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Abstract. The study aimed to analyze the spatial and temporal distribution
of silica concentrations in shallow quaternary aquifers across Kelantan,
Malaysia. This assessment was crucial for understanding groundwater
dynamics, including residence times and potential contamination sources. A
total of 32 (29 groundwater and 03 surface water) samples were collected
during both pre-monsoon and post-monsoon periods in 2016. Silica
concentrations ranged from 6.3 mg/l to 23.4 mg/l pre-monsoon and 6.2 mg/I
to 23.5 mg/l post-monsoon. Silica geo-thermometry, based on the
chalcedony equation, estimated temperatures ranging from 3.09°C to
37.61°C pre-monsoon and 0.90°C to 37.79°C post-monsoon. Under typical
geothermal conditions with an average heat flow of 30°C/km, these
temperatures corresponded to depths ranging from 0.02 km to 0.32 km pre-
monsoon and 0.01 km to 0.32 km post-monsoon. The shallow depths (less
than 0.32 km) indicate relatively rapid groundwater circulation, which aligns
with the observed low silica concentrations. These findings suggest minimal
anthropogenic influence and short residence times, emphasizing recent
meteoric input and surface water inflow as dominant factors shaping water
quality in the area.
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1.0 Introduction

Reactions between water and rocks are very important when evaluating the source of
anthropogenic effects on the groundwater [1], [2].The ascending silica content with
increasing depth proves that silica has higher values than the groundwater of shallow origin.
The silica solubility in groundwater is directly proportional to the temperature [3]. For the
study, the ambient temperature of 28 °C is taken as the standard as it was used as the climate
zone.

The study was undertaken to gain insights into the extent of groundwater circulation
and to examine its characteristics, including residence time and interactions with solid phases,
such as the granular zone or bedrock. It is important to note that, while there is a considerable
body of literature regarding the relationship between silica and factors like temperature,
regional heat flow values, and aquifer depth, silica analysis is not typically included in
conventional groundwater studies, [4], [5]. The primary objective of this investigation is to
highlight the importance of silica analysis in addressing various groundwater-related
concerns in shallow domestic wells.

Numerous silica thermometry equivalences are established over time to estimate the
temperature of the sub-surface water circulation. Temperatures assessed by these
geothermometers represent the chalcedony and quartz temperature correspondingly. These
assumptions lead to the wide dispersion of estimated geothermal temperature when
instigating a single geothermometer to all wells in the study [5], [6]. These reasons include
vapour phase loss or gain in the reservoir, different fluid composure mixing, and equilibration
processes throughout ascension to achieve superficies as well as the process of dissolution in
precipitation. The application of silica geothermometer is pragmatic to over 7000
groundwater samples exhibiting non-thermal characteristics and the results simply indicate
that there exists a crucial link between silica geothermometer studies and the regional heat
flow. These studies have arrived at relationships that express the equation,

Temperature derived from silica from groundwater (T in °C) = mq + b (2.1)

The term g signifies regional heat flow in mWm2, while m and b denote constants
using the value and unit of 0.67 °C m?> mW- and 13.2°C, respectively. In general, the
application of quartz geothermometer is applicable in systems involving high-temperature
settings (>150°C) contrariwise to the application of chalcedony geothermometer
investigation which is often applicable in conditions of lower temperature (<150°C). Based
on the explanations, the application that is appropriate concerning groundwater system
investigation is the chalcedony geothermometer [4]. The chalcedony geothermometer
associated with the solubility of chalcedony can be expressed as follows:

£°C = [(1032)/ (4.69 — log SiO2)] — 273.15 (2.2)

Based on the equations, t °C denotes the derived chalcedony temperature of water samples.
Converting values of silica concentration into aquifer temperature can provide estimated
depth to an aquifer, taking into account the normal geothermal gradient of 30°C/km and
assuming the ambient temperature as well. The estimated depth can be calculated as follows:

t°c—tq

Estimated depth of aquifer (d in km) = (2.3)

where t°C denotes the calculated temperature of the calculated chalcedony t, is the ambient
temperature of the atmosphere and gq is the geothermal gradient constant of 30°C/km. The
principal explanation in making this attempt or method is to distinguish aquifer settings or
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water bodies of either shallow or deeper origins, which can deliver a major indication
regarding the factors affecting the quality of groundwater, of either geogenic or
anthropogenic sources [5].

2.0 Materials and Methods

2.1 Study Area

The present analysis is conducted in the northern part of Kelantan covering four major
districts Tumpat, Pasir Mas, Kota Bharu and Bachok. The study area lies between latitudes
5° 55" and 6° 15” north and between longitudes 102° 4 and 102° 25” east which covers
approximately 1400 km? area (Figure 1). Geologically the area is mainly covered by alluvial
deposits of Quaternary age underlain by granitic bedrock. The study area experiences a wet
and dry climate with a maximum temperature of 32 °C during dry seasons. It also encounters
annual rainfall throughout the year but higher at the end of year which is contributed by north-
east monsoons from October to January.
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Figure 1: Map of groundwater sampling locations.
2.2 Sample collection and analysis

A total of 32 samples (29 groundwater and 03 surface water) were collected during pre-
season and post-season in a period of a year. The samples were mainly collected from
domestic wells and stored in 1-liter cleaned polyethylene containers. The sampling locations
are chosen to be representative of the whole study area to classify the chemical characteristics
of the groundwater. In situ, parameters including total dissolved solids (TDS), temperature
(°C), electrical conductivity (EC) and pH were measured on-site using a potable water digit
analysis kit (YSI 556 MPS multi-parameter). The groundwater samples are then preserved in
a cold closet before being transported to the laboratory for analysis purposes. The samples
are preserved at a temperature of 4°C to avoid any chemical changes for altering the
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characteristics of the samples. The major anions chloride (CI"), and fluoride (F?) were
analyzed using the titration method, and colorimetric method respectively.

3.0 Results and Discussion

3.1 Distribution of Silica

The concentration of silica ranged from 6.3 mg/l to 23.4 mg/l for pre-season and 6.2 mg/I to
23.5 mg/l for post-season (Figure 2). The temperature of samples is calculated using
chalcedony Equation (2.2) taking an ambient temperature of 28 °C. The derived chalcedony
temperature ranges from 3.09°C to 37.61°C during pre-season and 0.90°C to 37.79°C for
post-season, with several samples having negative values as presented in Tables 1. The
negative values are due to the very low silica content, so they are not suitable and omitted
from the analysis [3], [7]. The positive value of chalcedony temperature derived from the
concentration of silica is then applied to calculate the estimated depth of aquifer using the
Equation (2.3). The estimated depths to aquifer range from 0.02 km to 0.32 km during pre-
season and 0.01 km to 0.32 km for post-season, with the majority of the samples having
negative values from the derived values, it can be inferred that the depth of water circulation
is limited to shallower depths. The estimates interpreted of aquifer depths are a range of 0.02
km to 0.32 km during pre-season and 0.01 km to 0.32 km for post-season. The silica values
are high in the northwest region during pre-season while for post-season high values are
observed in the northwest and southeast part with majority concentrations are around between
14 mg/l (Figure 3). This slight enhance in the silica values can be well attributed to the
surficial inputs through surface water involvement.
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Figure 3: Silica distributions (2D) in groundwater samples during pre-season (left) and post-season
(right).
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3.2 Chloride, (CI") against Silica Content

Generally, chloride is an inert component in natural conditions involving rock water
surroundings [8]. Chloride remains uninterrupted both at elevated temperatures and ambient
temperatures when in a solution [9]. Chloride is not easily absorbed on mineral surfaces and
also does not react with common rock-forming minerals owing to its huge ion size [10], [11].
Attributing to the explanations, the concentration of silica is interrelated to chloride to
appraise the role of anthropogenic conditions and natural impacts on ion acquisition. For pre-
season, 4 significant clusters can be observed in SiO-Cl plot from Figure 4. Locations P12
and P14 form a cluster. Secondly, locations P11, P20, P24, P10, P23, P29, P9, P8, P1, P22,
S1, P15, P16, P6 and P17 form another cluster.

These samples exhibit a good positive correlation which denotes increasing silica
content relative to chloride. Location points P19, P26, P27 and S2 form another cluster while
locations P25, P13, P3, P4, P2, P5, P7, S3, P28 and P21 form the other cluster suggesting
low to normal SiO>—CI relationship which could offer typical normal role of water—rock
interaction since the higher position of these cluster in the plot. This cluster which lies straight
up hardly shows any change in silica concentrations around 6 mg/l to 24 mg/l. Chloride
concentrations shown by these sub-clusters are between 18 mg/l and 62 mg/l. Although
chloride concentrations are well below the desirable limits, the correlated silica values for
the same samples depict that chloride is being contributed to the groundwater system via
processes other than rock-water interactions attributed to the acquisition of SiO,. Here one
noteworthy point is that the majority of the samples show low silica values which are lesser
than normal silica values and thus could have a reduced impact on the groundwater system.
The only possible explanation could be that these waters are of very recent origin such as

from meteoric sources.

Samples P12 and P14 form a cluster that is less significant, making it clearer that
rock-water interaction is there but its role in ion acquisition is very minimal. Thus, silica
thermometry is not appropriate for samples P12 and P14 as the silica concentration of these
samples is far too minor than the concentrations routinely extracted from the groundwater.
These values are pertinent to distinguish surface or stream water compared to groundwater.
The majority of these samples have lower silica values corresponding to the chloride values.
Hence, the rise in silica values is not associated with any drastic change in chloride ion values
which clues that rock-water interaction is not controlling chloride in groundwater.
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Figure 4: Chloride against silica in groundwater (blue) and surface water (red) during pre-season.
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For post-season, 2 clusters can be observed in SiO,-Cl plot as shown in Figure 5. Locations
P12, P23, P20, P14, P9, P1, P11, P10, P29, P16, P22, P15, P§, P28, S1, P27 and S2 form a
cluster while location P19, P17, P3, P6, S3, P2, P4, P13, P5, P24, P26, P21, P7, P18 and P25
form another cluster. In addition, from a chloride point of view, P2 and P4 can also be
horizontally grouped into a cluster. Both clusters show silica variation into two groups
ranging between 5 mg/l to 15 mg/l while another cluster shows variation from 15 mg/1 to 24
mg/l. For the post-season, there are two clusters compared to the pre-season which is four.
The silica values in the study area have lower variations compared to pre-season. Although
chloride concentrations are low with the highest of 65.8 mg/l, less than the standard of 250
mg/l, chloride ion is contributed in groundwater systems via processes other than rock water
interaction. This is because the values of silica derived are in low concentrations indicating
that SiO; has a low impact in the groundwater system. Some of the plots show constant silica
values with varying chloride values. Based on these characteristics, it can be inferred that
groundwater samples with low silica concentrations indicate less water-rock contact with

shorter residence time [7].
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Figure 5: Chloride against silica in groundwater (blue) and surface water (red) during post-season.

3.3 TDS against Silica Content

From the SiO,-TDS plot (Figure 6), groundwater samples during pre-season demonstrate an
increasing trend based on SiO,-TDS relationship. The groundwater samples show an
increasing trend of silica values with marginal change in TDS values, indicating constituents
of natural sources, with little anthropogenic source. Locations P4, P5, P7, P13, P18 and P21
form a cluster with TDS ranging from 250 mg/I to 305 mg/l. From the tabulated data, it can
be observed that low silica values (< 30 mg/l) tend to occur in regions with higher TDS
concentrations. This indicates that samples with high TDS concentration have a substantial
component of a low quantity of groundwater of deeper origin. The low silica values indicate

low residence time for the groundwater body in the aquifer.
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Figure 6: TDS against silica in groundwater (blue) and surface water (red) during pre-season.

Based on the SiO,-TDS plot of samples collected during post-season, all samples show a
normal SiO,-TDS relationship (Figure 7). This indicates rock water interaction, but its role
is limited only up to the acquisition of silica values and is not associated with any drastic rise
in TDS values. The normal relationship also reflects the smoothening of the Silica-TDS
relationship line due to the inflow of rainwater of low silica values than groundwater. Figure
7 shows samples that fall in 3 vertical clusters. Location P8, P12, P14, P10, P23, P20, P9,
P16, P1, P22, P15, P28, P11, S1, P29, S2 and P27 form one cluster. Locations P19, P3, P6
and S3 form another cluster while location P2, P24, P25, P26, P4, P13, P5, P17, P7, P18 and
P21 form the third cluster. All these clusters show a linkage of constant silica values with
varying TDS concentrations, which again makes it clear that most of the ion acquisition is
taking place through interactions other than those accountable for silica acquisition.

Silica concentrations in surface runoff are poorer throughout periods of high
precipitation or monsoon season and higher during drier months relative to groundwater. The
nature of surface water bodies indicates low silica content which generally indicates
shallower water sources. Hence, during the drier period, the main source of inflow into the
river is from groundwater located in the aquifer. On the other hand, an elevated amount of
silica precipitation occurs which becomes diluted and decreases in the river during heavy
storms. In groundwater, the average silica concentration is 17 mg/1 while for surface water is
14 mg/l. On these bases, the groundwater and surface water contain low silica content with
minor variations between the bodies thus concluding possible identical origins of water from
shallow origins. Since the values of silica are quite low, less than 25 mg/l, the role of silica
acquisitions in groundwater attributed to TDS content can be negligible [12]

TDS Against Dissolved Silica
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Figure 7: TDS against silica in groundwater (blue) and surface water (red) during post-season.



BIO Web of Conferences 131, 04008 (2024) https://doi.org/10.1051/bioconf/202413104008
CTReSS 6.0

4.0 Conclusion

The present investigation shows that SiO, values are very vital while assessing the depth of
groundwater circulations, the evolution of groundwater chemistry through various
hydrogeochemical processes, and geogenic or anthropogenic involvement that may influence
the distribution of major ions in groundwater.

Based on silica geothermometry the groundwater circulation depth during the pre-season
ranges from 0.02 km to 0.32 km while for the post-season, the circulation depths fluctuate
between 0.01 km and 0.32 km. The chloride values fall well below the desirable limits, but
the varying chloride values with constant silica values point to the negligible rock water
interaction in the area. The silica-TDS relationship indicates that role of rock-water
interaction is not substantial as far as the ion acquisition is concerned.

Such low Silica levels reflect minimal involvement of anthropogenic activities and small
residence time of groundwater in terms of rock-water interaction. These low silica values
also show that the water in the area is of recent meteoric origin.
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