International Journal of Geosciences, 2016, 7, 470-478 00:0 Scientific
Published Online April 2016 in SciRes. http://www.scirp.org/journal/iig ’Qto’ ﬁﬁzﬁzﬁmg
http://dx.doi.org/10.4236/ijg.2016.74036 ¢

Origin of the Amazonian Rainforest

Nils-Axel Morner
Paleogeophysics & Geodynamics, Stockholm, Sweden
Email: morner@pog.nu

Received 7 March 2016; accepted 16 April 2016; published 19 April 2016

Copyright © 2016 by author and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

In the last 30 ma, the passive continental margin of South America and the Amazonian basin ex-
perienced three periods of major sea level inundation; viz. at around 20 ma, at around 10 ma and
at around 3 ma. The establishment of the immense Amazonian rainforest ecosystem covering
some 6 million square km can neither have occurred during the periods of high sea level nor at the
intermediate periods of arid or semi-arid climatic conditions. Therefore, the origin of the Amazo-
nian rainforest of present-day dimensions must be set at the Late Miocene. The establishment of
the Amazonian rainforest implied the withdrawal of enormous quantities of water from the global
hydrological cycle. The drastic increase in evaporation leading to the Messinian salinity crisis in
the Mediterranean occurred at the same time as the Amazonian rainforest (sensu hodierno) estab-
lishment suggesting a causal linkage.
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1. Introduction

The Amazonian rainforest covers an area of more than 6 million km? centered around the huge Rio Amazonas
fluvial system from the mountain slopes in the west to the delta area in the east (approximately Long. 75°W -
45°W and Lat. 5°N - 15°S). The rainforest ecosystem is truly unique. The biodiversity is higher than in any other
ecosystem on Earth. It includes some 80,000 vascular plant species and 30 million animal species, including
2000 different fishes.

In order to understand the dynamics, evolution and speciation of this unique ecosystem, it is of vital impor-
tance to know both the precise time of formation and the circumstances of the formation of the Amazonian
rainforest system. The rainforest does not have a very high age, however. With a probable early onset along the
western margins [1], the immense Amazonian rainforest ecosystem of present-day dimensions primarily seems
to have come into being in the Late Miocene ([2], their Figure 3(F)). In the Late Cretaceous, large areas of South
America were covered by the sea. The Cordillera—the Andes—did not exist. The Amazonas was not yet “born”;
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neither the fluvial system nor the rainforest ecosystem. With the Tertiary uplift of the Andes conditions were
formed for high precipitation and rainforest development east of the mountain chain.

The development of the Amazonian rainforest was strongly affected and controlled by changes in sea level
and in climate. This is the prime topic of this paper.

2. Changes in Sea Level and Climate

Sea level changes for many different reasons [3] [4]. So-called global changes [4]-[8] are questioned. No signal
is truly global. It is always affected by local and regional modifications [3] [4]. The South American east coast,
however, offers exceptionally favorable conditions to trace and record general changes in sea level along this
passive continental margin over an area from Venezuela at Lat. 10°N down to Tierra del Fuego at Lat. 55°S and
further down to the Antarctic Peninsula down to Lat. 70°S. A very simple general picture emerges consisting of
3 major sea level high-stands and 3 periods of significant low-stands in the last 30 (Figure 1) [2].

A cartoon of the corresponding paleographic situations of South America during the last 30 ma is given in
Figures 2(a)-(f).

2.1. The Antarctic Peninsula

During the Swedarp Expedition to Antarctica in 1988/89, | studied Cenozoic changes in sea level and climate of
the Antarctic Peninsula and South Shetland Islands with respect to sediment characteristics, biota changes and
magnetostratigraphy [9].

In the Early Eocene, climate was temperate, forest vegetation existed and organic productivity was high (as
evidenced from the gyttja content in estuarine mud, besides biota diversity). Three phases of higher sea level
positions are recorded at approximately 20, 10 and 3 ma, or at more or less the same time intervals as the high
sea level epochs in Patagonia [10].

2.2. Patagonia and Parana Basin

Our research-team has studied the sea level changes and glacial chronology in Argentina since many years by
means of biostratigraphy and magnetostratigraphy [10] [11]. Prior to 24 ma, sea level was generally low and
climate warm. This period is known as “Tobas con mamiferos”. At around the Oligocene/Miocene boundary—
24 to 18 ma ago—sea level was high and widespread deposits with marine biota were laid down (Figure 2(a)).
We know it as the Patagonian Formation (or “Patagoniense”). From 18 ma (or slightly after) to an unspecified
time at around 12-13 ma, sea level was low (Figure 2(b)). This period is known as the Santa Cruzian Formation.
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Figure 1. Sea level changes in the last 30 ma as recorded along the passive continental margin of Eastern South
America from Lat. 10°N to Lat. 55°S plus extension to the Antarctic Peninsula down to Lat. 70°S. Three main pe-
riods of sea level high-stand are recorded (right hand column) all along the coasts; viz. ~20, ~10 and ~3 ma.
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Figure 2. Paleogeographic changes in sea level and climate conditions during the last 30 ma in South America (cf. [2]). (a)
the high sea level stage at 24 - 18 ma; (b) the low sea level and arid to sub-arid period at 18 - 15 ma; (c) the high sea level
stage at 15 - 10 ma; (d) the Amazonian basin was characterized by flood plains, lakes and rivers at around 6 - 5 ma; () in the
Late Miocene, at 6 - 4-ma, the situation changed drastically and the huge Amazonian rainforest ecosystem was established,; (f)
the present fluvial systems of South America with Patagonia (1), the Salvador area (2), the Bélem area (3), the Guiana area
(4), the eastern Peru area (5) and Colombia area (6) marked.

Climate was characterized by wetness and large areas seem to have been occupied by inland lakes. Sea level
experienced a second high in Mid Miocene time some 12/13 to 9.5 ma ago (Figure 2(c)). This is known as the
Parana Formation (or “Paranense”). This was followed by a new low sea level. In direct association with the
Kaena Reversed Event, sea level experienced a rapid but pronounced rise at around 3 ma ago [11] [12]. After
that, there is no evidence of higher sea levels until the last interglacial and the Holocene [10]. The ~20, ~10 and
~3 ma periods of high sea level, all mark important, well-expressed sea level inundation of vast areas. The faun-
al differences are clear. Each of these high sea level epochs seems to include a number of minor sub-cycles. In
this paper, | put emphasis on the 3 main high stands, however (Figure 1) [2].
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2.3. The Amazonian Basin and Brazilian Coast

In northeastern Brazil, there is evidence of 2 or 3 high sea level periods within the last 30 ma (Figure 1 and
Figure 2) as previously discussed by Morner et al. [2] and by Rossetti et al. [13].

At around the Oligocene/Miocene boundary, sea level was at least 40-50 m higher than at present and vast
areas of southeastern Amazonia were inundated by the sea as evidenced by shallow marine and estuarine depo-
sits of the Pirabas Formation [14]-[16] (Figure 2(a)). Obviously, it is a time equivalent to the Patagonian For-
mation in Argentina. Hoorn et al. ([17] their Figure 1(a)) indicate a limited inundation, whilst Mérner et al. ([2]
their Figure 3(b)) give an extensive inundation with a probable (or, at least, possible) cross-Amazonian sea con-
nection (Figure 2(a)).

Then followed a period of low sea level (just as in Patagonia). This period, lasting from about 18 to 13 ma,
was characterized by arid to semi-arid climatic conditions (Figure 2(b)). Kaolin weathering of the granitic be-
drock and the development of a deep lateritic soil extend over a very large area along the coastal zone of Brazil,
in the Amazonian basin and northwards in over the northeastern parts of South America. These deposits have
become known as the Barreiras Formations [18]-[21]. The prevailing climatic conditions must (Figure 2(b))
have been very warm or rather arid [2]. This means climatic conditions that cannot be combined with rainforest
occurrence, at least not along the eastern parts of the main basin.

Subsequently and in association with a rising sea level, the Barreiras Formation became re-deposited and in-
termixed with marine material. A second high sea level occurred in the Mid Miocene some 12 to 9 ma ago
(Figure 2(c)). It is known as the Middle and Upper Barreiras Formation and is represented by tidal deposits
covering a wide area [12] [22]-[24]. In the Salvador area, the Barreiras Formation is graded to a level far outside
the present coast ([2], their Figure 3(D)) suggesting that re-deposition and accumulation of the weathering
products took place at a rising sea level with the shoreline still located well outside the present coast. This would
explain why only terrestrial environmental conditions are recorded [25]. This high sea level positions is a correl-
ative to the Pebas, Solimbes and Unumaco Formations in the west and northwest [1] [26]-[28]. It is a time
equivalent to the Parana Formation in Argentina. During this high sea level epoch, too much of the Amazonian
basin was flooded by the sea for the existence of any large-scale cover of rainforest. Hoorn et al. ([17] their Fig-
ure 1(b)) give a major inundation in the west and a small coastal inundation in the east. Morner et al. ([2] their
Figure 3(d)) record an extensive inundation with a probable cross-Amazonian connection (Figure 2(c)).

Sea level fell to a second low-stand within the Tortonian some 9 - 6 ma ago. Mann de Toledo reports (in [2])
that the biota indicates “a savanna-grassland setting intermingled with large bodies of water separated by gallery
forests”; i.e. something quite different form a dense rainforest vegetation.

2.4. The Coast in the Northeast

From the Suriname region, Wong [29] reported a very similar sequence of high and low sea level as those rec-
orded in Argentina and Brazil [2]. Within the Miocene and Pliocene of Surinam, he recorded three periods of
high sea level and coastal inundation (Figure 1 and Figure 2), viz. 1) at the Oligocene/Miocene boundary, 2) in
the Mid Miocene, and 3) in the Pliocene.

2.5. Synthesis of Sea Level Changes in the Last 30 ma

Figure 1 summarizes the high and low sea level stands along the coasts from the Antarctic Peninsula in the
south at Lat 70°S to the Caribbean coasts in the north at Lat. 10°N. Three periods of high sea level are easily
identified all along the section; viz. at ~20, ~10 and ~3 ma. Figure 2 gives the paleogeographic reconstructions.

3. Origin of the Amazonian Rainforest

The origin of the Amazonian rainforest was driven by three main factors (Figure 3); viz. 1) the uplift of the
Andes to the west, 2) the prevailing climatic conditions within the region, and 3) the presence or absence of
ground inundated by the sea (i.e. the sea level changes). All three factors, as discussed below, suggest an origin
in the Late Miocene [2].

The formation of the Andean Cordillera began some 40 ma ago [30]. The elevation remained in the order of
1000 - 1500 m up to 10 - 14 ma [30] [31], which seems too low to have any significant effect on vegetation and
precipitation of the eastern slopes and in the Amazonian basin. In the last 9 - 10 ma, however, uplift accelerated
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Figure 3. Uplift, sea level changes and rainforest establishment (with preceding environmental changes
within the Amazonian basin) during the last 15 ma. “Water added” into the Amazonian system and “water
lost” from the Mediterranean are coincidental, suggesting a causal connection.

[30]-[33] successively bringing the Andes up to its present elevation of 4000-4500 m. According to Lamb and
Davis [30], it had, at 7 ma ago, still only an elevation of about 2000 m. This may be taken to suggest that condi-
tions were, at 7 ma ago, still not available for the creation of an extensive rainforest vegetation. Along the east-
ern foot of the Andes in being, rainforest communities were established earlier as recorded by pollen data [1] [27]
[34]. According to Gregory-Wodzicki [33] 60% of the uplift of the Eastern Cordillera of the Colombian Andes
took place in the last 4 ma.

During the high sea level around 20 and 10 ma, too large areas were inundated ([2] their Figure 1(d)) for the
occurrence of an extensive rainforest cover (Figure 2(a) & Figure 2(c)). Therefore, it should have commenced
in the regressional phase after 9.5 ma.

The climatic conditions were too warm and arid for rainforest establishment (more than along the mountain-
foot in the west) during the regressive phases around 25 and 15 ma (Figure 2(b)).

The change from aridity to rainforest establishment is likely to have passed through a transitional phase of
large lakes. In the western Amazonian region (Acre), large lakes (with huge crocodiles of 14 - 15 m length) and
savanna-vegetation are recorded from the Late Miocene [2].

The first fluvial plains in central Amazonas are of Pliocene age [35]. The establishment of a trans-continental
drainage via overfilling of the Andean foreland basins occurred in the Late Miocene as indicated by the distribu-
tion of neotropical fishes ([17] [36] Figure 1(c)). This implies conditions in favor of a rainforest establishment in
the Late Miocene or some 6 - 5 ma ago as proposed by Mérner et al. [2].

Modern genetics support this conclusion. In a study of the mutation frequency of both birds and fishes, Bates
[37] [38] arrives at the conclusion that the recorded frequencies suggest a time of evolution in the order of some
2 -6 ma.

In conclusions, available data are all indicative of an age of the establishment of the Amazonian rainforest (of
present-day dimensions) not prior to 6 - 7 ma ago (Figure 3). At 7 ma, some 50% of the uplift of the Andes still
remained. The sea level regression after 9.5 ma provided conditions favorable for an evolution towards rainfor-
est establishment. A transitional period of savanna vegetation and occurrence of large lakes seems to have ex-
isted. In the Late Miocene a trans-continental drainage was established providing final circumstances for a large
rainforest establishment. An age for the commencement of an extensive rainforest cover over the Amazonian
basin, therefore, seems to have been in the order of 6 - 5 ma ago (Figure 3).
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4. Impact on the Global Hydrological Cycle

The global hydrological cycle implies a balanced flux between different variables and a temporary or permanent
storage of large quantities of water elsewhere [39]-[41]. Sea level changes usually represent the transfer of water
between the oceans and continental ice caps. The establishment of the Amazonian rainforest (sensu hodierno)
implied the storage of very large quantities of water in the fluvio-lacustrine system, in the soil and sub-surface,
in the rainforest biota, and in the water recycled within the rainforest system itself.

Global Water Vapor Changes

Enormous quantities of water are trapped the Amazonian rainforest system. This water is partly stored within the
system and partly re-circulating within the system itself. This implied an enormous withdrawn of water from the
global hydrological circulation system.

The means of getting this water quantity into the Amazonian system is by precipitation (Figure 4). Precipita-
tion implies withdrawal of air-born water vapor. This calls for an increased re-charging of water vapor by in-
creased evaporation at another part of the globe. Increased evaporation that is consumed by increased precipita-
tion becoming trapped in the Amazonian rainforest system must imply a decrease in oceanic water volume (with
eustatic lowering of sea level) and/or drying up of lakes and inland seas.

In this paper (also [2]), it is claimed that the Amazonian rainforest came into existence some 6 - 5 Ma ago (or,
at least, after the 10 Ma high sea level position). This is at about the same time as the well-known Messinian sa-
linity crisis in the Mediterranean when regional evaporation suddenly increased dramatically leading to the dry-
ing-up of the Mediterranean [42]-[47]. The origin of the Messinian salinity crisis has previously remained prob-
lematic. A new, quite logical, scenario seems now to appear; viz. that the withdrawal of water vapour into the
Amazonian rainforest system some 6 to 5 ma ago initiated an increased evaporation from the Mediterranean
(and, maybe, other areas, too) leading to the Messinian salinity crisis (Figure 4).

The Messinian salinity crisis is dated between 5.96 and 5.33 ma [45]. The Mediterranean level was drastically
lowered and extensive evaporates were formed. The volume of water gone was about 3.7 x 10° km® (a volume
capable of lowering global sea level by about 10 m).

This scenario was pinpointed in even more details by Clauzon et al. [46], who were able to identify an initial
minor sea level regression in the period 5.97 - 5.60 ma, a major regression with an almost complete desiccation
of the Mediterranean Sea in the period 5.60 - 5.46 ma, and a rapid marine transgression commencing 5.46 ma.

According to Popescu et al. [47], the Messinian/Zanclean boundary can be fixed at 5.332 ma (i.e. just as pro-
posed by [45]).

5. Conclusions

The paper is summarized in the following five main conclusions:

1) The Andes were rapidly uplifted in the last 7 ma (Figure 3).

2) Sea level experienced three high-stands in the last 30 ma; at ~20, ~10 and ~3 ma. These high-stands are rec-
orded all along the coasts from 70°S to 10°N (Figure 1 and Figure 2).
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Figure 4. Enormous quantities of water were lost into the Amazonian rainforest system
captured precipitation at the same time as enormous quantities of water were lost from the
Mediterranean by evaporation. The loss in precipitation seems to have generated a com-

pensational gain in evaporation.
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3) During the low-stands ~25 and ~15 ma, the climatic conditions in the region of the Amazonian Basin were
arid to semi-arid (Figures 1-3).

4) The establishment of a rainforest (sensu hodierno) within the Amazonian Basin seems to have occurred
some 6 - 5 ma ago (Figure 2(e) and Figure 3).

5) The trapping of enormous quantities of water within the Amazonian rainforest and fluvial system seems to
have been balanced by increased evaporation elsewhere (Figure 4). The Mediterranean salinity crisis is
coincidental in time and a causal linkage is proposed.
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