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ABSTRACT 
Soil minerals including primary mineral and (secondary) clay mineral play an important role 
which has greatly contributed in determining the properties of soils and availability of soil 
nutrient reserve in soil. The objective of the study was to identify of clay minerals and primary 
minerals (sand fraction) at forest plantation area in East Kalimantan, Indonesia. The 
mineralogical composition of fine sand fraction of soils was identified using a polarizing 
microscope (PM). The mineralogical composition of clay fractions was determined using X-
ray diffraction analysis (XRD). The research plot is circular with an area of 0.05 ha and a 
radius of 12.6 m. Four soil sample from four plots collected for soil mineral analysis. The 
results showed that the clay fraction in plot A 45 has moderate amounts of kaolinite and 
vermiculite, trace amounts of goethite and illite. Plot A 34 was dominated by kaolinite, small 
amounts of vermiculite, trace amounts of illite. Plot A 36 was dominated by kaolinite, small 
amounts of vermiculite and illite, trace amounts of goethite. Plot A 33 was dominated by 
kaolinite small amounts of vermiculite and quartz. Compositions of Sand fraction at study 
area were dominated by resistant minerals (quartz). 
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Minerals are the main constituent elements of soil and play an important role in 
determining the chemical and physical properties of soil (Prastyo et al. 2004; Anda, 
et al. 2012). Minerals in the soil can be differentiated into primary minerals (fine sand 
fraction) minerals and secondary minerals or minerals from clay fraction (Prasetyo et al. 
2004). 

In general, the management of plants that continuously produce wood with fast growing 
plants that require a lot of nutrients will increase the depletion of large amounts of nutrients, 
this is closely related to land productivity, including efforts to increase land fertility by 
recognizing its potential presence nutrient reserve through the identifications of primary 
minerals and clay (secondary) minerals which greatly affect soil properties. So that it can 
help in formulating strategies for increasing soil productivity in industrial plantation forest 
location. 

To determine the level of nutrient reserves of a soil type it is necessary to analyze 
primary mineral composition from the soil. Considering the importance of clay minerals, it is 
necessary to know the type of dominant clay minerals in order to further interpret the 
potential of soil resources and land capabilities (Munir, 1995). 
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Based on research studied, the clay mineral has been identified in East Kalimantan 
(Ohta, et al., 1992; Prasetyo et al., 2001). Nevertheless, there is still little information of 
mineral found in plantation forest industry, Sebulu Subdistrict, East Kalimantan. 

The purpose of this study was to identify primary minerals and clay minerals at 
plantation forest industry in East Kalimantan, Indonesia. 
 

METHODS OF RESEARCH 
 

The study was conducted at Industrial Plantation Forest, Sebulu-sub distric, East 
Kalimantan, Indonesia from March to July 2020. The research plot is circular with an area of 
0.05 ha and a radius of 12.6 m (Syahrinudin, 1997; Syahrinudin, 2005; Mackenzen, 1998). 
Soil samples were taken from 4 plots for primary mineralogical analysis consists of 500 g 
from each sample form selected horizon and for clay mineral analysis consists of 500 g from 
each sample from selected horizon. The mineralogical compositions of sand fractions of soils 
were analyzed at using a polarizing microscope (PM). Mineralogical analysis to determine 
clay mineral composition was carried out using X-ray diffractometer (XRD), clay treatments, 
i.e., Mg then heated 5500 C. 
 

RESULTS AND DISCUSSION 
 

Based on sand fraction (primary minerals) analysis using polarizing microscope, the 
composition of primary minerals in sand fraction of soils is given in Table 1. The resistant 
minerals at plot A45 was dominated by quartz (96%). Composition of sand fraction minerals 
at plot A34 was dominated by quartz mineral (85%), plot A36 was dominated by quartz 
mineral (72%) and plot A33 was dominated by quartz mineral (92%). This indicates that the 
dominance of quartz minerals means that there is no potential for nutrient reserves. If the soil 
is dominated by quartz (resistant mineral), the soil is considered poor in nutrients 
(Tafakresnanto and Prasetyo, 2001). 
 

Table 1 – Mineralogical Composition of fine sand fractions (50 -250 μm) 
 

Plot Op Zi Qt Wm Rf Konkresi Besi Lm An Lb Bw An Or Hb Vg Total 

A45 sp 3 96 Sp 1 - - - - - - - - - 100 

A34 9 4 85 Sp 2 sp - sp - - - - - - 100 

A36 3 3 72 17 - 5 - - - - - - - - 100 

A33 2 - 92 1 5 - - sp - - - - - - 100 
 

Note:Op=opaque, Zi=zircon, Qt=quartz, Wm=weathered mineral, Rf=rock fragment, Lm=limonite, An=anatas, Lb=labradorite, 
Bw=bytownite, An=anorthite, ,Or=orthoclase, Hb=hornblende, Vg=volcaic glass, sp=sporadic, - =not detected. 

 

 
 

Figure 1 – X-ray diffraction patterns of the clay fraction of the soil treated with Mg 
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The XRD patterns of clay fraction are illustrated in Fig.1. The XRD patterns of clay 
fractions from selected horizon of four plots indicated the presence of kaolinite, vermiculite, 
illite minerals in soils. The kaolinite mineral is characterized by the peak at 7.17 Å on Mg 
saturated treatment. The peak of kaolinite and goethite minerals disappeared after heating 
treatment at 5000C. 
 

 
Figure 2- X-ray diffraction patterns of the clay fraction of the soil heated 550

0
C 

 
Table 2 – Composition of clay fraction 

 

No Plot Smectite Kaolinite Goethite Vermiculite Illite Quartz 

1 A45 - ++ (+) ++ (+) - 

2 A34 - +++ - + (+) - 

3 A36 - +++ (+) + + - 

4 A33 - +++ - + - + 
 

Note: ++++ = predominant,+++ = dominant,++ = moderate,+ = small, (+) = trace - = not detected. 

 
Clay minerals (secondary minerals) of soils all plots presented in Table 2. There are 

moderate amounts of kaolinite and vermiculite, trace amounts of goethite and illite in plot 
A45. Composition of clay mineral in plot A34 dominated by kaolinite, small amounts of 
vermiculite and trace amounts of illite. The clay fraction of plot A36, dominated by kaolinite 
mineral, small amounts of vermiculite and illite, and trace amounts of goethite. Composition 
of clay mineral at plot A33 dominated by kaolinite, and small amounts of vermiculite and 
quartz. 
 

CONCLUSION 
 

Clay mineral compositions presented in all plots. Clay minerals composition of soils 
was dominated by kaolinite minerals. The dominance of resistant minerals at study area in 
forest plantation, sub-distric sebulu, East kalimantan dominated by quartz mineral in all plots. 
indicated that the soils have no potential reserved nutrients or soil has low fertility. 
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