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Geomorphology of fluvial deposits in the middle Tocantins River,
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ABSTRACT
This paper presents the geomorphological mapping at a 1:100,000 scale of fluvial deposits in the
middle Tocantins River. The region preserves an important sedimentary archive of environmental
changes of the Amazon and Cerrado biomes. Yet, the region is under influence of diverse
anthropogenic activities, including planned or operational hydropower plants, and detailed
geomorphological mapping is lacking. The mapping combined interpretation of surface
geomorphic features, morphometric analysis, and field surveys. Three main geomorphic units
were defined: (i) fluvial plain, (ii) fluvial terraces, and (iii) paleo-alluvial fans. The detailed mapping
survey allowed a hierarchical organization of geomorphological units as well as their relative
chronology of formation. Our results improve the understanding on the complex
geomorphological processes which shape the current fluvial landscape. Specifically, improving
the understanding of the Tocantins River floodplains is crucial to support conservation of flooded
forests, sustainable use of natural resources and minimize socio-economic losses and damages.
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1. Introduction

Geomorphological mapping of floodplains, terraces and
their associated sub-environments provides information
for understanding the functioning of river systems
(Brierley & Fryirs, 2005; Lewin et al., 1977; Nanson &
Croke, 1992), which is critical to decisions in territorial
planning, flood risk assessment, surface water manage-
ment and river restoration programs (Fryirs & Brierley,
2012). Additionally, floodplains of large tropical rivers
host unique biodiversity adapted to flooding (e.g.
Thom et al., 2020) and the detailed mapping of land-
forms and surface fluvial deposits is important to predict
future landscape changeswith implications for biodiver-
sity conservation (e.g. Hamilton et al., 2007). These
studies have been developed under a perspective of pro-
cess-form relationships to support the interpretation of
ancient fluvial sequences (Sinha et al., 2005).

Historically, studies about river terrace landform
sequences significantly contributed to understand
Quaternary landscape changes (Antoine et al., 2007;
Bridgland & Westaway, 2014; Rossetti et al., 2005).
Detailed geomorphological maps are important com-
ponents of such fluvial systems studies because they
allow to connect surface landforms to fluvial processes
(Miklín & Galia, 2017).

The detailed characterization of the fluvial systems
in the Amazon is still a hard task due to the large

extension of the area and ubiquitous forest vegetation
cover, but the remote sensing data has allowed to
improve the knowledge on the alluvial deposits (e.g.
Hayakawa et al., 2010; Passos et al., 2020). Currently,
easy access to emerging remote sensing methods and
tools such as high-resolution spatial data such as aerial
and satellite imagery or digital elevation models pro-
vides enormous opportunities to produce more accu-
rate and detailed geomorphological maps (Bangen
et al., 2014; Jones et al., 2007; Williams et al., 2014).

The Tocantins River and its main tributary, the
Araguaia River, are among the largest rivers in eastern
Amazon (Figure 1) and they stand out due to host
areas with significant accumulation of Quaternary
sediments (MMA, 2006). The geomorphological his-
tory of the Tocantins River, in turn, is mostly associ-
ated with the geological evolution of the Brazilian
Shield (Lima & Caires, 2011; Lima & Ribeiro, 2011).
The middle stretch of the Tocantins River consists of
wide floodplains and fluvial terraces with numerous
lakes and wetlands that provide diverse wildlife habi-
tats and important ecological services (Merona et al.,
2010) and due to its evolutionary history among
Amazonian tributaries (Akama, 2017), has one of
the highest endemicity and species richness rates
(Dagosta & Pinna, 2019).

The middle Tocantins River also includes Marabá
city, one of the major cities of the eastern Amazon,
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and extensive agriculture areas in wetlands experien-
cing seasonal flooding, which causes recurrent socio-
economic damages (Deus et al., 2018).

Despite the ecological and socio-economic rel-
evance of the middle Tocantins River and its flood-
plains, there are few studies available for planning of
conservation initiatives and there are still enormous
gaps on detailed spatially-resolved geomorphological
information about this area. Recent studies described
the geomorphological aspects of the middle Tocantins
River (Felipe & Morales, 2017; Mascarenhas et al.,
2013), but only on a regional scale, classifying the ter-
rains as depositional, dissected and surface planation.

In this context, this study aims to produce a
detailed geomorphological map (1:100,000) of the
middle Tocantins River in order to improve the
understanding of the link between surface landforms
and fluvial processes. Therefore, the geomorphological
mapping of the middle Tocantins River was carried
out through field surveys combined with remote sen-
sing and geographical information system (GIS)
methods. The results are discussed to constrain land-
form changes in terms of fluvial processes operating
in large tropical rivers. Moreover, our results also
have potential to support decision makers in conserva-
tion programs in a region under constant threat. The

possibility of installing a large hydroelectric plant in
the Tocantins River near the Marabá city (Brasil,
2012) reinforces the importance of this study because
of predicted reduction of floodplains and unknown
threats to the aquatic environments (Akama, 2017).

2. Physical setting

The Tocantins River watershed extends from 46° to
55° west and from 2° to 18° south. It has a drainage
area of 306,310 km², upstream from the confluence
with the Araguaia River and a total area of 764,996
km², including the drainage area of the Araguaia
River (Figure 1; ANA, 2017). The Tocantins River
drains distinct biomes, which are mainly represented
by savannas (Cerrado) of the Central Plateau of Brazil,
Amazon rainforest and a transition zone between both
vegetation biomes (Figure 1(B); Oliveira-Filho, 1995).

The study area comprises a wide (20 km × 80 km)
fluvial plain located downstream of the confluence of
theAraguaia and Tocantins Rivers, until the Itupiranga
city (Figure 1). This region is locally named ‘Bico do
Papagaio’ (Parrot beak; eastern area) and ‘Paleocanal
do Tocantins’ (Tocantins Paleochannel; western
area), which is characterized by a low-altitude (<
110m) and low relief terrains developed in fluvial

Figure 1. Geological setting of the middle Tocantins River, including the study area. (A) Main geological units of the area include
high-grade metamorphic rocks of the Cajazeiras Complex, low-grade metamorphic rocks of the Couto Magalhães Formation, sedi-
mentary deposits of the Itapecuru Group and Codó Formation (Vasquez & Rosa-Costa, 2008). (B) Location of the study area near
the boundary between the Amazon and Cerrado biomes.
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sediments deposited during the Quaternary (Figure 1;
RadamBrasil, 1986). These deposits are incised by the
Tocantins River that flow over metamorphic rocks
and alluvial beds. Vasquez and Rosa-Costa (2008) pro-
posed two units for these Quaternary deposits: (1)
fluvial terraces: composed of unconsolidated and con-
solidated clay, sand and gravel, topographically higher
than the current alluvial plain; and (2) alluvial deposits:
composed of grey clay and sand corresponding to
channel and floodplain deposits related to the current
alluvial plain. Upstream of the Marabá City, the riv-
erbed is dominated by rapids and rocky islands that
expose low-grade metamorphic rocks related to the
Araguaia Fold Belt (Herz et al., 1989). Downstream,
the channel of the Tocantins River is dominated by
fluvial bars and forms a wide floodplain with lakes,
paleo-channels and swamps (Ribeiro et al., 1995).

Regional geology is represented by four distinct
geological units (Figure 1(A)): Archean high-grade
metamorphic rocks of the Cajazeira Complex (Brito
Neves & Cordani, 1991); Neoproterozoic low-grade
metamorphic rocks of the Couto Magalhães For-
mation (Almeida et al., 1977); Cretaceous sedimentary
rocks related with the Itapecuru Group (Rossetti &
Truckenbrodt, 1997) and Codó Formation (Mesner
& Wooldridge, 1964) of the Marajó Basin (Costa
et al., 2002; Villegas, 1994) and; sandstones from Par-
naíba Basin (Bigarella, 1973; Góes, 1995).

The rainfall in the eastern Amazon is concentrated
during the austral summer and autumn due to the
activity of the South American Summer Monsoon
(SASM, Zhou & Lau, 1998) and the Intertropical Con-
vergence Zone (ITCZ, Garreaud et al., 2009; Marengo
& Espinoza, 2016), which southward shift during the
austral summer bring moisture from the equatorial
Atlantic to inland areas. The climate across the Tocan-
tins watershed is tropical, with an annual average
temperature of 26° C and two well-defined climatic
periods: the rainy, October to April, with more than
90%of precipitation, and the dry one, fromMay to Sep-
tember, with low relative humidity (MMA, 2006). The
average rainfall in the watershed is around 1869 mm
yr−1 (ANA, 2002), but can reach up to 2565 mm near
the river mouth on the estuary (ANA, 2005), and the
average evapotranspiration is 1371 mm yr−1.

3. Methods and data

3.1. Geomorphological mapping and
classification

Identification and mapping of surface landforms were
based on visual interpretation of optical and radar sat-
ellite images from different sensors and resolutions
based in a constructivist (building block) approach
to reading the landscape (Fryirs & Brierley, 2012).
To standardize the mapping on the scale of

1:100,000, we used Tobler’s rule (Tobler, 1987).
Although remotely sensed or modeled data provide
critical guidance in our efforts to interpret landscapes,
it is highlighted that robust validation of surface fea-
tures identified through remote sensing methods is
derived from field-based analyses (Fryirs & Brierley,
2012).

The criteria for image interpretation and terminol-
ogy of fluvial landforms were applied as suggested by
Wheaton et al. (2015), Fryirs and Brierley (2012), John
Lewin and Ashworth (2014) and Akter et al. (2018).
Geomorphic units were defined by analysis of the drai-
nage networks, erosive and depositional features, and
visual interpretation of satellite images. The geomor-
phological classification was based on the hierarchical
system proposed by Zinck (2016), which is con-
structed under the basic criteria of configuration,
composition and hierarchical organization that
reflects the level of the geomorphological units in
the landscape.

3.2. Remote sensing

3.2.1. Image processing
We use Landsat-8 images, Path 223 / Row 64, dated of
on May 29th, 2018. Images were obtained from
NASA’s repository. Images resulting from the fusion
of multispectral image (Red – B4 640–690 nm; Green –
B3 530–590 nm; Blue – B2 450–510 nm) with medium
spatial resolution (30 m) and Panchromatic image (B8
500–680 nm) with higher spatial resolution (15 m),
using HIS transformation, were particularly useful in
obtaining a better contrast and enhancement of
fluvial features. High resolution imagery from the
Google Earth Pro© (Google Earth Pro©, 2019) appli-
cation and Esri World Imagery (Esri, 2019) were used
to improve the remote sensing interpretation of smal-
ler geomorphic features (e.g. paleo-channels, fluvial
bars and small lakes). The Multi-Error Removed
Improved-Terrain Digital Elevation Model (MERIT
DEM), with 3 arc second resolution (∼90 m at the
equator), was used for identification and mapping of
landforms, morphometric analysis, and elaboration
of topographic profiles. The MERIT DEM was devel-
oped by processing existing spaceborne DEMs, and
it represents elevation in meter, referenced to
WGS84 and EGM96 (MERIT DEM accessed on Janu-
ary 6th, 2019; Yamazaki et al., 2017). Processing tech-
niques were applied to enhance landforms of low
topographic amplitude, following Merino et al.
(2015). The color palettes were customized with
local elevation intervals between 3 and 15 m. Image
processing techniques and the map design were per-
formed in the software QGIS® (Version 2.18.19,
QGIS Development Team, 2019). The graphic adjust-
ments, as color enhancement and brightness, were
made in the software Inkscape™ 0.92 (Inkscape,
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2007) and the fusion of the optical images by the Spec-
tral Transformer GUI Landsat-8 Imagery® (Geosage,
2018). The cross-section topographic profile was per-
formed using the ‘Profile Tool’ plugin in QGIS and
exported to Inkscape™ to add lithological infor-
mation and perform graphical adjustments.

3.2.2. Morphometric classification and
topographic profiles
Morphometric characterization and topographic
profiles were derived from MERIT DEM. The deter-
mination of the relative chronology of mapping
units was performed through the analysis of morpho-
logical and topographic attributes, such as the pres-
ence of active or paleo-channels and lakes,
preservation degree of forms, forms superposition
and truncations and topographic level of terraces sur-
faces (e.g. Pupim et al., 2017; Verstappen, 1977). In
general, higher topographic levels are older than
lower levels, as well as more preserved morphological
features are newer than more degraded features
(Pazzaglia, 2013).

3.3. Field surveys

Field surveys were performed to verify and improve
the geomorphic interpretation through satellite
images and aerial photographs. Fieldworks were car-
ried out in September of 2018 and comprised the
description of sedimentary deposits in outcrops and
trenches using a facies analysis approach according
to Miall (2014).

4. Description of the geomorphological map
units

The presented geomorphological map integrates ero-
sive and depositional landforms observed in the
middle Tocantins River, at a 1:100,000 scale. The map-
ping units are organized into three categories based on
interpreted active and paleo depositional environ-
ments: (i) fluvial plain; (ii) fluvial terraces (T1, T2)
and (iii) paleo-alluvial fan (Main Map – Appendices).
The distribution of these geomorphological mapping
units is restricted to the Tocantins River valley
(Figures 2 and 3).

4.1. Geomorphological units

4.2. Fluvial plain

4.2.1. Channel
The studied reach of the Tocantins River comprises a
mixed bedrock-alluvial channel. The main channel is
cutting into bedrock substrates in the upstream
reach (Figure 4), with rapids and some lateral sedi-
ment bars (Figure 5(B)). The river style changes to a

predominately sand-rich channel and wide floodplain
from Marabá to Itupiranga cities (Figure 2(A)). The
smallest geomorphic units recognized within the
channel are longitudinal and lateral bars. Longitudinal
bars are elongated sand bodies in the direction of the
water flow and with and/or without vegetation cover.
The deposits are predominately sandy with decimetric
sets of crossbedding, cross-lamination, and levels of
well-selected and sub-rounded granules (Figure 5
(A)). Vegetated bars associated with longitudinal
bars, have accumulation of deposition build up lead-
ing to a relatively stable and high-altitude landform
suitable for vegetation growth. This condition keeps
the surface free of the inundation for long periods
and supports the development of forest vegetation
(Figure 5(A)). Lateral bars are sand bodies attached
to rocky outcrops in the riverbed that consist in
obstacles to accumulation of sediments. Vegetation
cover is incipient but can occur in the wider bars
(Figure 5(B)). The bars are composed of gravel in
the bottom part and coarse sand in the upper portion
whose morphology is controlled by joints, bedding
and outcrops of slates, shales and phyllites (Figure
5). This structural control is prominent in the upper
reach of the mapping area, leading the development
of irregularities in the channel substrate and the for-
mation potholes, steps, and pools.

4.2.2. Floodplain
Floodplains were recognized in both margins of the
Tocantins River, but the plain of the right margin is
wider and more complex in terms of landforms,
with the presence of numerous lakes, paleo-chan-
nels, swamp areas, levees, and crevasse splays. The
terrain is almost flat, with smooth local relief in
which the highest elevations vary from 84 to
79 m.a.s.l. (meters above sea level based on MERIT
DEM data) and the lowest from 78 to 66 m.a.s.l.
The floodplain areas have deposits of mud and
fine sand due to seasonal inundation. The fluvial
plain was divided in proximal floodplain and distal
floodplain considering the presence of morphologi-
cal elements as scroll bars, lakes, and paleo-
channels. Lower level units were also mapped,
reflecting the complexity of this environment.

Distal floodplain is representing the lowest area of
this geomorphic unit, with elevation ranging from
66 to 78 m.a.s.l. The surface sediments are dominated
by clay and silt and the sedimentation occurs during
high magnitude floods that reach the distal parts of
the plain. Perennial lakes, paleo-channels and ridge
and swale are diagnostic features of this geomorphic
unit, but they also occur in proximal floodplains and
younger terraces. Perennial lakes are circular or
semi-circular forms permanently flooded. Perennial
lakes have been described as ‘rounded lakes’ which
are particularly important in geomorphic mapping,
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because they are the major ‘sink of sediment’ in the
large fluvial systems of South America (Dunne et al.,
1998; Mertes et al., 1996). Paleo-channels are
elongated features corresponding to abandoned chan-
nels (Figure 4(C and D)). The paleo-channels are com-
monly formed through channel avulsion that

promotes the development of perennial or ephemeral
lakes (Slingerland & Smith, 2004). They are filled with
fine-grained sediments (silt and clay) and organic
matter supplied by the channel and nearby floodplain
areas during flooding. These forms can connect water
between floodplains and main channel during the

Figure 2. Geomorphological aspects of the middle Tocantins River: (A) Landsat-8 image true-color (September 2018); (B) MERIT
digital elevation model; (C) Main landforms mapped that represents the relief/molding categorical levels.
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flood seasons, playing a key role in ecological pro-
cesses (Stevaux et al., 2013). This seasonal flood is
complex process not only affect the floodplain eco-
logy but also controls hydrogeomorphology of the
floodplains documented in Park and Latrubesse
(2017). Ridge and swale are a landform consisting of
regular, parallel sand-ridges alternating with marshy
depressions.

Proximal floodplain is periodically flooded terrains
immediately adjacent to the main channel. It has
elongated shape parallel to the main channel, with
changes in width controlled by marginal bedrocks.
Sedimentation in swampy areas is dominated by silt
and clay, but with presence of fine sands in other
associated features as levees, paleo-levees, and crevasse
splays. Levees are narrow and elongated ridges that
occur irregularly along the main channel (Figure 6(A
and B)). They have asymmetric morphology, with

low angle slopes towards the floodplain and high
angles to the channel, and are composed of clay, silt
and very fine to fine sands. Levees crests have the high-
est elevation (from 85 to 90 m.a.s.l.) in the floodplain,
and they are entirely covered by forest vegetation
(Figure 6(B)). A Crevasse splay is recognized in the
proximal floodplain (Figure 7). This landform is a
local high and has three main lobes that probably
were attached to a past position of the main channel
(Figure 7). Rossetti et al. (2015) revealed paleoenvir-
onments including active channel, abandoned chan-
nel, point bar, crevasse splay and floodplain, which
are altogether compatible with meandering fluvial sys-
tems, thus indicating evolution processes of the evol-
ution plan. Paleo-levees occur decoupled of the main
channel and they are frequently associated with
paleo-channels in the floodplains and lower terrace
levels.

Figure 3. Hierarchical classification of mapping units of the middle Tocantins River.

Figure 4. Bedrock rapids upstream middle Tocantins River. Digital Globe, GeoEye, CNES/Airbus DS. Change updated: August 8,
2019 to Accessed: August 8, 2019. Location in Figure 2.
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4.2.3. Fluvial terraces
Fluvial Terraces are relatively flat terrains not suscep-
tible to seasonal flooding. In the studied area, three
terrace levels were mapped based on their morpho-
logical characteristics and elevation (Figure 8). The
Upper Terrace (T1) level is related to fluvial deposits
occurring between 43 and 66 m above the water
level of the Tocantins River channel (105–110
m.a.s.l.). The surface is almost flat with low drainage
density (70 m/km²) that carved narrow (17 m width)
and shallow valleys (5 m depth). The deposits are pre-
dominantly composed of massive medium sands. The
sediment color in outcrops varies from dark to light
gray at the top and yellowish to the base, suggesting
pedogenetic processes, with an upper horizon rich in

organic matter and a lower horizon enriched in
iron-minerals. The shallow water table (1.6 m depth
at September 2018) maintains numerous perennial
lakes in this unit, displaying circular morphology
with average radius about 116 m. At the base of T1,
there are conglomerate layers with around 1 m thick,
but eventually reaching up to 3 m. Conglomerate
layers are well-exposed at the base of terraces in the
northwest and west portions of the area. At the base
of this unit, the conglomerates have polymictic and
well-rounded clasts and they occur as layers with inci-
pient grading, tabular geometry, and wavy top. Grain
size of the framework varies from granules to cobbles
of sandstones, iron-rich duricrust, granites, gneiss and
quartzite immersed in a reddish matrix of sandy mud.

Figure 5. Geomorphic features within the channel unit. Location of photos and images in Figure 2(C): (A) Longitudinal bar
attached in vegetated bar; (B) Lateral bar with vegetated and non-vegetated. Digital Globe, GeoEye, CNES/Airbus DS Change
updated: August 8, 2019 to Accessed: August 8, 2019. Location in Figure 2.
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Lower Terraces (T2) are between 27 and 36 m
above the river level (84 and 86 m.a.s.l.), with surface
slightly tilted to the main channel. This unit is marked
by high density of paleo-channels that give origin to
lakes in the modern floodplain. These lakes can be
connected to the main channel during the flood sea-
son. The paleo-channels are gradually filled by sus-
pended fine-grained sediments (clay and silt) during

flooding events and can show meander scrolls-bars
in an advanced stage of degradation. The drainage net-
work has low density, with channels showing shallow
incision. The contact between lower level terraces and
floodplains is marked by an abrupt slope. Flooding of
the lower terraces may occur during high magnitude
precipitation events. Most of the lower terraces are
composed of massive fine sand with clay. Sediment

Figure 6. Geomorphic features of the floodplain. Location of photos and images in Figure 2(C): (A) Levee within the proximal
floodplain; (B) Levee located on the right bank of the main channel and covered by arboreal vegetation; (C) Lakes formed by
paleo-channels within the floodplain; (D) Field view of paleo-channel. Figure (A) and (B) with images from Digital Globe, GeoEye,
change updated: August 8, 2019 to Accessed: August 8, 2019.

Figure 7. (#A) Crevasse splay in DEM image. (B) Crevasse splay highlighted by denser vegetation cover in Landsat 8 image true
color (September 2018). Location in Figure 2.
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color ranges from red-yellowish at the top to yellowish
at the bottom.

4.2.4. Paleo-alluvial fans
The paleo-alluvial fans unit is made up of unconsoli-
dated massive medium sands accumulated in a rela-
tively high topographic position (90–100 m.a.s.l.).
These sediments appear to derive from streams that
drain hillslopes in the north portion of the area,
and which spread out over a gently slope surface
related to the ancient floodplain of the Tocantins
River. The present morphology includes deposits
with a convex-up transversal profile between the
Flexeiras and Geladinho rivers and ephemeral lakes
(Figure 9). Ephemeral lakes are semicircular closed
depressions showing seasonal flooding, usually disap-
pear during drought and fill up again with water in
rainy seasons. The lakes are concentrated in the
north portion of the unit and are filled by dark
brown mud over grayish fine sands. The seasonal
variation of water table controls the vegetation distri-
bution, with grasses in the center and shrub in the
margins of the lakes. This unit is dissected by low
density drainage network, with streams incised in
narrow (17 m) and shallow valleys (5 m). The sedi-
mentary deposit consists of metric-thick layers of
quartz-rich white sands intercalated with three hor-
izons of the 10–20 cm organic paleosols. The sandy
layers are dominated by well-sorted fine to medium
sands, with well-rounded grains. An upper layer of
medium sands occurs in the paleo-alluvial fan unit
as well as in the surrounding fluvial terraces
(T2). This upper sand sheet might represent the
eolian or alluvial reworking of the underlaying units
(Figure 10(B)).

Most of the paleo-alluvial fan surfaces are covered
by patches of diverse vegetation that comprises a
mosaic of grasslands, shrubs and arboreal forest

spots (Figure 10(A and C)). The sand ridges arboreal
spots are small areas (103–105 m2) with substrates
with elevation higher (∼1 m higher) than adjacent
grasslands and supporting a dense forest cover (Figure
10(A)). The forests spots are developed over soils with
an upper thin layer of gray mud covering quartz-rich
sands (Figure 8(B)). Open vegetation areas have been
identified across the Amazon and they can be associ-
ated with the development of alluvial fans (Cordeiro
et al., 2016) and eolian deposits (Zular et al., 2019).

5. Discussion and conclusions

Three mapping categories representing different
depositional environments and their specific land-
forms were described in the middle Tocantins River.
The mapping and elevation surveys of landforms
suggest that the evolution of the plain comprised
stages of sediment aggradation and erosion. In
addition, the tributaries of the Tocantins River
influenced the physiography of the modern and
ancient alluvial valley by segmenting the floodplain
into patches of different environments, including the
development of paleo-alluvial fans, which contrasts
with the modern contributary fluvial system.

The alternation between stages of aggradation and
erosion can be the result of variations in water and
sediment supply due to climate changes affecting pre-
cipitation in the watershed (e.g. Vandenberghe, 2003).
The hierarchical classification of geomorphic units
allows to define a relative chronology of the mapped
landforms. The geomorphic map presented in this
study can be useful in environmental and socio-econ-
omic planning of activities connected with the Tocan-
tins River and its floodplains since the delineation and
characterization of mapping units give information
about physical dynamics of the landscape under
human interventions, including for example substrate

Figure 8. Geomorphic features of the terraces and paleo alluvial fan: (A and B) Regional relationship between fluvial terraces (T1
and T2), paleo alluvial fan and the fluvial plain, where an abrupt slope break marks the inner boundary of the proximal floodplain.
Image A from Esri World Imagery, updated at Aug 8, 2019; Image B MERIT-DEM. Location in Figure 2.
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Figure 9. Geomorphic features of the paleo-alluvial fan unit. Longitudinal and transversal topographic profiles showing upward
convex shape. Map showing the boundaries of the main paleo-alluvial fan, with indication of the longitudinal (line A-A’) and trans-
verse (line B-B’ and line C-C’) profiles. Topographic data are from MERIT-DEM.

Figure 10. General aspects of the paleo-alluvial fans geomorphological unit. (A) Patches of diverse vegetation that comprises a
mosaic of grasslands, shrubs, and arboreal forest spots; (B) Partial view of the sand sheet; (C) View of grasses and palm trees.
Location in Figure 2.
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types and susceptibility to seasonal or historical
flooding. Floodplain areas commonly host urban
populations or agriculture activities due to the favor-
able characteristics of relief and soils (Ross, 2016).
Part of the city of Marabá is located on the Proximal
Floodplain (Main Map), which is seasonally flooded
by the Tocantins and Itacaiúnas Rivers. This flood-
plain is the most extensive floodplain of the Tocan-
tins River, and the place where recruitment occurs
for migratory and non-migratory fishes (Akama,
2017). Therefore, it is an important habitat for con-
servation of aquatic ecosystems.

Historically, the Tocantins River main stem is the
most impacted tributary of the Amazon fluvial system,
with several already built dams, while the Araguaia
River is still well-preserved due to absence of dams
(Latrubesse et al., 2019). However, the building of
the planned Marabá hydropower plant in the Tocan-
tins River will affect both rivers, with potential severe
effects on the studied floodplains and related aquatic
ecosystems (ICMBio, 2018; Lees et al., 2016; Winemil-
ler et al., 2016).

In summary, the geomorphological and morpho-
metric analyses from satellite images, DEMs and
field surveys allow us to map three main geomorphic
units named fluvial plain, fluvial terraces, and paleo-
alluvial fans. The origin of the mapped landforms
and their sedimentary deposits are related to active
and ancient fluvial systems. The hierarchical organiz-
ation of the geomorphic units provides new infor-
mation about relative timing of landform formation,
being potential archives to reconstruct environmental
conditions of the terrains drained by Tocantins River
and its tributaries.

Software

QGIS 2.18.19 and Global Mapper 18 software was
used for map data visualization and analysis purposes.
Some output maps were redrawn using Inkscape 0.92.
The map is designed to be color printed at A1 (594 ×
841 mm) size for optimum clarity of font, point size
and shading.
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