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Abstract 

 
Sediments are particles derived from the dismantling of rocks from the land and pieces of shell and 

remains of marine organisms that contain organic matter, included carbonate sediment. The total 

carbonate sediment content was influenced by many factors, such as sediment grain type. This study 

aimed to determine the carbonate content in sediments and to determine their relationship to the 

sediment grain characteristic on the Cilacap coast. The sediment's carbonate content used the 

titration method, while the sediment grain test used a dry filter. Statistical analysis was used to 

determine the sediment grain characteristic (mean, sorting, skewness, and kurtosis). The results 

showed that sediments' total carbonate content had a range of 1.93% - 6.23%, with an average of 

4.21%. Sediments are dominated by fine sand with very well sorted, very platykurtic, and very fine 

skewed characteristics. The relationship between sediment grain characteristics and total sediment 

carbonate content showed a good correlation due to the sorting factor. Other parameters such as 

mean size and skewness have been shown a low correlation, whereas kurtosis has a shallow 

relationship with carbonate content. 
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INTRODUCTION 

 

The sand beach of tropical island 

composed of many bioclastic fractions 

derived from the calcium carbonate skeletons 

of coral reef creatures (Ford & Kench, 2012; 

Smith & Cheung, 2002), generally precipitated 

in organic form by biota in aquatic 

environments, and can also be directly 

precipitated from solution either in the open 

ocean (Trower et al., 2019) or as types of 

cement (Vousdoukas et al., 2007) and calcium 

carbonate (Moore & Wade, 2013). 

Carbonates deposited in situ at the sediment-

water interface and in sediments have played 

a significant role in the carbon cycle 

throughout Earth's history (Saitoh et al., 2015; 

Higgins et al., 2009; Ridgwell & Zeebe, 2005). 

The carbonate in the solution settles between 

the sand and gravel material deposited on the 

beach, while the carbonate sediments' 

textures are usually well sorted (Nichols, 2009). 

Calcium carbonate is very susceptible to a 

solution that is emphasized by typically high 

coastal porosity and permeability (Pilkey et al., 

2006). Porosity and permeability in minerals 

become a gathering place for deposits 

(Bohnsack et al., 2020). 

 

Permeability is a measure of the ease 

with which water moves through the aquifer 

material (Dasgupta & Mukherjee, 2020; Todd & 

Mays, 2012). It is an essential property of 

natural unconsolidated sediment required to 

evaluate potential subsurface contaminant 

plume migration (National Research Council, 
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2005). Various statistical parameters such as 

mean, skewness, and kurtosis play a role in 

determining sand's permeability (Ahr, 2008; 

Morrow et al., 1969). A specific relationship 

between the permeability and the statistical 

parameters describes the porous medium's 

grain size distribution (Masch & Denny, 1966). 

Porosity is defined as the ratio between the 

pore volume and the total material 

(Mukherjee & Kumar 2018; Flóvenz et al., 2012). 

In comparison, permeability is a function of 

porosity, grain size, and sorting. When 

combined, the sediment pores act as water 

channels to drain water through them (Gupta 

& Ramanathan, 2019).  

 

The difference in the pore capacity and 

the sediment's permeability in flowing solutions 

containing carbonates may occur in different 

sediment grains. This research was conducted 

to assess the carbonate content of various 

sediment grains and characteristics that play 

a role in determining the porosity and 

permeability of sediments. The research 

location is on the Cilacap coast, from 

109.390°W and 7.725°S to 109.020°W and 

7.745°S (Figure 1). The study location is divided 

into nine cells along the coast. Each cell 

consists of three stations with a distance of 

approximately 1.6 km. The total number of 

stations is 27, where it is assumed that each 

station has different utilization characteristics 

and coastal environmental conditions.  The 

river that flows to the coast of Cilacap and its 

wave energy may carry sediment material 

and carbonate content. The combination of 

carbonate-producing organisms secretion 

activity from the sea and river flow can affect 

the carbonate content fluctuations in 

sediments on the Cilacap Coast.  

 

MATERIALS AND METHODS 

 

The method for determining sediment 

points used purposive sampling (Arikunto, 

2010). Samples of sediment were obtained 

from 27 stations using a sediment core sampler 

in transition monsoon I. Figure 1 shows the 

locations of these stations. The first station (1.1) 

located in the east, which is bordered by karst 

  

 
 

Figure 1. Study site area 
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hills, and the last station (9.3) in the west, 

bordering the Nusakambangan island. The 

east and west stations are seasonally high 

wave energy. The east stations are affected 

by high wave energy in the northwest 

monsoon, while in the southeast monsoon, 

high wave energy reached the west station 

(Kutriyani & Trenggono, 2018). 

 

Samples of sediment from 27 stations 

were prepared prior to the analyses. Each 

sample was dried in an oven with a 

temperature of 100oC. An analysis of grain 

sediments used dry samples and sifted using 

an Automatic Sieve Shaker in mesh size 0.075 

mm, 0.106 mm, 0.150 mm, 0.250 mm, 0.425 

mm, 0.850 mm, 2 mm. Each sample of 100 

grams was shaken for 5 minutes, and then the 

sample weighed according to the retain 

weight on each mesh size. The calculation of 

the diameter fraction (∅) in phi (ɸ) units at the 

cumulative percentage of 5%, 16%, 25%, 50%, 

75%, 84%, and 95% were carried out to 

calculate the sediment statistical parameters. 

The mean, sorting, kurtosis, and skewness 

calculated using the ASTM D 1140-00 standard 

from the American Society for Testing and 

Materials (ASTM Committee D18, 2000). The 

formulas of each of these calculations are as 

follows (Folk & Ward, 1957), 

 

Mean size (Mz) = 
∅16+∅50+∅84

3
…... (Eq. 1) 

 

The average grain size is an index of grain size 

measurements based on the percentage of 

each sample's fraction weight. The results 

obtained were the granules' size representing 

the sample (Friedman, 1978), 

 

Sorting (δ1) =
Ø84−Ø16

4
+

Ø95−Ø5

6,6
…………… (Eq. 2) 

 

Sorting is a statistical explanation for sorting 

grains. It is a measure of the range of grain size 

distribution in the sample, 

 

Skewness (Skᵢ) =
Ø16+Ø84−2Ø50

2(Ø84−Ø16)
+

Ø5+Ø95−2Ø50

2(Ø5−Ø95)
……………………………………. (Eq. 3) 

 

Skewness is defined as the degree of 

asymmetry of the standard or log-normal grain 

size distribution. The skewness can be positive 

or negative depending on the tail excess of 

fine or coarse particles, respectively, 

 

Kurtosis (𝐾𝐺) =
Ø95−Ø5

2,44(Ø75−Ø25)
........................ (Eq. 4) 

 

Kurtosis is the sharpness or peakedness of the 

grain size distribution curve. 

 

The carbonate content was determined 

by the rapid titration method (Kennedy, & 

Woods, 2013; van Reeuwijk, 1993) (Figure 2). 

Analysis of total sediment carbonate content 

was carried out by weighing 5 grams of 

sediment samples and using a standard 

example of 0.5 grams of CaCO3 powder. The 

sediment samples were put in a Duran bottle 

with added 100 ml of HCl and then 

homogenized and left overnight. The next day, 

the sample was shaken for 2 hours using a 

shaker and extracted with a pipette of 10 ml 

into the Erlenmeyer flask. The ion-free water 25 

ml and three drops of Phenolphthalein 

indicator were added, then titrated with 0.1 N 

NaOH until the color changed into roseate. 

Titration is also done for the CaCO3 standard 

and blank sample. The analysis of (%) 

carbonates calculated by the formula: 

 
(%)𝑐𝑎𝑟𝑏𝑜𝑛𝑎𝑡𝑒 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 = 

(𝑚𝑙𝑏𝑎𝑙𝑎𝑛𝑘 − 𝑚𝑙𝑠𝑎𝑚𝑝𝑙𝑒) ×  𝑀 × (
50

𝑠
× 𝑓…… (Eq. 5) 

 

Note : ml blank = ml of 0.1 N NaOH used for 

blank titration; ml sample =  ml of 0.1 N NaOH 

used for example titration; s = air-dry sample 

weight in gram; M = molarity of NaOH solution; 

50 = equivalent weight of CaCO3; Corr. factor 

(f) = water content correction factor 

 

The relationship between total sediment 

carbonate content and statistical parameters 

sediment is measured by simple linear 

regression analysis (Thomson & Emery, 2014).  
 

RESULTS AND DISCUSSION 
 

Carbonate contents determined on 

treated samples are shown in Figure 3. 

Carbonate content range from 1.93% to 

6.23%, with an average of 4.21%. The most 

considerable value located in station 1.2, 

which a part of cell 1 equal to 6.23%, while the 

lowest value was in station 7.1 of 1.93%. High 

carbonate content values were measured in 

the border cells, both in the west and east 
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boundaries. On the eastern edge, high 

carbonate content at station 1.1 may be 

related to the input from the karst hill in cell 1. 

The karst region has a landscape and 

hydrology with the character formed from 

carbonate and dolomite rocks due to a 

combination of soluble rocks, secondary 

porosity, and some dissolving agents' natural 

water effect (Ford & William, 2007). It means 

the sediment conditions at cell 1 appear to be 

mixed with white material from the karst.

 

 
 

Figure 2. Total carbonate sediment analysis scheme 

 

 
Figure 3. Total sediment carbonate content on the Cilacap coast 
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The carbonate content of cell eight and nine 

increased sequentially with the peak in station 

8.3 then decreased to station 9.3. These cells 

may get input from the sea originating 

calcium carbonate solution of coral, shells, 

and mollusks (Woodroffe et al., 2017; Moore & 

Wade, 2013). This indication can be seen in the 

physical properties of sediment mixed with 

white remains bodies during sampling. The 

carbonate sediments can vary in density and 

shape because they come from organic and 

inorganic sources (Prager et al., 1996). 

Organic bases, such as corals and crustose 

coralline algae, may include shells, resulting in 

complicated skeleton construction and further 

influencing bulk density (Wang, 2016). 
 

The lowest carbonate content was 

found in station 6.3 and 7.1, where the Tipar 

river's mouth and the Serayu River's estuary. 

Carbonate deposition in river estuaries is 

categorized as low because of the dynamic 

processes created by the river's interaction 

with the sea, such as waves or longshore 

currents. According to Kutriyani and 

Trenggono (2018), a robust longshore current 

has occurred during transitional I, southeast 

monsoon and is most decisive in transitional II 

in cells 6.3 and 7.1. Compared to stations in the 

east and west, both stations are relatively 

exposed to high energy waves in all monsoons 

(Kutriyani & Trenggono, 2018), which resulted 

in low carbonate deposition in the sediment.  
 

The carbonate content in sediments 

along the coast of Cilacap was low compared 

to the research at Rebon beach (Batang 

Regency), located on the north coast of Java, 

producing a total carbonate content ranging 

from 1.51% - 19.22% (Sya'rani & Hariadi, 2006). 

The shallow waters of the Java sea allow the 

carbonate rocks to settle well so that the 

conditions are abundant. In contrast, southern 

Java's deep waters and extensive wave 

activities cause carbonates to be distributed 

far to deeper waters. The low content may be 

due to differences in the waters' morphology 

between the northern coast of Java and the 

coast in Cilacap, south of Java. The shallow 

waters of the Java sea allow carbonate rocks 

to be deposited very well so that conditions 

are abundant. 
 

The distribution of grains size from 27 

stations showed in Table 1. The average 

sediment size is fine sand with a mean size of 

more than two ɸ. Meanwhile, for the medium 

sand category, there are station 1.1, 4.2, 5.3, 

6.1, and station 6.3. Overall, the type of 

sediment that dominates along the coast in 

Cilacap is fine sand. Currents were due to 

breaking waves transport the fine fraction in 

the form of a suspension towards the beach 

where the samples were taken, while the 

coarse fraction is deposited faster before 

reaching the shore. Kutriyani and Trenggono 

(2018) have assessed the currents due to 

breaking waves that have been forming along 

the Cilacap coast during transition monsoon I, 

although with different strengths. Sediment 

distribution parameters in this study were 

obtained through statistical analysis (Hoque et 

al., 2013). Parameters include sorting, kurtosis, 

and skewness using the unit of measure phi (ɸ) 

(Table 1). Sorting results from 27 stations 

showed very well sorted, indicating that the 

sediment deposits were composed of 

relatively the same grain size. The evidence 

can be seen in the mean grain size, which has 

a small difference in range between fine and 

medium sand.  

 

The kurtosis includes the very platykurtic 

category has found in 25 stations (Table 1). 

Station 7.1 belongs to the extremely leptokurtic 

category, and station 7.3 the platykurtic type. 

Bramha et al. (2017) explained that the smaller 

the kurtosis value, it shows that sediment 

distribution is getting flattered towards the 

normal distribution, wherein sediment 

transport along the coast will move particles 

with the same properties and are deposited in 

the same place due to uniformity. Changing 

leptokurtic to very platykurtic is caused by 

decreasing inflow direction environmental 

energy (Bramha et al., 2017). This criterion has 

shown that the strength of sediment 

deposition in the study area is lower than the 

power of its aquatic environment. Kurtosis was 

found to be predominantly very platykurtic, 

meaning fine-sized sediments were more 

ordered in this environment. In general, 

sediments were dominated by fine-grained 

are impermeable due to the small size of the 

pore. If the pores are tiny, the water cannot 

flow through, although sediment may hold up 

the water. Consequently, the liquid containing 

carbonates cannot be trapped in the 

sediment. 
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Table 1. Mean, Sorting, Kurtosis, and Skewness Value 

 

St. 
%  

Carbonate 

Mean Sorting Kurtosis Skewness 

Size (ɸ) Classification δ1(ɸ) Classification KG (ɸ) Classification Sk1 (ɸ) Classification 

1.1 5.750 1.82 Medium sand -1.088 very well sorted -0.263 very platykurtic -0.079 symmetrical 

1.2 6.228 2.31 Fine sand -0.109 very well sorted -0.003 very platykurtic 18.665 very fine skewed 

1.3 5.856 2.59 Fine sand -0.288 very well sorted -0.156 very platykurtic -1.842 very coarse skewed 

2.1 5.340 2.21 Fine sand -0.874 very well sorted -4.639 very platykurtic -0.202 coarse skewed 

2.2 5.580 2.56 Fine sand -0.501 very well sorted -0.602 very platykurtic -2.158 very coarse skewed 

2.3 5.448 2.91 Fine sand -0.155 very well sorted 0.070 very platykurtic 13.036 very fine skewed 

3.1 4.763 2.37 Fine sand -0.070 very well sorted 0.224 very platykurtic -0.187 coarse skewed 

3.2 4.774 2.62 Fine sand -0.258 very well sorted -0.132 very platykurtic -1.905 very coarse skewed 

3.3 4.438 2.41 Fine sand -0.468 very well sorted -0.088 very platykurtic -0.014 symmetrical 

4.1 3.596 2.09 Fine sand -0.628 very well sorted 0.203 very platykurtic -0.743 very coarse skewed 

4.2 3.077 1.95 Medium sand -0.661 very well sorted -0.479 very platykurtic -0.819 very coarse skewed 

4.3 3.424 2.43 Fine sand -0.610 very well sorted -0.133 very platykurtic -0.280 coarse skewed 

5.1 3.043 2.18 Fine sand -0.457 very well sorted -0.434 very platykurtic 2.259 very fine skewed 

5.2 2.385 2.55 Fine sand -0.711 very well sorted -0.626 very platykurtic -0.253 coarse skewed 

5.3 2.727 1.69 Medium sand -0.983 very well sorted -0.373 very platykurtic 0.146 fine skewed 

6.1 2.438 1.75 Medium sand -0.371 very well sorted -0.342 very platykurtic -3.920 very coarse skewed 

6.2 2.061 2.11 Fine sand -0.557 very well sorted -0.111 very platykurtic -0.825 very coarse skewed 

6.3 2.012 1.49 Medium sand -0.653 very well sorted -0.064 very platykurtic 0.336 fine skewed 

7.1 1.928 2.05 Fine sand -0.858 very well sorted 8.976 Extremely leptokurtic -0.061 symmetrical 

7.2 2.103 2.05 Fine sand -1.010 very well sorted -0.189 very platykurtic -0.099 symmetrical 

7.3 2.984 2.18 Fine sand -0.781 very well sorted 0.684 platykurtic -0.270 coarse skewed 

8.1 5.193 2.39 Fine sand -0.514 very well sorted -0.040 very platykurtic -0.045 symmetrical 

8.2 5.510 2.60 Fine sand -0.328 very well sorted -0.186 very platykurtic -1.712 very coarse skewed 

8.3 6.149 2.27 Fine sand -0.484 very well sorted -0.060 very platykurtic 0.109 fine skewed 

9.1 6.070 2.07 Fine sand -0.635 very well sorted -0.210 very platykurtic -0.776 very coarse skewed 

9.2 5.663 2.01 Fine sand -0.640 very well sorted 0.078 very platykurtic 0.213 fine skewed 

9.3 5.275 2.20 Fine sand -0.865 very well sorted 0.332 very platykurtic -0.010 symmetrical 
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Skewness has determined the degree of 

symmetry or asymmetry of the grain size 

distribution. Variation in positive and negative 

value on the results has been observed 

characterizes the Cilacap coast. The study 

area's skewness value showed the sediment 

beach varied between very fine skewed to 

very coarse skewed (Table 1). Usually, a coast 

with deposition of sand whereas 

characterized by positive skewness, while 

negative skewness is the identity of erosion 

and non-deposition of the beach (Duane, 

1964; Dora et al., 2011; Dora et al., 2014). The 

very coarse skewed categories were found in 

nine stations from all stations, indicating 

uniform grains and sandy sediment types are 

predominant as wave reworking removes finer 

sediment and carries it offshore. The coarse 

type's dominance can increase the 

permeability of the sediments that can drain 

fluids containing carbonate. The relationship 

between the total carbonate content with 

mean grain size, Sorting, Skewness, and kurtosis 

in the Cilacap coast showed in Table 2.  

 

Consequently, fine sand can bind 

carbonate and have the opportunity to 

contain more than medium sand because 

carbonate is one of the organic materials. 

Generally, the carbonate characteristic, 

which is easily dissolved, allows it to be 

deposited into the sediment, determined by its 

porosity and permeability. According to 

Nurwidyanto et al. (2006), the relationship 

between porosity and permeability in the 

medium sand category has a value that is 

inversely proportional to the sediment's size. 

The low relationship between carbonate 

content and grain distribution is presumed 

because other parameters determine the 

permeability and porosity factors. A good 

correlation showed in carbonate content 

against sorting with a regression coefficient of 

0.62 (Table 2). This good correlation indicates 

the high value of sediment's carbonate 

content has been affected by sorting 

conditions dominated by very well sorted 

states. Well-sorted sediments tend to have 

higher porosities and permeabilities than 

poorly-sorted sediments because grains are 

packed more loosely in these sediments due 

to coarser sediments filling pore spaces 

among more refined grains (Boggs Jr., 1995). 

The high porosity and permeability of 

sediments have the potential to trap 

carbonates. The kurtosis value has a very low 

correlation with carbonate content (R2=0.10). 

The dominance of very platykurtic in kurtosis 

has been revealed the fine-sized presented in 

the sediments and is thought to be the cause 

of the pore's small size as a medium for flowing 

solutions containing carbonates into the 

sediment.  

 

The low correlation has been shown 

correlation carbonate content against 

skewness on symmetrical and fine skewed with 

a regression coefficient of 0.35 and 0.32. 

Simultaneously, an almost low correlation in 

skewness has been noted in the correlation 

between carbonate with coarse skewed 

(R2=0.48). In general, the coarse skewed type 

in skewness has the potential to increase 

permeability. Permeability affects the ability of 

the sediment to be passed by the carbonate 

solution. In general, the relationship between 

carbonate content and sediment statistical 

parameters is low, even very low, but sorting is 

the only parameter closely related to 

carbonate content along the Cilacap coast. 

 

In the middle of two sand types of 

sediment, a low category correlation was 

found in medium sand (R2= 0.24). 

Simultaneously, the relationship of total 

carbonate content with fine sediment types 

shows a deficient class (R2= 0.11). The size of 

sediment is an ecological factor and affected  

 

Table 2. Correlation between Mean, Sorting, Kurtosis, and Skewness. 

 

Statistical 

Parameter 

  

Mean size 
Sorting 

(δ1) 

Kurtosis 

(KG) 

Skewness (Sk1) 

medium 

sand 

fine 

sand 
symmetrical 

coarse 

skewed 
fine skewed 

R Square 0.24 0.11 0.62 0.10 0.35 0.48 0.32 

Standard 

Error 
1.49 1.42 0.38 0.95 0.05 1.12 5.47 
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the content of organic matter. Theoretically, 

the finer the substrate texture, the greater its 

ability to trap organic matter (Nybakken & 

Bertness, 2004). In sediment porosity, 

decreasing grain size means increasing 

porosity (Gupta & Ramanathan, 2019). 
 

CONCLUSIONS 
 

A relatively good correlation between 

carbonate content with sorting in the Cilacap 

beach depicted that the beach along 

Cilacap has well-sorted sediment. Well-sorted 

sediments have higher porosity and 

permeability than poorly sorted sediments. This 

research has shown that carbonate sources 

are not only the primary determinant of the 

high carbonate content in coastal sediments. 

However, the sediment's characteristic in the 

degree of sorting was a factor that played a 

role in determining the sediments' porosity and 

permeability. Further work is needed to 

evaluate permeability and porosity's direct 

effect on total carbonate content in the 

Cilacap coast. 
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