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Introduction
The high-resolution quartz grain surface micro-textural analysis 

reflects the physical, chemical and morphological changes during 
the sediment transport and depositional processes. The criteria for 
distinguishing the mechanical and chemical features of quartz grains 
and their implications have been established [1,2]. These features 
delineating the provenance and transportation history [3]. The distinct 
surface micro-texture differentiates the fluvial, marine, aeolian and 
glacial depositional environments [4] and mode of transport and 
diagenetic processes [5].

The coastal zone of SW India especially the southern region 
of Kerala encompasses the spectrum of coastal landforms such as 
barrier beaches, lagoon, ridge–runnel systems, wetlands and estuary. 
These landforms were well documented by many early researchers. 
Chattopadhyay [6] interpreted two sets of regression-transgression 
sand ridges along the Kayamkulam lagoon sector during Holocene. 
The N-S trending sand ridges are associated with Holocene sea level 
rise along with tectonic disturbances during early Holocene that had 
caused further sea level change whereas NNW-SSE sand ridges formed 
as a result of mid Holocene (6,000 - 4,000 yrs BP) sea level changes. This 
is well corroborated with the study presented by Nair and Padmalal 
[7] and Jayalakshmi et al. [8] based on borehole cores reinstating the
present landscape of lagoons, wetlands and ridge-runnel topography
during the Holocene marine transgression-regression events.

Towards the southern part of the ridge-runnel barrier beach 
system, the coast is manifested with coast perpendicular Ashtamudi 
estuary, which is unique in configuration located in uplifted block 
and antecedent in characteristics [9,10]. The laterite cappings and 
oxbow lakes along the eastern fringes of the estuary indicates the 
existence of uplifted prograded or rising coastal margin followed by 
subsiding interiors marked by backwater channels [11]. Several studies 
pertaining to Ashtamudi estuary for its textural characteristics [12], 
physico-chemical features of water and sediment [13], bathymetery 

and its management plan [14,15] were studied. However, coastal plain 
sourrounding the Ashtamudi estuary for its evolutionary history is 
limited. Recently Nair et al. [9] and Padmalal et al. [10] reported the 
evolution of Ashtamudi estuary during Holocene based on the sub-
surface sedimentological, palynological studies. Here we present the 
result of the depositional and transportation mechanism of the sub-
surface sediments of the coastal plain using SEM technique based on 
the analysis of micro-texture of quartz grains with lithological variation 
in terms of texture.

Geology and Geomorphology
The sediment core is located in the coastal plain where the Kallada 

River debouches into the Ashtamudi estuary which joins to the 
Arabian Sea at Neendakara (Figure 1). The average depth of the estuary 
is < 3 m except in the eastern part where it increases up to 14 m depth 
[14]. The freshwater input to the estuary is from the Kallada River, a 
fifth order stream with a gradient of 12.6 m/km which is 121 km long 
and is formed by the confluence of the Kulathupuzha, Chendurni and 
Kalthuruthy tributaries that originated in the highlands of the Western 
Ghats. A few individual islets (thuruths) with very steep slopes are 
also within the estuary [12]. The Ashtamudi estuary is surrounded by 
freshwater bodies like Sasthamkotta lake, Chelupola Lake, Chittumala 
Lake evolved under the combined effects of sea level and climate 
changes during the Holocene.
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Abstract
A 15.5 m long undisturbed sediment core were collected from the coastal plain of southern Kerala, India to study 

the micro-textural analysis of quartz grains to understand the fluvio-marine depositional environment. The down core 
variation of sediment between 0 m and 7 m shows medium to fine sand, 7 m to 10 m has sand-silt-clay, 10 m to 
11 m clay which is hard and desiccated, and 11 m to 15.5 m contains silty clay rich in organic matter. The quartz 
surface micro-textural features shows conchoidal fractures, fracture plates, abrasion features and pits infers that the 
sediments undergone short period transportation and rapid deposition through mechanical processes in a fluvial regime 
under moderate to high-energy condition. Further, down the core the angularity of grains are reduced to become sub-
rounded grains attributing to the recycled process with subaqueous solution activity. These processes can also lead to 
the development of linear branching-centipede solution features and oriented etch patterns. The sediments 11 m and 
15.5 m depth exhibits corroded grain with solution pits and solutions crevasses indicating marine intervention followed 
by pressure solution, silica pellicle, silica plastering and dissolution etching features revealing prolonged digenesis 
deciphering the chemical processes under marine condition. Radiocarbon dating reveals that this coastal plain has 
undergone transgression-regression events during the last 40 kyrs BP depicting distinct textural characteristics of 
mechanical and chemical features reflecting the fluvio-marine depositional environment. 



Citation: Varghese TI, Prakash TN, Nagendra R (2016) Depositional History of Coastal Plain Sediments, Southern Kerala, South West India. J Earth 
Sci Clim Change. 7: 355. doi:10.4172/2157-7617.1000355

Page 2 of 8

Volume 7 • Issue 6 • 1000355
J Earth Sci Clim Change 
ISSN:2157-7617 JESCC, an open access journal 

Figure 1: Geomorphological land forms of the study area and location of sediment core. 
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Geomorphologically, the coastal strip comprises lateritic cliffs of 
Mio-Pliocene and rocky headland at Neendakara. The coast changes 
its orientation from 290° to 350oN at the Neendakara headland which 
bring considerable variation of beach processes [16]. The study area is 
characterised by a barrier beach system separated from the mainland by 
TS canal connecting the Ashtamudi estuary in the south and Kayamkulam 
lagoon in the north. Along the north of the estuary, palaeostrandline 
deposits comprising of beach ridges (width 50 m -180 m; height 0.5 
m - 1.0 m) and swales (width 50 m - 200 m) orienting in two different 
sets indicates marine transgression-regression (Figure 1). The surface 
manifestations in the form of laterite escarpments (Padappakkara area) 
and oxbow lakes along the eastern fringes of the estuary are suggestive of 
the existence of uplifted, prograded coastal margin followed by subsiding 
interiors marked by backwater channels [17]. 

The study area comprises of Archaean crystalline basement, 
Neogene and Quaternary sedimentary sequences. The Archaean 
crystalline basement is represented by garnet–biotite gneisses, 
khondalites and charnockites in the eastern and southeastern parts 
of the Kallada basin [10]. The Neogene sediments are represented by 
Quilon and Warkalli Formations of lower Miocene [18]. The Warkalli 
Formation is composed of sandstones and clays, exposed on the laterite 
hillocks surrounding the Sasthamkotta and Chelupola lakes. The Quilon 
Formation, occurring below the Warkalli Formation is represented by 

fossiliferous limestone and sandy carbonaceous clay. The cliff on the 
banks of estuary at Padappakara is the type area for Quilon bed. The 
Quaternary Formations are represented by alluvial clays, sandy clays 
and peat on the southeastern side of the lake. The NW-SE and NNW-
SSE lineaments, which are active to the present day, have given shape 
to the present coastal configuration of Kerala [19].

Materials and Methods
A 15.5 m long undisturbed sediment core (08° 59' 11" N, 76° 

36' 49" E) was collected during 2011 using rotary drilling and were 
sub-sampled at 10 cm interval. Soon after the recovery of core the 
samples were visually interpreted for colour and sediment type. The 
selected samples were studied for sedimentological, mineralogical and 
geochemical analyses. Here in the present study the results of textural 
and micro-textrual of quartz grains is documented. For textural 
analysis Carver method [20] and statistical parameters of grain size 
parameters using Gradistat software [21] were adopted. For the SEM 
analysis; the sand grains (177μm sizes, 80 Mesh ASTM) were separated 
from the total grains (>63 μm) by sieving. Twenty-five quartz grains 
which are considered to understand the variations present in a single 
sample and to interpret the depositional history [22,23] were selected 
from the sand size fraction of each sample. The selected quartz grains 
were analysed using Scaning Electron Microscope (Hitachi S-3400N) 
to its micro-morphological features [24,25].

Results 
Lithology of the sediment core 

The 15.5 m sediment core is divided into six (VI) major litho-units 
based on lithological characteristics (Figure 2 and Table 1). The unit–I 
comprises of top soil representing 0-2 m. The unit–II is the sand (2.0 
m-7.0 m) of medium to fine grade with angular to sub-angular with 
traces of heavy minerals. In this unit the sand, silt and clay percentage 
varies from 70.09% to 99% (av. 89%), 9.67 to 11% (av. 10%) and 13.74 
to 18.91% (av. 16%) respectively. The unit–III represents the muddy 
sediments of brownish to reddish colour (7.0 m - 10.0 m) comprises of 
mixture of sand with intercalation of fine sediments and broken shells. 
The percentage of sand varies from 30.67% to 78.87% (av. 66%), silt 
from 5.90% to 32.37% (av. 19%) and clay from 2.43% to 36.97% (av. 
15%). The unit–IV (10.0 m-10.8 m) comprises of very hard white to 
greyish desiccated clay (clay av. 84%). A layer of peat (Unit–V) with a 
thickness of 20 cm is recorded in the core. The unit–VI (11.0 m - 15.5 
m) is composed of compact black sticky clay where sediments are of 
silty clay with rich organic matter and plant material (sand av.5%; silt 
av.30%; clay av.64%). 

Micro-textural analyses of quartz grains

For the SEM study the quartz grains representing the Unit II (3 m), 
Unit III (9 m), Unit IV (10.8 m) and Unit VI (11-12 m and 15.5 m) of 
the sediment core were selected based on the lithological variation of 
the core. Twenty three micro-texture features were identified (Figure 
3) and classified into morphological (6), mechanical (11) and chemical 
(9) features. The frequency distribution of these micro-texture features 
of the selected quartz grains were categorised into four components 
namely abundance (70%), common (40-70%), rare (15-40%) and 
sparse (< 15%) respectively (Table 2). 

The quartz grains of unit II (3 m) is fresh, angular shape with 
series of conchoidal fractures. The quartz grains of the unit III (9 m) 
are dominant with angular shape (Figure 3a) with high relief. The 
mechanical features such as abrasion along the edges of the grains, 

Figure 2: Lithological section of coastal plain sediments, Southern Kerala where 
I- Soil, II- Riverine sand, III – Sand silt clay, IV- Desiccated clay V- Peat and 
VI – Silty clay. 
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Sl No Depth (m) Unit Sand (%) Silt (%) Clay (%) Mz (φ) SD (φ) Sk KG Sediment Type
1 2.0 I 89.11 3.90 6.98 1.85 2.35 0.56 2.01 Sand
2 2.7

II

70.09 11.00 18.91 4.13 4.13 0.51 1.01 Clayey Sand
3 3.0 76.56 9.67 13.74 7.33 3.38 0.09 0.51 Sand
4 4.0 99 - - 0.36 0.92 0 1.05 Sand
5 5.0 99 - - 0.52 0.91 -0.03 1.22 Sand
6 5.9 99 - - -0.45 1.27 0.14 0.72 Sand
7 7.0 77.81 19.75 2.43 1.78 2.06 0.30 1.05 Sand
8 8.0 III 78.87 15.25 5.88 0.98 3.58 0.34 1.15 Sand
9 8.9 66.94 20.42 12.64 2.25 3.35 0.23 1.40 Silty Sand
10 9.0 76.52 5.90 17.58 4.18 4.46 0.53 2.17 Sand
11 9.8 30.67 32.37 36.97 4.71 5.52 -0.01 0.50 Sand Silt Clay
12 10 IV 0.60 15.34 84.06 10.32 1.86 -0.75 1.20 Clay
13 10.8 3.93 12.62 83.45 10.29 2.25 -0.79 1.89 Clay
14 10.9 V 3.50 32.19 64.31 8.70 2.83 -0.41 0.72 Silty Clay
15 11.8

VI

12.65 30.99 56.35 8.22 3.14 -0.35 0.57 Silty Clay
16 12.0 8.61 25.11 66.29 9.42 2.68 -0.72 0.76 Silty Clay
17 13.0 12.31 31.10 56.59 8.29 3.06 -0.28 0.64 Silty Clay
18 13.8 2.97 32.90 64.13 9.03 2.68 -0.50 0.67 Silty Clay
19 14.0 0.41 33.26 66.33 9.43 2.23 -0.44 0.64 Silty Clay
20 15.0 0.76 27.11 72.12 9.68 2.25 -0.63 0.75 Silty Clay
21 15.5 0.80 29.68 69.53 9.51 2.38 -0.60 0.72 Silty Clay

Where Mz = Mean size, SD = Standard Deviation, Sk = Skewness and KG = Kurtosis

Table 1: Sand silt and clay percentages and statistical parameters of the sediment core.

Figure 3:  SEM photographs of the sub-surficial quartz grains  with following observations  Sample- 9 m depth (Figs. 3a and 3b) grain exhibits angular (AN), high 
relief (HR), parallel steps (PlS), scratches (Sc), edge abrasion (Ab), fracture plates (Fp), conchoidal fracture (Cf), breakage block (Bb), pits (Pi) showing mechanical 
processes; Sample- 10.8 m depth (Figs. 3c and 3d) grains are sub-rounded (SR), medium relief (MR), crescentric grooves (Cgg), upturned plates (Utp), V-shaped pits 
(Vp) meandering ridges (Mer), branching solution (Brs), centipede solution (Ctps) showing recycled;  Sample- 11.8-12 m depth  (Figs. 3e, 3f, 3g, and 3h)   grain distorted 
shape (DS), low relief (LR), fracture plates with chemical etching (FpCe), solution pits (Spi), solution crevasses (Scr), amorphous silica (As), silica plastering (Spl), silica 
pellicle (Sp) indicating chemical features produced by marine intervention. Sample- 15.5 m depth (Figs. 3i and 3j) dissolution etching (de), quartz overgrowth (Qzo), 
honey comb structure (Hos) showing  prolong diagenetic features based on marine realm.
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conchoidal fracture and fracture plates (Figure 3b) are abundant 
(70%) followed by pits in the form of circular to v-shaped, scratches of 
various length ranging from small to medium in different orientation 
and breakage block from large to medium in size (Figure 3b) and the 
straight steps (Figure 3b) that are associated with conchoidal fracture 
are common (50%). The chemically oriented v-etched pits in the form 
of isoceles traingle are rare whereas other chemical features are totally 
negiligble (< 15%). In unit IV (10.8 m) the angularity of quartz grain 
is modified into sub-rounded (Figure 3c) with smooth edges in outline 
as compared to the quartz grains in unit II & III. The size of medium 
to large conchoidal fractures (Figure 3c) has reduced, smoothened and 
are common whereas the scratches of different length in orientation 
are rare. Small pits of circular in size are rare but v-shaped pits (Figure 
3c) with different sizes and orientation are common. Grain breakage 
and crescentric grooves (Figure 3c) are chemically modified. Chemical 
features such as oriented etched v-shaped pits in the form of isosceles 
triangles are common. Mechanical upturned plates (Figure 3d) along 
the edges of the quartz grains are rare (<40%) with meandering ridges 
(Figure 3d). The mechanical features in the quartz grains are later 
modified by solution features leading to the formation of linear shaped 
branching solution originated in and enlarged a primary fracture as 
well as centipede sub-type feature (Figure 3d). 

The surface texture of the quartz grains in Unit VI (11-12 m and 
15.5 m) has abundant chemical features compared to the other units of 
the core. The quartz grains exhibit sub-rounded with distorted in shape 
and are frosted like appearance (Figure 3e). The mechanical features 
such as conchoidal fractures, pits, breakage block dominant in the 
above units have been obliterated. The quartz grains are masked with 

chemical features especially in the form of solution pits and solution 
crevasses (Figure 3e) of >75% abundance population. The fractured 
plates that were formed due to mechanical action are weathered 
and chemically etched (Figure 3f) indicating prolonged residence of 
time [26]. Further, the quartz grains exhibit abundant silica pellicle 
(Figure 3g) features masking the upper grain surface whereas on 
other side the silica plastering (Figure 3g) is dominant covering the 
mechanical features. Deep sub-circular resembling rounded hillocks 
like features known as pressure solution [27] (Figure 3h) associated 
with isolated patches of amorphous silica (Figure 3h) is noticed. 
Down the unit (15.5 m), chemical features such as dissolution 
etching, quartz overgrowth (Figure 3i) and prolong etching of 
solution pits-crevasses in the form of honeycomb structure (Figure 
3j) are observed.

Depositional environment

As a consequence of differential erosion, transportation and 
deposition, sediments laid down in different depositional environments 
may possess distinctive particle size distributions [28]. The lithological 
variation of sand-silt-clay contents of I–VI lithounits are presented in 
Pejrup [29] diagram (Figure 4). The result reveals that the sediments of 
Unit II falls under the category of II & III representing calm to violent 
environment. Unit III falls under the category III to IV depicting 
violent to most violent environment. Unit IV that is desiccated clay 
place under the category I indicating quiestest environment. Unit 
V-peat fall under the category III infering calm and the silty clay 
sediment representing Unit VI plots under the category III indicating 
calm condition. The bivariate plots of the sediment mean size against 
sorting [30,31] and modified [32] was utilised as they are hydraulically 
controlled [33] and positively correlated with the energy of the 
environment and the degree of sediment processing in estuarine and 
back barrier sediments [28]. The plot is sub-divided into three different 
fields representing the different energy conditions of deposition as (i) 
open channel- high energy fluvial and storm episodes, (ii) partially 
open to restricted estuary and (iii) closed basin- low energy. The mean 
size against sorting values representing 6 lithounits of the sediment 
core was superimposed into the plot (Figure 5). The Figure 5 reveals 
that the sediments belonging to Unit I, II & III falls under the domain 
of open channel indicating high energy whereas sediments belonging 
to the Units IV, V & VI clustered into the category of closed basin 
depicting deposition of sediments under low energy conditions. 

Radiocarbon dating 

The peat sample (10.8 m) representing Unit V and the black clay 
organic rich sediments (11.8 m and 15.5 m) of Unit VI were analysed 
for age determination using radiocarbon dating technique at Birbal 
Sahni Institute of Palaeobotany Lucknow, India. The result reveals that 
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A = Abundant (70%); C = Common (40-70%); R = Rare (15-40%), S = Sparse (<15%)

Table 2: Quartz grain surface micro-textures and their abundance of coastal plain sub-crop sediments, Southern Kerala. 

Figure 4: Ternary plot showing records of depositional environment in the 
sediment core (after Pejrup 1988). 
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the black clay enriched with organic matter sediments at the depth 
ranging from 15.0 to 11.7 m estimated an age of 42,115 ±180 yrs BP to 
40,000 yrs BP. The peat sample with an organic matter content of 47% 
at the depth of 11 m, which is above the black clay rich sediments show 
an age of 24,670±1860 yrs BP.

Discussion
The environment in which the sediments are deposited is 

significant in the study of influence of time on the grain surface 
textures [34]. The textural characteristics and micro-textural analysis 
of quartz grains of the sediment core (9.5 km east of the present day 
coastline) shows occurrence of both mechanical and chemical features. 
The top 9 m quartz grains are characterised by high occurrence of 
angular grains with the dominance of mechanical features consisting of 
fracture plates, meandering ridges, upturned plates, edge abrasion and 
conchoidal features associated with straight arcuate parallel steps and 
scratches (Figures 3a and 3b). These features indicate that quartz grains 
have undergone rapid deposition [35] which were derived from the 
nearby crystalline rocks [3] and transported under fluvial environment 
[22] of high-energy condition [1]. This reflected in the sediment texture 
showing angular grains of medium to fine sand deposited under violent 
to most violent environment (Figure 4). These angular grains might 
have been derived from the fluvial environment which is debouching 
into the Ashtamudi estuary. The southwest Indian monsoon strength 
increased tremendously during the early Holocene (13-12.5 kyr BP 
and 10-9.5 kyr BP) which lead to increase in flow discharge floods and 
scouring associated with high lake levels [36,37]. Due to this incised 
valley formation was initiated and was later replaced by huge thickness 
of fluvial deposits through mechanical processes indicating observed 
microtextural features of fluvial origin. 

The fluvial angular grains has been modified to sub-rounded in 
shape from 10.0 m to 10.8 m depth indicating considerable amount of 
recycled sediments [25]. The mechanical features persist but chemical 
features in the form of linear branching solution and centipede type 

(Figures 3c-3d) is dominant indicating typical chemical features 
produced during fluvial environment [38]. The sand-silt-clay is 
followed by hard-desiccated clay indicative of subaerial exposure 
and desiccation during a period of non-deposition corresponding to 
the LGM, associated lowering of water table and reduced monsoonal 
activity [39]. The arid climate existed during 22,000-18,000 yrs BP in 
the Kerala region due to weak southwest airflow, a great reduction of 
summer monsoonal rainfall and runoff from the Western Ghats Rivers 
[40]. Because of non-deposition as well as arid climate the grains 
remained intact with aqueous medium leading to formation of fluvial 
chemical features. But below 10.8 m to 15.5 m depth, the chemical 
features such as solution pits in the form of circular to sub-circular 
and solution crevasses in the form of hexagonal shape are completely 
distributed on the quartz grains exhibiting distorted type appearance 
(Figure 3e) indicating change in the deposition of sediments processes 
from mechanical to chemical environment. These features are formed 
by dissolution of silica due to increase in contact of alkali solutions 
[41] under the influence of marine ingression [2]. These features were 
associated with amorphous silica which are precipitated from sea water 
[42] and oriented etch pits indicating chemical processes on the quartz 
grains under marine environment. Further down the unit silica pellicle, 
pressure solution, incipient quartz over growth and prolong etching of 
solution pits-crevasses in the form of honey comb structure (Figures 
3g-3j) are indicating the diagenesis signature relating to high degree 
of grains evolution under low energy marine environment [27]. This 
reflected in the depositional environment of sediments under calm 
condition of low energy environment (Figures 4 and 5). 

Moreover, the radiocarbon dating estimated an age ranging from 
42,000 to 40,000 yrs BP at the depth of 15.5 m to 11.7 m which indicates 
the first marine transgression event surrounding the coastal plain during 
the late Pleistocene period followed by beginning of the withdrawal 
of the sea during 24,670±1860 yrs BP leading to the decompostion 
of the vegetative material resulting in the formation of peat. This 
marine transgression event leads to the submergence of mangroves 
and other vegetation forest which might have existed along this region 
during 40,000 yrs BP. Shajan [43] and Narayana et al. [44] reported 
that the central Kerala coast i.e., Vembanad region was covered with 
intensive mangroves and other forest vegetation even at 40,000 yrs BP 
and was inundated during higher sea level stands. This infers the post-
depositional processes of quartz grains took place under marine regime 
during the late Pleistocene. Hence, the depositional history of the 
coastal plain sediments underwent first marine transgression during 
the late Pleistocene followed by regression of the sea during the Last 
Glacial Maximum (LGM). Further during the Holocene high monsoon 
activity was reported leading to the influx of more fluvial sediments 
into the coastal plain thus depicting the diachronous environment.

Conclusions
•	 Lithological variation of the coastal plain sediment core reveals 

that the top 10 m is composed of medium to fine sand deposited 
under violent to most violent environment indicating high-
energy conditions whereas below 10 m the sediments is mainly 
composed organic rich clay deposited under quite environment 
depicting the low-energy condition. 

•	 Micro-texture of quartz grains of the top 10 m reveals the 
dominance of angular grains with mechanical features 
consisting of fracture plates, meandering ridges, upturned 
plates, edge abrasion and conchoidal features indicating 
transportation and deposition of under fluvial environment. 
Below 10 m the presence of micro-texture features like solution 

Figure 5:  Bivariate plot of mean grain size against sorting for the sediment core 
(after Tanner 1991).
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pits, dissolution etching, pressure solution and honey comb 
structure are seen inferring the sediments had undergone 
intense chemical alteration with prolonged diagenetic changes 
under marine incursion.

•	 The coastal region of SW India was evolved during the last 40 
kyrs involving series of transgression-regression events of sea 
level. 

•	 Based on sediment lithological variation, micro-textural studies 
and dating have revealed that the coastal plain sediments were 
transported and deposited in a diachronous environment. 
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