 49” S and 
72o 11’ 49” W geographical coordinates.

The Cretaceous Javari Formation covers up the whole 
Paleozoic section, dibase sills and part of the basement 
(Fig. 7), widening the basin’s depositional area. This unit is 
thicker than the corresponding Amazon Basin’s Cretaceous 
section (Jazida da Fazendinha Formation) and it is not dated 
yet, but it presents lithic continuity with the Acre Basin’s 
Cretaceous-dated formations (Cunha et al. 2007), possibly 
with distribution from the Aptian to the Maastrichtian (?). 
It likely may present internal unconformities similar to those 
which occur in Acre Basin.

Above the Javari Formation a quite pelitic unit, as old as 
Late Oligocene or Early Miocene to earliest Late Miocene, 
which was considered to be the Solimões Formation, is 
present in several works addressing the basin’s geology and 
palynology. However, there is an unconformity that sep-
arates it from the Late Miocene-Pliocene-aged Solimões 
Formation, described on the surface by Rego (1930). 
This section was denominated as Repouso Formation 
(ANA 2015), a name derived from a locality in the Atalaia 
do Norte (AM) municipality, in the Lower Javari River, 
where the borehole 1AS-4a-AM was drilled in 90 m above 
sea-level, down to 353 m by the Coal Project in the Javari 
River (Maia et al. 1977). This borehole studied by Hoorn 
(1993) was proposed as the type-section (04o 23’ S and 70o 
55’ W) for the Repouso Formation in the depth interval 
between 23.5 and 330 m, where there is a lithologic change 
(ANA 2015). The 274 to 353 m interval is palynologically 
sterile, though containing mollusc remains at the 286 and 
330 m interval (Hoorn 1993).

The unit consists of gray and variegated shales, fossilif-
erous siltstones, sandstones and limestone, with many lig-
nite lenses and marine and transitional influence on sev-
eral stratigraphic levels. Late Oligocene or Early Miocene 
to earliest Late Miocene is likely to be the age of this unit 
(Hoorn 1993, Hoorn et al. 2010), with it being correlated 
with the Barreiras Formation on the coast of Brazil, as well 
as the upper portion of the Amazon Basin’s Alter do Chão 
Formation. The continental, transitional and marine deposi-
tional environments distinguish it from the continental lacus-
trine and fluvial character of the Alter do Chão Formation.

Outcrops of this unit are not delimited, currently taking 
place only in the Acre Basin and the westernmost part of the 
Solimões Basin. Paleontological analysis, based on ichthyolites 
(Pinto & Puper 1984) of several Coal Project wells (Maia et al. 
1977), shows that possibly the Iquitos Arch goes through the 
region of the lower Javari River drainage. Wells 1AS-32-AM, 
1AS-4-AM, 1AS-4a-AM and 1AS-1-AM contain an older 
uplifted Miocene section (Repouso Formation), since the well 
1AS-33-AM to the west studied by Leite (2006) and the 
wells to the east 1AS-19-AM and 1AS-27-AM studied by 
Silva (2004) and Silva-Caminha et al. (2010), respectively, 
present a younger section (Late Miocene-Early Pliocene), 
known as the Solimões Formation.

Cruz (1984), who zoned the Solimões Basin’s Cenozoic 
section, based on sporomorphs found in several Coal Project 
wells, placed the herein discussed Repouso section in the 
Zone A (Miocene). As this unit is still little known, more 
thorough stratigraphic studies are needed. The unit’s upper 
disconformable contact with the Solimões Formation was 
established in the field by Campbell (2006), being named 
the Ucayali unconformity in the Acre River.

In the subsurface, horizons of this unit located between 
170.90 and 174.40 m deep in well 1AS-31-AM of the Coal 
Project (Maia et al. 1977) in the Upper Solimões River show 
evidence of marine and transitional environment, based on 
planktonic and benthic foraminifera, nodular ostracods, 
bryozoans, rays, shark’s teeth, crustaceans (barnacles), marine 
fish otoliths and marginal marine molluscs dated from the 
Middle Miocene (Ramos et al. 2011, Linhares et al. 2011). 
Mangrove plant pollens, in the well 1AS-4a-AM, studied 
by Hoorn (1993), probably indicate a coastal environment 
nearby, in different levels of this formation, during sea 
level high stands. Repouso Formation correlates with the 
Peruvian Marañon Basin’s Pebas Formation and Ucayali 
Basin’s Chambira Formation.

Above it, there is the Solimões Formation, which over-
laps the Repouso Formation and part of the crystalline base-
ment on some parts of basin edges. The Solimões Formation 
type-section is located in the valley of the Upper Solimões 
River, including the Benjamim Constant, Tabatinga and 
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São Paulo de Olivença municipalities, close to Brazil, Peru 
and Colombia triple border (Rego 1930). It consists of gray, 
green and variegated shales and siltstones, sometimes with 
scattered and in veined gypsum minerals, as well as white 
and red sandstones, with limestone nodules and vertebrate 
and invertebrate fossils, characteristic of fluvial, fluvio-la-
custrine and lacustrine palaeoenvironments. 

Following the drainage reorganization at the beginning 
of Late Miocene, the Late Miocene-Early Pliocene-aged 
Solimões Formation (Cruz, Zone B, 1984, Silva 2004, 
Latrubesse et al. 2007, 2010 and others) represents the 
Amazon River sedimentation towards the Atlantic Ocean, 
when the sea level rose again, since it exhibits Andean pal-
ynomorphs (Nogueira et al. 2013, Motta 2008) and min-
erals (Mapes 2009), in the east of the Purus Arch, as well.

Conglomerates above the unconformity often contain 
the Huayquerian mammal fossil fauna (SALMA – South 
American Land Mammals Age) and other fossil groups, 
indicating Late Miocene age between 9 and 6.5 Ma for 
fauna and sediments associated with the lower Solimões 
Formation, which unit was well detailed by Latrubesse et al. 
(2007, 2010) and Gross et al. (2011).

The Içá formation was proposed by Maia et al. (1977) 
to designate an unconformable section above the Solimões 
Formation along the Içá River, consisting mainly of fria-
ble, reddish-yellow, ranging from fine sand to conglomer-
atic clasts, with silty and argillaceous sandstone intercala-
tions, and gray and variegated conglomerates, siltstones and 
shales, deposited in continental fluvial and fluvio-lacustrine 
environments. The conglomerate existing in the basal sec-
tion, generally lenticular and little lithified, are formed by 
rounded hyaline or smoky quartz clasts, chalcedony, flint 
and rock fragments, with clay-sandy matrix. Conglomerates 
exhibit millimetric to centimetric, up to nearly 60 cm diam-
eter-sized soft clay balls (clay galls) (Maia et al. 1977), which 
seem to originate from the Solimões Formation.

Içá Formation, located in the upper portion of the 
Cenozoic stratigraphic column, was estimated to be of 
Pleistocene age by Maia et al. (1977). It displays a sand and 
minor clay distribution of more than 600,000 km2 in area 
and a thickness of tens of meters up to 140 m in the well 
2-FG-1-AM according to Maia et al. (1977), but this wide 
distribution and thickness may be exaggerated.

Therefore, in the Solimões Basin, the Mesozoic and 
Cenozoic stratigraphic section consist of the Javari (Aptian-
Maastrichtian?), Repouso (Late Oligocene or Early Miocene 
to the beginning of Late Miocene), Solimões (end of Late 
Miocene to Early Pliocene) and Içá (Pleistocene) formations. 
However, there is non-dated Cenozoic stratigraphic section 
below the Repouso Formation. Other younger Quaternary 
sediments occur under the form of Pleistocene terraces with 

distribution along the large rivers of Amazonia and some 
river islands. Holocene terraces also occur on flood plains 
and river islands along the river valleys. 

The Acre Basin Cenozoic section holds several nameless 
older units, and Repouso, Solimões, Içá formations, terraces 
and alluvial sediments, even so, the Cenozoic stratigraphic 
section is more complete than in the Solimões Basin and 
still requires further elaboration in its lower section.

ANDES TECTONIC ACTIVITY

There is evidence of tectonic pulses in the Andes 
since the Mesozoic, but the Andean Orogeny affected 
the development of the sub-Andean sedimentary basins 
more significantly during the Cenozoic (Hoorn et al. 
2010). In the Early Miocene the Andes uplifted farther, 
blocking and redirecting the East drainage towards the 
Caribbean region (Almeida 1974, Hoorn 1993, 1994, 
Hoorn & Wesselingh 2010). Some drainage restrictions 
created conditions for the formation of lacustrine and 
swampy environments with deposition of lignite lenses 
at several horizons, with episodic marine influences east-
ward from the sub-Andean basins from Colombia to 
Bolivia, including Solimões and Acre basins of Brazil. 
Sedimentation of Early Miocene to early Late Miocene, 
predominantly of fluvial-lacustrine, fluvio-deltaic, estua-
rine and marine origin, constitutes the Pebas Formation 
in the Marañon Basin in Peru, and Repouso Formation 
in Acre and Solimões basins in Brazil.

In the Middle Miocene time, new and vigorous Andean 
uplift started to fill the Andean foreland basins with thick 
molasses pile, resulting from the fast erosion of the Eastern 
Andean Cordillera, pushing the eastern drainage toward 
the Caribbean. The uplift of the Vaupés transversal Arch 
or Swell in Colombia (Mora et al. 2010) retained the sed-
iments and elevated the lands to the south of this feature. 
The sedimentary supply in the area showed to be higher 
than the subsidence.

Using thermochronology of six sites of the Peruvian Andes, 
based on U-Th/He both of apatite and zircon, Michalak 
(2013) found that between latitudes 5 and 12o S a signifi-
cant cooling of the rocks is registered, which indicates an 
acceleration of exhumation of Andean rocks from 0.04 to 
0.25 mm/y in the Late Miocene. That quick exhumation 
may have been reflected in the high Eastern Andean range, 
where the glacier-covered mountains started to prevent the 
movement of clouds to the west Andean side, where, cur-
rently, there are deserts (Mora et al. 2010). This came to 
greatly accelerate the mechanical and chemical weather-
ing and erosion on the eastern Andean slopes that released 
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abundant molasse deposits for Andean foreland, Acre and 
Solimões basins.

AMAZON RIVER 

The Amazon River and its tributaries traverse the States 
of Acre, Amazonas, Pará and Amapá; from the west to the 
east and upriver from its confluence with the Negro River, 
in Manaus, it is called the Solimões River, and in Peru it 
gets the name of Marañon River.

Zircon minerals from the Amazon Basin cratonic area, 
from Geochronologic Maroni-Itacaiúnas and Central Amazon 
provinces (Tassinari & Macambira 2004), collected in Middle 
Miocene sandstones of Alter do Chão Formation, near the 
town of Óbidos (Pará), located 1,100 km from Belém by 
waterway, with isotopic ages of 2 and 2.3 Ga and 2,088 ± 7 Ma 
and a mineral with an isotopic age of 1,648 ± 77 Ma, indi-
cate a provenance from the eastern side of the basin (Mapes 
et al. 2006, Mapes 2009). The 1,648 ± 77 Ma-aged mineral 
may have been derived from post-orogenic igneous rocks 
present in the Maroni-Itacaiúnas Province, as emphasized 
by Tassinari et al. (2000).

Zircon minerals collected from Alter do Chão 
Formation, locally known as Novo Remanso Formation, 
in the Manacapuru Municipality, not far westward from 
Manaus (Fig. 6), provided U-Pb ages between 1,904 ± 7 
and 1,910 ± 7 Ma originated from the Geochronologic 
Ventuari-Tapajós Province, and younger minerals indicated 
ages between 1,465 ± 51 and 1,346 ± 49 Ma (Mapes et al. 
2006). The latter mineral ones, characteristic of Rondonian-
San Ignacio Province, may have been carried by the Tapajós 
and Madeira rivers that cut through that province in the 
central portion of Brazil and flowed into the ancestral 
Amazon River, below Manaus, when this large river still 
flowed westwards.

Moreover, as was also to be expected, the direction of 
the ancestral Amazon River flowed westward until the early 
Late Miocene, and no Andean mineral or palynomorph was 
found in Alter do Chão or its equivalent Novo Remanso 
Formation. However, the lack of Andean-sourced palino-
morphs and minerals in the Middle Miocene Alter do Chão 
Formation led to concluding incorrectly the Purus Arch 
would have functioned as a geographical barrier, preventing 
deposition of any material coming from the Andes, up to 
the Pliocene (Mapes 2006, Dino et al. 2012, Nogueira et al. 
2013). In Solimões Basin, Repouso Formation sandstone 
zircons, from the well 31MT-0003-AM, located in the town 
of Tefé (Amazonas State), dated by Russel W. Mapes, indi-
cated U-Pb Archean ages. Russel datings were presented in a 
table by Abinader (2008, p. 15) in his master’s dissertation. 

This indicates the continuation of the fluvial transport, in the 
Middle Miocene, of clastics from the Archean-aged Amazon 
Basin’s Central Amazonia Geochronological Province to the 
Solimões Basin.

Solimões Formation surface samples, still in the Township 
of Tefé, collected by Mapes (2009), present several popula-
tions made up by ages younger than 1.5 Ga, being a promi-
nent group with U-Pb ages close to 210 Ma, consistent with 
an Andean derivation. Samples still contain zircon minerals 
with ages of 550 Ma (Brasiliano), 1,110 Ma (Sunsás) and 
1,400 Ma (Rondonian-San Ignácio). Those zircon mineral 
datings are similar to those pertaining to the ages of the zir-
con minerals presently found in the sands of the Solimões 
River valley, in that same locality, obtained by Mapes 
(2009). In that region, Solimões Formation is capped by 
Içá Formation as old as Pleistocene and younger sediments.

Data presented by Figueiredo et al. (2009) relative 
to Sm-Nd dating of Foz do Amazonas Basin strata show 
that the Early Miocene and Early Pliocene layers have 
model ages, typical to Maroni-Itacaiunas Province (1.95 to 
2.2 Ga), corresponding to the coastal lands of the State of 
Amapá which are joined with the Foz do Amazonas Basin. 
Middle-Miocene samples from Foz do Amazonas Basin pro-
vide Sm-Nd model ages that correlate with the ages (1.8 – 
1.55 Ga) of the Rio Negro-Juruena Province, a region close 
to the western boundaries of Brazil.

It is interesting to note that ages of zircon minerals from 
Central Amazonia and Ventuari-Tapajós provinces, which 
now occupy over 50% of the area traversed by the Amazon 
River, were not found in the earliest Late Miocene sediments 
of Foz do Amazonas Basin. Latrubesse et al. (2010) raised this 
inquiry to the model presented by Figueiredo et al. (2009). 
On the other hand, the rather abundant presence of zircon 
minerals dated as Brasiliano in the earliest Late Miocene sed-
iments of Foz do Amazonas Basin (personal communication 
from Jorge de Jesus Picanço de Figueiredo 2015) indicates 
a source different from the one of the cratonic areas crossed 
by the Amazon River, keeping in mind that the ancestral 
Amazon River drainage flowed westward up to the earliest 
Late Miocene. Therefore, a more plausible source for these 
earliest Late Miocene and older sediments would be the 
Grajaú Basin (Parnaíba Basin) and the Tocantins River and 
surrounding areas (Fig. 4), through the Marajó Basin, as can 
be inferred from the work of Nascimento (2006).

The Amazon River water is presently flowing at 2 to 2.5 m/Sec 
in the low water season with a gradient of <1 cm/km 
(Sioli 1967) downriver from Manaus. Naturally, with the 
steep sea-level fall in the Tortonian, the gradient increased, 
providing this major river with higher erosive action and car-
rying capacity. The rise of Vaupés Arch in Colombia (Mora 
et al. 2010) began to hinder the drainage to the Caribbean, 
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providing the formation of lakes and swamplands in the 
region. During the sea-level lowering in the Tortonian, 
the Colombian Vaupés Arch also prevented the headward 
erosion of the rivers southward from that structural feature.

The Amazon River floodplain has an average breadth 
of 40 km in the axis of the basin with a very low elevation. 
Nowadays, in Santarém municipality, the Amazon River, 
about 850 km from its mouth, reached the quota of min-
imum water depth of 5.5 m above sea level in the 1997 
low-water season, and the Alter do Chão Formation top of 
the hill of its type-section (Serra Piroca and well 1-AC-1-PA, 
Pará) reached about 130 m (Caputo 2011a,b). Altitude of 
other plateaus reaches higher elevations in other nearby areas.

In Manaus, nearly 1,400 km from the sea, the mini-
mum Amazon River level reached 13.63 m in the low water 
period in 2010, according to Manaus Harbor Data (2014). 
This value represents a lower than 1 cm/km gradient and 
the elevation of the Alter do Chão Formation top reaches, 
in average, over 100 m in the vicinity.

In the town of Tabatinga, sited on the triple border 
between Brazil, Colombia and Peru, and 3,128 km away 
from the sea, the level of the Solimões River reaches about 
60 m, with a gradient close to 3 cm/km in the stretch to 
Manaus, and the mean altitude of the nearby hills is of 
about 80 and 100 m. In the current high sea-level condi-
tions, sediments from the Andes still get to the sea, mainly 
those being held in suspension. According to Mapes (2009), 
80% of the zircon minerals collected at the Amazon River 
mouth originates from the Andes, 5% from cratonic areas 
and 15% from lowland sedimentary rocks.

Acre Basin holds a higher relief than Solimões and 
Amazon basins and an increasingly thickening Cenozoic 
sedimentary pile towards the Andes, from where it received 
a large contribution of its sediments, since the Andes uplift-
ing up to now.

The Negro River bottom, near its confluence with the 
Amazon river, has lately been measured to reach 103 m 
deep, at a narrow canyon-shaped profile; and, in many 
other places, it and its tributaries show to be around 80 – 
90 m deep (Sioli 1967). These depths could be the effect of 
neotectonics, current erosion on account of local hydrody-
namics in the rivers, or due to the sea-level lowering in the 
Pleistocene. The latter assumption may be admitted, since 
the Pleistocene lasted from about 2,588,000 to 11,700 years 
ago (International Commission on Stratigraphy), when sea 
level began to rise. The last sea level rise reduced erosion 
rate leading to sedimentation along the valleys, floodplains 
and banks of the Amazon River and its tributaries, but the 
current bottom load on this river consists of sand (fine and 
coarse) associated with the load in suspension (Sioli 1967). 
Many of the Amazon River tributaries are drowned, with 

their valleys disproportionately large in relation to the river’s 
current discharge. Those rivers are being called “rivers-lakes” 
(Sioli 1967), yet technically they are interior rias or fluvial 
rias. Many of these rivers do confluence with the Amazon 
River and other major rivers, and are in filling process, where 
sedimentation at their mouths consists of muddy materi-
als (clay and silt), like at the mouths of the Tapajós, Negro, 
Coari, Tefé rivers and others. Some rias occur away from the 
current large river floodplains and develop on the bound-
aries of the oldest fluvial terraces, during the migration of 
the channels (Soares 2007). Lake Manacapuru is an inner 
ria whose damming by the Amazon River sedimentation is 
causing its filling, mainly in the boundary of the Amazon 
River floodplain (Fig. 6). This morphology can not have 
been elaborated by those rivers current draining conditions, 
with their almost stagnant waters and broad valleys. This 
river drowning may be attributed to the sea level rising in 
the Holocene (Sioli 1967).

With the subsidence of the Gurupá Arch in the Tortonian, 
the Amazon River headward erosion and captures opened 
a pathway from Marajó Basin to the basins in the west of 
South America up to the Andes. It is deduced that, at this 
time, a rather deep incision of the Amazon River drain-
age occurred, as a consequence of the steep sea level drop. 
The deep incision on the valleys impeded deposition on 
floodplains, lakes, point bars and fluvial deltas, which no 
longer existed. At that time, swamps started to be drained and 
destroyed, and the steep river valley slopes were broadened 
by erosion due to the less resistance to erosion of the beds 
of Alter do Chão and Repouso formations. This must have 
brought about environmental changes and the extinction of 
many terrestrial and aquatic species living in those habitats. 
Therefore, during the early Late Miocene (Tortonian), the 
superficial regolith was transported through the deep val-
leys to the sea in the east, with no deposition and erosion 
occurring in the entire continent.

With the deglaciation and consequent sea-level ris-
ing, at the end of the Late Miocene (Messinian) and early 
Pliocene, the valleys, before under an erosion regime, came 
at some point to be filled, that is, the Solimões Formation 
sedimentation started to prevail where there was room for its 
accommodation and then spread over part of the Repouso 
Formation top plains.

In Latest Miocene, even with the high sea level, the gra-
dient of rivers on the slopes of the Andes and Subandean 
areas was high, eroding and transporting enormous amount 
of material. The relief of the Amazon Basin, constituted by 
Alter do Chão Formation, from the western region of the 
Negro River towards the east, was high, being seemingly an 
insurmountable barrier. Yet, the Andes and Subandean ero-
sion products (Solimões Formation) were deposited in Acre, 
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Solimões and western tip of the Amazonas Basin, as well as 
carried through deep incised channels of the Negro, Amazon 
and other major rivers (Fig. 6) to the Atlantic Ocean for 
building the Foz do Amazonas Basin fan. Westward from 
Negro River a subsidence process took place with deposi-
tion of the Solimões Formation, while the Amazon Basin 
uplifting was present, there occurred erosion.

At the close of the Pliocene and Pleistocene, sea level 
oscillations (Miller et al. 2011), due to glaciations in the 
northern hemisphere, including the Andes (McDaniel et al. 
1997), deepened the drainage several times, eroding most of 
the material previously deposited in the valleys and flood-
plains. Since several glacial and interglacial stages occurred, 
with consequent droppings and risings of sea level, several 
differently-aged fluvial terraces were built up along the riv-
ers of Brazilian Amazon and other neighboring countries 
(Franzinelli & Ori 1988, Rossetti et al. 2005, Gonçalves 
Junior 2013, Carlotto et al. 2008, Soares et al. 2010a). In 
the Central Amazon area, the oldest terrace is probably rep-
resented by the Içá Formation, other known, ancient fluvial 
terraces of the Solimões River, informally denominated as 
Upper Terrace, present ages of approximately 200,000 years 
Before Present (BP) and are continuous and parallel to the 
major rivers (Soares et al. 2010a, b, Gonçalves 2013), being 
only interrupted by tributaries like the Purus and Madeira 
rivers. During the Pleistocene, occurred new extinction pro-
cesses because of the environmental changes deriving from 
several droppings and risings of sea level.

CENOZOIC FORMATIONS 
AGE, ENVIRONMENT AND 

UNCONFORMITIES

In a recent study, Guimarães et al. (2015) erroneously 
redated the upper layers of Novo Remanso Formation (Alter 
do Chão) in the township of Manacapuru (Fig. 6), not far 
from Manaus, which had already been dated and set in the 
Middle Miocene by Dino et al. (2012). They proposed a 
very broad age, Middle Miocene-Pliocene, based on the pres-
ence of Grimsdalea magnaclavata defined by Lourens et al. 
(2004), as indicative of Middle Miocene up to the Pliocene 
and of other species bearing wide stratigraphic amplitude. 
These authors did not discuss the absence of younger guide 
forms, specific markers of Late Miocene and early Pliocene, 
such as Cyatheacidites annulatus, Echitricolporites mcneillyi 
etc. Therefore, the present study only accepts the earliest 
Late Miocene age, excluding the Late Miocene-Pliocene, 
corroborating the studies by Dino et al. (2012) and Soares 
et al. (2015) for the top of the Miocene unit (Alter do Chão 
Formation) in the regions of Manacapuru and Presidente 

Figueiredo municipalities (Uatumã River). Guimarães et al. 
(2015) still suggest that the existence of some reworked 
Cretaceous palinomorphs would indicate the presence of 
Cretaceous outcrops nearby. Probably, those reworked, elat-
erated Cretaceous forms (Elaterosporites klaszii) came from 
distant areas like the Parecis Basin located on the Xingu 
and Tapajós river headwaters, in Central Brazil, between 
the Upper Tapajós and Paraná basin areas.

In the region of the well 1AS-4a-AM, in the Javari River 
(Solimões Basin), of the Coal Project (Maia et al. 1977), 
Hoorn (1993) dated the new Repouso Formation as Early 
Miocene to the beginning of the Late Miocene age, but 
the basal layers were not dated and might reach the Late 
Oligocene (Hoorn et al. 2010). These locations are close to 
Pebas in Peru on the Marañon River (Solimões River), whose 
section exhibits the same age and fossiliferous content as 
Repouso Formation does, according to several researchers, 
who used other fossil groups in addition to palinomorphs 
(Hoorn et al. 2010).

The absence of Early Miocene beds, verified by Hoorn 
(1993), on the studied second well (1AS-51-AM) is due to 
its marginal position in the northern part of the Solimões 
Basin, onlapping the ramp of the crystalline basement. 

Hoorn et al. (1995) inform that in the Magdalena River 
valley (Colombia), following a short period of erosion and no 
deposition between 11.5 and 10.1 Ma, a fluvial-originated 
conglomerate and other clastics sediments were accumu-
lated from 10.1 Ma onwards. The unit containing the Late 
Miocene-aged conglomerate with Andean originated pebbles 
(flint, lithic fragments and quartz) would have been the result 
from one more Andean tectonic pulse. In the region denom-
inated Northwest Amazon Basin, in the rain forest between 
Colombia and Peru, an unconformity occurs between the 
initial and final Late Miocene (Hoorn et al. 1995). This dis-
continuity is also observed by Hoorn et al. (1995, p. 238) 
in the Llanos Basin (Colombia).

Campbell et al. (2006) discuss that unconformity, 
named Ucayali, with further detail in the Andean Countries 
(Ecuador, Peru and Bolivia), being it more attributed to tec-
tonic processes in the Andes than to the sea-level fall. Since 
the Tortonian unconformity (10.1 Ma) displays a wide con-
tinental distribution, away from the Andes, it is possible the 
drop of sea level in the Tortonian would have contributed 
much more significantly to its generation. Reworked creta-
ceous palinomorphs found in the thin organic fraction of 
the Cenozoic section indicate an Andean origin in regions 
studied by Hoorn (1993), because many Mesozoic and 
Paleozoic formations were uplifted, and partially exposed 
to erosion on the Andes in the Neogene.

Hoorn (1993, 1996) demonstrates that the origin 
of the cratonic sedimentation on the Andean Foreland 
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basins in eastern Colombia has given rise to Andean sed-
imentation contribution already in the Middle Miocene. 
This indicates that the drainage from the Amazon cra-
ton toward the western coastal basins, still in the early 
Middle Miocene, was hindered by the rising of the Andes 
in Middle Miocene.

In latest Serravalian and Tortonian, in addition to another 
great Andean tectonic pulse, a steep drop in sea level occurred, 
due to glaciations taking place at this time in Antarctica, 
southern tip of South America and the Andes. This brought 
about the end of Repouso Formation sedimentation between 
10.55 and 9.69 Ma, according to the international zoning 
based on Lourens et al. (2004), Raffi et al. (2006) and rec-
ognized by Figueiredo et al. (2010) as well.

Many authors have interpreted plain or tenuous marine 
influence on outcrops and wells in the Solimões Formation 
(Hoorn 1993, Räsänen et al. 1995, Webb 1996, Arai et al. 
2003, Nogueira et al. 2003, Hovikoski et al. 2003, 2005, 
Monsch 1998, among others), but some discard this pos-
sibility (Latrubesse et al. 1997, 2007, 2010, Marshall & 
Lundberg 1996, Praxton et al. 1996, Dino et al. 2012, 
Riff et al. 2010, Gross et al. 2011). The problem is that 
Repouso and Solimões Formations identification is mis-
understood, and the sedimentary environments also 
depend on the stratigraphic level analyzed in environ-
mental interpretation.

In fact, the Solimões Formation, observed on the surface 
in Solimões and Acre basins, features continental paludal, 
lacustrine, fluvial-lacustrine, fluvial and fluvio-deltaic envi-
ronment. Repouso Formation holds many levels with many 
transitional and marine fossils. On the horizons between 
170.90 and 174.40m deep of the well 1AS-31-AM of the 
Coal Project (Maia et al. 1977), there is evidence of marine 
and transitional environment, based on planktonic and 
benthic foraminifers, bryozoans, nodded ostracods, rays, 
shark’s teeth, crustaceans (barnacles), marine fish otoliths, 
marine marginal molluscs dating from the early Middle 
Miocene (Ramos et al. 2011, Linhares et al. 2011). Mangrove 
plant pollens found in well 1AS-4a-AM may indicate, in 
the neighborhood, marine environment at different strati-
graphic levels of Repouso Formation when sea level was 
high (Hoorn 1993).

According to Del´Arco et al. (1977), in his historical 
retrospect of the geology of Juruá sheet (RADAM Project), 
several paleontologists, referenced since the XIXth century, 
put the invertebrate and vertebrate fossils, found in out-
crops of the Solimões Formation, in the Late-Miocene and 
Pliocene, as well as the now recognized Içá Formation in 
the Pleistocene.

The Madre de Dios Formation, in Peru, holds three 
members, with the two lower ones both corresponding 

to Solimões Formation in Brazil (Campbell et al. 2006) 
and Ipururo Formation in Ucayali Basin in Peru (Carlotto 
et al. 2008). The Upper member is Middle Pliocene-
aged and corresponds to Madre de Dios Formation itself 
(Carlotto et al. 2008). Conglomerates of the base of the 
lower member (Ipururo Formation) often contain the 
Huayquerian fauna of mammal fossils (SALMA - South 
American Land Mammals Age), indicating Late Miocene 
age between 9 and 6.5 Ma for the associated fauna and 
sediments of Solimões Formation, very well detailed by 
Latrubesse et al. (2007, 2010). In the area of Eirunepé, 
eastward from the Envira Arch, the Solimões Formation 
with Huayquerian fauna was described in further detail 
by Gross et al. (2011).

Campbell et al. (2006) dated initially in Peru two levels 
of volcanic ashes from the alleged Madre de Dios Formation, 
by the Ar40/Ar39 method, obtaining ages of 3.23 ± 0.3 and 
9.01 ± 0.28 Ma, the latter in a section 4 m above the base 
of the lower member, constituted by an often fossiliferous, 
regional conglomerate, denominated by these authors as 
Acre Conglomerate. Below this conglomerate, there is a sed-
imentary discontinuity that received the name of Ucayali 
unconformity (Campbell et al. op. cit.).

The erosion that formed the Ucayali unconformity of 
Ipururo/Solimões Formation may have lasted for approx-
imately 1.0 My, which matches well with the beginning 
of the correlative about 10 Ma-aged sedimentation on the 
Ceará Rise in the Atlantic Ocean, proceeding from the Andes 
(Dobson et al. 2001, Harris & Mix 2002, Figueiredo et al. 
2010). The age of Solimões Formation is late Late Miocene, 
when the sea level started to rise again, up to Early Pliocene 
(Zanclean Stage). 

Carlotto al. (2008), based on the second Ar40/Ar39 

(3.23 ± 0.3 Ma) dating, estimate the top of Ipururo Formation 
(Solimões Formation) would be around 4 to 5 Ma old 
(Zanclean), and the base of Madre de Dios Formation itself 
Late Pliocene-aged, which indicates this Peruvian unit may 
partly correlate with Içá Formation. Içá Formation basal 
unconformity was better detected in Brazil along the Içá 
River (Maia et al. 1977).

The unconformity, below the Ipururo/Solimões Formation, 
has not been recognized by a few researchers (Räsänen et al. 
1995, Cozzuol et al. 2006, Rebata 2006 a, b, Silva 2001), 
yet it is widely recognized. It was mapped in various conti-
nental (Maia et al. 1977), coastal (Rossetti et al. 2001, Arai 
2006) and marine (Figueiredo et al. 2009, 2010) areas of 
Brazil. Figueiredo et al. (2009) inform there is an interval 
of 0.7 Ma in the Amazon River fan corresponding to that 
discontinuity. The unconformity was observed in Bolivia, 
Peru, Ecuador (Campbell et al. 2006, Carlotto et al. 2008) 
and Colombia (Hoorn et al. 1995) as well.
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DISCUSSION

Price (1960) was the first to quote Cretaceous age to the 
Amazon Basin’s Post-Paleozoic section, named Alter do Chão 
Formation, based on a tooth of a dinosaur of class Theropoda, 
found in the 193 – 196 m interval in well 1-NO-1-AM of 
Petrobras, in the region of Nova Olinda (Amazonas State). 
In his work, Price informed the comment by Setembrino 
Petri that in the same well a less consolidated, undated, 
175 m thick top section occurs, which might be Cenozoic 
in age. Daemon and Contreiras (1971a, b) palynologically 
studied several wells in the Acre, Upper, Middle and Lower 
Amazon (Marajó) basins, along a W-E longitudinal section, 
where they identified a Cretaceous-aged and other Eocene-
Quaternary-aged Post-Paleozoic sedimentary section, with-
out studying the type well 1-AC-1-PA (Alter do Chão strati-
graphic well no 1).

Daemon (1975) later studied the section of well 
1-AC-1PA-1, where he verified Cretaceous age only in the 
core 23 of that well, at the depth of 502 m; other upper 
cores were barren. In addition, Daemon and Contreiras 
(1971a,b) and Daemon (1975) extrapolated the Cretaceous 
age to the surface in that well, as they had done in other wells 
in the central part of the basin. The base of the Cenozoic 
section they considered as old as Paleocene (table page 82) 
or Eocene (page 83), with the top section placed in the 
Holocene, on stratigraphic interval XVIII. The lithostrati-
graphic column prepared by Caputo et al. (1971, 1972) at 
that time was based on the ages obtained on the above-men-
tioned palynological studies. 

Middle Miocene strata, dated in Central Amazon out-
crops, in the vicinity of Manaus, was informally designated 
as Novo Remanso Formation (Rozo 2004, Rozo et al. 2005, 
Dino 2006 a, b, Soares 2007, Soares et al. 2010a,b, Dino 
et al. 2012, Soares et al. 2015), on the assumption that Alter 
do Chão Formation was as old as the Cretaceous, justifying a 
new Cenozoic stratigraphic unit in the basin. This Cenozoic 
unit supports the high relief of the regions of Manacapuru, 
Manaus, Itacoatiara, Itapiranga and São Sebastião do Uatumã 
localities (Fig. 6), for 300 km, and is partially covered by 
Quaternary deposits (Abinader 2008, Andrade & Soares 
2009, Soares et al. 2015). The above-mentioned surface lay-
ers are still considered as old as Cretaceous by some authors.

Caputo (2009, 2011a,b), based on a well cuttings study 
of the type-well 1-AC-1-PA conducted by the palynologist 
Eglemar Conde Lima, divulged there is a thick Cenozoic-
aged sedimentary column in most of the type-section of the 
Alter do Chão Formation, attributed to the Cretaceous by 
Daemon and Contreiras (1971a,b) and Daemon (1975). 
Caputo (2011a,b) maintained the Alter do Chão Formation 
name, already consolidated in the geological literature, for the 

Cenozoic outcrops of Serra Piroca and most of the section 
in well 1-AC-1-PA, totalizing 537 m in thickness. He still 
created a new unit, Jazida da Fazendinha Formation, to har-
bor the nearly 120 m thick, unconformable Cretaceous basal 
section in the considered well, which was dated as Aptian-
Albian to Late Cenomanian-aged by Dino et al. (1999, 2000) 
in several other wells of the basin. Daemon and Contreiras 
(1971a, b) (Fig. 2) only recognized Cenozoic layers on the 
surface and subsurface in the Amazon Basin’s western and 
eastern portions.

The surface sedimentary cover of other areas of the 
Amazon Basin is yet to be directly dated. Nevertheless, 
data recognized up to now, including seismic surveys, 
point out that, apart from the Paleozoic outcrop belts and 
Monte Alegre Dome, the whole Amazon Basin displays a 
Middle Miocene sedimentary cover. On a small portion 
of the western region of the Amazon Basin (Fig. 5), the 
cover is made by Late Miocene-Pliocene Solimões and 
Pleistocene Içá formations and younger sediments. Gurupá 
Arch cover is inferred to be Late Miocene-Pliocene and 
Pleistocene-aged.

In Serra de Paituna, in the region of the Monte Alegre 
Dome, where post-Middle Miocene neotectonism had 
taken place, near the mouth of the Tapajós River and well 
1-AC-1-PA, Eocene fossil leaves (Duarte 1987) occur in 
outcrops near the base of Alter do Chão Formation.

According to palynological determinations of Daemon 
and Contreiras (1971a,b) and Daemon (1975), Cunha 
et al. (1994, 2007) denominated the Cenozoic section of 
the western portion surface of the Amazon Basin of the 
Solimões Formation and in its eastern portion of the Marajó 
Formation, maintaining the Cretaceous allegedly cropping 
out on the central region of the basin. Other researchers 
overlooked these dated Cenozoic layers, considering the 
whole Amazon Basin’s cover as old as Cretaceous. Current 
data indicate the Cretaceous unit just to be present in the 
more central and deeper areas of the Amazon and Solimões 
basins (Caputo 2009, 2011a,b, ANA 2015). The Mesozoic 
formations in question are separated in the subsurface by 
the Purus Arch, where they are absent (Fig. 1 and 5). It is 
worth adding that, in northern Brazil, Cretaceous units 
only crop out on Parnaíba Basin, as well as Acre Basin and 
Andean region, due to the uplifting brought about by the 
Andean Orogeny.

Solimões Basin sedimentary cover is mainly represented 
by Içá Formation (Pleistocene), with alluvial Holocene, but 
their area is still to be well defined, being much smaller than 
what the Amazon State CPRM geological map shows (Ferreira 
et al. 2006). On the Solimões Basin’s western part, along 
deep valleys and some interfluves, Solimões and Repouso 
formations sediments occur on the surface.
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Nogueira et al. (2003) identified, initially in the area 
of Coari, 360 km west of Manaus, in Solimões Basin, two 
unconformable sedimentary units in the Solimões Formation. 
The lower one would be characteristic to a paleoenvironment 
composed of tide-influenced estuarine bay and meandering 
fluvial channel deposits; and the upper one would contain 
tidal and fluvial channels deposits. The tidal sedimentary 
structures would be indicative of the marine influence on 
these deposits. The strongest marine evidence was based on 
a single dinoflagellate cyst (Diphyes? sp.), identified by Arai 
et al. (2003), which could have been reworked Repouso 
Formation material from the uplifted Amazon drainage 
system headwaters in the Andes and its foreland region.

Nogueira et al. (2013) later reinterpreted the same Coari 
outcrops as having been deposited in a lacustrine environ-
ment associated to meandering rivers, with no marine influ-
ence, and concluded the lower sequence to correspond to 
Late Miocene-Pliocene-aged Solimões Formation and the 
upper one to Pleistocene-aged Içá Formation. Both sequences 
indicate eastward directed paleocurrents.

The presence of reworked older Cenozoic, Cretaceous and 
Paleozoic Andean palinomorphs, and the eastward paleocur-
rents direction of the Solimões Formation (Nogueira et al. 
2013) points out the drainage to have come from the West, 
conversely to Alter do Chão and Repouso formations drain-
age coming from the East.

Içá Formation was deposited on the continental fluvial 
environment, holding floodplains and associated lakes, with 
no marine influence as many investigators have suggested, 
since the Amazon River flowed into the Atlantic Ocean and 
the sea itself would not be able to reach the Upper Solimões 
Basin and the Andean foreland basins of northern Brazil in 
the Pleistocene Epoch.

Nogueira et al. (2013 – Fig. 8C) inferred that in the Coari 
section the reworked and well preserved Devonian palyno-
morphs came from northwestern Amazon Basin Devonian 
grounds, uplifted by large faults and eroded from a higher 
than the Purus Arch level. Correlative sediments and paly-
nomorphs were deposited on a lacustrine setting, adjacent 
to the Purus Arch in Solimões Basin.

The question is: where both, the huge volume of water 
that would have converged from the Solimões Basin and 
the Andes, and the small one from the northwest of the 
Amazon Basin to the lake barred by the alleged obstacle 
brought about by the arch, would be? In this case, the 
enormous volume of water would not be able to exit and 
would have to evaporate in a large scale and accumulate 
evaporites, which were never found. Furthermore, the 
Coari lower section, corresponding to Solimões Formation, 
holds eastbound paleocurrents in the sections studied by 
Nogueira et al. (2013).

Since Solimões and Içá Formations occur on Purus Arch 
and the western edge of the Amazon Basin (Cunha et al. 
2007, Motta 2008), the presence of Andean palynomorphs 
indicates that have been no alleged obstruction, according 
to what was postulated by some authors.

Another interpretive problem would be the physical 
presence of huge faults exposing the Late Devonian, adja-
cent to the arch. These large faults were not detected in the 
area by Petrobras surface or subsurface mapping or seis-
mic, gravimetric and magnetometric geophysical surveys. 
The neotectonic faults observed in the region hold no major 
throws. In the wide region of the Purus Arch, there are no 
subsurface Cretaceous and pre-Pennsylvanian deposits either 
(Daemon & Contreiras 1971a,b, Daemon 1975), since they 
occur farther away from the arch on the deeper portions of 
the Amazon and Solimões basins (Fig. 5).

The Late-Devonian units occur in subsurface only 
on the slopes of the Purus Arch, one of them located close 
to the Manaus Meridian (Daemon & Contreiras 1971a, b – 
Fig. 2, Caputo 2011a,b – Fig. 2), 150 km away from the 
apex of this arch. This geographical position has been known 
since Morales (1957, 1959), just by keeping in mind that 
the wide arch has barred sedimentation from Ordovician 
to Mississippian in both its slopes. Nogueira et al. (op. cit.) 
did not discuss Cretaceous palynomorphs in the section of 
Coari (these were informed by palynologist Rosemery Silveira, 
co-author of the work of Nogueira et al. op. cit.), consider-
ing that in the Solimões and Amazon basins the Cretaceous 
section shows to be thoroughly overlaid by Cenozoic layers 
from Repouso and Alter do Chão formations, respectively. 
Cretaceous strata fail to be found along the Purus Arch.

Also for justifying the alleged eastbound drainage block-
age, exerted by the Purus Arch, Nogueira et al. (2012, 
2013) state that the Cretaceous is currently exposed in the 
Amazon Basin, whereas in the Solimões Basin it is found 
600 – 500 m deep, under the Solimões Formation base, 
suggesting a significant, Neogene differential subsidence in 
the Solimões Basin near the arch, according to Caputo et al. 
(1972). Actually, the authors quoted by Nogueira et al. (op. 
cit.) just recognized Cenozoic sediments on the surface of 
the basin in 1972. Currently, it is considered that the sedi-
mentary cover throughout the Amazon Basin is constituted 
by the Alter do Chão Formation, Middle Miocene-aged, 
except for the Monte Alegre Dome area and Paleozoic out-
crop belts region.

The thickness of Cenozoic-aged Alter do Chão 
Formation (537 m) in type-well 1-AC-1-PA (Caputo 
2011a,b) is of the same order of magnitude (600 – 500 
m) as the one mentioned by Nogueira et al. (2012, 2013) 
for Solimões Formation in Solimões Basin. Outcrops of 
Cretaceous strata do not occur in the Amazon Basin, 
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neither the significant 600 m differential subsidence of the 
Solimões Formation in Solimões Basin. The very moder-
ate differential subsidence in the Solimões Basin occurred 
with the deposition of Solimões (Late Miocene-Pliocene) 
and Içá (Pleistocene) Formations, when the Amazon River 
started to flow towards the Atlantic. The Alter do Chão 
Formation features a relief that would be able to block the 
eastbound drainage in the western region of the Negro 
River (Fig. 5), but the Amazon River accomplished a 
headward erosion from Marajó Basin through a central 
and a deep valley, when sea level was lowered and Gurupá 
Arch was lowered and breached. The Amazon River drain-
age would lie nearly 90 m beneath the current sea level. 
There was only the capture of the drainage coming from 
cratonic and Andean Foreland areas, which flowed toward 
the Caribbean (Hoorn 1993). The uplifting of the Vaupés 
Arch, along with the rising of the Andes in Colombia 
(Mora et al. 2010), started to prevent the Solimões Basin’s 
drainage from flowing towards the Caribbean, as well as 
to hinder a headward erosion southward from that arch 
in the Tortonian.

Nogueira et al. (2013) state that the unconformity on 
top of the Late Miocene-Pliocene Solimões Formation, 
observed for tens of kilometers, would indicate a local 
Purus Arch and neighboring areas uplifting and ero-
sion, which could have lasted up to the Pliocene, and 
that the subsidence in the arch allowing the Amazon 
River to come through would just have taken place in the 
Pleistocene. However, unconformities between Alter do 
Chão and Solimões formations, as well as Solimões and 
Içá Formations, are present in the entire Solimões Basin. 
These authors did not consider the sea level drops in the 
beginning of the late Miocene and the Pleistocene to be 
responsible for erosions and unconformities. Actually, the 
removal of the sediments from the Amazon and Solimões 
basins by the continental Tortonian erosion depressed the 
Purus Arch region. Solimões Formation holds fluvial, lacus-
trine, floodplain lakes, fluvial channel environments and 
a plethora of paleosoils throughout its extension (Gross 
et al. 2011), and the lake close to the Purus Arch is a nor-
mal feature in the Solimões Formation, not related to an 
alleged Purus Arch dam.

Leguisamon-Vega et al. (2006) and Vega et al. (2006) 
used and described the same 12 m thick Solimões Formation 
section of Coari, interpreting it as an endorheic drainage 
with a lacustrine system fed by prograding, meandering 
rivers coming from the west, which was supposed to have 
been blocked by the Purus Arch. This feature would prevent 
the Solimões Basin’s drainage from flowing to the Amazon 
Basin, at least until the Pliocene. However, evidence indi-
cate the transcontinental Amazon River to have had already 

established itself in the beginning of the Late Miocene 
(Tortonian) with drainage to the Atlantic Ocean (Dobson 
et al. 2001, Figueiredo et al. 2009, 2010, Harris & Mix 
2002) prior to the Solimões and Içá formations deposition.

The presence of sandstones bearing detritus zircon min-
erals of the extensive Geochronological Ventuari-Tapajós 
Province, with angular and roughly selected grains in the 
Novo Remanso (Alter do Chão) Formation in Manacapuru 
Municipality, east of the Purus Arch, led Mapes et al. 
(2006) and Nogueira et al. (2012, 2013) to state that the 
zircon minerals originated from the Purus Arch, located 
westward and from adjacent cratonic areas. Nevertheless, 
since the arch is covered by Paleozoic formations, consist-
ing of Pennsylvanian limestones, shales, fine sandstones 
and evaporites overlain by 300 m thick Neogene layers 
(Fig. 6), it could not have been the detritus source for the 
Solimões Formation, in a second sedimentary cycle in the 
Mid-Miocene. The angular and poorly sorted clastics were 
more likely to have had originated mainly from adjacent 
cratons in the first sedimentary cycle, exempting the Purus 
Arch area from providing the cited minerals. Besides, the 
drainage at that time (Middle Miocene) flowed freely west-
ward and would hardly have received material from the 
Purus Arch, which was sited farther west downriver from 
the Manacapuru outcrops. Therefore, this is not a proof 
that the alleged Purus Arch high relief area was the source 
of this material, and blocked the drainage in the Miocene 
and Pliocene time. 

It is interesting to note that in Manacapuru area (Amazon 
Basin), Dino et al. (2012) found typical Southern South 
American Araucaricites genus specimens in the Novo Remanso 
(Alter do Chão) Formation. This finding may indicate the 
genus to have expanded from Southern to Northern Brazil, 
due to a cold climate that has developed and expanded in the 
Tortonian time. These palynomorphs were transported to 
the Amazon River by winds and tributaries of the Amazon 
River bathing Central Brazil region.

Another intriguing point is the presence of few Albian-
Cenomanian reworked elaterated forms (Elaterosporites 
klaszii), detected in the Novo Remanso (Alter do Chão) 
Formation samples studied by Guimarães et al. (2015), 
which could result from the erosion of the Cretaceous-aged 
Parecis Formation, of the Parecis Basin, central region of 
Brazil, in the headwaters of the major Tapajós and Madeira 
Rivers that flow into the Amazon River.

The age of 9.01 ± 0.28 Ma (Middle Tortonian) for 
the base of the Solimões Formation, corresponding to the 
Ipururo Formation in Peru, and 3.12 ± 0.02 Ma (Campbell 
et al. 2006) for the basal unconformity of the Madre de 
Dios Formation (Peru and Bolivia) indicates that the Solimões 
Formation may have ended sedimentation before 5 Ma due 
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to erosion at its top between 5 and 4 Ma, as suggested by 
Carlotto et al. (2008).

This stratigraphic relationship indicates that Hoorn 
(1993) dated Repouso Formation sediments in Coal Project 
well 1AS-4a-AM (Maia et al. 1977), and Latrubesse et al. 
(2007, 2010) and Campbell et al. (2006) also worked on 
the Solimões Formation in Acre State and Peru, as well as 
rivers and dividers of the Acrean and Peruvian rainforests.

CONCLUSION

Currently, the Amazon River bed profile altitude 
increases gradually from its mouth to the Andes mountain 
range, as opposed to what occurred prior to the subsidence 
of the barring of the Gurupá Arch. The late subsidence of 
the Gurupá Arch in the beginning of the Late Miocene 
had the greatest importance on reversing the Amazon 
River drainage, which started to flow toward the Atlantic 
Ocean. The rise of the Andes in several stages barred the 
westbound drainage coming from Gurupá Arch to the 
Paleopacific Ocean and redirected it to the Caribbean 
Sea in the Mid Miocene (Almeida 1974, Hoorn 1993, 
1996). On the other hand, the immense contribution of 
molasse sediments coming from the Andes pile up on and 
raised the level of the grounds adjacent to the Andean 
chain in the Andean Foreland basins (Michalak 2013), 
pushing the Andean drainage eastward before taking its 
northward course toward the Caribbean. The high sea 
level contributed to the retention of sediments during the 
intermittent marine incursions into the Andean foreland 
basins, as well as the Solimões Basin from Early to Mid 
Miocene (Aquitanian-Langhian-Serravallian-Hoorn 1996), 
creating vast marshy, swampy and lacustrine areas with 
accumulation of gray shale and several lignite horizons 
according to Maia et al. (1997). The northbound drainage 
became rather restricted with the uplifting of the trans-
versal Vaupés Arch next to the Andes in Colombia (Mora 
et al. 2010) at the end of the Mid-Miocene (Serravallian), 
and less restricted eastward with the subsidence of the 
Gurupá Arch on the western Marajó Basin boundary, 
reaching the Atlantic seacoast. Thus, the Amazon River 
headwaters initiated their advance from the Gurupá Arch 
by relatively quickly, westbound headward erosion, cap-
turing the drainage from cratonic areas and intercept-
ing the northbound drainage coming from the Andes of 
Bolivia, Peru, Ecuador and Colombia.

The new vigorous drainage dug and deepened rapidly 
old valleys and adapted to the new river course, manag-
ing to impose itself, taking advantage of relatively little 
consolidated lands. The reversal of the drainage flowing 

impetuously toward the Atlantic Ocean was not impeded 
due to its nearly tenfold increased (10 cm/km) new gradi-
ent when compared to the current one (<1 cm/km) from 
Manaus down to its mouth. The Tortonian unconformity 
marks the time of the establishment of the deeply embed-
ded transcontinental Amazon River. Since the unconfor-
mity seems to be of relatively greater extension and short 
duration, for the reorganization of the Amazon drainage, 
inside of Bolivia, Peru, Ecuador, Colombia and Brazil, and 
in marine and coastal regions, the drainage reversal process 
showed to be relatively very fast.

The Purus Arch region neither stopped the ancestral 
Amazon River course to the West nor that of the current 
one to the East.

The Gurupá Arch was breached and isostatically lowered 
during the erosion of the Tortonian, allowing the transfer 
of a large bulk of sediments from the Andes, cratonic areas 
and adjacent Brazilian basins to the marine regions of the 
Foz do Amazonas Basin.

With a new rising of sea level, the rivers coming from the 
Andes and Subandean basins initiated the Solimões Formation 
deposition, at the Late Miocene and Early Pliocene on the 
Andean foreland, Acre and Solimões basins and western tip 
of the Amazon Basin.

The general relief of the Amazon Basin was relatively 
high (>100 m), but it did not stop the Amazon River from 
flowing eastward, due to the digging of a deep central val-
ley, with minimum unleveling of over 200 m, between the 
top of the Alter do Chão and the bottom of the Amazon 
River Valley (Fig. 6). The fact of abundant, Andean zircon 
minerals being easily found from the Tortonian onwards 
on the Amazonian cone (Figueiredo et al. 2009, 2010) 
and Ceará Rise sediments (Dobson et al. 2001, Harris & 
Mix 2002) indicates the drainage from the Andes found, 
as far back as the Tortonian, its pathway into the ocean 
with no obstructions.

The mentioned unconformity between the Amapá and 
Pirarucu Formations, as well as the partial unconformity 
between the deep-water Orange and Travosas Formations 
in the Foz do Amazonas Basin in the early Late Miocene 
(Figueiredo et al. 2007), points out a new sedimentary 
regime that ended the deposition of limestones on carbon-
ate platform, overflowed and started to build up the thick 
clastic submarine fan of the Foz do Amazonas Basin. The 
incorporation of the huge Amazonian drainage from the 
Andes and Paleozoic basins to the one from the Marajó 
Basin greatly multiplied the volume of sediments carried 
out into the sea with remarkable prograding clasts in Foz 
do Amazonas Basin.

A corollary of this study is that bauxites and kaolins 
from Alter do Chão Formation show to be Post-Middle 
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Miocene-aged. Another question is: Why are there no 
bauxites from the West of the Amazon Basin till the Acre 
Basin? In Acre and Solimões basins and western tip of the 
Amazon Basin, following the short-lived Ucayali uncon-
formity, the Solimões Formation sedimentation occurred 
practically covering the layers of the mentioned areas, 
opposed to what took place in the rest of the Amazon 
Basin, where the layers of the upper portion of Alter do 
Chão Formation kept themselves exposed on the plateaus 
from the Mid Miocene up to date.

ACKNOWLEDGEMENTS

We would like to thank geologists Jorge de Jesus Picanço 
de Figueiredo and Luis Eduardo Neves for their valuable dis-
cussions, data and critical analysis throughout the elabora-
tion of this paper, and geologist Dilce de Fátima Rossetti for 
her partial revision of a previous version of the original text. 
Thanks are also extended to geologist Almir Costa for pro-
viding and illustrating Figure 6. The concepts here expressed 
are the sole responsability of the authors.

Abinader H.D. 2008. Depósitos cenozoicos da porção oeste da Bacia 
do Amazonas. M.S. Thesis, Instituto de Ciências Exatas, Universidade 
Federal do Amazonas, Manaus, 83 p.

Aires J.R. 1985. Evolução tectônica da Bacia do Baixo Amazonas. 
Brasil. M.S. Thesis, Universidade Federal de Ouro Preto, Minas 
Gerais, 116 p.

Almeida L.F.G. de. 1974. A drenagem festonada e seu significado 
fotogeológico. In: XXVIII Congresso Brasileiro de Geologia, Porto 
Alegre, Anais... SBG, v. 7, p. 175-197.

ANA. 2015. Avaliação dos Aquíferos das Bacias Sedimentares da 
Província Hidrogeológica Amazonas no Brasil (escala 1:1.000.000) 
e Cidades Pilotos (escala 1:50.000). Geologia da PHA, v. II. Brasília, 
Agência Nacional de Águas, 126 p.

Andrade L.S. de & Soares E.A.A. 2009. Estratigrafia de subsuperfície 
da sequência sedimentar Cretácea e Neógena na cidade de Manaus. In: 
XI Simpósio de Geologia da Amazônia, SBG, Manaus, Amazonas, 4 p.

Arai M. 2006. A grande elevação eustática do Mioceno Médio e sua 
influência na origem do Grupo Barreiras. Revista do Instituto de 
Geociências – USP, 6(2):1-6.

Arai M. & Shimabukuro S. 2003. The Tortonian unconformity and 
its relation with the stratigraphic framework of the Barreiras Group 
and correlative units (Neogene, Brazil). In: Latinamerican Congress of 
Sedimentology, 3, Belém, Abstract…, p. 263-264.

Arai M., Nogueira A.C.R., Silveira R.R., Horbe A.M. 2003. Considerações 
cronoestratigráficas e paleoambientais da Formação Solimões com 
base em palinomorfos, Região de Coari, Estado do Amazonas. In: VIII 
Simpósio de Geologia da Amazônia, Manaus, Amazonas. 

Baldis B.A. 1988. Posibilidades de correlación del Ordovícico de Los Llanos 
Colombianos y La Alta Amazonia – Brasileño-Equatoriana. In: Congresso 
Latino-Americano de Geologia, VII, Belém, Anais... SBG, p. 500-506.

Banks R.J., Parker R.L., Huestis S.P. 1977. Isostatic compensation on 
a continental scale: local versus regional mechanisms. Geophysical 
Journal of the Royal Astronomical Society, 51:431-452.

Becker C.R. 2005. Cicloestratigrafia da sequência carbonático-
evaporítica pensilvaniana da Bacia do Solimões, Norte do Brasil. 
Revista Brasileira de Geociências, 35:45-56.

Bezerra P.E.L. 2003. Compartimentação tectônica do interflúvio 
Solimões – Negro. PhD Thesis, Centro de Geociências, Universidade 
Federal do Pará, Belém, 235 p. 

Bezerra P.E.L. & Ribeiro D.T. 2015. Evolução tectônica cenozoica 
da Amazônia Ocidental. In: Gorayeb P.S. & Lima A.M.M. (eds). 
Contribuições à Geologia da Amazônia, Simpósio de Geologia da 
Amazônia, v. 9., p. 139-156. 

Campbell Jr. K.E. 2010. Late Miocene onset of the Amazon River 
and the Amazon deep-sea fan: Evidence from the Foz do Amazonas 
Basin: Comment. Geology, 38:212.

Campbell Jr. K.E., Frayley C.D., Romero P.L. 2006. The Pan-Amazonian 
Ucayali Peneplain, late Neogene sedimentation in Amazonia, and 
the birth of the modern Amazon River system. Palaeogeography 
Palaeoclimatology Palaeoecology 239, 166-219. 

Campos J.N.P. & Teixeira L.B. 1988. Estilo tectônico do Baixo 
Amazonas. In: Congresso Brasileiro de Geologia, 35. Belém. Anais... 
SBG, v.5. p. 2161-2172.

Caputo M.V. 1984a. Stratigraphy, tectonics, paleoclimatology and 
paleogeography of northern basins of Brazil. PhD Dissertation, 
California University, Santa Barbara, 586 p.

Caputo M.V. 1984b. A origem dos falhamentos na Bacia do Solimões 
e a formação do Arco de Iquitos. Belém, Petrobras - Sistema de 
informação 130-6654.

Caputo M.V. 1985a. Origem do Alinhamento Estrutural do Juruá - 
Bacia do Solimões. In: Simpósio de Geologia da Amazônia, 2, Belém, 
Anais... SBG, v. 1, p. 242-258.

Caputo M.V. 1985b. Gênese do Alinhamento do Juruá - Bacia 
do Solimões, Brasil. In: Simpósio Bolivariano sobre Exploracion 
Petrolera en las Cuencas Subandinas. Conferencias Tecnicas. 
Asociación Colombiana de Geólogos y Geofísicos del Petróleo, Bogotá 
– Colômbia, v. 2, 16 p.

Caputo M.V. 1991. The Solimões Megashear–Intraplate tectonics in 
Northwestern Brazil. Geology, 19(3):246-249.

Caputo M.V. 2009. Discussão sobre a Formação Alter do Chão e o Alto 
de Monte Alegre. In: Simpósio de Geologia da Amazônia, Boletim de 
Resumos, 11, Manaus.

Caputo M.V. 2011a. Discussão sobre a Formação Alter do Chão e o 
Alto de Monte Alegre. In: Nascimento R.S.C., Horbe A.M.C., Almeida 
C.M. (eds.). Contribuições à Geologia da Amazônia, Simpósio de 
Geologia da Amazônia, v. 7., p. 7-23.

Caputo M.V. 2011b. Reposicionamento estratigráfico da 
Formação Alter do Chão e evolução tectosedimentar da Bacia 
do Amazonas no Mesozoico e Cenozoico. In: XIV Congreso 
Latinoamericano de Geología, Medellin, Colômbia, Memórias, 
p. 173-174.

Caputo M.V. 2012. Arcos e tectônicas relacionadas às bacias do norte 
do Brasil. In: Congresso Brasileiro de Geologia, 46, Santos, São Paulo, 
SBG. CD ROM.

Caputo M.V. 2014. Juruá Orogeny: Brazil and Andean Countries. 
Brazilian Journal of Geology, 44(2):181-190. 

REFERENCES

324
Brazilian Journal of Geology, 46(2): 301-328, June 2016

Eustatic and tectonic change effects in the reversion of the Amazon River drainage



Caputo M.V. & Vasconcelos D.N.N. 1971. Possibilidades de 
Hidrocarbonetos no Arco de Purus. Belém, Petrobras – Sistema de 
informação de exploração 130-5164.

Caputo M.V., Rodrigues R., Vasconcelos D.N.N. 1971. Litoestratigrafia 
da Bacia do Amazonas. Belém, Petrobras – Sistema de informação 
de exploração 130-4054.

Caputo M.V., Rodrigues R., Vasconcelos D.N.N. 1972. Nomenclatura 
estratigráfica da bacia do Amazonas: histórico e atualização. In: 
Congresso Brasileiro de Geologia, 26, Belém, SBG, v. 3, p. 35-46.

Caputo M.V., Marques L.F.S.P., Carvalho L.C.A. 1983. Desenvolvimento 
Tectônico das Bacias do Amazonas e do Parnaíba. Belém, Petrobrás – 
Sistema de informação de exploração 130-4410. 

Caputo M.V., Streel M., Melo J.H.G. de, Vaz L.F. 2006a. Glaciações 
eocarboníferas nas bacias do Norte do Brasil. In: IX Simpósio de 
Geologia da Amazônia, Belém, Expanded Abstract.

Caputo M.V., Melo J.H.G., Streel M. 2006b. Late Devonian and Early 
Carboniferous glaciation in South America. Geological Society of 
America. Abstracts with Programs, 38(7):266.

Caputo M.V., Melo J.H.G., Streel M., Isbell J.L. 2008. Late Devonian 
and Early Carboniferous glacial records in South America. In: 
Fielding C.R., Frank T.D., Isbell J.L., (eds.). Resolving the Late Paleozoic 
Ice Age in Time and Space: Geological Society of America Special 
Paper 441, p. 161-173.

Carlotto V., Cárdenas J., Jaimes F., Romero D., Valdivia W. 
2008. Nuevos datos en la litoestratigrafía y tectónica Mio-
Pleistocena en el Occidente Amazónico: Sur-Este Perú. In: 
Congreso Peruano de Geología, 14, Congreso Latinoamericano 
de Geología, 13, Lima, Resúmenes… Sociedad Geológica del Perú, 6 p. 
Available at: http://bibliotecavirtual.ingemmet.gob.pe:84/xmlui/
handle/123456789/143. Cited in: 2014 Dec. 20. 

Castro J.C. de, Miura K., Braga J.A.E. 1978. Stratigraphic and 
structural framework of the Foz do Amazonas Basin. In: Offshore 
Technology Conference, Houston, Texas, US. V. 3, p. 1843-1847.

Costa J.B.S., Hasui Y., Bemerguy R.I., Soares Junior A.V., Villegas J.M. 
2002. Tectonic and Paleogeography of the Marajó Region, Northern 
Brazil. Anais da Academia Brasileira de Ciências, 74:519-531.

Costa A.R.A. 2002. Tectônica cenozoica e movimentação salífera na 
Bacia do Amazonas e suas relações com a Geodinâmica das placas da 
América do Sul, Caribe, Cocos e Nazca. M.S Dissertation, Universidade 
Federal do Pará, 237 p.

Cruz N.M.C. 1984. Palinologia do Linhito do Solimões, Estado do 
Amazonas. Manaus. In: II Symposium Amazônico, Ministério de 
Minas e Energia, Anais... DNPM, p. 473-480.

Cozzuol M. 2006. The Acre vertebrate fauna: diversity, geography 
and time. Journal of South American Earth Sciences, 21:185-203.

Cunha P.R.C., Gonzaga F.G., Coutinho L.F.C., Feijó F.J. 1994. Bacia do 
Amazonas. Boletim de Geociências da Petrobras, 8(1):47-55.

Cunha P.R.C., Melo J.H.G., Silva O.B. 2007. Bacia do Amazonas. 
Boletim de Geociências da Petrobras, 15(2):227-251.

Daemon R.F. 1975. Contribuição à datação da Formação Alter do 
Chão, Bacia do Amazonas. Revista Brasileira de Geociências, 5:78-84.

Daemon R.F. & Contreiras J.A. 1971a. Zoneamento palinológico da 
Bacia do Amazonas. Belém, PETROBRAS, Relatório Interno 635-A.

Daemon R.F. & Contreiras J.A. 1971b. Zoneamento palinológico da 
Bacia do Amazonas. In: Congresso Brasileiro de Geologia, 25, São 
Paulo, Anais... SBG, v. 3, p. 79-88.

Del’Arco J.O, Santos R.O.B., Rivetti M., Alves E.D.O., Fernandes C.A.C., 
Silva L.L. 1977. Projeto RADAMBRASIL, Folha SB 19 Juruá. Geologia. 
V.15. 430 p.

Díaz de Gamero M.L. 1996. The changing course of the Orinoco River 
during the Neogene: A review. Palaeogeography Palaeoclimatology 
Palaeoecology, 123(1-4):385-402.

Dino R., Silva O.B, Abrahão D. 1999. Caracterização palinológica e 
estratigráfica de estratos cretáceos da Formação Alter do Chão, Bacia 
do Amazonas. In: UNESP, 5o Simpósio sobre o Cretáceo do Brasil, 
Boletim, p. 557-565.

Dino R., Silva O.B., Abrahão D. 2000. Palynostratigraphic 
characterization of Cretaceous strata from the Alter do Chão 
Formation, Amazonas Basin. In: International Geological Congress, 
SBG, 31, p. 557-565.

Dino R., Soares E.A.A., Riccomini C., Antonioli L., Nogueira A.C.R. 
2006a. Caracterização palinoestratigráfica de depósitos miocênicos 
da Bacia do Amazonas, região de Manacapuru, AM. In: Simpósio. 
Cretáceo do Brasil, 7; Simpósio do Terciário do Brasil, 1, Serra Negra. 
Boletim de resumos: IGCE/UNESP, p. 43.

Dino R., Soares E.A.A., Riccomini C., Antonioli L., Nogueira A.C.R. 
2006b. Caracterização palinoestratigráfica de depósitos miocênicos 
da Bacia do Amazonas, Região de Manacapuru, AM. In: Simpósio do 
Cretáceo do Brasil, 7; Simpósio do Terciário do Brasil, 1. Boletim de 
Resumos, Serra Negra, p. 113-154.

Dino R., Soares E.A.A., Antonioli L., Riccomini C., Nogueira A.C.R. 
2012. Palynostratigraphy and sedimentary facies of Middle Miocene 
fluvial deposits of the Amazonas Basin, Brazil. Journal of South 
American Earth Sciences, 34:61-80.

Dobson D., Dickens G.R., Rea D. 2001. Terrigenous sediment on 
Ceará Rise: A Cenozoic record of South American orogeny and 
erosion. Palaeogeography, Palaeoclimatology, Palaeoecology, 
165:215-229.

Driscoll N.W. & Karmer G.R. 1994. Flexural deformation due to 
Amazon Fan loading: A feedback mechanism affecting sediment 
delivery to margins. Geology, 22:1015-1018.

Duarte L. 1987. Restos foliares de angiospermae da Serra de Paituna, 
Pa. In: SBP, Congresso Brasileiro de Paleontologia, 10, Anais, p. 
859-877.

Eiras J.F. & Kinoshita E.M. 2006. Bacias sedimentares brasileiras: 
Bacia do Tacutu. Aracaju, Fundação Paleontológica Phoenix, v. 7, n 
87, 6 p.

Eiras J.F., Becker C.R., Souza E.M., Gonzaga F.G., Silva J.G.F., Daniel 
L.M.F., Matsuda N.S., Feijó F.J., 1994. Bacia do Solimões. Boletim de 
Geociências da Petrobras, 8(1):17-45. 

Espurt N., Baby P., Brusset S., Roddaz M., Hermoza W., Regard V., 
Antoine P.O., Salas-Gismondi R. 2007. How does the Nazca Ridge 
subduction influence the modern Amazonian foreland basin? 
Geology, 35:515-518.

Ferreira A.L., Almeida M.E., Reis N.J., Riker S.R.L., Rizzotto G.J., 
Quadros M.L.S. 2006. Mapa Geológico do Estado do Amazonas. CPRM 
– Serviços Geológicos do Brasil.

Figueiredo J.J.P., Zalán P.V., Soares E.F. 2007. Bacia da Foz do 
Amazonas. Boletim de Geociências da Petrobras, 15(2):299-309.

Figueiredo J., Hoorn C., Ven P van der, Soares E. 2009. Late Miocene 
onset of the Amazon River and the Amazon deep-sea fan: Evidence 
from the Foz do Amazonas Basin. Geology, 37:619-622.

Figueiredo J., Hoorn C., Ven P van der, Soares E. 2010. Late Miocene 
onset of the Amazon River and the Amazon deep-sea fan: Evidence 
from the Foz do Amazonas Basin: Reply. Geological Society of 
America, Geology Forum.

Franzinelli E. & Ori G.G. 1988. Mecanismo de preenchimento dos 
paleovales quaternários na Amazônia. In: VII Congresso Latino-
Americano de Geologia, Belém, Anais, 1, p. 399-407.

325
Brazilian Journal of Geology, 46(2): 301-328, June 2016

Mario Vicente Caputo, Emilio Alberto Amaral Soares

http://bibliotecavirtual.ingemmet.gob.pe:84/xmlui/handle/123456789/143
http://bibliotecavirtual.ingemmet.gob.pe:84/xmlui/handle/123456789/143
https://www.researchgate.net/journal/0031-0182_Palaeogeography_Palaeoclimatology_Palaeoecology
https://www.researchgate.net/journal/0031-0182_Palaeogeography_Palaeoclimatology_Palaeoecology


Galvão M.V.G. 2004. Bacias sedimentares brasileiras: Bacia do 
Marajó, Aracaju. Fundação Paleontológica Phoenix, Série Bacias 
Sedimentares Brasileiras, 6(7).

Gonçalves Junior E.S. 2013. Depósitos quaternários das regiões 
do Careiro-da-Várzea, Manaquiri, Careiro-Castanho e Autazes, 
Amazônia Central. M.S. Dissertation, Universidade Federal do 
Amazonas, Manaus Amazonas, 114 p.

Gonzaga F.G., Gonçalves F.T.T., Coutinho L.F.C. 2000. Petroleum 
geology of the Amazonas Basin, Brazil: Modeling of hydrocarbon 
generation and migration. In: Mello M.R. & Katz B.J. (eds.). 
Petroleum systems of South Atlantic margins: AAPG Memoir 73, 
p. 159-178.

Gorini C., Haq B.U., Reis A.T., Silva C.G., Cruz A., Soares E., Grangeon 
D. 2013. Late Neogene sequence stratigraphic evolution of the Foz 
do Amazonas Basin, Brazil. Terra Nova, 0, 1-7, 2013, doi: 10.1111/
ter.12083

Gross M., Piller W.E., Ramos M.I., Paz J.D.S. 2011. Late Miocene 
sedimentary environments in south-western Amazonia (Solimões 
Formation; Brazil). Journal of South American Earth Sciences, 
32:169-181.

Guimarães J.T.F., Nogueira A.C.R., Silva Junior J.B.C., Soares J.L., Alves 
R., Kern A.K. 2015. Palynology of the Middle Miocene-Pliocene 
Novo Remanso Formation, Central Amazonia, Brasil. Ameghiniana, 
52(1):107-134.

Haq B.H., Hardenbol J., Vail P.R. 1987. Chronology of fluctuating sea 
levels since the Triassic. Science, 235:1156-1166.

Haq B.H., Hardenbol J., Vail P.R. 1988. Mesozoic and Cenozoic 
chronostratigraphy and cycles of sea-level change. In: Wilgus C., 
Hastings B.S., Posamentier H., Wagoner J.V., Ross C.A., Kendall 
C.G.St. (eds.). Sea-level changes: An integral approach. Society of 
Economic Paleontologists and Mineralogists Special Publication, 
42:71-108.

Harman R., Gallagher K., Brown R., Raza A., Bizzi L. 1998. Accelerated 
denudation and tectonic/geomorphic reactivation of the cratons 
of northeastern Brazil during the late Cretaceous. Journal of 
Geophysical Research, 103:27091-27105.

Harris S.E. & Mix A.C. 2002. Climatic and tectonic influences on 
continental erosion of tropical South America, 0-13 Ma. Geology, 
30(5):447-450, 2 figures; 1 table.

Hoorn C. 1993. Marine incursions and the influence of Andean 
tectonics on the Miocene depositional history of northwestern 
Amazonia: results of a palynostratigraphic study. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 105:267-309.

Hoorn C. 1994. An environmental reconstruction of the palaeo-
Amazon River system (Middle-Late Miocene, NW Amazonia). 
Palaeogeography, Palaeoclimatology, Palaeoecology, 112:187-238.

Hoorn C. 1996. Comment on ‘‘Late Miocene deposits in the 
Amazonian foreland basin’’ by Räsänen M., Linna A.M., Santos J.C.R., 
Negri F.R. Science, 273:122-123.

Hoorn C., Guerrero J., Sarmiento G.A., Lorente M.A. 1995. Andean 
tectonics as a cause for changing drainage patterns in Miocene 
northern South America. Geology, 23(3):237-240.

Hoorn C. & Wesselingh F.P. 2010. Amazonia: Landscape and species 
evolution. A look into the Past. UK, Wiley-Blackwell, 447 p.

Hoorn C., Wesselingh F.P., Hovikoski J., Guerrero J., 2010. The 
development of the Amazonian megawetland (Miocene; Brazil, 
Colombia, Peru, Bolivia). In: Hoorn C., Wesselingh F.P. (eds). Amazonia, 
landscape and species evolution. Oxford, UK: Wiley, p. 123-142.

Hovikoski J., Räsänen M., Gingras M. 2003. Late Miocene tidal bundle 
sequences in the Solimões Formation, Acre, Brazil: Preliminary 

Notes. In: 3rd Latinamerican Congress of Sedimentology, Belém, 
Abstracts, p. 271-273.

Hovikoski J., Räsänen M., Roddaz M., Brusset S., Hermoza W., Pittman 
L., Lertola K., 2005. Miocene semidiurnal tidal rhythmites in Madre 
de Dios, Peru. Geology, 33:177-180.

Kistler P. 1954. Historical Resumé of the Amazon Basin. Petrobras, 
Internal Report 104-A, Belém.

Latrubesse E.M., Bocquentin J., Santos C.R., Ramonell C.G. 1997. 
Paleoenvironmental model for the late Cenozoic southwestern 
Amazonia: Paleontology and Geology. Acta Amazonica, 
27:103-118.

Latrubesse E.M., Silva S.A.F., Cozzuol M., Absy M.L. 2007. Late 
Miocene continental sedimentation in southwestern Amazonia and 
its regional significance: Biotic and geological evidence. Journal of 
South American Earth Sciences, 23:61-80.

Latrubesse E.M., Cazzuol M., Silva-Caminha S.A.F., Rigsby C.A., Absy 
M.L, Jaramillo C. 2010. The Late Miocene paleogeography of the 
Amazon Basin and the evolution of the Amazon River. Earth-Science 
Reviews, 99:99-124.

Leguizamon-Vega A.M., Nogueira A.C.R., Mapes R.W., Coleman 
D. 2006. A Late-Miocene delta-lacustrine system in the eastern 
Solimões Basin – Prelude to the modern Amazon River. Geological 
Society of America Abstracts with Programs, 38(7):144.

Leite F.P.R. 2006. Palinologia da Formação Solimões, Neógeno 
da Bacia do Solimões, Estado do Amazonas, Brasil: Implicações 
paleoambientais e bioestratigráficas. PhD. Thesis. Instituto de 
Geociências, Universidade de Brasília, Brasília, 128 p.

Linhares A.P., Ramos M.I.R., Gross M., Piller W.E. 2011. Evidence for 
marine influx during the Miocene in southwestern Amazonia, Brazil. 
Geología Colombiana, Edición Especial, 36(1):91-104.

Lourens L., Hilgen F., Shackleton N.J., Laskar J., Wilson D. 2004. 
The Neogene Period. In: Gradstein F.M., Ogg J.G., Smith A.G. (eds.). 
A Geologic Time Scale. Cambridge, Cambridge University Press., p. 
409-440.

Maia R.G.N., Godoy H.K., Yamaguti H.S., Moura P.A., Costa F.S.F., 
Holanda M.A., Costa J.A. 1977. Projeto Carvão no Alto Solimões. 
Relatório final. Manaus, DNPM/CPRM, 11 v.

Manaus Harbor data. 2014. Available in: http://www.portodemanaus.
com.br/?pagina=niveis-maximo-minimo-do-rio-negro. Cited in: 
2014 Aug. 04.

Mapes R.W. 2009. Past and present provenance of the Amazon River. 
PhD Thesis, University of North Carolina at Chapel Hill.

Mapes R.W., Nogueira A.C.R., Coleman D.S., Leguimazon Vega 
A.M. 2006. Evidence for continent scale drainage inversion in the 
Amazon Basin since the Late Cretaceous. Geological Society of 
America Abstracts with Programs, 38(7):518.

Marshall L. & Lundberg J. 1996. Technical comments. Science, 
273:124.

Marzoli A., Renne P.R., Piccirillo E.M., Ernesto M., Bellieni G., Min A. 
1999. Extensive 200-Million-year-old Continent Flood Basalts of the 
Central Atlantic Magmatic Province. Science, 284:616-618.

McDaniel D.K., McLennan S.M., Gilbert N., Hanson G.N. 1997. 
Provenance of Amazon fan muds: Constraints from Nd and 
Pb isotopes. In: Flood R.D., Piper D.J.W., Klaus A., Peterson L.C. 
(eds.). Proceedings of the Ocean Drilling Program, Scientific 
Results, v. 155, p 169-176.

Mesner J.C. & Wooldridge L.C.P. 1962. Maranhão Basin Study 
revision. Petrobras Internal Report No 205.

326
Brazilian Journal of Geology, 46(2): 301-328, June 2016

Eustatic and tectonic change effects in the reversion of the Amazon River drainage

http://www.portodemanaus.com.br/?pagina=niveis-maximo-minimo-do-rio-negro
http://www.portodemanaus.com.br/?pagina=niveis-maximo-minimo-do-rio-negro


Mesner J.C. & Wooldridge L.C.P. 1964. Maranhão Paleozoic Basin and 
Cretaceous Coastal basins, North Brazil. American Association of 
Petroleum Geologists, 56(2):1475-1512.

Michalak M.J. 2013. Exhumation of the Peruvian Andes: Insights 
from mineral chronometers. PhD Thesis, University Of Californa, 
Santa Cruz, USA, 176 p. 

Miller K.G., Mountain G.S., Wright J.D., Browning J.V. 2011. A 
180-million-year record of sea level and ice volume variations from 
continental margin and deep-sea isotopic records. Oceanography, 
24(2):40-53.

Mora A., Baby P., Roddaz M., Parra M., Brusset S., Hermoza W., Espurt 
N. 2010. Tectonic history of the Andes and sub-Andean zones: 
implications for the development of the Amazon drainage basin. In: 
Hoorn C. & Wesselingh E.P. (eds). Amazonia: Landscape and species 
evolution. A look into the Past. UK, Wiley-Blackwell, ch. 4, p. 38-60.

Morais Neto J.M., Hegarty K., Kamer K. 2006. Abordagem preliminar 
sobre paleotemperatura e evolução do relevo da bacia do Araripe, 
Nordeste do Brasil, a partir da análise de traços de fissão em apatita. 
Boletim de Geociências da Petrobras, 14:113-119.

Morales L.G. 1957. A study of the Upper Amazonas and its oil 
possibilies. Relatório Interno da Petrobras, Depex 822, 22 p.

Morales L.G. 1959. General geology and oil possibilities of the 
Amazonas Basin, Brazil. In: USGS, World Petroleum Congress, 5, 
New York, Proceedings, p. 925-942.

Monsch K.A. 1998. Miocene fish faunas from the northwestern 
Amazonia basin (Colombia, Peru, Brazil) with evidence of marine 
incursions. Palaeogeography, Palaeoclimatology, Palaeoecology, 
143:31-50.

Motta M.B. 2008. Proveniência da Formação Içá e de sedimentos do 
Rio Solimões, entre os municípios de Tefé e Manacapuru, Amazonas. 
Dissertação de Mestrado, Universidade Federal do Amazonas, 
Manaus, Amazonas, 111 p.

Nascimento M.S. 2006. Proveniência dos depósitos albianos do 
Grupo Itapecuru (Bacia de São Luís-Grajaú) com base em petrografia, 
paleocorrentes, geoquímica e idades de zircão detrítico. Doctoral 
Dissertation, Universidade Federal do Pará, Pará, 165 p.

Nogueira A.C.R., Arai M., Horbe A.M.C., Horbe M.A., Silveira R.R., 
Silva J.S., Motta M.B. 2003. A influência marinha nos depósitos da 
Formação Solimões na região de Coari (AM): registro da transgressão 
miocênica na Amazônia Ocidental. In: VIII Simpósio de Geologia da 
Amazônia, Manaus, Amazonas.

Nogueira A.C.R., Truckenbrodt W., Coleman D.S., Mapes R.W., Silveira 
R.R., Guimarães J.T.F., Bandeira J., Soares J.L., Rozo J.M.G. 2012. The 
significance of the Purus Arch, western part of the Amazon Basin, 
for the origin of the Amazon River. In: 46º Congresso Brasileiro de 
Geologia, Santos, São Paulo.

Nogueira A.C.R., Silveira R., Guimarães J.T.F. 2013. Neogene-
Quaternary sedimentary and paleovegetation history of the eastern 
Solimões Basin, central Amazon region. Journal of South American 
Earth Sciences, 46(2013):89-99.

Nota D.J.G. 1958. Sediments of the Westwen Guiana Shelf. 
Mededelingen Van De Landbouwhosgeschool Te Wageningen, 
Nederland, 58(2):1-98.

Pina A.C.M., Moura C.A.V., Vignol-Lelage M.L. 2014. Termocronologia 
por traços de fissão em apatita em rochas ígneas do embasamento e 
sedimentar da Bacia do Amazonas, na região de Itaituba, PA, Brasil. 
Pesquisas em Geociências, Universidade Federal do Rio Grande do 
Sul, Porto Alegre.

Pinto I.D. & Puper P. 1984. Ictiólitos do Cenozoico da Bacia do Alto 
Amazonas – Brasil. In: Symposium Amazônico, DNPM. Manaus, p. 
489-495.

Praxton Ch., Crampton W., Burgess P. 1996. Technical comments. 
Science, 273:123.

Potter P.E. 1997. The Mesozoic and Cenozoic drainage of South 
America: a natural history. Journal of South American Earth Sciences, 
10:331-344.

Price L.I. 1960. Dentes de Therapoda num testemunho de sonda, 
no Estado do Amazonas. Anais da Academia Brasileira de Ciências, 
32(1):79-84.

Quadros L.P. 1988. Zoneamento bioestratigráfico do Paleozoico 
inferior e médio (seção marinha) da Bacia do Solimões. Boletim de 
Geociências da Petrobras, 1(2):95-109.

Raffi I., Backman J., Fornaciari E., Pälike, Domenico R.H., Lourens L., 
Hilgen F. 2006. A review of calcareous nannofossil astrobiochronology 
encompassing the past 25 million years. Quaternary Science 
Reviews, 25:3113-3137.

Ramos M.I.F., Pereira A.P.L., Gross G., Piller W.E. 2011. Possible 
evidence for marine influx during Miocene in southwestern 
Amazônia (Brazil). In: XIV Congreso Latinoamericano de Geologia, 
Memorias, Resúmenes, Sociedad Colombiana de Geologia. Medellin, 
Colômbia, p. 174-175.

Räsänen M., Linna A., Santos J., Negri F. 1995. Late Miocene tidal 
deposits in the Amazonian foreland basin. Science, 269:386-390.

Rebata-H L.A, Gingras M.K., Räsänen M.E., Barbieri M. 2006a. Tidal-
channel deposits on a delta plain from the Upper Miocene Nauta 
Formation, Maranñón Foreland Sub-basin, Peru. Sedimentology, 
53:971-1013.

Rebata-H L.A., Räsänen M.E., Gingras M.K., Vieira Jr. V., Barbieri M., 
Irion G. 2006b. Sedimentology and ichnology of tide-influenced 
Late Miocene successions in western Amazonia: The gradational 
transition between the Pebas and Nauta formations. Journal of 
South American Earth Sciences, 21:96-119. 

Rego L.F.M. 1930. Notas sobre a geologia do Território do Acre e da 
bacia do Javary. Printed by the Acre Territory Government. Source 
USP, Instituto de Astronomia, Geofísica e Ciências Atmosféricas.

Riff D., Romano P.S.R., Oliveira G.R., Aguilera O.A., 2010. Neogene 
crocodile and turtle fauna in northern South America. In: Hoorn C. & 
Wesselingh F. (eds.). Amazonia, Landscape and Species Evolution: a 
Look into the Past. UK, Blackwell, p. 259-280.

Roddaz M., Baby P., Brusset S., Hermoza W., Maria Darrozes 
J. 2005. Forebulge dynamics and environmental control in 
Western Amazonia: the case study of the Arch of Iquitos (Peru). 
Tectonophysics, 399:87-108.

Rossetti D.F. 2001. Late Cenozoic sedimentary evolution in northeast 
Pará, Brazil, within the context of sea level changes. Journal of South 
American Earth Sciences, 14(1):77-89.

Rossetti D.F. & Valeriano M. 2007. Evolution of the lowest Amazon 
Basin modeled from the integration of geological and SRTM 
topographic data. Catena, 70:253-265. 

Rossetti D.F., Toledo P.M., Góes A.M. 2005. New geological framework 
for western Amazonia (Brazil) and implications for biogeography 
and evolution. Quaternary Research, 63:78-89.

Rossetti D.F., Cohen M.C.L., Tatumi S.H., Sawakuchi A.O., Cremon 
E.H., Mittani J.C.R., Bertani T.C., Munita C.J.A.S., Tudela D.R.G., Yee 
M, Moya G. 2015. Mid-Late Pleistocene OSL chronology in western 
Amazonia and implications for the transcontinental Amazon 
pathway, Sedimentary Geology, 330:1-15.

Rozo J.M.G. 2004. Evolução Holocênica do Rio Amazonas entre a Ilha 
do Careiro e a Foz do Rio Madeira. M.S Dissertation, Departamento 
de Geociências, Universidade Federal do Amazonas, 93 p.

327
Brazilian Journal of Geology, 46(2): 301-328, June 2016

Mario Vicente Caputo, Emilio Alberto Amaral Soares



Rozo J.M.G., Nogueira A.C.R., Horbe A.M.C., Carvalho A.S. 2005. 
Depósitos neógenos da Bacia do Amazonas. In: Horbe A.M.C., Souza 
V.S. (eds.). Contribuições à Geologia da Amazônia. SBG, 4:201-207.

Sacek V. 2014. Drainage reversal of the Amazon River due to the 
coupling of surface and lithospheric processes. Earth and Planetary 
Science Letters, 401:301-312.

Santos J.O.S. 1974. Considerações sobre a bacia Cenozóica Solimões. 
In: Congresso Brasileiro de Geologia, 28, Porto Alegre, Anais, SBG, 
3:3-11.

Santos Jr. A.E.A. & Rossetti D.F. 2006. Depositional Model of the 
Ipixuna Formation (Late Cretaceous?-Early Tertiary), Rio Capim 
area, Northern Brazil. Latin American Journal of Sedimentology and 
Basin Analysis, 13(2):101-117. 

Shephard G.E., Müller R.D, Liu L., Gurnis M. 2010. Miocene drainage 
reversal of the Amazon River driven by plate–mantle interaction. 
Nature Geoscience. Letters, 3:870-875.

Silva-Caminha S.A.F., Jaramillo C.A., Absy M.L. 2010. Neogene 
palynology of the Solimões Basin, Brazilian Amazonia. 
Palaeontographica Abteilung B: Palaeobotany – Palaeophytology, 
283(1-3):1-67.

Silva L.L. 2001. Um grave problema estratigráfico na região do Alto 
Solimões. In: Reis N. & Monteiro M.A.S. (coords.). Contribuições à 
Geologia da Amazônia. Manaus, Sociedade Brasileira de Geologia, 
p. 449-461.

Silva O.B. 1987. Análise da Bacia do Solimões (revisão 
Litoestratigráfica, Magmatismo e Geoquímica). Dissertação de 
Mestrado, Departamento de Geologia, Universidade Federal de Ouro 
Preto, Ouro Preto, Minas Gerais, 181 p.

Silva O.B. 1988. Revisão estratigráfica da Bacia do Solimões. 
In: Congresso Brasileiro de Geologia, 35, Belém, Anais, SBG, 
3:2428-2438.

Silva S.A.F. 2004. Palinologia do Neógeno da Amazônia Sul Ocidental. 
M.S Dissertation. Universidade Federal do Amazonas, Manaus, Brasil.

Silva R.S.P., Maciel R.R., Severino M.C.G. 1999. Cenozoic tectonics of 
Amazon River mouth Basin. l Geo-Marine Letters, 18:256-262.

Sioli H. 1967. Studies in Amazonian waters. Atas do Simpósio sobre 
a biota Amazônica, (Limnologia), 3:9-50.

Soares E.A.A. 2007. Depósitos pleistocenos da região de confluência 
dos rios Negro e Solimões, porção oeste da Bacia do Amazonas. 
Doctoral Dissertation, Instituto de Geociências, Universidade de São 
Paulo, São Paulo, 205 p.

Soares E.A.A., D´Apolito C., Jaramillo C., Harrington G., Barbosa 
R.D., Santos E.B., Dino R., Gonçalves A.D., Caputo M.V., in press. 
Palynostratigraphy and Sedimentology of an Early Pleistocene 
deposit in the lower Rio Negro River, Amazon Basin, Northern Brazil. 
Geomorphology.

Soares E.A.A., Tatumi S.H., Riccomini C. 2010a. OSL age 
determinations of Pleistocene fluvial deposits in central Amazônia. 
Academia Brasileira de Ciências, 82(3):14-19. 

Soares E.A.A., Honorato J., Teixeira S.G., Riker S.R.L. 2010b. 
Sedimentação quaternária nas regiões de Caapiranga, Anamã, 
Anori e Beruri, Amazônia Ocidental. In: 45° Congresso Brasileiro de 
Geologia. 2010, Belém, Anais (CD-ROM).

Soares E.A.A., Dino R., Soares D.P., Antonioli L., Silva M.A.L 2015. 
New sedimentological and palynological data from surface Miocene 
strata in the central Amazonas Basin area. Brazilian Journal of 
Geology, 45(3):337-357. 

Schobbenhaus C., Gonçalves J.H., Santos J.O.S., Abram M.B., Leão Neto 
R., Matos G.M.M., Vidotti R.M., Ramos M.A.B., Jesus J.D.A. (eds.) 2004. 
Serviço Geológico do Brasil. Carta geológica do Brasil ao milionésimo: 
Sistema de Informações Geográficas – SIG; Escala 1:1.000.000. 
Brasília. 46 folhas em 41 CD-ROM. ISBN 85-7499-099-4.

Tassinari C.C.G., Bettencourt J.S., Geraldes M.C., Macambira M.J.B., Lafon 
J.M., 2000. The Amazonian Craton. In: Cordani U.B., Milani E.J., Thomas 
Filho A., Campos D.A. (eds.). Tectonic evolution of South America. 
International Geological Congress, 31, Rio de Janeiro, p. 41-95

Tassinari C.C.G. & Macambira M.J.B. 2004. A evolução tectônica do Cráton 
Amazônico. In: Mantesso-neto V., Bartorelli A., Carneiro C.D.R., Brito 
Neves B.B. (eds). Geologia do continente Sul-Americano: Evolução da obra 
de Fernando Flávio Marques de Almeida. Beca, São Paulo, p. 471-485.

Vaz P.T, Wanderley Filho J.R., Bueno G.V. 2007. Bacia do Tacutu. 
Boletim de Geociências da Petrobras, 15(2):289-297.

Vega A.M.L. 2006. Reconstituição paleoambiental dos depósitos 
miocenos da região do Rio Purus, Bacia do Solimões (AM). M.S. 
Dissertation, Universidade Federal do Amazonas, 121 p.

Villegas J.M. 1994. Geologia estrutural da Bacia de Marajó. M.S. 
Dissertation, Universidade Federal do Pará, Belém, 119 p.

Wanderley Filho J.R. 1991. Evolução estrutural da bacia do Amazonas 
e sua relação com o embasamento. M.S. Dissertation, Universidade 
Federal do Pará, Belém, 125 p.

Wanderley Filho J.R. & Costa J.B.S. 1991. Contribuição à evolução 
estrutural da bacia do Amazonas e sua relação com o embasamento. In: 
Simpósio de Geologia da Amazônia, 3, Belém, Anais, SBG, p. 222-259.

Wanderley Filho J.R., Eiras J.F., Vaz P.T. 2007. Bacia do Solimões. 
Boletim de Geociências da Petrobras, 15:217-225.

Wanderley Filho J.R. & Travassos W.A.S. 2009. The Purus Inverted 
Graben. In: XIV Congreso Latinoamericano de Geología, Memórias, 
Medellin, Colombia. p. 268-269. Oral presentation.

Webb S.D. 1996. Biological implications of the Middle Miocene 
Amazon Seaway. Science, 269:361-362.

Zalán P.V. & Matsuda N.S. 2007. Bacia do Marajó. Boletim de 
Geociências da Petrobras, 15:311-310.

Zonneveld J.I.S. 1985. Geomorphological notes on the continental 
border in the Guyanas (N. South -America). Zeitschrift für 
Geomorphol. N.F., (54):71-83.

Available at www.sbgeo.org.br

328
Brazilian Journal of Geology, 46(2): 301-328, June 2016

Eustatic and tectonic change effects in the reversion of the Amazon River drainage


