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This study assess soil mineralogy and prevailing weathering conditions within
the Palakkad Gap, 22 surface soil samples (0—25 cm depth) were collected based
on geology, geomorphology, lineament patterns, and land use. Samples were
analyzed using X-ray diffraction (XRD; model 600) to determine mineralogical
composition (Moore & Reynolds, 1997). The diffraction patterns indicated the
presence of quartz, feldspar, kaolinite—illite, gibbsite, goethite, mica, chlorite,
calcite, and vermiculite. Quartz and feldspar were interpreted as lithogenic
minerals derived from the parent rock, whereas kaolinite, gibbsite, and goethite
represent pedogenic weathering products formed under variable pH regimes.
Thin-section petrography revealed altered feldspar margins and fractures
infilled with Fe-oxides, indicating early to moderate stages of chemical
weathering. Mineralogical assemblages in the Palakkad Gap reflect the
combined effects of lithology, climate, and geomorphic processes on soil and
landscape evolution (Ollier & Pain, 1996; Birkeland, 1999).
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Penelitian ini menilai mineralogi tanah dan kondisi pelapukan yang dominan di
Palakkad Gap melalui 22 sampel tanah permukaan (kedalaman 0—25 cm) yang
dikumpulkan berdasarkan geologi, geomorfologi, pola kelurusan, dan
penggunaan lahan. Sampel dianalisis menggunakan X-ray diffraction (XRD;
model 600) untuk menentukan komposisi mineral (Moore & Reynolds, 1997).
Pola difraksi menunjukkan keberadaan kuarsa, feldspar, kaolinit-ilit, gibbsit,
goetit, mika, klorit, kalsit, dan vermikulit. Kuarsa dan feldspar diinterpretasikan
sebagai mineral litogenik yang berasal dari batuan induk, sedangkan kaolinit,
gibbsit, dan goetit merupakan produk pelapukan pedogenik yang terbentuk di
bawah rezim pH yang bervariasi. Petrografi irisan tipis menunjukkan tepian
feldspar yang teralterasi dan rekahan yang terisi oksidasi Fe, menandakan
tahap awal hingga sedang pelapukan kimia. Rangkaian mineralogi di Palakkad
Gap mencerminkan efek gabungan litologi, iklim, dan proses geomorfik pada
evolusi tanah dan lanskap (Ollier & Pain, 1996; Birkeland, 1999).
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INTRODUCTION

Soil minerals exert a significant influence
on their surrounding environment, integrating
signals from prevailing climatic conditions
during their formation (Rothacker et al., 2018;
Hack, 2019). These minerals are products of
weathering processes, driven by the combined
action of the atmosphere, hydrosphere, and
biosphere on rock materials, and they serve as
proxies for reconstructing geological history
through soil evolution studies (Mukherjee,
2022). Mineral assemblages in soils may be
authigenic, formed in situ from local bedrock,
or detrital, transported from distant parent
material sources (Mukherjee, 2022).

The mineralogical composition of soils is
a fundamental attribute that governs their
physical, chemical, and biological properties,
thereby influencing agricultural productivity
and ecosystem functioning (Corwin, 2021). Soil
mineralogy not only reflects the characteristics
of the parent material but also provides valuable
insights into past climatic regimes and the
transitions from paleoclimates to present-day
conditions (Geiss et al., 2008). From a
pedogenic perspective, minerals are typically
classified as primary those inherited from the
parent rock with minimal structural or chemical
alteration since crystallization or secondary,
which result from the transformation or
recrystallization of primary minerals via
chemical weathering under ambient conditions
(Wilson, 1999; Dixon & Schulze, 2002).

The occurrence and distribution of
secondary minerals, often clay-sized in nature,
are strongly influenced by seasonal
hydrological variations, water table depth,
topographic setting, and regional geology
(Chamley, 1989). In humid tropical
environments such as Kerala, primary minerals,
typically concentrated in the sand and silt
fractions, coexist with secondary clay minerals
formed through prolonged weathering.
Topographic control further enhances soil
profile development, promoting the formation
of mineralogically diverse horizons that
encapsulate the interplay between lithology,
geomorphic position, and climate-driven soil-
forming processes (Birkeland, 1999).

Thin-section petrographic analysis of
weathered rocks and soil materials is a valuable
approach for assessing the degree and nature of
weathering within pedogenic profiles (Graham
et al., 1994; Stoops & Schaefer, 2018). During
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the weathering process, the particle size of
primary minerals progressively decreases, and
secondary minerals become concentrated
predominantly within the clay and fine-silt
fractions. These secondary minerals include
aluminosilicates, oxides and hydroxides,
carbonates, sulfates, and amorphous phases
(Karathanasis et al., 2005). In soils, such
alteration products frequently occur as
interstratified clays, including kaolinite—illite,
kaolinite—vermiculite, and kaolinite—smectite,
whose formation is closely linked to prevailing
climatic and hydrological conditions.

Soil mineral characterization commonly
employs techniques such as X-ray diffraction
(XRD) (Zhou et al., 2018; Hamed et al., 2021),
as well as thermal, elemental, and optical
analyses (Karathanasis et al., 2005). The XRD
analysis, in particular, is widely recognized for
its ability to provide quantitative mineralogical
data and to reconstruct weathering histories
(Kahle et al., 2002; Hemming, 2007; Chipera &
Bish, 2013). The diffraction pattern of each
mineral exhibits a distinctive arrangement of
reflections, analogous to a unique fingerprint,
allowing precise mineral identification.

This study examines how the geomorphic
characteristics of the low-altitude Palakkad Gap
influence pedogenesis and how its role as a
transitional boundary in atmospheric circulation
between Kerala and Tamil Nadu affects soil
mineralogy The mineralogical assemblage is
primarily governed by the lithology of the
underlying rock formations, while soil series
classification provides a framework for
categorizing the compositional and textural
attributes associated with specific soil-forming
environments.

METHOD
Study Area and Geological Settings

The Palakkad Gap, a prominent
geomorphic feature of the Southern Western
Ghats, represents a low-altitude mountain pass
situated between the Nilgiri Hills to the north
and the Anaimalai—Palni Hills to the south.
Geographically, it extends between
approximately 10°31’ - 10’53’ N and 76'38’ -
77°00’ E, covering an area of about 979.81 km?,
of which 52.4% lies within Palakkad District,
Kerala, and the remainder in Coimbatore
District, Tamil Nadu (Figure 1). The gap
functions as a physiographic and climatic
transition zone, marked by a pronounced
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Figure 1. Location Map of the Study Area with Sample Locations
The Study Area Falls between the States of Kerala and Tamil Nadu

gradient in aridity from the humid western
slopes to the comparatively drier eastern plains
(Hammond, 1964; Verstappen, 1983). The
general elevation ranges from 100 to 280 m
above mean sea level, with the terrain
comprising undulating to rolling plains
interspersed with inselbergs, alluvial plains,
floodplains, and river terraces. This corridor
serves as a critical conduit for atmospheric
circulation between the Arabian Sea and the
Bay of Bengal, influencing rainfall distribution,
soil formation, and land-use patterns in the
adjoining regions (Pike & Wilson, 1971). Its
unique geological setting, underlain by varied
lithologies including charnockite, gneiss, and
granitic intrusions, combined with differential
weathering and erosional processes, makes the
Palakkad Gap an ideal natural laboratory for
studying interactions between geology,
geomorphology, climate, and pedogenesis.

Climate

Climatically, Kerala experiences a humid
tropical regime characterized by high annual
precipitation (~3500 mm) and a bimodal rainfall
distribution associated with both the southwest
(June—September) and northeast (October—
November) monsoons (Gadgil, 2003; IMD,
2020). The mean annual temperature is
approximately 27°C, with relatively small
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seasonal variation due to its low-latitude
maritime setting. In contrast, the eastern sector
of the study area, lying within the western part
of Coimbatore District, Tamil Nadu, exhibits a
hot and sub-humid to semi-arid climate,
receiving substantially lower annual rainfall
(~952 mm) primarily during the northeast
monsoon. On average, Palakkad District
records an annual precipitation of ~2362 mm,
reflecting its position on the leeward side of the
Western Ghats yet still benefiting from
southwest monsoonal inflow through the
Palakkad Gap (Pisharoty & Asnani, 1957).

The Palakkad Gap extends from the
western edge of the Coimbatore Plateau,
particularly from Pollachi Taluk, eastwards into
Kerala’s Palakkad District. The regional slope
exhibits a gentle westward gradient, facilitating
the east-west drainage pattern. The
Bharathapuzha River, the principal fluvial
system within the study area, originates in the
eastern highlands and flows westward,
following the general slope through the gap
before debouching into the Arabian Sea. The
regional weather patterns are significantly
modulated by the geomorphic configuration,
which acts as a low-altitude atmospheric
corridor  influencing  monsoonal  wind
penetration, rainfall distribution, and associated
hydrological regimes across the adjoining states.
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Geology

The Palakkad Gap is the only major
topographic break approximately 30 km wide
with a low mean elevation of ~140 m within the
otherwise continuous north-south alignment of
the Western Ghats (D’Cruz et al., 2000).
Geologically, it is situated between the northern
margin of the Kodaikanal charnockite massif
and the southern limit of the older granulite
terranes of the Nilgiri Hills, with the
predominant charnockitic lithologies of the
Biligirirangan Hill massif lying further north
(Peucat et al., 1989). The present-day Western
Ghats landscape is interpreted as the product of
differential uplift during the Miocene—Pliocene,
with the Palakkad Gap representing a
tectonically controlled breach in the mountain
chain (D’Cruz et al., 2000; Collins et al., 2007).
Structurally, the gap coincides with the northern
and southern extensions of the Palghat—Cauvery
Shear Zone (PCSZ), a major crustal dis-
continuety that is considered a primary control
in the development of this low-altitude corridor
(Santosh et al., 2004; Ganguli et al., 2021).

The Palakkad Gap forms part of one of
the oldest crustal segments within the Southern
Granulite Terrain (Figure 2), comprising a
diverse lithological assemblage that includes
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charnockite, hornblende—biotite gneiss, biotite
gneiss, granitic gneiss, mylonitic augen gneiss,
amphibolite, calc-alkaline intrusives,
metapelites, and pegmatite bodies
(Ravindrakumar & Chacko, 1994; D’Cruz et al.,
2000). Petrographic and structural
investigations indicate that the PCSZ imparted
a strong ductile shear fabric to the region’s
rocks (Santosh et al., 2004; Collins et al., 2007).
Pegmatite bodies in the area frequently crosscut
hornblende—biotite gneiss, charnockite, and
associated lithologies. Field evidence suggests
that syn-intrusive pegmatites emplaced during
ductile deformation were themselves deformed
along with their gneissic hosts. Moreover,
numerous unaltered pegmatite veins are
observed to crosscut earlier pegmatites multiple
times, implying a complex tectonothermal
history involving repeated deformation events.

The hornblende—biotite gneiss of the
Palakkad region exhibits a prominent east—west
trending mineral lineation, characterized by
clear evidence of dextral shearing. Shear
indicators such as augen structures, pull-apart
features, rootless and sheath folds, minor shear
bands, and distinctive quartz fabric collectively
confirm the operation of ductile dextral shear
within this terrain (D’Cruz et al., 2000).

Geology of Palakkad Gap Region
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Figure 2. Geology of the Palghat Gap.
Hornblende Biotite Gneiss Covers Almost all of the Study Area
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Topographic analyses of the Palakkad Gap
further reveal significant linearity in the
drainage network, with the gap proper hosting
high-order consequent rivers, in contrast to the
closely spaced, lower-order trellis, dendritic,
and subsequent drainage patterns developed
along the adjacent hill ranges. The geomorphic
setting of the gap is marked by a well-defined
low-level undulating relief (Subramanian &
Muraleedharan, 1985), characterized by convex,
gently graded interfluves that slope down to
broad valley floors containing erosional
remnants. These erosional forms are frequently
inter-fingered with alluvial plains and lateritic
hummocks, collectively  representing a
dissected pediment surface.

Geomorphologically, the study area
(Figure 1) may be divided into two principal
units: i) the active floodplain of fluvial origin,
and ii) the pediment—peneplain complex of
denudational origin, along with patches of
anthropogenic terrain. The region is mantled by
lateritic cover of variable thickness, classified
into lateritic interfluves, dissected pediments,
and valley flats, with sporadic denudational
hills located in the northern and southern
margins of the Palakkad Gap. The broader state
of Kerala, including the Palakkad Gap, is
dominated by ferruginous lateritic soils (red
soils) and associated soil types. These laterites,
developed under humid tropical climatic
regimes, are classified into inceptisols, alfisols,
mollisols, and ultisols, reflecting advanced
pedogenetic processes in the region (Varghese
& Byiju, 1993; Sehgal, 1998; Chandran et al.,
2000; Chandran et al., 2005; Bhattacharyya et
al., 2009; Pal et al., 2014).

Methods and Materials

The Palakkad Gap constitutes a major
physiographic break in the otherwise
continuous Western Ghats, serving as a natural
corridor linking Palakkad district in Kerala with
Coimbatore district in Tamil Nadu. To delineate
the study region, a hierarchical terrain
classification  approach was  employed
following the methodology of Chattopadhyay &
Chattopadhyay (1994). The classification was
based on four geomorphic parameters: slope,
relative relief, drainage density, and dissection
index. Areas with slopes of less than 5% were
selected as part of the study region. Relative
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relief was defined using a threshold of 5 meters
within a grid of 1 km?, while drainage density
greater than 1 km/km? was adopted as a
criterion for hydrological characterization. The
dissection  index, representing  surface
roughness, was computed as the ratio between
maximum relative relief and maximum absolute
relief within each 1 km2 grid cell. The
integration of these four thematic layers was
achieved through overlay analysis in a
Geographic  Information  System, thereby
extracting the precise extent of the study area.

A total of twenty-two surface soil
samples were systematically collected from
different geological units of the study area,
encompassing the Palakkad and Coimbatore
districts, using a grid-based soil sampling
method (Figure 3). Approximately 500 g of
each sample was prepared for XRD analysis to
identify the mineralogical composition of the
soils. The analyses were conducted at the Kerala
Forest Research Institute, Peechi, Kerala,
employing a Rigaku Miniflex 600 XRD
instrument. This instrument, configured in
vertical geometry with 626 goniometer optics,
operates within the angular range of —3° to 145°
(20) and a goniometer radius of 150 mm. The
scanning speed ranged between 0.01° and 100°
per minute with a step size < 0.005° (20).
Mineral phases were identified by analyzing the
diffraction peaks using Smart Lab Studio-II
software, ensuring precise interpretation of soil
mineralogy.

Thin sections of weathered rock samples
were also prepared to examine mineral
alteration patterns associated with weathering in
the study area. Furthermore, soil series data
were obtained to characterize key pedological
attributes, including soil texture, mineralogy,
temperature regime, reaction (pH), soil order,
sub-order, great group, subgroup, and soil
moisture regime. Based on these data, a soil
series map was prepared to delineate the spatial
variability of soils across the study region. This
pedological classification was subsequently
correlated with the mineralogical results
obtained from XRD analysis, enabling a
comprehensive interpretation of the relationship
between parent material weathering, soil
formation processes, and resultant
mineralogical composition (cf. Sehgal, 1998;
Bhattacharyya et al., 2009; Pal et al., 2014).
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Figure 3. a) shows the soil collected from Kollenkode, Kerala area. b) The soil from the Pollachi, Tamil
Nadu area shows a fine texture with few granules. Topsoil is removed by a steel scoop and the fresh
portion of the soil is collected from this small pit c¢) The top portions of the soil are removed from
the steel scoop and the fresh portion of soil is collected from Avalchinampalayam, Tamil Nadu area.
The soil shows moisture content and is slightly reddish-black in color due to the oxidation and
organic content of the soil. d) The photograph shows reddish lateritic cover soil collected in a field
from Santhegoundampalayam, Tamil Nadu. e) The photograph shows the fine and coarse texture of
soil at the top and the bottom of the soil profile, respectively. The top portion is slightly leached, and
the bottom coarse grains show oxidized coatings in this soil profile where the soil collected from
Vadakarapathy, Kerala. f) The photograph shows fine texture and moderately compacted soil due to
the mixed portions of clay in the soil profile. The soil profile shows dark thick clay interbed (red pen
indicates the bottom of clay bed) within the topsoil and bottom leached soil. The soil is collected
from Kollengode, Kerala.

RESULT AND DISCUSSION
X-Ray diffraction

The results of the XRD analysis are
presented in Table 1. The diffraction patterns
display mineral peak intensities plotted as a

was generally observed in concentrations
comparable to or slightly lower than feldspar.
Feldspar, though relatively resistant, undergoes
hydrolysis under favourable conditions,
releasing ions that ultimately form clay minerals

function of the 20 angle, with representative
patterns for selected soil samples shown in
Figures 4-7. The analyses revealed the presence
of several key mineral feldspar, quartz,
kaolinite—illite, gibbsite, goethite, calcite,
vermiculite, mica, and chlorite each indicative
of specific weathering environments. Among
these, feldspar and quartz were the most
consistently detected, occurring in nearly all
samples except for sample 1032 from Valara, in
which feldspar was absent. Quartz, owing to its
remarkable resistance to chemical weathering,
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such as gibbsite.

The dominance of feldspar and quartz
across the study area reflects the felsic mineral-
rich nature of the underlying parent rocks,
which predominantly include hornblende—
biotite gneiss and charnockitic gneiss, intruded
locally by granite, pegmatite, and quartz veins.
Globally, feldspar and quartz are among the
most  widespread  soil-forming  minerals,
generated through the mechanical and chemical
disintegration of rock masses under the
influence of gravity, slope gradient, and
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hydrological processes. During progressive
weathering, soluble ions are leached away while
residual minerals accumulate in situ, modifying
soil texture and structure. As summarized in
Table 2, feldspar and quartz alternate as the
most abundant first- and second-ranked
minerals across samples, while quartz
consistently displays higher resistance to
weathering compared to feldspar. In the
diffraction patterns, feldspar exhibited distinct
peaks at 13.6° and 27.12-28.48° (20), whereas
guartz displayed a dominant peak at 26.58-
26.76° (20). Weathering of feldspar is
associated with the formation of kaolinite
(Fernandez-Caliani et al., 2010), illite (Bétard et
al., 2009), and mixed-layer clays (Wang et al.,
2012).

Alongside feldspar and quartz, gibbsite
was identified as a significant secondary
mineral in nearly all samples. The occurrence of
gibbsite is particularly note-worthy, as its slow
rate of formation implies relatively old soils,
while its abundance is typically enhanced in
humid tropical climates where intense
hydrolysis and leaching dominate (Wang et al.,
1981; Ogg & Baker, 1999). The presence of
gibbsite in the studied soils may therefore
indicate long-term pedogenesis under high-
temperature and high-rainfall  conditions.
Kaolinite—illite also appeared in most samples
at appreciable concentrations, while minerals
such as goethite, calcite, vermiculite, mica, and
chlorite were identified sporadically. The oxide
minerals particularly goethite, gibbsite, and
hematite are closely associated with advanced
weathering regimes marked by high rainfall and
intense desilication (Van der Merwe & Weber,
1963). Within the diffraction spectra, gibbsite
exhibited characteristic peaks between 20.81°
and 20.98° (20), further confirming its signi-
ficant presence in the soils of the Palakkad Gap.

Gibbsite AI(OH)s is a secondary
insoluble mineral formed through the hydrolytic
weathering of alumino-silicate minerals,
wherein aluminum is leached from parent
phases such as biotite and feldspar and
subsequently re-precipitated as gibbsite. It
represents one of the most common aluminum
oxide minerals and is a principal constituent of
lateritic soils and bauxitic crusts. Gibbsite is
typically generated by the direct weathering of
Al-hydroxide—bearing  minerals, including
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orthoclase, feldspar, and biotite, which are
abundantly present in the pegmatitic intrusions,
feldspathic hosts, and gneissic rocks of the
Palakkad Gap region (Bhattacharyya et al.,
2000).

The mineral may also form through the
progressive desilication of kaolinite or
halloysite, particularly in granite- and volcanic-
derived soils, as earlier documented by Bates
(1971) and Tazaki (1976). Its occurrence is
strongly associated with tropical climates,
where high rainfall and elevated temperatures
accelerate leaching, hydrolysis, and the
development of thick weathering profiles.
Within such environments, gibbsite is widely
distributed throughout soil profiles as part of
lateritic and bauxitic horizons, commonly
forming  weathering crusts.  Importantly,
gibbsite exhibits relatively slow rates of
alteration compared to other secondary minerals,
and its persistence in the study area suggests
advanced and progressive stages of weathering
under warm, humid tropical conditions.

Microprobe mineral analyses confirm
that gibbsite may form through the progressive
weathering of biotite, with intermediate
transformation to kaolinite before crystallizing
into gibbsite, as demonstrated by Jolicoeur et al.
(2000). Scanning electron microscopy (SEM)
investigations by Chandran et al. (2005) further
revealed broken gibbsite crystals along with
dissolution features and etch pits developed
within feldspar grains, suggesting that direct
feldspar-to-gibbsite transformation is also a
widespread pedogenic pathway (Chandran et al.,
2005). Additional SEM studies on highly acidic
Ultisols derived from red ferruginous soils of
Kerala’s humid tropical environment confirmed
the presence of well-developed gibbsite crystals,
emphasizing the advanced degree of weathering
under such conditions (Balasubramaniam &
Sabale, 1984; Pal et al., 2014).

Although gibbsite is typically associated
with alkaline environments, where its stability
is favoured (Tait et al., 1983; Balasubramaniam
& Sabale, 1984), the occurrence of gibbsite in
acidic soils of Kerala highlights an unusual
geochemical setting. This anomaly underscores
the intensity of tropical weathering and
desilication processes, which are capable of
producing and stabilizing gibbsite even in acidic
soil regimes (Pal et al., 2014).
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Table 1. The Minerals Present in the Samples Analyzed by X-ray Diffraction

JOGSE

S.No Sample

Sample Locations

Fsp Qtz Gib K-ill

Goe Mica Ver

Cal

Chl

1 PGT 37 Mullakkal Challa x x X - x - X x -
2 PGT 112 Parayampallam X x X x - - - - -
3 PGT 140 Gopalapuram x X X x - - - - -
4 PGT 168 Chinganchira X x x x X - - - -
5 PGT 262 Avalchinnam X X x - X - - - -
6 PGT 455 Nanjengoundar Pudur % X X X - - X - -
7 PGT 498 Vilayodi x X x x - - - - -
8 PGT 740 Nattupathy x X x x - - - - -
9 PGT 796 Aachipatti X X X x X - - - -
10 PGT 799 Nerukukkad, Verkoli X x X - - - - - -
11 PGT 840 Malankkat x X X X - - - - -
12 PGT 876 Pothanaikkan Challa X X X x - - - - -
13 PGT 881 Rangasamudram X X X X - X - - -
14 PGT 884 Ayyanpathy X X X X - x - - -
15 PGT 884A  Ayyanpathy x x X - - x - - -
16 PGT 920 Kamblichungam X X x - - - - - -
17 PGT 984 Kunjuvallampathy X X X x x - - - -
18 PGT 1016  Nellimedu x X x X - - - - -
19 PGT 1032  Valara - x X X - x - - -
20 PGT 1050  Chemmanapathy X X x x - - - - -
21  PGT 1210 Vadakkipalayam x X x x - - - - X
22  PGT 1251  Vadakarapathy X X X X - - - - -

Note: x=Mineral present; -=Mineral not present
Fsp=Feldspar; Qtz=Quartz; Gib=Gibbsite; K-ill=Kaolinite-illite; Goe=Goethite; Ver=Vermiculite;
Cal=calcite; Chl=Chlorite.

Table 2. Dominance Ranking of Soil Minerals in Percentage

S.No Sample 15t Rank 2"¢ Rank 3" Rank 4* Rank

’ Mineral % Mineral % Mineral % Mineral %

1 PGT 37 Qtz 34.75 Fsp 30.27 Gib 17.25 Cal 9

2 PGT 112 Qtz 42.96 Fsp 31.64 Gib 24.30 Kao-ill 1.10
3 PGT 140 Fsp 47.67 Qtz 29.07 Gib 19.11 Kao-ill 414
4 PGT 168 Fsp 50.75 Qtz 20.92 Gib 15.94 Goe 11.38
5 PGT 262 Qtz 79.13 Fsp 14.76 Gib 412 Goe 1.98
6 PGT 455 Fsp 57.24 Qtz 15.16 Ver 12.41 Kao-ill 10.44
7 PGT 498 Qtz 38.22 Fsp 33.05 Gib 26.18 Kao-ill 2.55
8 PGT 740 Fsp 40.25 Qtz 32.42 Gib 22.16 Kao-ill -

9 PGT 796 Fsp 46.67 Qtz 19.14 Goe 13.93 Kao-ill 10.53
10 PGT 799 Qtz 59.51 Fsp 21.92 Gib 18.57 - -
11 PGT 840 Qtz 49.8 Fsp 28.60 Gib 15.40 Kao-ill 6.30
12 PGT 876 Fsp 59.97 Qtz 18.97 Gib 17.10 Kao-ill 3.96
13 PGT 881 Fsp 60.14 Qtz 21.76 Gib 13.16 Mica 3.38
14 PGT 884 A Fsp 54.28 Mica 10.67 Gib 10.67 Qtz 10.67
15 PGT 884 Qtz 32.12 Fsp 25.55 Gib 24.18 Mica 14.55
16 PGT 920 Qtz 60.98 Gib 22.32 Fsp 16.70 - -
17 PGT 984 Fsp 60.97 Qtz 17.43 Gib 17.13 Goe 2.97
18 PGT 1016 Fsp 56.29 Qtz 23.92 Kao-ill 9.99 Gib 9.79
19 PGT 1032 Kao-ill 99.99 Qtz 00.01 Gib 0.0023 Mica 0.0003
20 PGT 1050 Fsp 52.67 Qtz 27.82 Gib 16.86 Kao-ill 2.65
21 PGT 1210 Fsp 52.67 Qtz 18.27 Gib 17.97 Kao-ill 471
22 PGT 1251 Fsp 64.96 Qtz 23.54 Gib 10.56 Kao-ill 0.94

Note: Qtz=Quartz; Fsp=Feldspar; Gib=Gibbsite; Kao-ill=Kaolinite-illite; Ver=Vermiculite; Goe=Goethite;

Cal=calcite.

The feldspar and quartz minerals interchangeably present as first and second-ranking minerals.
The gibbsite and kaolinite present as third and fourth-ranking minerals in the XRD analysis.
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Figure 4. X-ray Diffraction Pattern of Respective Mineral Peaks of Soil Samples 37, 112, 140, 168, 262,
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The pH diagram (Figure 8) indicates that
gibbsite formation occurs during the early
stages of soil development, typically under
slightly alkaline to neutral conditions. The study
area is underlain predominantly by hornblende—
biotite gneiss with pegmatitic intrusions, where
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the abundance of feldspar and biotite provides a
primary source of aluminum. During incipient
weathering, these minerals undergo hydrolysis
and desilication, resulting in the crystallization
of gibbsite within the soil profile.

In addition to gibbsite, kaolinite
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ALSi205(OH)4, a hydrous aluminum silicate,
was also identified in significant concentrations
in the soils of the Palakkad Gap. The XRD
analysis revealed characteristic kaolinite peaks
between 10.42° and 10.6° (20). Kaolinite is
widely recognized as a dominant mineral in the
humid tropical soils of Kerala and Tamil Nadu,
particularly within  Alfisols and Ultisols
(Bhattacharyya et al., 2009). According to
Aleva (1983), kaolinite and gibbsite represent
the most common and stable end-products of
prolonged chemical weathering in humid
tropical environments.

Kaolinite is generally abundant in Oxisols
and is formed through kaolinization processes,
either by the direct alteration of feldspar or
through the pseudomorphic alteration of biotite.
In the Palakkad Gap, the occurrence of
kaolinite—illite assemblages most likely reflects
the intermediate stages of feldspar leaching
under humid tropical climatic conditions. These
processes are consistent with the pedogenic
evolution of soils across multiple taxonomic
groups, including Inceptisols, Entisols, Alfisols,
and Ultisols, all of which are represented within
the study area.

The XRD analysis identified several
secondary minerals in the soils of the Palakkad
Gap. Goethite was detected at peaks between
21.94° and 22.07° (20). Goethite (FeOOH), an
iron oxide mineral, is a thermodynamically
stable and widespread pedogenic product,
commonly occurring in ores, sediments, and
soils (Cornell & Schwertmann, 2003; Liu et al.,
2014). 1t is typically derived from the
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weathering of iron-bearing rocks such as biotite,
magnetite, ilmenite, pyrite, hornblende, and
pyroxenes (Kemp, 1985), all of which are well-
represented in the lithology of the study area.
Goethite was identified in five of the analyzed
soil samples. The presence of kaolinite—
gibbsite—goethite assemblages is characteristic
of strongly weathered profiles in high-rainfall
zones of the Western Ghats, where intense
chemical weathering promotes residual
accumulation of these minerals (Deepthy &
Balakrishnan, 2005).

Vermiculite, a hydrated magnesium—
aluminum-—iron silicate, was also detected in the
soils, with XRD peaks occurring between
19.83° and 25.63° (20). Vermiculite commonly
represents an early alteration product of mica
group minerals (muscovite, biotite) and chlorite
(Potter, 2000; Wang et al., 2017), and its
formation is generally favored in environments
receiving annual precipitation greater than 100
cm (Barshad, 1966). Among the samples,
vermiculite was identified only in two locations
are Mullakkal Challa (PGT 37) and
Nanjengoundar Pudur (PGT 455), likely
reflecting localized alteration of biotite-rich
parent material.

Calcite (CaCOs) was detected only in the
Mullakkal ~Challa (PGT 37) sample,
constituting approximately 9% of the mineral
composition, with XRD peaks at 29.81°, 30.45°,
and 30.81° (20). Calcite typically accumulates
in soils through two mechanisms: i)
precipitation from soil water enriched with
dissolved calcium ions, and ii) direct
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atmospheric deposition of calcium-bearing
particles, facilitated by elevated soil pH and
higher COs- partial pressures in the vadose zone
(Liu & Dreybrodt, 1997; Lal, 2008).

Calcite occurrence in the Palakkad Gap is
rare. The soils are moderately acidic to neutral,
with slightly alkaline patches (Figure 8),
conditions that generally inhibit calcite stability.
Moreover, the absence of calcite-bearing parent
rocks and the dominance of acidic soil series
further restrict calcium carbonate accumulation.
Where deposited, calcite is readily dissolved
under acidic conditions, preventing long-term
buildup in the soil profile.

Finally, the electrical conductivity (EC)
analysis confirms the non-saline character of the
study area (Figure 9). This reinforces the
interpretation that the Palakkad Gap soils,
despite localized calcite presence, are not sites
of significant carbonate accumulation due to the
prevailing moderately acidic to slightly alkaline
pedochemical environment.

The soils in the study area have values
consistently falling within the range of EC < 2
dS m™, corresponding to the non-saline class
(Richards, 1954). This observation suggests that
soluble salt accumulation is negligible, a
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condition also supported by the limited
occurrence of calc-alkaline intrusive lithologies
in the region.

Among secondary minerals, chlorite a
relatively stable mineral commonly found in the
clay fractions of soils worldwide (Brady & Weil,
2008) was largely absent in the studied soils.
Only one location, Vadakkipalayam Pirivu in
Tamil Nadu, contained detectable chlorite,
amounting to 2.20% of the whole mineral
assemblage, with its characteristic XRD peak
observed at 6.09° (20).

Similarly, mica minerals were sparsely
represented in the soils. Out of the total samples
analyzed, mica was detected in only four
samples from three locations: Rangasamudram,
Ayyanpathy, and Valara. The presence of mica
was confirmed by XRD peaks between 8.76°
and 8.86° (260). These occurrences suggest that
while remnants of primary phyllosilicates
persist in localized pockets, they are generally
unstable under the prevailing humid tropical
weathering regime of the Palakkad Gap, which
favors their progressive alteration into
secondary clay minerals such as kaolinite and
vermiculite (Pal et al., 2014; Bétard et al., 2009).
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Petrography

The lithology of the study area is
primarily composed of hornblende—biotite
gneiss, quartzofeldspathic gneiss, biotite gneiss,
and charnockite. For petrographic investigation,
weathered samples of quartzofeldspathic gneiss
and hornblende-biotite gneiss were collected
from representative localities within the region.
Thin-section analysis of these samples reveals
incipient stages of chemical weathering,
characterized by the alteration of mineral grain
boundaries to Fe-oxide phases and the
development of secondary alteration products
from specific primary minerals (cf. Velmurugan
etal., 2016).

Soil Series Classification

The soil series analysis (Table 3) reveals
that the Palakkad Gap hosts a diverse
assemblage of soil orders, including Inceptisols,
Entisols, Alfisols, and Ultisols, arranged in
decreasing order of dominance. Using the soil
series data, a spatial distribution map was
prepared (Figure 10) to illustrate the geographic
extent of these soil orders across the study area.
Among them, Inceptisols constitute the
predominant soil order, reflecting the relatively
young and weakly developed pedogenic
profiles typical of landscapes undergoing active
geomorphic processes (Soil Survey Staff, 2014).
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Texturally, the soils are classified as fine,
fine-loamy to clayey-skeletal, with a mixed
mineralogical composition dominated by clay-
structured mineral assemblages. These soils
have developed under a hyperthermic soil
temperature regime, consistent with the humid
tropical climatic conditions of Kerala and Tamil
Nadu (Sehgal, 1998; Pal et al., 2014). The soils
exhibit both calcareous and non-calcareous
variants; however, non-calcareous soils are
more widespread, suggesting limited carbonate
accumulation under the prevailing moderately
acidic to neutral pedochemical environment.

The soil series data indicate that the soils
of the Palakkad Gap exhibit a moderately acidic
to slightly alkaline pH range, reflecting variable
pedochemical conditions across the region.
Bhattacharyya et al. (2009) documented that
under humid tropical conditions in Kerala, soil
orders such as Inceptisols, Alfisols, Mollisols,
and Ultisols are widespread, shaped by parent
material and climatic controls. Within the study
area, Inceptisols and Entisols dominate, with
localized occurrences of Alfisols and Ultisols.
These latter soil orders are commonly
associated with secondary minerals such as
gibbsite and kaolinite, which require specific
temperature and moisture regimes for their
stability and are considered characteristic
products of prolonged weathering in humid
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Figure 10. Photomicrograph shows a) PPL (Plane Polarized Light); b-c) XPL (Cross Polarized Light) of
quartzo-feldspathic gneiss rocks show that the mineral edges of feldspar (FSP), plagioclase (Plg),
quartz (Qtz), and the intermineral, intramineral fractures are occupied by Fe-oxides weathered from
the accessory mafic minerals which contain Fe members; d) The photomicrograph shows that the
perthite (Per) mineral cleavages are occupied by iron oxides due to the weathering process; e), g)-h)
Photomicrograph of PPL shows the mafic minerals (amphibole, biotite) are altered to Fe oxide due to
the weathering process; f) and i) Photomicrograph of XPL shows that mineral fractures of feldspar
and mafic mineral edges are altered, and the opaque mineral magnetite weathered to Fe-oxide, which

occupies the cleavages and fracture gaps.
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tropical climates. The presence of these
minerals and soil orders reinforces the strong
climatic control on pedogenesis in the Palakkad
Gap. Regionally, the Western Ghats of Kerala,
together with adjoining tracts of Tamil Nadu,
host a broad spectrum of soil orders, including
Inceptisols, Entisols, Alfisols, Ultisols, and
Mollisols. These soils have developed on
diverse parent lithologies such as gneissic
complexes, granitic and ferruginous gneiss,
calcareous sandstones, and basaltic terrains,
under hot humid to per-humid agro-ecological
regimes (Kharche, 1996; Natarajan et al., 1997
Sehgal, 1998; Shiva Prasad et al., 1998;
Harindranath et al., 1999; Bhattacharyya et al.,
2009; Pal et al., 2014). In the uplands of Tamil
Nadu, Alfisols, Inceptisols, Ultisols, and
Mollisols predominate over granitic and
gneissic terrains, highlighting the role of
lithology in soil differentiation. Similarly, in the
Palakkad Gap, the soils have developed on
gneissic, charnockitic, and granitic terrains,
producing comparable soil orders. The
mineralogical assemblages observed,
particularly kaolinite and gibbsite, are
consistent with those formed under humid
tropical climatic regimes across southern India.

CONCLUSION

The east—west orientation of the Palakkad
Gap exerts a strong influence on regional
precipitation and atmospheric circulation,
creating dynamic weathering conditions that
promote the formation of soils enriched in
secondary minerals. The lithological framework
of the study area is dominated by hornblende—
biotite gneiss, charnockite, and charnockitic
gneiss, with pegmatite and quartz vein
intrusions exposed along the northern and
southern margins. These rocks, particularly
hornblende—biotite gneiss and charnockitic
gneiss, are relatively susceptible to weathering
and erosion under the prevailing topographic
and climatic conditions, where steep slopes and
high rainfall have facilitated the development of
thick lateritic covers over the Proterozoic
basement (Subramanian & Muraleedharan,
1985; D’Cruz et al., 2000). Structurally, these
rocks display east-west lineations consistent
with the Palghat-Cauvery Shear Zone, and
slope gently from east to west across the gap.

Mineralogical analyses of soil samples
from the gap, based on XRD, reveal the
dominance of primary minerals such as quartz

Journal of Geographical Sciences and Education

and feldspar, with secondary alteration products
including gibbsite and kaolinite—illite. Gibbsite
and kaolinite—illite occur as third- and fourth-
ranked minerals, respectively, indicating their
derivation from the alteration of feldspar and
biotite within the hornblende—biotite gneiss and
charnockitic gneiss. Pedogenetically, gibbsite
formation is favored during the early stages of
weathering in slightly alkaline environments,
whereas kaolinite—illite assemblages typically
develop under moderately acidic to neutral
conditions (Aleva, 1983; Bhattacharyya et al.,
2009; Pal et al., 2014). Comparable mineral
assemblages have been reported from Alfisols
and Ultisols in Kerala and Tamil Nadu,
highlighting the role of humid tropical climates
in controlling soil mineralogy (Sehgal, 1998;
Chandran et al., 2005). The near absence of
calcite in most samples suggests either the
dominance of acidic soil conditions or the lack
of calcite-bearing lithologies in the region (Lal,
2008).

Petrographic examination of weathered
rock samples further demonstrates the initial
stages of soil development, with Fe-oxide
precipitation along mineral cleavages and
fractures and the progressive alteration of mafic
minerals. These features signify incipient
chemical weathering processes responsible for
the breakdown of the crystalline basement into
soil. In addition, the presence of indicator
minerals such as goethite, mica, vermiculite,
and chlorite further reflects the intensity of
weathering and the pedo-environmental
conditions prevailing in the gap (Potter, 2000;
Cornell & Schwertmann, 2003; Wang et al.,
2017).

Finally, the soil series classification of the
study area confirms the presence of multiple
soil orders, predominantly Inceptisols and
Entisols, with localized occurrences of Alfisols
and Ultisols. This diversity of soil orders
underscores the combined influence of
lithology, structure, and humid tropical climate
in shaping the pedogenic pathways of the
Palakkad Gap (Sehgal, 1998; Bhattacharyya et
al., 2009; Pal et al., 2014).
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