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Abstract: The Pereiro Massif (Northeast Brazil) is a granite relief situated between the Jaguaribe and Portalegre shear zones,
exhibiting strong structural control over its morphology. This study aims to analyze the morphostructural context of the massif
and interpret its evolution based on denudation rates, using in situ cosmogenic isotope (1°Be) production, OSL dating of
colluvial deposits, and GIS-based morphometric analyses. The results suggest that the massif represents a relief inherited from
a lithostructural framework associated with the Brazilian orogeny, with Cretaceous reactivations and Cenozoic denudational
cycles. Its formation is primarily attributed to differential erosion, driven by the greater resistance of granitoids compared to
the surrounding metamorphic lithologies. There is no clear evidence of neotectonic activity influencing regional
morphogenesis. Denudation rates range from 10.1 to 24.6 m-My", indicating higher denudation trends influenced by
lithostructural and topographic controls. Post-Miocene morphodynamics were shaped by the regional semi-arid climate,
punctuated by humid paleoclimatic variations that account for colluviation between the Last Glacial Maximum (LGM) and
the Younger Dryas.

Keywords: Differential erosion; Brazilian Semiarid; Granitic Massif; Cosmogenic Nuclides.

Resumo: O Macigo do Pereiro (Nordeste do Brasil) constitui um relevo granitico situado entre as zonas de cisalhamento de
Jaguaribe e Portalegre, com forte controle estrutural na sua morfologia. O trabalho visa analisar o contexto morfoestrutural
do macico e interpretar a sua evolugao a partir das taxas de denudagao pela produgao de isétopos cosmogénicos (°Be) in situ,
analise da idade de depositos coluviais por LOE e uso de SIG para analises morfométricas. Os resultados sugerem o macigo
como um relevo herdado de um contexto litoestrutural da orogénese Brasiliana, com reativagdes cretaceas e ciclos
denudacionais cenozoicos. Sua génese estd preferencialmente relacionada a erosao diferencial em fungao da maior resisténcia
dos granitoides em relagdo as litologias metamorficas circunvizinhas, sem evidéncias claras de atividade neotectonica na
morfogénese regional. As taxas de denudagdo variaram de 10,1 a 24,6 m-Ma’! indicando tendéncias de maior denudagao
condiciona pelo controle litoestrutural e topografico. A morfodindmica p6s miocénica foi condicionada pelo clima semiarido
regional com variagdes paleoclimaticas imidas que explicam coluvionamentos entre o LGM e o Younger Dryas.
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1. Introduction

In the history of geomorphological studies in Brazil, the Pediplanation model stands out as a widely used
approach for explaining the evolution of relief in the Brazilian Northeast. This model attributes the development
of slopes to lateral retreat, or backwearing, primarily influenced by an arid climate (BIGARELLA; ANDRADE,
1964; AB'SABER, 1969). This process results in sculpted and stepped surfaces extending toward valley bottoms
(DRESCH, 1957; DEMANGEOT, 1960; BIGARELLA; ANDRADE, 1964; AB'SABER, 1969).

Saadi et al. (2005), Peulvast and Claudino Sales (2004), Bezerra and Vita-Finzi (2000), and Bezerra et al. (2008)
introduced a morphostructural and morphotectonic approach that incorporated tectonic processes related to the
opening of the Atlantic Ocean and the separation of the South African and South American plates. In this
perspective, subsequent Cenozoic reactivations were also considered, along with the influence of continental
flexure on relief inversion during this period (PEULVAST; CLAUDINO SALES, 2004), indicating a polygenic and
complex origin of the morphologies in the Northeastern region (MAIA; BEZERRA, 2020).

Within this framework, the Pereiro Massif (Figure 1) is one of several granitic bodies in the Borborema
Province, formed by rocks originating from the Brazilian syn-orogenic plutonism (650 to 540 Ma) that constitutes
the Itaporanga Suite (CAVALCANTE, 1999; BRITO NEVES et al., 2016). Located in the northern part of the
Borborema Province in Northeast Brazil (Figure 1B), its evolution has been influenced by the ductile shear zones
of Portalegre and Jaguaribe, as well as other fault zones reactivated during the Cretaceous and Cenozoic periods
(PEULVAST; CLAUDINO SALES, 2004; BEZERRA; VITA-FINZI, 2000). The massif was ultimately exposed by the
action of differential denudation (CAVALCANTE, 1999) (Figure 2).

This orogeny, which resulted in significant plutonism (ANGELIN et al, 2006), was affected by the
fragmentation of Gondwana, leading to the separation of South America and Africa during the Cretaceous period
(MATOS, 2000). Additionally, this region experienced Cenozoic tectonic reactivations (BEZERRA; VITA-FINZI,
2000) that influenced its geomorphic evolution through changes in base levels, resulting in processes of dissection
and aggradation (MAIA; BEZERRA, 2020).

Several proposals have attempted to explain the morphogenesis and evolutionary conditions of the Pereiro
Massif. Some consider it (along with nearly all granitic massifs of the Borborema Province) as a residual relief
exhumed from the pediplanation process (AB'SABER, 1969). Others suggest it is a fault scarp inherited from the
shoulder of the Potiguar Rift (an intracontinental rift formed during the separation of Pangaea), with its
morphogenesis and evolution linked to the Cretaceous period (PEULVAST, CLAUDINO SALES, 2004).
Alternatively, recent tectonics have been proposed as responsible for a local uplift that elevated a sedimentary
basin identified by Gurgel (2013) as the Merejo Basin, with the massif's morphogenesis and evolution associated
with neotectonic processes. Given these differing interpretations, we believe that the use of new analytical methods
can contribute to a more comprehensive understanding of the northeastern relief from a regional perspective.

In this context, this study aims to contribute to the interpretation of the geomorphology of the Pereiro Massif,
with emphasis on its genesis and morphostructural context, based on the interpretation of crustal denudation rates
obtained through the in situ production of cosmogenic isotopes (1°Be), burial dating of colluvium using Optically
Stimulated Luminescence (OSL), and morphometric analysis of the drainage network.

2. Study area

Located approximately 400 km from the coast, the Pereiro Massif (Figure 1C) is situated in the northern part
of the Borborema Province (Figure 1B) (ALMEIDA et al., 1981), within the central region of the Brazilian tropical
semiarid zone (ALVARES et al.,, 2013) (Figure 1A). It extends across the states of Ceara, Rio Grande do Norte, and
Parafba, with an annual average precipitation of 600 to 800 mm/year (CEARA, 2017). The massif exhibits a
preferential N-S orientation, measuring 123 km in length and 35 km in width, with elevated areas ranging from
600 to 800 m and a maximum peak at 876 m. It primarily consists of Neoproterozoic granites, granodiorites, and
gabbros, with colluvial and alluvial deposits within its territory. The massif is encircled by a lower surface known
as the Sertaneja Surface, composed of Archean and Paleoproterozoic metamorphic rocks (PINEO et al., 2020;
CAVALCANTE, 1999). Cretaceous rift basins are also present in the vicinity (GURGEL, 2013).
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Figure 1. A. Climate context in Northeast of Brazil, classified by Alvarez et. Al (2013): Af- Tropical Zone without dry
season; Af — Tropical zone without dry season; Am — Tropical monsoon zone; Aw — Tropical zone with dry winter;
As — Tropical zone with dry summer; Bsh — Semi-arid (low latitude/altitude); Cwb — Humid subtropical zone (dry
winter, temperate summer). B. Geological provinces of Northeast Brazil — Almeida et al. (1981), IBGE (2015), and
DEM from FABDEM (HAWKER et al., 2022). C. Pereiro Massif (center), with river basins, °Be and OSL sample
locations, and elevation gradient using DEM from FABDEM (HAWKER et al., 2022). Hydrography from IBGE (2015).

In the western sector of the massif, an escarpment marks the interface with the Sertaneja Surface, associated
with the Jaguaribe Shear Zone, where rocky pediments dominate the escarpment base. To the east (Figure 1C), the
topography transitions gradually over 19.5 km (elevation drop of ~400 m), characterized by steep ramps,
knickpoints, and dissected steps influenced by varying lithotypes. To the north and south, topographic variation
is linked to faults and fractures, which have shaped ridges, peaks, and associated pediments (elevations: 200-650
m), underscoring the interplay between geological structure and topography.

The lithology of the Pereiro Massif originated during the Ediacaran (=650-540 Ma) syn-orogenic plutonic
event that formed the Itaporanga Suite, a major magmatic episode of the Brazilian Orogeny within the Borborema
Province (GOMES; VASCONCELOQOS, 2000). This orogeny produced extensive plutonic bodies across Northeast
Brazil (ANGELIN et al., 2006) and is linked to the Estaterian (=1.8-1.6 Ga) and Riacian (=2.3-2.05 Ga) suites of the
Serra do Deserto Suite, Jaguaretama Complex, and Caico Complex (ALMEIDA et al., 1981; NASCIMENTO;
MEDEIROS; GALINDO, 2015). These complexes form the metamorphic basement and host enclaves of diverse
lithotypes (Figure 2).
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Figure 2. Geological context of the Pereiro Massif. DEM from FABDEM (HAWKER et al., 2022); geologic features
(units and structural elements) from CPRM (2020) and IBGE (Jaguaribe SB.24-Z and Souza SB.24-Z-A sheets, 2020).

In its geomorphological evolution, the Pereiro Massif can be interpreted as a fault scarp potentially inherited
from the shoulder of the Potiguar Rift, which formed during the breakup of Pangaea (PEULVAST; CLAUDINO-
SALES, 2004). This process generated a series of intracontinental rifts, including the Potiguar and Araripe
shoulders, among smaller structures (CASTRO; BEZERRA, 2015). The massif exhibits a linear NE-SW trend, likely
reflecting structural control inherited from the Jaguaribe dextral transcurrent shear zone, which borders its steep
western face (FRANCOLIN; SZATMARI, 1987).

The Neoproterozoic granitic pluton of the Itaporanga Suite constitutes approximately 82% of the Pereiro
Massif’s total area, forming its most prominent geological feature. Embedded within it are gabbroid suites, alluvial
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and colluvial deposits, and depositional surfaces (Figure 3), creating a composite body with distinct granulometric
variations (CAVALCANTE, 1999).

- PEREIRO MASSIF AND ITAPORANGA SUITE D QUARTZITS
- GABBROID SUITE IO
D METAMORPHIC EMBASEMENT D ALLUVIAL DEPOSITS \\ SHEARZONES

DEPOSITIONAL SURFACE
FORMATION RIO DO PEIXE

o2 FAULTS AND FRACTURES

Figure 3. Geological profiles of Pereiro Massif. Abbreviations: S.D.S. — Serra do Deserto Suite: augen gneiss, granite,
diorite; A.D. — Alluvial Deposits: sands, silts; EMB — Metamorphic Basement; QZ — Quartzites; 1.S. — Itaporanga Suite:
biotite, feldspars (various sizes), porphyritic granites, monzogranites; G.S. — Gabbroid Suite: gabbros, granites; D.S.
— Depositional Surface: Mesozoic sandstones, limestones; J.S.Z. — Jaguaribe Shear Zone; P.S.Z. — Portalegre Shear
Zone.

The massif’s composition includes granites, diorites, granodiorites, and monzonites, predominantly with
coarse-grained and porphyritic feldspars. It exhibits subparallel to parallel magmatic foliation relative to internal
gneisses and mylonitic foliation near bordering shear zones (PINEO et al,, 2020). Intrusions of intermediate
plutonic bodies, such as Dom Severiano (north) and Caigara (Icozinho) (south), surround the massif
(CAVALCANTE, 1999).

On the eastern margin, adjacent to the Pereiro core and connected to the Serra do Deserto Suite
(Paleoproterozoic granites, gneisses, and augen gneisses), xenolithic and individualized gneissic leucogranites are
prominent. These feature quartz, plagioclase, K-feldspar, hornblende, and biotite, with biotite compositions
resembling those of the Cangati Granitoid Suite (CAVALCANTE, 1999).

Other lithotypes intruding the Itaporanga/Pereiro Massif, Serra do Deserto Suite, and metamorphic basement
include: Dona Inés Intrusive Suite - hornblende-biotite granites and fine- to medium-grained leucogranites
(MCMURRY et al., 2015), acting as a divide for Santana Creek (SE portion); Serra de Sao José Group - quartzites,
metavolcanic rocks, marbles, and gneisses (E portion); Sao Joao do Sabugi Intrusive Suite - gabbroid compositions
(PINEO et al., 2020; CAVALCANTE, 1999).

Sedimentary formations, such as the Pendéncias and Antenor Navarro Formations, are notable for their
elevation (~320 m) and composition. These occur in the SSW portion of the massif, in contact with the Catingueira
Intrusive Suite and the Jaguaretama Complex basement. They comprise arkosic sandstones, polymictic
conglomerates, and are overlain by alluvial deposits of the Capim River Formation (Figure 2) (PINEO et al., 2020).
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3. Methodology

3.1. Geomorphological characterization

The geomorphological characterization of the Pereiro Massif was conducted through a combination of
fieldwork, literature review, and GIS tools to process data from the FABDEM - COPDEM30 enhanced imagery,
which involved the removal of buildings and forests (HAWKER et al., 2022). This process enabled the creation of
various products, including a hillshade for enhanced identification of topographic variations, slope maps for
gradient assessment, and kernel density analyses to identify structural lineament hotspots. These lineaments were
extracted from the images using the PCI Geomatics application and mapped at a 1:150,000 scale.

The integration of analyses derived from geomorphological characterization, erosion rates using in situ-
produced “Be, and OSL dating methods, along with morphometric analysis, was performed using ESRI ArcGIS
software. This integration resulted in the generation of additional products, including hydrographic basins,
drainage patterns, topographic profiles, and flow direction maps, among others. Collectively, these resources
provide a comprehensive and detailed framework for understanding the key factors influencing the evolutionary
processes of the Pereiro Massif.

3.2. Cosmogenic Isotopes —°Be

In situ-produced °Be is widely used in quartz-rich environments to quantify denudation rates and landscape
dynamics over timescales of 10°-10° years, across diverse geomorphic settings (GRANGER et al, 2013;
PORTENGA; BIERMAN, 2011; CODILEAN et al., 2018, 2022). In river basins, it effectively links sediment flux to
catchment-scale erosion (BROWN et al., 1995; BIERMAN; STEIG, 1996; GRANGER et al., 1996). Basin-wide
denudation rates were estimated by measuring °Be concentrations in riverbed quartz, assuming fluvial sediment
represents erosional dynamics across the sampled catchment (VON BLANCKENBURG, 2005, 2014; GRANGER;
SCHALLER, 2014).

Converting in situ-produced “Be concentrations into basin-wide erosion rates assumes that the fluvial
sediment is representative of the erosional dynamics across the entire sampled catchment (GRANGER et al., 1996).
Surface production rates and shielding correction due the surrounding topography were determined using scaling
scheme by Stone (2000) and shielding formalism by Dunne (1999), applied for each pixel of digital elevation grids
using in-house MATLAB scripts and those from Balco et al. (2008). Stone scaling factors for spallation were derived
using a grid of 30 m resolution, while topographic shielding was derived using a grid of 90 m resolution and a 15°
step angle. This gridded approach allows spatially integrating topographic shielding and scaling factors for the
cosmogenic production due to high energy neutrons (Pn, latitude-elevation dependent; STONE, 2000) as well as
fast and stopping muons (P;s and Py, elevation dependent only; BRAUCHER et al. 2011).

Basin-wide and local erosion rates were calculated, using the following equation:

. -D -D
N(D,t) = Fu . (1 — e“(’”ﬂlf)t) 1 i 1— e_(“ﬁ_.us)t 1 L 1— g_(Mi?)t

1+£2 a+£2 2 a+2 2 M
An Ays Aug

where N corresponds to the nuclide concentration as a function of the rate of denudation (D, g cm-2 yr), for the

case of a steady-state erosion and cosmic ray irradiation after a long time (¢t > /11_D”’ e.g., LAL, 1991).
+2p
A

In this equation An, Aus, Ayf are the effective apparent attenuation lengths of neutrons (160gcm2), slow muons
(1500gcm?2), and fast muons (4320 g-cm?2), respectively (BRAUCHER et al., 2011). A is the radioactive decay constant
of 1Be, and p (2.3+0.2 g-cm?) is the surface material densities. The results are presented in Table 5.

The sampling strategy was designed to analyze small basins with areas of 118.58 km? (VCS02), 1,353.71 km?
(VCS03), 719.85 km? (VCS04), and 596.92 km? (VCS06), encompassing the slopes of the Pereiro Massif to interpret
erosion evolution trends within the massif and correlate these denudation data with other morphometric and
lithostructural parameters.

The chemical preparation of samples was conducted at the Laboratory of Cosmogenic Nuclides at the
University of Vermont, Burlington, USA. Initially, mechanical and chemical procedures such as grinding, sieving,
and preliminary mineral elimination were performed (CORBETT, BIERMAN & ROOD, 2016). Subsequently, the

Revista Brasileira de Geomorfologia. 2025, v.26, n.1; €2583; DOI: http://dx.doi.org/10.20502/rbg.v26i1.2583 https://rbgeomorfologia.org.br/



Revista Brasileira de Geomorfologia, v. 26, n. 1, 2025 7

samples underwent a chemical process involving the removal of meteoric °Be, the addition of °Be using a carrier
solution prepared at the University of Vermont with a concentration of 304 ug-mL™ (1.673 x 10'° atoms added),
complete quartz dissolution, evaporation, precipitation, elimination of metallic cations and anions, and oxidation.

In situ-produced °Be measurements were carried out at the PRIME Laboratory in California, USA. The
samples were normalized to the °Be/°Be ratio using the standard 07ZKNSTD3110, with an assumed ratio of 2.850 x
105 (NISHIIZUMI et al., 2007) and a °Be half-life of 1.387 + 0.012 Myr (KORSCHINEK et al., 2010; CHMELEFF et
al., 2010). The reported analytical uncertainties (expressed as 10) included uncertainties associated with AMS
counting statistics, the 0.5% AMS internal error (ARNOLD et al.,, 2010), and errors measured through the blank
sample.

3.3. Optically Stimulated Luminescence — OSL

Optically Stimulated Luminescence (OSL) has been widely applied in geological and geomorphological
studies (HUNTLEY et al., 1985, 1996; SAWAKUCHI et al., 2016) due to its ability to estimate burial ages dating
back to the Quaternary period. This capability provides a foundation for analyzing erosional processes associated
with paleoclimates (LIMA; PEREZ FILHO, 2020; LISTO et al., 2023) and neotectonic activity (GURGEL, 2013;
GOUVEIA; SOUZA, 2015).

Five OSL samples were selected (Figures 1 and 11) based on toposequence criteria (DRUMOND et al., 1996)
and stratigraphic breaks in colluvial deposits (GURGEL, 2013). Sample locations were identified using FABDEM
imagery (HAWKER et al., 2022), cross-referenced with georeferenced geological formation data (PINEO et al.,
2020), and verified for accessibility using ESRI ArcMap. Samples VCSLOE-02 and VCSLOE-03 were collected from
the western portion within colluvial deposits at the base of the escarpment; VCSLOE-04 from colluvial deposits
overlying the gabbroid suite; and VCSLOE-05 and VCSLOE-06 from colluvial deposits on the sediment surface of
the Nazaré River. These samples aimed to assess paleoclimatic influences on colluviation in the Pereiro Massif
during the Late Pleistocene.

OSL sample collection followed the technical specifications outlined by Sallum et al. (2007). Aluminum tubes
(30 cm long and 10 cm in diameter) were used for sample extraction. The tubes were inserted into the ground after
removing 50 cm of surface material to prevent sunlight exposure, ensuring that the in situ luminescence signal
remained intact.

Equivalent doses (De) were measured at Datacao™ Laboratory (Sdo Paulo, Brazil) using the Single Aliquot
Regeneration (SAR) protocol (AITKEN, 1998; MURRAY; WINTLE, 2000 WALKER, 2005). Samples underwent
chemical pretreatment to remove organics and carbonates, followed by granulometric separation (100-160 um
fraction). These fractions were exposed to solar radiation and cobalt-60 for calibration. The SAR protocol mitigates
grain sensitivity variations by generating multiple aliquot ages (WALLINGA et al., 2000).

Dating employed the Central Age Model (GALBRAITH et al., 1999), with 10 aliquots per sample. Preheat and
cut-heat temperatures were set to 200°C and 160°C, respectively. Luminescence signals were integrated over 1-
5/240-250 channels (20-second total read time, 250 channels at 12.5 channels/sec). Background subtraction used the
last 10 channels (0.8 s) from the initial 0.4 s (5 channels) of signal (AITKEN, 1998; MURRAY; WINTLE, 2000).

Recovery and recycling tests were conducted, with all aliquots yielding values within the SAR analysis
standard range of 0.9 to 1.1 (MURRAY; WINTLE, 2000; WALKER, 2005) (Figure 12). Statistical modeling was also
performed, where the Equivalent Doses (De) were analyzed using radial and density plots, considering individual
uncertainties. The Central Age Model was then used to determine the average age, incorporating dispersion values
(GALBRAITH; GREEN, 1990; SILVERMAN, 1990).

Annual dose rates for each sediment sample were calculated by determining the concentration of
radioisotopes (thorium, uranium, and potassium) using gamma spectrometry (GUERIN et al, 2012).
Measurements were obtained with a Nal (T1) detector (models 802-2 and 727, Canberra Industries Inc.). Conversion
factors were applied based on sample parameters, including depth, grain size, water content, and geographic
coordinates. The cosmic ray contribution was estimated using the equations of Prescott & Hutton (1994).
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3.4. Morphometric Analysis

This study applied morphometric analyses based on geometric parameters (form factor, compaction ratio,
circularity index, basin area, and perimeter), topographic parameters (elevation, slope, average ksn, total
knickpoints), and hydrographic parameters (drainage patterns, magnitude, flow direction, channel length, river
elevation range, drainage density). These parameters serve as indicators of structural control and the potential
occurrence of recent tectonic activity (TEODORO et al., 2007). All hydrographic and topographic parameters were
extracted from DEM FABDEM V1-2. The geometric parameters were calculated based on Tucci (2000), where the
Form factor (Kf) is defined by the quotient of the area of the basin (A) and the length of the main river (L).

Kf=A/L? @)

The Compaction ratio (Kc) is defined by the quotient of the perimeter (P) of the basin and the square root of
its area (A) as a function of the constant 0.28.

Kc=028+P /VA 3)

The Circularity (Ic) is characterized by the quotient of the area of the basin (A) and the perimeter (P) squared
as a function of the constant 12.57.

Ic=12,57+A/P2 4)

These parameters are fundamental for drainage analysis, particularly when using the Slope vs. Length Index (SL),
which helps detect anomalies in the longitudinal river profile. This index is a key tool for identifying processes
associated with neotectonic activity (HACK, 1973; SILVA et al., 2006).

Since the SL index is based on a semi-logarithmic relationship, it assesses slope reductions along river channel
sections. The total SL index was calculated using the altitude variation (AH) from the spring to the river mouth,
divided by the natural logarithm of the main river length (L):

SL=AH/Logl ()

The SL per section was calculated using 2 km intervals along each river. The index was determined by
multiplying the total river length (L) by the ratio of the elevation difference between the start and end of each
interval (AH) to its length (AL).

SLs = (AH/AL)L (6)

The resulting SL values typically range from 0 to 2, indicating equilibrium, 2 to 10 for second-order anomalies,
and above 10 for first-order anomalies (ETCHEBEHERE, 2006) (Figure 9).

In addition to topographic characteristics, the river geometry — reflecting climatic and tectonic forces,
variations in base level and sediment transport, and differences in bedrock erodibility — was also analyzed
(SCHWANGHART; SCHERLER, 2017). For this purpose, the ksn metric, based on a fixed reference concavity index
(Ory), was employed (KIRBY; WHIPPLE, 2012; WOBUS et al.,, 2006), and knickpoints were identified using the
drainage network extracted from FABDEM V1-2, applying a hydrographic gradient of 1000 and a vertical drop
(dz) of 30 (PEYERL et al., 2023).

The ksn parameter is a channel gradient metric corrected for variations in drainage area (WHIPPLE et al., 2017;
WOBUS et al., 2006). High ksn values indicate elevated denudation rates, tectonic uplift, or greater rock erodibility,
whereas low ksn values suggest the opposite (PEIFER; CREMON; ALVES, 2020; WHIPPLE et al., 2017).

The ksn was derived from channel slope and drainage area (slope-area or S-A) data obtained from FABDEM
V1-2 using the gradient algorithm in TopoToolbox (SCHWANGHART & SCHERLER, 2014) for MATLAB R2023b,
with 0r=0.45 (WOBUS et al., 2006; KIRBY; WHIPPLE, 2012). The average ksn values were then determined for each
sampling catchment.
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4. Results

4.1. Geomorphological characterization

Contiguous areas influenced by tectonic and lithological structures were grouped based on morphological
similarities (SAADI et al., 2005; CORDEIRO; BASTOS; MAIA, 2018), leading to the classification of the massif’s
morphology into two main units: the High Surface and Low Surface. These units are further subdivided into
smaller subunits, as illustrated in Figure 4.

The Pereiro Massif includes a Dissected Plateau, corresponding to the geomorphological unit occupying its
highest sector. This region ranges in elevation from 600 m to the highest peaks (876 m) and is predominantly
composed of monzogranites, granodiorites, and porphyritic granites. Elevated sectors of the massif also feature
Planation Surfaces, marked by gabbroid suites at the summit of Pereiro, which exhibit a morphology distinct from
surrounding structures.

The East Sideslope ranges in elevation from 400 to 600 m, with peaks reaching 700 m where the eastern
escarpment rises. This escarpment features slopes exceeding 45°, forming the watershed divide between the
Nazaré River and Santana River (Figure 4). Topographically, this unit exhibits slightly steeper slopes than the
Dissected Plateau, with an average gradient of ~12°. Its undulating terrain follows a predominant NE-SW
orientation (Figure 5), particularly evident near the Nazaré River sedimentary basin. Steep slopes are prominent
on hillsides adjacent to the Sertaneja Surface, reflecting a stair-step topographic pattern at multiple elevations.
Similar patterns occur in other Borborema Province massifs, such as the windward slopes of the Baturité Massif
(BETARD; PEULVAST, 2011).
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Figure 4. Geomorphological context of Pereiro Massif. DEM from FABEDEM (HAWKER et al. 2022); CPRM (2020);

IBGE (2020).
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stepped terrains in yellow, orange, and red. Data sources: CPRM (2020); IBGE (2020); DEM from FABDEM

(HAWKER et al., 2022).

The West Sideslope, a transitional zone between the Dissected Plateau and the central Sertaneja Surface of
Ceara (CE), exhibits distinctive NE-SW-oriented elongated features influenced by the Jaguaribe Shear Zone. This
unit is associated with dendritic drainage patterns flowing toward the Jaguaribe River.

In geological terms, this unit primarily consists of Statherian granites from the Serra do Deserto Suite,
Ediacaran monzogranites from the Catingueira Suite, and granitoids from the Itaporanga Suite, which also form
part of the Pereiro Massif. Additionally, granitoids from the Dona Inés Suite are present.
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Figure 6. A. Lineaments identified in Pereiro Massif, contextualized with elevation ranges; B. Lineament density

(km/km?). DEM from FABDEM (HAWKER et al., 2022).

The Cretaceous sedimentary basins of the Icozinho and Nazaré rivers are characterized by flat reliefs within
the Pereiro Massif. Castro and Castelo Branco (1999) identify these basins as part of the Cariri-Potiguar trend
(Matos, 1992), originating during the second syn-rift phase (Lower Barremian) of the South Atlantic system. Intense
NW-SE crustal stretching during this phase generated NE-SW-oriented intracratonic sequences through
distensional deformation (MATOS, 1992).

Basin geometry in this trend is defined by half-grabens separated by basement faults, transfer faults, and/or
accommodation zones (CASTRO; CASTELO BRANCO, 1999). Sediments of the Nazaré River (Figure 4) reflect
deposition from lateral retreat within the graben, driven by Cretaceous reactivations that formed horsts and semi-
horsts via tectonism along the Ords-Jaguaribe fault system and Apodi transfer fault (PEULVAST et al., 2006). The
basin’s lithological substrate comprises sandstones, shales, and limestones of the Pendéncias Formation.

The Low Surfaces include the Denudation Surfaces (Sertaneja Surface and Flat Sedimentary Low Surfaces,
situated atop the Cretaceous basins of the Iguatu and Peixe Rivers) and the Accumulation Surfaces (fluvial plains).
The Sertaneja Surface surrounds the Pereiro Massif and represents Neogene denudation. It is characterized by
elevations below 300 m and features residual landforms such as ridges, hills, and inselbergs, which originated from
erosional processes acting on Neo- and Paleoproterozoic granitoids and quartzites (PEULVAST; CLAUDINO
SALES, 2004).

Across its extent, the Sertaneja Surface exhibits landforms dissected by major river channels, leading to the
formation of floodplains and terraces composed of alluvial deposits that include sandstones, shales, and silts. The
main channels of the Salgado, Jaguaribe, and Apodi-Mossord Rivers, the most significant rivers in the study area,
are located within this unit. Additionally, tabular Cretaceous coverings from the Peixe, Iguatu, and Apodi River
basins are present, formed through evolutionary processes involving graben and horst systems during Cenozoic
reactivations (MAIA; BEZERRA, 2020).

Revista Brasileira de Geomorfologia. 2025, v.26, n.1; €2583; DOL: http://dx.doi.org/10.20502/rbg.v26i1.2583 https://rbgeomorfologia.org.br/



Revista Brasileira de Geomorfologia, v. 26, n. 1, 2025 13

4.2. Morphometric Analysis

The morphometric data for each analyzed river basin are presented in Table 1. The Compaction Ratio (Kc),
Form Factor (Kf), and Circularity Index (CI) suggest that these units have a lower propensity for flood formation,
indicating elongated and irregularly shaped basins. In such basins, rainfall tends to be distributed unevenly,
leading to variations in infiltration rates and saturation times, which influence runoff formation and increase the
concentration time of flow in the main channel (TUCCI, 2000).

The VCSO02 basin, with Kc and Kf values of 1.55 and 0.19, respectively, suggests a greater degree of
circularity and, consequently, higher capacity for flow, entrenchment, and denudation. The VCS04 and VCS06
basins exhibited the highest number of knickpoints, which indicates geological conditions or processes modifying
erosive rates, such as contrasting lithologies, base-level changes, or active structures (PEYERL et al., 2023).

In terms of drainage patterns, a predominance of dendritic patterns is observed (Figure 7). In the elevated
zones of the Pereiro Massif, there is a notable correlation between drainage and negative lineaments, with a
prevailing NE-SW and NW-SE orientation.

Table 1. Mophometric analysis results.

Parameters Basin VCS02 Basin VCS03 Basin VCS04 Basin VCS06
Drainage area (km?) 118.6 1,353.7 719.9 596.9
Perimeter (km) 60.1 267.0 174.0 181.7
Compaction ratio (Kc) 1.55 2.03 1.82 2.08
Form ratio (Kf) 0.19 0.50 0.22 0.16
Circularity index (CI) 0.41 0.24 0.30 0.23
Drainage patterns Dendritic Dendritic Dendritic Dendritic
Orientation West South Northeast ~ N- Northeast
Order of magnitude 3 5 5 5
Mean flow direction (degrees) 5.2° 2.1° 6.1° 8.9°
Mean slope (degrees) 10.06° 5.27° 8.13° 8.65°
Max slope (degrees) 62.54° 67.13° 50.39° 60.06°
Min river elevation (m) 179 251 183 95
Max river elevation (m) 568 347 439 544
Elevation range (m) 389 96 256 449
Total channel lenght (km) 118.5 982.25 693.32 600.11
Main river lenght (km) 21.02 52.01 57.15 60.46
Drainage density (k/km?2) 1.00 0.98 0.96 0.95
Average ksn 35.19 9.53 19.98 21.05
Knickpoint quantity 26 14 40 36

In addition to the dendritic pattern, a significant occurrence of rectangular/trellis drainage is observed,
primarily in areas with residual ridges on the drier western slope. Subparallel drainage patterns dominate the
Eastern Sideslope region, particularly near the confluence of drainage systems into the Nazaré River. A radial
drainage pattern is evident upstream of basin VCS06, coinciding with the Gabbroid Planation Surface.
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c. Subparallel; d. Dendritic. Data sources: IBGE (2022); DEM from FABDEM (HAWKER et al., 2022).

Flow orientation (Figure 8) in basin VCS03 is notable for its lower average angle compared to other basins,
reflecting its location on the Sertaneja Surface and gentle average slope (5.27°).
Basin VCS06 distinguishes itself with a significantly higher elevation range (average amplitude: 449 m),

exceeding the second-highest basin (VCS02) by 60 m.

The SL method categorizes the analyzed rivers as being in "equilibrium", as indicated by SLt/SL values (Table
2; Figure 9), with all results below 2 (ETCHEBERE, 2006).

VCS02 Basin i _—
!5_7____qu5" direction: 5,2*

VCS04 Basin n_|

——— mean direction: 6,1"

VCS03 Basin

VCS06 Basin

«l_. mean direction: 2,1*

N mean direction: 8,9°

Figure 8. The preferential flow orientation exhibits little variation in the mean runoff direction across the analyzed

basins.
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Table 2. SL total values for the rivers analyzed.
Hmax. H min. AH
Basin River L(km) LognL SL Total
(m) (m) (m)
VCS02 Capim River 568 179 389 21.02 3.23 120.45
VCS03 Peixe River 347 251 96 52.01 3.96 24.22
VCS04 Nazaré River 439 183 256 57.15 4.06 63.08
VCS06 Figueiredo 544 95 449 60.46 4.11 109.13
Min. and max. elevation in the basins (H min (m) / H max (m)) | Elevation range in (AH (m)) | Length of the river (L (km)) |
Natural logarithm of L (LognL)
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Figure 9. Longitudinal river profiles showing SL section results and their quotients relative to total SL.

4.3. Cosmogenic In-Situ Produced Data

Figure 10 presents the denudation rates of the analyzed basins. The basins include VCS06 (Figueiredo River)
in the north, VCS04 (Nazaré River) in the east, VCS02 (Capim River) in the west, and VCS03 (Peixe River) in the
south.
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Figure 10. 1°Be samples location, river/erosion basins. Hydrological context with the length of each main river of the

basins. IBGE (2022); CPRM (2020); DEM from FABEDEM (HAWKER et al., 2022).

Table 03 shows the values used in the denudation rate calculations. Among the sampled basins, VCS02 and

VCS03 have the smallest and largest areas, respectively (118.58 and 1353.71km?), while basins VCS04 and VCS06
have the highest average slopes (150.70 and 164.96m/km).

Table 3. Basin areas, slopes, and total relief for the studied samples.

Av
Sample H. H. . Av. M. Av. Av. :
p  MSlope o Max R OA g G5 SES P Pn Ms
VCS02  17.82 200 870 670 11858 454 09965 0.8473 959.86 339  0.014 0.044
VCS03 8417 247 860 613 135371 355 0.9992 0.7823 97133  3.14  0.014 0.043
VCS04 15070 178 832 655 719.85 446 09983 0.8413 960.81 338  0.014 0.044
VCS06 16496 107 792 685 59692 357 0.9968 0.7890 971.09  3.16  0.014 0.043

Mean slope (m-km) | H: Elevation Min and Max (m) | TR: Total Relief (m) | Area (km?) | Av. H: Average Elevation (m)
G.S: Geomorphic shielding | S.F.S: Scaling Factor Spallation | Mean Atm. P (mbar) |
Av. Pn: Average Production (at g yr?) | Av. Ms: Average Muons (at g yr?) | Av. Mf.: Average Muons Fast.: (at g yr?)

The values collected for the denudation rates of the basins (Table 04) indicate values of 10.1 + 0.8 m-My!
(VCS03), 12.0 £ 1.0 (VCS02), 14.8+1.2 m-My! (VCS04) and 24.6 + 2.1 m-My (VCS06).
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Table 4. °Be data from Pereiro Massif samples.

Sample Quartz M. °Be 1°B]z;9?3e WBe ©Be Denudation Unlge.rrt::enty In.tegration Un?ertainty
ID Mass  Add.* RU C. CU rate (m-My") (m-My~) Time (yrs) I Time (yrs)
VCs02 2036  0.8337 9.36E-15 2271 7.69%4 12.0 1.0 54.049 4.352
VCSs03 20.12  0.8327 1.03E-14 2485 8.557 10.1 0.8 64.068 5.174
VCS04 20.18  0.8345 8,87E-12 186.6 7.357 14.8 1.2 43.953 3.649
VCS06 20.09  0.8341 6,15E-12 1108 5.124 24.6 2.1 26.761 2.314
BLK - - - - - - - - -

M. °Be Add.: Mass of °Be Added (g) | B-C “Be/?Be R.: Background-Corrected ’Be/*Be Ratio

10Be C.u.: YBe Concentration Uncertainty (atoms g-1) | *9Be was added through a carrier made at University of Vermont
with a concentration of 304 pg ml-1.

*9Be was added through a carrier made at University of Vermont with a concentration of 304 pg ml-.

**Isotopic analysis conducted at PRIME Lab.; Ratios normalized against standard 07ZKNSTD3110 with assumed ratio of
2850 x 10-15 (NISHIIZUMI et al., 2007).

***Propagated analytical uncertainties, 6% uncertainty on Sea-Level, High-latitude Production rate and 4% on surface
material density (2.4+0.1)

4.4. Optically Stimulated Luminescence — OSL

Regarding the OSL samples, the location of the colluvial deposits and the values obtained are shown in Figure
11. The results of the samples (Table 5) indicate ages preferably related to the Holocene, ranging from 11.8Ky to
4.6Ky, with one sample dating from the Late Pleistocene period (14.06KYy).

Table 5. OSL — SAR sample ages for Pereiro Massif.

Equivalent Dose Information

Sample  ADR (uGy) Dt(Gy) ED (Gy) OD (%) Aliquots Age (y)

VCSLOE 02  8,150+200 2,7 379+26 16+4 10/10 4,645+335
VCSLOEO03  3,490+130 3,6 413+22 9%2 10/10 11,835+760
VCSLOE 04  3,370+120 2,7 474+29 13+3 10/10 14,060+975
VCSLOE 05  4,680+150 3,6 55.2+3.7 15%4 10/10 11,805+875
VCSLOE 06 4,700+140 2,7 55.4+33 133 10/10 11,785+£790

ADR - Annual dose rate | Dt - Dose test | ED - Equivalent dose | OD - Overdispersion
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Figure 11. OSL sample locations and measured ages. DEM from FABDEM (HAWKER et al., 2022).

The samples exhibited average values of 3.342ppm for Uranium (U), 11.18ppm for Thorium (Th), and 3.26%
for Potassium (K). These values are characteristic typically indicate compositions rich in silica, such as feldspars
and apatites (TUDELA et al., 2011).

Table 6. OSL — SAR sample ages for Pereiro Massif.

Field Information Dose Rate Information
Samble H Coordinates Depth U Th K WC DR CDR
P (m) E N (m)  (ppm) (ppm) (ppm) (%)  (mGylyn (uGylyr)

VCSLOE 02 224 549915 9329685 1,5+0,15 7.4+04 28.7+0.9 4.3+0.1 09+0.1 8.1+0.2 160+20
VCSLOEO03 503 554280 9331828 1,5+0,15 2.7+0.2 8.3+0.3 2.2+0.1 3.1+0.3  3.50.1 170+£20
VCSLOE (04 560 555280 9322542 1,5+0,15 1.4+0.1 3.2+0.2 2.6+0.1 0.0+0.0 3.320.1 180+20
VCSLOE 05 422 560472 9307063 1,5+0,15 1.9+0.1 4.6+0.2 3.00.1 0.9+0.1 4.7+0.1 170+20

VCSLOE 06 415 570235 9319605 1,5+0,15 3.3+0.2 11.1+04 3.0+0.1 0.00.0 4.7+0.1 170+20

H - Elevation (m) | U - Uranium | Th - Thorium | K - Potassium| WC - Water content | DR — Dose rate | CDR - Cosmic dose rate |

Figure 12 shows the results of the dose recovery tests in a diagram with their corresponding Galbreith radial
plots, highlighting the consistency of the data obtained for the OSL ages, as all the aliquots measured are between

0.9 and 1.1, i.e. less than 10% variation.
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Figure 12. Recycling and recovery dose test results plotted on Galbraith’s Radial Plot for all OSL samples.

5. Discussion

The lithological configuration of the eastern Pereiro Massif —comprising porphyritic granites, diorites,
gabbros, gneisses, and quartz-biotite assemblages —suggests that denudation processes have generated a stepped
geomorphological pattern due to differential resistance among lithologies. Prominent features, such as the eastern
scarps, persist as remnants of more resistant lithotypes. These scarps, as proposed by Peulvast et al. (2006), likely
represent residual structures of Ediacaran horst systems formed during syn-orogenic uplift.

The Serra do Deserto Granites associated with the dissected plateau and the eastern escarpment suggest that
this magmatic suite acts as a barrier against regressive erosion, preserving the elevated features observed in the
Pereiro Massif. These findings align with conclusions by Cordeiro (2017) regarding the evolution of the Quincunca
Massif, another granitic body in the northern sector of the Borborema Province.

The planation surfaces within the Gabbroid Suites (Figure 4) —characterized by mafic composition, phaneritic
texture, medium-to-coarse grain size, and low quartz/silica content—suggest their morphology results from
greater vertical lowering relative to the adjacent, more resistant Ediacaran granites. This interpretation matches
observations by Cordeiro (2017) in the Quincunca Massif (CE), where a lowered tabular gabbroid surface occupies
the central portion of the massif, surrounded by higher granitic terrains, and in the Pedra Aguda Inselberg (CE), a
granitic dome encircled by erosive gabbroid surfaces (BASTOS; CORDEIRO, 2021). These features indicate
elevation reduction due to mechanical erosion processes, attributed to the lower resistance of gabbros and diorites
composing these suites (CORDEIRO; BASTOS; MAIA, 2018). Consequently, this resulted in flat relief within the
dissected plateau’s broader topography.

Another notable characteristic of this unit is its correlation with springs in microdrainage basins. This
correlation implies that erosional processes acting on the less resistant gabbroid suites caused pronounced vertical
lowering and marginal retreat compared to surrounding lithotypes, forming planar surfaces. Bastos and Cordeiro
(2021) emphasize a direct link between mineral composition and the morphological evolution of granitic exposures
at regional scales. They further note that crystal size directly influences erosion rates, with porphyritic granites
being less resistant to disintegration than haplogranites.
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The denudation values for the basins indicate more intense denudation in the northern and eastern parts of
the massif. In basins VCS04 and VCS06, erosion rates were 14.8+1.2 m-My! and 24.6+2.1 m-My, respectively, while
basins VCS02 and VCS03 exhibited the lowest sampled rates (12.0£1.0 m-My! and 10.1+0.8 m-My). These results
suggest greater lithological resistance to erosion in the western and southern regions of the Pereiro Massif. The
denudation rates derived from in situ °Be are integrated over a Late Pleistocene timescale, spanning 27+2 to 64+5
kyr.

The lowest denudation rate in the VCS03 basin (10.1+0.8 m-My') may reflect its topographic context,
characterized by lowered sectors that promote erosive stabilization along the longitudinal profile (Figure 12). In
contrast, basins VCS02, VCS04, and VCS06 are situated on steeper slopes of the massif, where gravitational
instability drives higher denudation. The highest rate in VCS06 (24.6+2.1 m-My") likely results from lithological
diversity, structural lineament density (Figure 6), and enhanced fluvial dissection.

When comparing denudation rates to morphometric parameters, basin VCS02 shows the highest average
slope (10.06°) and normalized steepness index (ksn=35.19), yet its denudation rate (12.0+1.0 m-My!) is the second
lowest. This discrepancy may reflect the greater resistance of Itaporanga Suite granitoids.

Basin VCS03, with the lowest denudation rate (10.1+0.8 m-My!), aligns with its gentle slopes (5.27°), low ksn
(9.53), and minimal knickpoints (14), consistent with stabilized morphodynamics on lowered surfaces.

Basin VCS04, draining the eastern massif, has the second-highest denudation rate (14.8+1.2 m-My), the most
knickpoints (40), moderate slope (8.13°), and ksn (19.98). These features reflect lithological variability and NE-
trending structural controls.

Basin VCS06, in the northern massif, records the highest denudation rate (24.6+2.1 m-My!), moderate slope
(8.65°), ksn (21.05), and abundant knickpoints (36), likely due to NE structural deformation and lithological
heterogeneity.

The denudation rates determined by in situ produced °Be for the Pereiro basins (ranging from 10.1 + 0.80 to
24.6 £ 2.10 m-My") indicate slow to moderate rates of denudation. These values are consistent with those observed
in other passive margin landscapes. Linari et al. (2017) reported erosion rates ranging from 5.4 to 49 m-My! in the
central portion of the Appalachian Blue Ridge chain. Similarly, the Great Smoky Mountains exhibit rates between
5 and 48 m-My! (MATMON et al., 2003). In Namibia, erosion rates range from 1.51 to 14.6 m-My! (BIERMAN;
CAFFEE, 2001; BIERMAN et al., 2007), while the Potomac and Susquehanna regions show rates between 2.8 and
66 m-My! (DUXBURY et al,, 2015). In Australia, erosion rates range from 8.3 to 51.9 m-My! (HEIMSATH et al.,
2006), whereas Madagascar displays rates from 5.8 to 22.3 m-My! (COX et al., 2009).

In comparison, studies in active margin zones typically report much higher erosion rates than those observed
in passive margins. For example, Palumbo et al. (2011) documented rates of 833 + 68 m-My! in the Qilian Shan
region (northeastern Tibet), while Portenga et al. (2015) recorded rates as high as 956 + 160 m-My! in western
Bhutan (Himalayas). Similarly, Rossi et al. (2017) reported 353 + 119 m-My! in Sierra San Pedro Martir, Baja
California.

Climatically analogous regions, such as the semi-arid Flinders Ranges (Australia), yield comparable
denudation rates. In the Yudnamutana Gorge Basin, in situ ’Be concentrations in modern alluvial sediments
around granitic inselbergs indicate an average erosion rate of 22.79 + 2.78 m-My! (QUIGLEY et al., 2007).

In the national context, the erosion rate values identified for the Pereiro Massif are consistent with rates
recorded in various regions across Brazil. These rates align with those observed in the Serra do Mar escarpments
(8.1 to 47.7 m-My, SALGADO et al.,, 2014), the basins of Serra dos Orgéos, Mantiqueira, and Serra Geral (13 to 90
m-My, GONZALEZ et al., 2016), the Cristiano Otoni and Sdo Geraldo escarpments (5.21 to 23.7 m-My-!, CHEREM
et al., 2012), the Rio Grande and Paraiba do Sul basins (7.55 to 26.5 m-My, REZENDE et al., 2013), the basins of
the Itajai-Acu, Iguacu, and Uruguai Rivers (3.8 to 58.8 m-My, SORDI et al., 2018), and the basins of the Parana and
Ivai Rivers (6.4 to 10.9 m-My", COUTO et al,, 2018). It is important to note that these regions exhibit distinct
morphoclimatic characteristics when compared to the Brazilian semiarid region.

In the regional context, the erosion rates observed in Pereiro align with those reported by Peulvast, Bétard,
and Lageat (2009) regarding the dissection of the Cariri-Potiguar footwall uplands and the expansion of the
erosional Sertaneja Surface and coastal plains, where erosion rates reach up to <10 m-My", based on
morphostratigraphic analyses. Similarly, Jelinek et al. (2014, 2020) documented erosion rates of 10-30 m-My in
various regions, including the southern Borborema Plateau, Conquista and Jequitinhonha Plateaus, Sertaneja
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Surface, RecOncavo-Tucano-Jatoba Rift, and Diamantina Plateau, derived from apatite fission-track
thermochronology and reflecting long-term denudation rates.

The correlation between erosion rates and the geomorphic data of the basins indicates a consistent pattern.
The data suggest that denudation is more intense in basins with a lower tendency to flooding, such as VCS02,
VCS04, and VCS06, which have elongated and irregular shapes. These basin characteristics imply longer channel
saturation times before overflow occurs, as described by Tucci (2000). In contrast, VCS03, which exhibits a higher
degree of roundness, lower average slope, lower ksn values, and fewer knickpoints, experiences less intense
erosion.

Considering that denudation rates were higher during the Cretaceous rifting period (PEULVAST;
CLAUDINO SALES, 2004) and that the post-rift phase has shown extremely low values at a regional scale
(PEULVAST; BETARD, 2013), indicating slow denudation, Peulvast and Bétard (2021) identified factors that may
explain the slow evolution of the Brazilian Northeast relief and its influence on escarpment formation. These factors
include: (i) Low magnitude of crustal uplift; (ii) Low amplitude and long wavelength of crustal deformation in
initially flat terrain, favoring morphological resistance (BRUSDEN, 1993); and (iii) High lithological resistance of
basement rocks (granites and orthogneisses) and sedimentary basins (sandstones and limestones) to weathering
processes, leading to the preservation of residual reliefs at high elevations.

The Sideslope East exhibited the highest erosion rates in the eastern and northern basins (VCS04 and VCS06,
with 14.8 + 1.2 m-My! and 24.6 + 2.10 m-My", respectively). These areas have average slopes of 8.13° and 8.65°,
with some locations exceeding 60°. The presence of various lithological compositions, including orthogneisses,
paragneisses, granodiorites, and schists, covering over 42% of the area, makes these slopes less resistant compared
to the granites of the Itaporanga Suite (BASTOS; CORDEIRO, 2021). This lower resistance likely explains the higher
erosion rates observed in this area, along with the observed NE-SW lateral retreat, which indicates a faster
evolution of the terrain in this orientation, in correlation with the windward section of the massif.

Although the VCS02 basin has the highest average slope (10.06°) and overall SL inde, it exhibits the second-
lowest erosion rate (12.0 + 1.0 m-My). This discrepancy may stem from its small basin area (118.5 km?) and short
main river length (21.02 km), resulting in a drainage network with lower capillarity and erosive capacity relative
to the rocky substrate. This substrate, composed of 74% Ediacaran granites from the Itaporanga Suite, dominates
the dry slope area of the basin.

In contrast, the VCS03 basin has the lowest erosion rate (10.8 + 0.8 m-My!), gentler slopes (5.27°), a larger area
(1,354 km?), and a longer main river (52.01 km). Its lithology includes gneisses, schists, sandstones, and limestones
from the Antenor Navarro and Santana Formations, significantly influenced by the Portalegre Shear Zone.

The VCS04 and VCS06 basins share similar morphometric parameters, with areas of 719 km? and 596 km?,
average slopes of 8.13° and 8.65°, and river lengths of 57.15 km and 60.46 km, respectively. The key difference lies
in their elevation (256 m vs. 449 m), which, combined with the high total SL index of VCS06 (109.13), may explain
its higher denudation rate. The elevated SL index indicates greater river power, likely contributing to enhanced
erosional efficiency.

In absolute terms, while the Capim River is the shortest, the Peixe, Figueiredo, and Nazaré Rivers are 2.5, 2.7,
and 2.9 times longer, respectively, with basins 11.5, 6.0, and 5.0 times larger. However, these dimensions alone do
not directly correlate with denudation rates. For example, the lowest rates (VCS02: 12.0+1.0 m-My-'; VCS03: 10.8+0.8
m-My") correspond to the smallest (Capim River) and largest (Peixe River) basins, yet their rates are statistically
similar within uncertainty limits. The denudation rates of VCS02 and VCS03 are only 1.2 and 2.0 times lower than
those of VCS04 and VCS06, respectively. Thus, these values must be contextualized with geological, climatic, and
morphometric factors to be fully understood.

The erosion rates recorded for the Pereiro Massif align with the proposed evolutionary model for Jaguaribean
terrains (CAVALCANTE, 1999), particularly the Ediacaran granite suites found in Central Ceara and Rio Grande
do Norte. These rates highlight the role of Cretaceous and Cenozoic reactivations as drivers of morphogenetic
processes in the massifs, shaped by paleoclimatic fluctuations during alternating interstadial and stadial stages.

Since the Neogene, regional semi-aridity has been the dominant climate (MORAIS NETO et al., 2005; HARRIS;
MIX, 2002), punctuated by wetter intervals (BEHLING et al., 2000; WANG et al., 2004). Consequently, both current
and past climatic conditions are critical to understanding the evolution of the morphological features observed in
the Pereiro Massif.
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The semiarid context of the study area is characterized by significant annual rainfall irregularities, which are
influenced by regional orographic factors. In this setting, the presence of eastern windward slopes is a common
feature in the massifs of the Borborema Province, where wetter conditions prevail. This pattern is also observed in
the Pereiro Massif, where the eastern sector receives an average annual rainfall of 1,097 mm (CEARA, 2017). This
rainfall distribution influences soil formation, vegetation cover, and denudation rates, which tend to be higher in
drier (leeward) sectors.

The OSL age results from the Pereiro samples suggest important colluvial deposition periods associated with
climatic variations between the Last Glacial Maximum (LGM) and the Younger Dryas, covering Marine Isotope
Stages 1 and 2 (MIS 1 and 2). This period is marked by phases of increased humidity in the Brazilian Northeast
(ZHANG et al.,, 2017; VENANCIO et al., 2020; AULLER; SMART, 2001).

It can be inferred that the transition to colder and drier paleoclimatic conditions intensified erosion processes,
leading to colluvium deposition on the massif’s slopes. These hypotheses align with findings from studies on
alluvial and aeolian deposits in the post-Barreiras portion of the northeastern coast (TUDELA et al., 2011; ROCCA
et al., 2012; XIMENES NETO et al.,, 2024) and fluvial terraces in the Parnaiba Basin (SAWAKUCHI, 2016).
Furthermore, it is likely that these deposits are linked to the transition from a wetter phase recorded around 15,000
years ago—associated with Heinrich Stage 1 (HS1) (WANG et al,, 2004)—to a subsequent drier phase, likely
corresponding to the Younger Dryas, which led to the removal of weathering mantles formed during the preceding
humid period.

Considering the potential correlations between sample ages and past global climate changes, the colluvium
in the Pereiro Massif appears to be consistent with the findings of Sallum and Suguio (2010). Their study suggests
that at the onset of arid cycles, such as the one inferred for the Last Glacial Maximum (LGM) (PETIT et al., 1999),
soil layers previously stabilized by leafy vegetation were remobilized, making them more vulnerable to
denudation. This process led to the rapid and intense reworking of sediments deposited on steeper slopes during
the transition to the interglacial period, coinciding with intensified precipitation events in northeastern Brazil
associated with the HS1 and Younger Dryas events (WELLS et al., 1987; BULL; VAN DONIK, 1970). Furthermore,
the mid-Holocene aridification in Northeast Brazil (UTIDA et al.,, 2020) likely played a significant role in this
colluvial deposition process.

The analysis of the SL index indicates that neotectonic structural components do not influence the river
courses, with erosion processes being the predominant factor in shaping their morphologies. In the Pereiro Massif,
fault zones, lithological diversity, and other lineaments act as primary structural controls on river morphology, in
line with the regional geological framework of the Borborema Province (MAIA; BEZERRA, 2020; CORDEIRO;
BASTOS; MAIA, 2018). Drainage systems controlled by structurally unaffected lineaments, not influenced by
neotectonism, exhibit equilibrium in relative drainage energy (SL), characterized by stabilized concave profiles
(Figure 9) and an absence of abrupt topographic breaks in river thalwegs. This hydro-geomorphological behavior
is also observed in other rivers in northwestern Ceara (BELARMINO; BASTOS, 2021).

Regarding the morphostructural aspects in the interpretation of the Pereiro Massif, Gurgel (2012) posits that
neotectonic events played a role in the formation of denudation basins surrounding the massif, such as the Merejo
Basin, and in the lateritic cover, which he considers strong evidence of local tectonic uplift along shear zones that
may have been reactivated during the Cenozoic. According to this interpretation, movement along these shear
zones is the primary morphostructural factor shaping the massif.

However, Peulvast and Bétard (2013) present a different perspective, arguing that the lateritic cover
does not constitute definitive evidence of local uplift, as such features can develop in various altitudinal
and topographic contexts (ROSSETTI, 2004). This reinforces the understanding that the morphological
evolution of the massif does not exhibit significant signs of neotectonic reactivations. Instead, it is plausible to
interpret the massif as a product of structural and lithological constraints, with climatic events, such as the LGM,
HS1, and Younger Dryas, acting as major erosive milestones.

Peulvast and Bétard (2013) also note that displacement rates recorded on active faults in the northeastern
coastal zone, ranging from 0.0075 to 0.01 mm-year’, have accumulated to approximately 180 m of vertical
displacement in the Cretaceous basins of Paraiba (NOGUEIRA; BEZERRA; FUCK, 2010). These values suggest
very subtle and localized neotectonic contributions, which, when considering the formation of ridges and massifs
farther from seismic epicenters, appear insufficient to account for significant morphostructural changes.
Furthermore, the concept of strong neotectonism does not align with the presence of Cretaceous-aged paleo-
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piedmont, which has been exhumed and remains undeformed in the northern portion of the massif (PEULVAST;
CLAUDINO SALES, 2004).

The SL data from the analyzed river channels further support this interpretation of inherited morphologies,
as the absence of first- or second-order anomalies suggests a lack of local neotectonic uplifts. The drainage patterns
appear to be entrenched or parallel to the lineaments, reinforcing the notion that their development is structurally
controlled rather than neotectonically influenced.

Additionally, Peulvast et al. (2006) support the Cretaceous evolution theory, proposing that the eastern and
western sections of the Pereiro Massif can be characterized as part of a horst or semi-horst system, formed by the
tectonic activity of the Ords-Jaguaribe fault system and the Apodi transfer fault to the northeast. According to this
model, the current topographic edges correspond to the external contacts of granitic intrusions, which are found
up to 40 km from the main faults.

6. Conclusion

In summary, the exposure of plutonic bodies in the Borborema Province resulted from the denudation and
reworking of previously orogenic terrains. The denudation processes analyzed through cosmogenic isotopes and
morphometric analyses corroborate earlier interpretations (PEULVAST; CLAUDINO-SALES, 2004; PEULVAST et
al., 2006), which suggest tectonic stability throughout the Cenozoic.

Therefore, it is reasonable to assume that, due to differential erosion and the structural trends imposed by the
Jaguaribe and Portalegre shear zones, the contrast between the marginal metamorphic features and the plutonic
granitoid core of the Pereiro Massif facilitated its exhumation. This exhumation, along with the orientation of
specific punctual and elongated residual ridges, as well as deeply dissected valleys shaped by erosive agents
(CORREA et al., 2010)—particularly the outflows from the northeastern and eastern portions of the massif —
demonstrates the clear structural control over denudation processes that have shaped the relief.

The main uplifts related to the Pereiro Massif are linked to the phases of Pangea's breakup during the
Cretaceous, which generated regional uplifts in the northern sectors of the Borborema Province. Consequently, the
Pereiro Massif can be considered a geomorphological compartment inherited from these uplifts, with its Cenozoic
denudational evolution being primarily controlled by structural lineaments and lithological constraints.
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