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Abstract: A study was carried out to assess environmental indicators and to investigate the role of soil mineralogy on the 

topolithosequence with a particular reference to soil development in South Sulawesi, Indonesia. Soil profiles were selected 

based on the differences in altitude, slope gradient, and rock unit. The soil profiles can be respectively described as follows: 

P1 (140 meters above sea level, 20%, breksi and lava);  P2 (60 meters above sea level, 15%, sedimentary rock); P3 (20 

meters above sea level, 3%, alluvium sediment), and P4 (5 meters above sea level, 0%, alluvium sediment). In the 

identification of sand fraction mineral for each profile, minerals such as Garnet, Apatite, Olivine, Hornblende, Biotite, 

Feldspar, Muscovite, Quartz, Hematite, and Pyrite were found. The quartz mineral can be used as a topolithosequence 

indicators regarding soil development and its vulnerability against pedo-transfer functions. According to soil development, 

the profiles can be arranged as follow: P4 > P3 >P2 > P1. The X-ray diffractogram analysis of soil profiles indicates that the 

diffractogram peaks are 3.2; 3.4; 3.56; 9.9; 12.4; 14.5; 15.4; 16.8; and 17.7A
o
 which are identified as montmorillonite clay 

mineral, and the diffractogram peaks 7.2 and 10.1A
o
 are halloysite. Meanwhile, the diffractogram peaks 3.58, 3.59, and 7.15 

A
o
 are identified as kaolinite. Each soil profile with its diffractogram peak signifies that all profiles have clay mineral 

montmorillonite, halloysite, and kaolinite, except for soil profile P1 only which has montmorillonite, and halloysite. 

Therefore, it could be concluded that P1 has experienced longer weathering than P2, P3, and P4, although it never leads to a 

soil development. The overall results of both sand fraction minerals and clay minerals signify that the soil development rate of 

each profile corresponds to altitude and slope. This eventually indicates that the weathering is transported in its lateral 

translocation nature, and reveals different types and levels of environmental indicators related to soil development. 
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1. Introduction 

Assessment of environmental indicators within the 

context of soil development is considered as one of the 

crucial stages in a long term environmental monitoring, 

because it relates to soil formation and pedo-transfer 

functions. Soil formation is the result of reciprocal 

treatment between various geomorphic and pedogenic 

processes related to soil organic structure, and it gives rise 

to a dynamic zone. Within a topolithosequence, soil 

characteristics may appear as a result of a function of 

topography and rocks as influenced by weather and 

organism at a certain period of time [1]. 

The interaction between soil and topography constitutes 

the basis of soil catena. That topographical factor can 

obviously influence other factors in the process of soil 

formation. In a broader scope, the meaning of soil catena 

can be related to weather, and in a even much broader sense 

can be related to the essence of soil materials. Eventually, 

catena concept has a role in the observation of observable 

primary process that causes various soil characteristics. In 
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this context, environmental indicators derived from soil 

factors can be estimated from textural classes using 

qualitative pedo-transfer functions [2]. 

The relationship between catena (in this paper: 

topolithosequence) and soil characteristics in a 

geographical perspective depends on the function intensity 

of each soil forming factor. In the region with a certain 

slope, it will be found a close relationship between the 

position and the soil characteristics such as topsoil depth, 

organic material content at the surface layer, texture, 

relative humidity of profile, dissolved salt content, soil 

colour, degree of soil horizon differentiation, type and rate 

of rock development, the characteristic of the main material, 

and so forth [3]. 

On the other hand, as the pedogenesis concept starting 

from the formation and development of soils to a mixture 

of various materials, the erosion and sedimentation 

processes occurring in a certain site always have a close 

relationship with formation of certain type of soil in that 

site. The characteristics of the soils formed as a mixture of 

different types of materials highly depend on its forming 

components. The most significant soil forming component 

is soil mineralogy, which is considered as a static 

environmental indicator.  

Within the context of environmental monitoring, it is 

therefore important to conduct a study on the role of soil 

physics and mineralogy and its resulting characteristics in 

various soil development stages in different 

topolithosequence. The primary aim of this study is to assess 

basic environmental indicators in soil characteristics on the 

topolithosequence. This study will give a picture of soil 

development rate on the topolithosequence due to 

differences in altitude, topography and geology, and 

pedo-transfer process that occurs in each site. This study 

also will provide a reference to many different steps of 

environmental monitoring in different altitude, topography 

and geology, and pedo-transfer processes. 

2. Materials and Method 

2.1. Location and Description of Study Area 

This study was carried out in Soppeng Regency, South 

Sulawesi, Indonesia, starting from the depression area of 

Tempe Lake moving westward along Batu-Batu River. 

Selection of locations of soil profile and sampling was 

based on map overlay between topographical map of 1 : 

50.000 scale and geological map of Pangkajene and West 

Watampone Sheet [4]. 

The basis for the determination of soil profile 

observation point for each location is altitude differences of 

each site, including slope, and geological formation 

differences in topolithosequence. The map of soil sampling 

location is presented on a geological map in Fig. 1. 

 

Figure 1. Geological map and soil sampling locations 

2.2. Materials 

The study utilises four soil profiles representing 

particular zone of topolithosequence. Their distribution 

begins from the east of Tempe Lake (the depression area) to 

the west along Batu-Batu river. The soil profile is 

distributed in the upper, middle, lower slopes, and the 

depression area of Tempe Lake in the west. The sites are 

marked respectively from the upper slope to lower slope: 

P1, P2, P3, and P4. Soil materials (samples) were taken 

from identified soil horizon in every profile. Morphological 

characteristics of every area (pedon), was examined using a 

guidelines for Soil Profile Description [5]. 

2.3. Analysis Method 

A mineral can be defined as homogenous natural 

elements of original inorganic compound, having a fixed 

chemical compound and a certain geometric shape of 

molecule arrangement. Minerals have a unique form of 

crystal that can be used to recognise their types. Other 

characteristics such as crack section, fragments and glitter 

together with their shape are important elements in 

identifying the types of minerals. 

The characteristics of the studied minerals consist of 

sand fraction minerals and clay minerals. The composition 

of minerals in sand fraction is one of the clues to identify 

the type of base materials, decomposition rate, and the 

potentials of soil fertility, while that of clay minerals is 

closely related to the statuses of physical and chemical of 

the soil. 

Basically, there are two types of mineralogy analysis. 

First is sand fraction mineral analysis by means of 

binocular microscope, and second is clay mineral analysis 

using X-ray Diffraction. Preparation of clay and sand 

fraction samples was done in the following steps: (a) soil 

passing through 2 mm sieve was scaled for 20 gram and put 

into a 250 ml beaker; (b) ten millilitres of H2O2 and 100 ml 

of water were added and boiled in a hot plate. This was 

done until all organic maters disappear as indicated by 

bubble disappearance; (c) the soil was then transferred to a 

porcelain cup and put into oven with a maximum 

temperature of 50
0
C; (d) when the soil sample was getting 

dried, it was transferred into a 250 ml flask, and 25 ml 

Na-pyrophosphate; and then 100 ml of water were added to 



 

 

it; the sample was then shaken for 4 hours with a shaker 

machine; (e) the suspension was filtered with a 0.05 mm 

sieve to separate sand fraction from dust and clay; (f) 

suspension which contains dust and clay was filled into a 

500 ml precipitating flask added with distilled water to 

reach 500 ml volume. The flask was then shaken until the 

suspension and the water were appeared homogenous, and 

it was allowed by settling it for 6 hours 22 minutes; (g) the 

suspension was taken out of the flask up to 10 cm from its 

upper level and put into an oven on a temperature of 50
0 
C, 

until clay fraction was obtained; (h) the clay fraction was 

then kept in a bottle ready for X-ray diffraction. 

Sand fraction samples obtained were first dried to 

remove water content, and the granular particles were 

sieved in sieving machine for 15 minutes. The sieving sizes 

used consecutively are 16 mesh (0.991 mm), 20 mesh 

(0.840 mm), 24 mesh (0.710 mm), 32 mesh (0.5 mm), 116 

mesh (0.124 mm), plus a container. Every mesh was 

separated and this study used the grains of 116 mesh or 

0.124 mm because under the microscope the view of these 

grains looks ideal. Standardization of particle size 

distribution (PSD) is a prerequisite to achieve compatibility 

of soil data among various countries with different texture 

classification systems; great differences in fitting and 

prediction performance were found between the PSD 

models. Soil texture as well as the bimodal character of the 

soil significantly affect their respective performance [6] and 

[7]. 

The sand fraction was identified using binocular 

microscope, following line counting method separating 

particles based on their colour, shape, crack section, 

fragment and glitter. The calculation was performed until 

100 times with three recurrences. The identification was 

performed in the laboratory of Sedimentology at Geology 

Department, Faculty of Engineering, Gadjah Mada 

University. Meanwhile, the clay fraction obtained was 

transformed into powder to be used for X-ray diffractogram 

analysis through the following treatments: oriented, Mg
++ 

Saturation, Mg
++ 

with Glycerol, and K
+
 with 550

0
 C heating. 

The treatments were meant to confirm the existence of 

minerals identified in every profile of each 

topolithosequence. The analysis was conducted in the 

laboratory of the Great Hall of Bandung Ceramic Industry. 

The X-ray Diffractogram identification utilised principles as 

suggested by [8] and [9]. 

Sand fraction minerals identified in every profile in this 

study were: (1) garnet, (2) apatite, (3) olivine, (4) 

hornblende, (5) biotite, (6) feldspar, (7) muscovite, (8) 

quartz, (9) hematite, and (10) pyrite. 

3. Results and Discussion 

3.1. Sand Fraction Minerals 

The distribution of the relative numbers and contents of 

sand fraction minerals in every soil profile is presented in 

Table 1. 

 

Table 1. The Distribution of Sand Fraction Minerals of every Soil Profile 

Profile Number 
Sand Fraction Minerals (%) 

Garnet Apatite Olivine Hornblende Biotite Feldspar Muscovite Quarzt Hematite Pyrite 

P.1.1 19,33 18,67 7,67 4,00 - 20,00 3,33 13,00 6,67 7,33 

P.2.1 14,00 21,67 9,00 8,00 - 19,00 6,33 11,00 5,00 6,00 

P.2.2 16,00 13,33 7,67 8,00 - 20,33 5,67 15,00 6,00 8,00 

P.3.1 14,33 16,67 8,33 9,00 - 19,00 7,00 13,00 8,67 4,00 

P.3.2 14,33 20,00 7,67 7,67 - 20,33 6,33 11,00 6,00 6,67 

P.3.3 16,33 19,67 7,67 6,33 - 20,33 6,67 9,67 6,00 7,33 

P.3.4 16,00 20,00 6,67 8,33 - 21,00 3,00 11,66 6,67 6,67 

P.4.1 17,00 15,67 6,33 8,33 1,00 19,33 5,67 14,67 6,67 5,33 

P.4.2 17,00 15,00 6,67 7,00 0,67 19,33 5,33 17,67 6,00 5,33 

P.4.3 6,00 21,67 8,00 6,67 0,33 20,00 5,00 18,33 7,00 7,00 

P.4.4 7,33 20,00 5,34 10,00 - 20,00 5,33 18,67 5,33 8,00 

P.4.5 16,67 20,00 6,00 8,67 - 20,00 5,33 11,33 6,00 6,00 

 

The identification and observation on every soil profile 

in general reveals that feldspar, apatite, garnet, and quartz 

are the dominating ones. Feldspar, garnet, and quartz are 

silicate group minerals, while apatite is grouped into 

phosphate minerals. 

As stated in the reference [3], mineral stability against 

decomposition from the one easily decomposable to the one 

difficultly decomposable, and this can be illustrated in Fig. 

2. It is also stated that mineral composition has a specific 

influence on the development of soil profile. The more the 

soil contains easily decomposable mineral, the more the 

clay mineral will be formed. 

The ratio between easily decomposable minerals and 

uneasily decomposable ones can be used to assess the soil 

development rate. The smaller the ratio, the more 

developed the soil profile. On the other hand, mineral 

composition in soil can also be used to determine the origin 

and the type of the main material. 
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Figure 2. Mineral Stability against Weathering 

The result indicates that quartz is fewer than feldspar, 

apatite, and garnet, but more than olivine, pyrite, hematite, 

hornblende, biotite, and muscovite. This implies that the 

soil in general has not yet developed to a more advanced 

stage. 

If the quartz mineral is used as an indication of the soil 

development rate in its susceptibility nature against 

weathering, the development stage of the soil among the 

profiles can be formulated as : P4 > P3 > P2 > P1. The 

distribution pattern deep down the layer indicates that the 

soil profile of P1 has no distribution pattern because it has 

only one layer (A2 horizon), P2 profile increases, and P3 

and P4 have unfixed distribution pattern. The unfixed 

distribution pattern of the P3 and P4 are possible due to 

their respective locations: in the lowest slope and in the 

depression area of Tempe Lake. It further indicates that 

heading down toward the slope, following Batu-Batu River, 

every soil profile has a relationship to each other. That type 

of relationship is apparent in the P2 profile (middle slope) 

towards the depression area of Tempe Lake which makes 

the P1 profile (upper slope) does not seem to have any 

relation. This is supported by the distribution pattern of 

other sand fraction minerals. The pedogenesis is reduced in 

the lowlands compared with the uplands because the 

number and volume of the mounds were substantially lower 

in the bottom and fringe sites compared with the upland site 

[10] and [11]. 

 

3.2. Clay Minerals 

In this study, X-ray Diffraction is used to determine the 

clay mineral, while to interpret diffractogram peak, [12] 

and [13] methods and tables are used. Preliminary 

treatment of soil sample of every profile is performed as 

follows:  

For P1 and P4 profiles: 

a) Oriented sample 

b) Mg
++ 

saturation 

c) Mg
++ 

saturation + glycerol 

d) K
+
 + 500

0
 heating for 4 hours. 

For P2 profile : 

a) Oriented sample 

b) Mg
++ 

saturation 

c) Mg
++ 

saturation + glycerol 

While for P3 profile, the treatment only covers: 

a) Oriented sample 

b) Mg
++ 

saturation 

The X-ray Diffractogram analysis result of every soil 

profile presented in Fig. 3. The figure indicates that the 

diffractogram peaks of 3.2; 3.4; 3.56; 9.9; 12.4; 14.5; 16.8, 

and 17.8 A
0 
are identified as montmorillonite clay mineral, 

and the diffractogram peaks of 7.2 and 10.1 A
0
 as halloysite. 

Meanwhile, the diffractogram peaks of 3.58; 3.59, and 7.15 

A
0
 as kaolinite. With the diffractogram peaks reflected on 

every soil profile, it could be stated that all soil profiles 

contain clay minerals montmorillonite, halloysite, and 

kaolinite, except for profile P1 only contains 

monmorillonite and halloysite. 

Monmorillonite (clay layer 2:1), is commonly called 

smectite, with chemical formula Al3O3.4SiO2.H2O + xH2O. 

The montmorillonite name is specialised to hydrated 

aluminium silicate species with a little substitution. The 

wide range of mineral type is available in the 

montmorilonite group and in the member of primary end of 

dioctahedral sub-group i.e., beidelite and nontronite [8]. It 

is claimed that montmorillonite has Mg and ferric ions in 

the ideal position of octahedral and beidelite, having no Mg 

and Fe on the octahedral sheet, while nontronite is similar 

to beidelite, except that the overall charge of silicate layer 

of beidelite is the result of the substitution of Si
4+

 with Al
3+

. 

The nontronite substitutes all Al
3+

 with Fe
3+

. In the 

Trioctahedral sub-group, there can be recognised two end 

members: hectorite and saponite. Table 2 describes the 

influence of the treatments on Basal Spacing d(001) (the 

distance of d) in A
0
 of every soil profile and Figure 3 

presents the result of X-ray Diffractogram analysis of every 

soil profile. 

Kaolinite (clay layer 1:1) is a hydrated alumina-silicate 

group with chemical formula of 2SiO2. Al2O3. 2H2O per 

unit cell. The mineral structure is grouped into phylosilicate 

type 1:1. In isomorphic substitution of Kaolinite exists only 

at some degree, and the permanent charge of every unit cell 

is so small or even nil [13]. The presence of open hydroxyl 

clusters causes kaolinite to have changing negative charges 

or a dependency on its pH. The members of kaolinite group 

are kaolinite, dikite, nakrite, and halloysite. Except for 

halloysite, other minerals do not expand in water [14]. 

Colloid migration in subsurface environments has 

attracted considerable attention in recent years because of 

its suspected role in facilitating of strongly adsorbed 

contaminants to groundwater [15]. 



 

 

 

Figure 3. X-ray diffraction of each soil profile 

Legend : a. Oriented sample 
   b. Mg++ saturation 
   c. Mg++ saturation + glycerol 
   d. K+ + 500O heating/hour 
   m = monmorillonite 
   h = halloysite 
   k = kaolinite 

Halloysite (clay layer 1:1) has a chemical formula 

Al2O3.2SiO2.4H2O. The structure is similar to kaolinite but 

the difference is in the irregular layer stacking and the 

presence of two or more layer of water molecules in 

between layers. 

The Result indicate that the smectite component is nearly 

identical over the soil toposequence; the smectite 

component is the same with respect to charge magnitude 

and chemical composition, independent of the proportion of 

kalinite and smectite component. This suggests the 

pedogenic formation of K-S by transformation of smectite 

through dissolution of some smectite layers and subsequent 

crystallization of kaolinite between the layers of the 

remaining smectite crystallites [16]. 

The presence of highly reactive mineral phases, such as 

low periodic order Mn oxides or allophone-like minerals, 

with high contents of carbonates is rarely in the natural 

environment and may suggest an important potential for 

pedogenic evaluation, which could be directed by the 

balance between the weathering processes of these phases 

[17] and [18]. 

The clay mineralogy reflected the clear weathering trend 

of the soils along the toposequence; the mineralogical 

transformations observed along the toposequence indicated 

that chlorite and serpentine, initially present in the Entisol 

on the summit, weather into smectite and interstratified 

chlorite-vermiculite in the intermediate soil on the shoulder 

under strong leaching and oxidizing conditions [19]. 

4. Conclusion 

Sand fraction minerals identified in each profile are 

Garnet, Apatite, Olivine, Hornblende, Biotite, Feldspar, 

Muscovite, Quartz, Hematite, and Pyrite. The results of 

identification, observation, and calculation at every soil 

profile reveal that the most dominant sand fraction minerals 

are feldspar, apatite, garnet, and quartz. Feldspar, garnet, and 

quartz are included in the group of silicate minerals, while 

apatite is included in Phosphate group. Compared to feldspar, 

apatite, and garnet, quartz mineral is fewer in number, but 

compared to olivine, pyrite, hematite, hornblende, biotite, 

and muscovite, it is more. It could simply be concluded that 

the soil profile in general has not yet developed. The soil 

development in the topolithosequence of the studied region - 

when quartz is used as an indication of its development from 

vulnerability against weathering can be arranged as follows: 

P4 > P3 > P2 > P1.  

Furthermore, the X-ray diffractogram analysis of every 

soil profile indicates that the diffractogram peaks: 3.2; 3.4; 

3.56; 9.9; 12.4; 14.5; 15.4; 16.8; and 17.8 A
o
 are identified as 

montmorillonite clay mineral, and the diffractogram peaks 

7.2 and 10.1 A
o
 are halloysite. Meanwhile, the diffrctogram 

peaks 3.58, 3.59, and 7.15 A
o
 are identified as kaolinite. 

Each soil profile with its diffractogram peak signifies that all 

profiles have clay mineral montmorillonite, halloysite, and 

kaolite, except for soil profile P1 only bears montmorillonite, 

and halloysite. Therefore, it could be concluded that P1 has 

experienced longer weathering process than that for P2, P3, 

and P4, although it never leads to a soil development [20].  

A further study on the geological factor needs to be taken to 

prove whether the catena concept could or could not be used. 

It is expected that for the sake of soil science and 

environmental assessment, the variety of geological factors 

could be minimised. DTA needs to be performed in the 

analysis of X-ray diffraction in order to be useful in 

controlling the result of the analysis against the possibility of 

the existence of amorphous minerals. 
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