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ABSTRACT: The aim of this paper was to analyze the geomorphology of the Taruma-Ac¢a basin
according to morphometric and tectonic parameters to understand the current geomorphological
dynamics of the basin. Morphometric analysis indicated a low tendency to erosion in the Basin. The flat
slope is located near the mouth of the Taruma-Acu river, the Strong Wavy and Mountainous slopes (20-
75%) indicate terraces and dividers and most of the basin is characterized by small and medium hills (3-
20 %). The basin has a strong structural control represented by a Strike-Slip Fault that controls the
Taruma-Acua River and the tributaries of left bank have lineaments and parallelism that may indicate
tectonic control (probably Dip-Slip Faults) in an en echelon system. It is also noted that the basin
underwent tectonic tilting to the west, possibly indicating tectonic influence during the Cenozoic.
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CARACTERIZACAO GEOMORFOLOGICA DA BACIA DO TARUMA-ACU, AMAZONAS,
BRASIL

RESUMO: O objetivo deste artigo foi analisar o relevo da Bacia do Taruma-Act de acordo com
pardmetros morfométricos e tectdnicos, buscando entender a dindmica geomorfologica atual da bacia.
A andlise morfométrica indicou uma baixa tendéncia a erosao na Bacia, as declividades planas localizam-
se proximas a foz do rio Taruma-Acd, as declividades Forte Ondulada e Montanhosa (20-75%) indicam
terracos e divisores e a maior parte da bacia é caracterizada por pequenas e médias colinas (3-20%). A
bacia possui um forte controle estrutural representado por uma falha transcorrente que controla o rio
Taruma-Acud e os tributarios da margem esquerda possuem lineamentos e paralelismo que podem
indicar controle tecténico (provavelmente falhas normais ou inversas) em um sistema en echelon. Nota-
se também que a bacia sofreu basculamento para oeste, possivelmente indicando influéncia tectonica
durante o Cenozoico.

PALAVRAS-CHAVE: Morfotectonica; Bacia do Taruma-Ac¢t; Anélise do Relevo.

CARACTERIZACION GEOMORFOLOGICA DE LA CUENCA TARUMA-ACU, AMAZONAS,
BRASIL

RESUMEN: El proposito de este articulo fue analizar 1a geomorfologia de la cuenca Taruma-Acu segin
pardmetros morfométricos y tecténicos para comprender la dindmica geomorfologica actual de la
cuenca. El analisis morfométrico del relieve indic6 una baja tendencia a la erosion en la Cuenca, lases
pendientes planas se encuentran cerca de la desembocadura del rio Taruma-Acu y las pendientes Fuerte
Onduladas y Montahosas (20-75%) indican terrazas y divisiones. La mayor parte de la cuenca se
caracteriza por colinas pequenas y medianas (3-20%). La cuenca tiene un fuerte control estructural
representado por falla de desplazamiento de rumbo que controla el rio Taruma-Agt y los afluentes de la
margen izquierda tienen lineamientos y paralelismo que pueden indicar un control tecténico
(probablemente fallas normales o inversas) en un sistema en echelon. También se observa que la cuenca
ha experiment6 una inclinacién tectonica hacia el oeste, lo que posiblemente indica una influencia
tectonica durante el Cenozoico.

PALABRAS-CLAVE: Morfotectonica; Cuenca del Taruma-Aca; Anélisis Geomorfolbgico.
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INTRODUCTION

The landscape of the Amazon basin underwent major changes during the Cenozoic. The
integrated performance of tectonic movements, active until today (responsible for uplift and
subsidence in several Amazonian lands and for drainage reorganization), and climatic-
environmental variations, since the Paleogene, indicate the morphogenetic changes in the
Amazon basin (STERNBERG, 1950; MEIS, 1971; TRICART, 1977; COSTA, et al., 1978; HOORN
et al., 1995; COSTA et al., 1996; HORBE et al., 2001; COSTA, 2002; FRANZINELLI and
IGREJA, 2002; BEZERRA, 2003; LATRUBESSE and FRANZINELLI, 2005; SILVA, 2005;
MAPES et al., 2006).

The geomorphological forms originated from the changes that occurred in the drainage
basin indicate landscapes influenced by neotectonics and erosive processes (IGREJA, 1999;
FRANZINELLI and IGREJA, 2002; VIEIRA, 2008). The study of basins is important to
understand the changes in the relief and to characterize the geomorphological processes
(STEVAUX and LATRUBESSE, 2017). Therefore, the study area of this paper was the Taruma-
Act basin. The basin is located in Central Amazonia, on the territorial limits of the Manaus
Municipality in the Amazonas State (Figure 1). The basin has an area of 1362.5 km2, a
perimeter of 345.5 km and is characterized by the typical geomorphology of the Lower Negro
River with geomorphological and structural conditions that are part of a larger system of

geological structures that occur in the Amazon basin.

Figure 1 - Location of the Taruma-Acua Basin, Brazil
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Source: the authors, 2020.

The aim of this paper was to analyze the geomorphology of the Taruma-Acu basin
according to morphometric and tectonic parameters to understand the current basin

geomorpholegical dynamics.
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REGIONAL SETTING

The lower Negro River region is located in the sedimentary basin of Amazonas, which
has an area of 620,000 km2 and elongated linear shape in the direction ENE-WSW
(FERREIRA et al., 2015). Deposition in the Amazon Basin begins in the Neo-Ordovician with
the glacial to marine sedimentation of the Trombetas Group. The region of the Taruma-Acua
Basin is located in the Javari group (Alter do Chao Formation and Solimé6es Formation), which
brings together fluvial-lacustrine clastic that are part of the Cretaceous — Tertiary (Paleogene
and Neogene) boundary whose evolution is linked to the Andean orogenic activity (REIS et al.,
2006).

Alter do Chao Formation predominates in the Taruma-Aca basin area, which was
defined by Kistler (1954) with a composition of reddish sandstones, mudstones, conglomerates
and intraformational stratigraphic gaps dated to the Late Cretaceous-Paleogene. These
characteristics are associated with deposition environments by river, lake or delta systems
(ALBUQUERQUE, 1922, KISTLER, 1954; CAPUTO, 1984; REIS et al., 2006; HOORN et al.,
2010).

The geomorphology of the Manaus municipality has features associated with geological
evolution during the Cenozoic. The relief is conditioned by geological structures in a NW-SE
and NE-SW direction, whose trends correspond to the orientation of the main drainages in the
Central Amazon region. However, there are structures that are conditioned in the N-S and E-
W directions that are equally important in the partitioning and evolution of the relief (SILVA,
2005).

The Amazon basin region has a strong tectonic influence (COSTA et al., 1996; IGREJA,

1999) and the main rivers of the Amazon basin have strong structural control, conditioning the
morphology of these rivers (SILVA and ROSSETI, 2009). According to Franzinelli et al. (1999)
the modern neostructural directions of the Amazon transcurrent system is for Amazon River:
NB8OE; Solimoes River: N60W; Negro River: N45W; Madeira River: N50E.
According to Latrubesse and Franzinelli (2005, p.378) “the fluvial belt of the Negro River
shows strong structural control”. In the lower Negro River, Sternberg (1950) identified a
parallelism between the main rivers in the region, attributing this to possible tectonic control.
Franzinelli and Igreja (1990; 2002) proposed a tectonic model for the lower Negro River,
indicating that the region is controlled by two distinct neostructural domains that control the
river's physiography: Normal Fault Domain and Dextral Fault Domain (Figure 2). It is worth
mentioning that the authors do not present structural data for the elaboration of the model for
the lower Negro River, using only remote sensing data.

Several authors (see FRANZINELLI and IGREJA, 1990, 2002; FRANZINELLI et al.,
1999; LATRUBESSE and FRANZINELLI, 2005; SILVA, 2005) investigated the Taruma-Aca
basin and indicate strong structural control that influences landscape morphology and controls
drainage (Figure 2). The modern neotectonic direction of the Taruma-Ac¢i River is N1oE
(FRANZINELLI et al., 1999) and is controlled by a Strike-Slip Fault (FRANZINELLI and
IGREJA, 1990; 2002; LATRUBESSE and FRANZINELLI, 2005). According to Franzinelli and
Igreja (1990) in the tributaries of the Taruma-Acu River left bank there is an en echelon system,
represented by the lineaments in the igarapés: Bolivia, Mariano, Ledao, Santo Antonio, Santa
Rosa and Preguica.

The configurations of the different biomes result from the interrelations among these
neotectonic directions. The aquatic biome characterized by the “igapd” area is the result of
lowered neotectonic environments (negative relief), with subsided areas, inclined to flooding
or to sedimentation. Biomes with terrestrial characteristics (terra firme, islands, almond-
shaped terraces, sigmoidal plateaus, aligned or irregular headwaters), occur in the geotectonic
directions NE-SW and NW-SE of the geomorphologic lifted regions (FRANZINELLI et al.,

1999).
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Figure 2 - Neotectonic model of Lower Negro River
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Principal structural lineaments: A = High Block, B = Low Block; = Strike-slip movements;

VVV Significant reverse component; -+ Significant normal component. Source: Franzinelli
and Igreja (2002).

METHODOLOGY

Morphometric parameters are important for the quantitative analysis of
geomorphology (MORISAWA, 1968; STEVAUX and LATRUBESSE, 2017). Therefore, we have
defined some parameters to analyze the Taruma-Act basin: Drainage Density (D4); Constant
of Channel Maintenance (C); Relative Relief (H); Basin Relief Ratio (R},); Ruggedness Number
(Ry); Stream Frequency (F;); Infiltration Number (1), Slope and Hypsometry.

Matheus S. de Queiroz, José Alberto L. de Carvalho. Geomorphological characterization of the Taruma-Agt basin, Amazonas, Brazil
Brazilian Geographical Journal: Geosciences and Humanities research medium,
Ttuiutaba, v. 11, n. 2, p. 113-125, ago./dez. 2020.
Pagina | 116


http://www.seer.ufu.br/index.php/braziliangeojournal
https://doi.org/10.14393/BGJ-v11n2-a2020-57154

ISSN'2179-2321

OURnnL UNIVERSIDADE FEDERAL DE UBERLANDIA

INSTITUTO DE CIENCIAS HUHANAS DO PONTAL

BRAZILIAN GEOGRAPHICAL JOURNAL

GEOSCIENCES AND HUMANITIES RESEARCH MEDIUM e o e

DOlI: https://doi.org/10.14393/BGJ-v11n2-a2020-57878

Drainage Density is the parameter that controls the drainage efficiency of the basin,
important for classifying hydrological and relief parameters (MORISAWA, 1968; STEVAUX
and LATRUBESSE, 2017). Horton (1932; 1945) defined the drainage density as the quotient
between the total stream length and the drainage area (Equation 1):

(W

XLy,
Dg= —

Where Dq is Drainage Density. L, is total stream length. Aqis Drainage Area.

The Stream Frequency is important for, like drainage density, measuring the degree of
dissection of a basin (MORISAWA, 1968). The Stream Frequency is the number of channels
per unit area (Equation 2) (CHANDRASHEKAR et al., 2015).

(2)
L
Aq

Where F; is Stream Frequency. N, is total number of channels. Aqis Drainage Area.

The Constant of Channel Maintenance indicates the area necessary to develop and
maintain a drainage channel of a given extension (MORISAWA, 1968). Schumm (1956)
determined that the Constant of Channel Maintenance is the quotient between the drainage
area and total stream length (Equation 3), having an inverse relationship with the drainage
density (STEVAUX and LATRUBESSE, 2017).

(3)
Aq

T T,

Where C is Constant of Channel Maintenance. Aqis Drainage Area. L, is total stream length.
The Basin Relative Relief corresponds to the altimetric difference between the basin
baseline level and the highest topographic point (CHRISTOFOLETTI, 1981; MUNOZ and
VALERIANO, 2011). Represented by equation 4:
(4)

C

H=7Z-2z

Where H is relative relief. Z is maximum basin altitude. z is minimum basin altitude.
The Basin Relief Ratio considers the relationship between the Relative Relief and the
maximum length of the basin (SCHUMM, 1956). Represented by equation 5:
(5)

H

R, = —
r Lh

Where R;is Basin Relief Ratio. H is relative relief. L, is maximum basin length.

According to Christofoletti (1980, p. 121) "the ruggedness number combines the
qualities of slope and length of the slopes, with the drainage density [...]". Represented by
equation 6:

(6)
R, = HD4
Where R, isruggedness number. H is relative relief. Dq is Drainage Density
The Infiltration Number is defined by the product of Drainage Density and Stream
Frequency (Equation 7) (SURESH et al., 2015):
(7)

I, = DyF,

Where I, is Infiltration Number.
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To calculate the slope (%), the formulas proposed by Horn (1981) were used. The data
were spatialized according to the classification of the Brazilian Agricultural Research
Corporation - EMBRAPA (2006), which groups the slope into six classes: flat, smooth wavy,
wavy, strong wavy, mountainous and steep (Table 1), Hypsometry was also calculated in six
classes. For this, the digital elevation model provided by the SRTM (Shuttle Radar Topography
Mission) (https://earthexplorer.usgs.gov/) was used and worked on the Quantum-GIS.

Table 1 - Slope Classes

Slope (%) Relief
0-3 Flat
3-8 Smooth wavy

8-20 Wavy

20 - 45 Strong Wavy

45-75 Mountainous
75 - Steep

Source: EMBRAPA (2006).

The mean slope of the main channel of the basin was calculated according to the
formula proposed in Villela and Matos (1975) (Equation 8). This is the most effective method
of calculating the mean slope, as it considers several stretches along the longitudinal profile.

(8)

2

n L
z (4
VD1
Where S is mean slope of the main channel. L is the length in each section considered. D; is
slope in each section considered.
To identify the tectonic influence on the evolution of the drainage network, tectonic

tipping was observed in the basin, calculated from the Asymmetry Factor as proposed in Hare
and Gardner (1985) and Keller and Pinter (1996) (Equation 9).

Ada
AF =1 o
00 (Ad)

S =

(9)

Where AF is Asymmetry Factor. Aqqais right basin area (downstream direction). Agis Drainage
Area. If the value is AF = 50 it means that a basin is symmetrical. However, if the value is
greater than AF> 50 it indicates that there was tilting to the left of the basin, if the value is less
than AF <50 the movement went to the opposite side. We propose three classes of asymmetry
factor based on the characteristics of the sub-basins of the left bank of lower Rio Negro: 50
(symmetric basins); AF > 50 (asymmetric east-tilting basins (predominant); AF < 50
(asymmetric west-tilting basin (predominant).

RESULTS AND DISCUSSION

The calculated morphometric parameters for the Taruma-Acu basin are shown in Table 2 and
indicate the landforms and susceptibility to erosion in the basin:
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Table 2 - Morphometric Parameters

Parameters Results
Drainage Density 2,2 km/km?2
Stream Frequency 0,3km?2
Constant of Channel Maintenance 0,4 km/km2
Minimum Altitude Value 8m
Maximum Altitude Value 156 m
Relative Relief 148 m
Basin Relief Ratio 2,9 m/km
Ruggedness Number 325,6
Infiltration Number 0,7

Source: the authors, 2020.

The drainage density is the main factor that controls drainage efficiency in the basin,
associated with vegetation, geology (lithology and tectonics), mean rainfall, soil and the use
and occupation (TOMAS and GOUDIE, 2000). The drainage density of the basin (2.2 km/km?2)
is associated with the low dissection index of the basin, having a positive relationship with the
relief energy (STEVAUX and LATRUBESSE, 2017), directly associated with low fluvial erosion
(CASTRO and CARVALHO, 2009).

The Stream Frequency (0.3 km?2) data indicates that erosive processes occur with a low
intensity in the basin. The Constant of Channel Maintenance (0.4 km/km?2) of the basin has an
inverse relationship with the drainage density; valid mainly for the first order channels
(STEVAUX and LATRUBESSE, 2017). Regions with resistant rock, with high permeability soil
or with dense forest cover should have a constant high channel maintenance and low drainage
density (SAKTHIVEL et al., 2019). The result for the Taruma-Aca basin indicates medium
infiltration and permeability, good vegetation cover and relatively resistant rock type.
According to Castro and Carvalho (2009, p. 06), the basin Ruggedness Number “shows the
declivity relationship with the stream lengths, and the higher the number, more hillock and
dissected relief (higher slopes) and streams more carved”. The number in the Taruma-Acu
basin is 325.6 indicating that the basin has hills and moderately dissected relief.

The Relief Ratio indicates the drainage efficiency of the basin (SANTOS et al., 2012). In
the Taruma-Acu Basin, the value is 2.9 m/km, indicating a low topographical gap and the low
energy capacity of the Basin Rivers in the erosion and sediment transport processes,
corroborating the low values of the Relative Relief (148 m). Infiltration is important to control
basin runoff and is influenced by soil texture; soil structure; vegetal cover; biologic structures;
antecedent soil moisture; conditions of the soil surface (MORISAWA, 1968). The infiltration
number of the Taruma-Ac¢ basin is 0.7, indicating a medium infiltration index. The basin soil
is predominantly Latosol (WACHHOLZ et al., 2020), this soil type has a low infiltration
coefficient (VIEIRA, 2008), in addition, except for the southern portion, the vegetation of the
basin has not been deforested (WACHHOLZ et al., 2020), the mentioned parameters decrease
the infiltration rate in the basin.

In the Taruma-Acu basin, the topographic elevations below 30 m refer to the lower
Taruma-Acu river and some tributaries indicate channels (water mirror). The topographic
elevations of 30-60 m can indicate areas of igapd forest, mainly in the areas bordering the
channels and the topographic elevations greater than 90 m can indicate dividers (Figure 3).
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Figure 3 - Hypsometry of the Taruma-Acua basin
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The slope data for the Taruma-Acu basin is 119.6 km2 (0-3%), 446.9 km2 (3-8%), 616.9
km2 (8-20%), 167.4 km2 (20 -45%), 1.0 km?2 (45-75%) (Figure 4). Most of the basin has slopes
between 3% and 20% (1063,7 km2), indicating a smooth wavy and wavy slopes. The flat slope
is located near the mouth of the Taruma-Acu river and the largest slopes indicate terraces and
dividers. Most of the basin is characterized by small and medium hills (3-20 %) (SARGES et
al., 2011; VIEIRA, 2008).

Figure 4 - Slope in Taruma-Ag¢t Basin
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The Taruma-Acu River has a slope of 0.00153 m/m, indicating a low slope along the
main channel of the basin. In the last 16 km of the river, the slope is 0.00001 m/m with
topographic amplitude of 2 m. The influence of the backwater effect by the Negro river in the
Lower Taruma-Aca River (SIQUEIRA, 2019), drowning the valley and forming a fluvial ria
with sedimentation characteristics. The low topographic amplitude, backwater effect and
possible tectonic influence are factors that characterize the longitudinal profile of the Taruma-
Acu river (Figure 5).

Figure 5 - longitudinal profile of the Taruma-Acu river
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The profile was calculated based on images from the SRTM mission. Source: the authors, 2020.

The altimetric differences that occur, mainly, in the middle Taruma-Aca river may
indicate the presence of knickpoints in the basin, as observed in some tributaries of the main
channel (GOIABEIRA et al., 2020). These topographical differences can indicate tectonic
control in the basin, it is also possible to identify drainage anomalies such as anomalous curves
and drainage inflections (elbows).

The asymmetry factor of the Taruma-Acu basin is 28.4, confirming the tectonic tilting
to the west in the basin. This confirms the tectonic influence on the drainage morphology of
the Taruma-Act basin, possibly during the Cenozoic. The basins on the left bank of the lower
Negro river (Cuieiras, Sao Raimundo) also tectonic tilting to the west, however the Taruma-
Mirim basin tends to tectonic tilting to the east (SILVA, 2005; QUEIROZ, 2020).

The tributaries of the Taruma-Acu river have lineaments that may indicate tectonic
control in these tributaries (probably Dip-Slip faults) on the left bank of the Taruma-Acta
river indicating an en echelon system (Figure 6). This work does not present structural data
to support the hypothesis of parallels Dip-Slip faults, using only remote sensing data
(lineaments by radar images, analysis of the drainage network and parallelism of river
channels).
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Figure 6 - Structural features of the Taruma-Acu basin
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CONCLUSION

The morphometric parameters of the Taruma-Acua basin indicate that the relief has a
low susceptibility to erosion. Topographic elevations of 30-60 m may indicate areas of igap6
forest, mainly in the areas bordering the channels. Topographic elevations greater than 9o m
may indicate dividers and the low topographic amplitude corroborates the susceptibility data
to erosion in the basin. Slope data indicates that the flat slope is located near the mouth of the
Taruma-Acu river, the Strong Wavy and Mountainous slopes (20-75%) indicate terraces and
dividers and most of the basin is characterized by small and medium hills (3-20 %).

The basin has possibly a strong structural control represented by a Strike-Slip Fault
that controls the Taruma-Acua River and lineaments (Probably Dip-Slip Faults) that control the
tributaries on the left bank. It is also noted that the basin underwent tectonic tilting to the west,
possibly indicating tectonic influence during the Cenozoic. Therefore, it can be said that
tectonics is an important factor for the compartmentalization of the morphology of the
Taruma-Acu basin.
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