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GEOLOGICAL AND MINERALOGICAL CHARACTERIZATION OF THE 
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Abstract: The geology and mineralogy of the Sungurlu bentonite occurrences have been investigated. In the 
Sungurlu region, bentonite deposits containing Oligocene - Miocene age sedimentary rocks are composed of 
alternations of gypsum, mudstone, tuff, and minor amount of fine-grained sandstone. The bentonites have 
sedimentary origin. Na-montmorillonite was determined by the X-ray powder diffraction analyses of clay size. 
Detrital quartz, feldspar, gypsum, calcite, metamorphic, and volcanic rock fragments are common impurities.

Key words: bentonite, montmorillonite, sedimentary origin, XRD, DTA, IR.

Introduction Materials and methods

Bentonite occurs in the beds of Upper Cretaceous and 
Tfertiary ages at many places in Turkey (MTA 1982; 
Tlirkmenoglu et al. 1991; Coban 1992). These deposits 
have various characteristics and origins. The benton­
ite deposits in this work around the country of Sun­
gurlu which are situated 130 km south-west of the city 
of Corum, Central Thrkey (Fig. 1). The aim of this 
study was to investigate the mineralogical features of 
the Sungurlu bentonites.
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About 50 bentonite samples were collected from the 
Sungurlu bentonite deposits. The samples were studied 
by: X-ray powder diffraction (XRD), differential ther­
mal analysis (DTA), infrared spectroscopy (IR) and 
scanning electron microscopy (SEM).

A Philips 1140 model X-ray powder diffractometer 
with Ni-filtered, CuKa radiation and a scanning speed 
of one degree 28/min. was used for obtaining X-ray dif­
fraction patterns. The ftm clay fraction was used for the 
identification of clay minerals.
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Fig. 1. Simplified geological and location map of the Sungurlu 
deposit.
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Fig. 2. X-ray powder diffraction patterns of theSungurlu bentonites, 
a - air dried; b - ethylene glycoled; c - heated at 550 °C.

The DTA and TG curves were obtained simulta­
neously using a Netzsch STA Model 429 apparatus, with 
a speed of heating 10 °C/min. The IR spectra were ob­
tained with a Perkin-Elmer Model 983 spectrophotom­
eter. The KBr pressed pellet technique was used. The 
morphological features and crystal structure of smectite 
particles wre examined by Scanning Electron 
Miscroscope (SEM). The SEM studies were made on Au 
coated samples with JEOL-JSM-T330 model apparatus.

Results and discussion

Clay minerals: the XRD data for the Sungurlu bento­
nites show the abundance of dioctahedral smectite 
(montmorillonite). Montmorillonite was determined 
from the XRD patterns, according to Brown & Brindley 
(1984). Fig. 2 shows the X-ray diffraction patterns of two 
samples. The montmorillonite dooi spacings were 12.30 
to 12.70 A, for air-dried samples, and 16. 85 - 16. 98 
A, for ethylene glycol saturated samples. The basal spac­
ings of (001) reflection decreases to 9.75 - 9.81 A after 
heating to 50 °C (Fig. 2).

Na-montmorillonite is the dominant clay mineral com­
ponent of the Sungurlu bentonite. Feldspar, detrital 
quartz, calcite, gypsum, volcanic and metamorphic rock 
fragments are the non-clay components in these samples.

Differential thermal analysis

The DTA curves show two large endothermic peaks at 
140 °C, at 855 0 C and a small endothermic peak at 665 °C 
(Fig. 3). The first peak at 140 °C shows interlayer water

Fig. 3. Thermal analysis curves for the Sungurlu bentonite sample.

loss. The other endothermic peaks at 665 °C and at 855 
°C are characteristic of montmorillonite, and these 
peaks show the loss of hydroxyl water (Grim & Kulbicki 
1961).

The temperature of the decomposition peak of mont- 
morillonites is lower than that of trioctahedral types, 
and Al+ + + is the predominant octahedral cation. The 
loss of hydroxyl for the dioctahedral form of smectite, is 
in the range of 450 ° C to 650 °C (Grim 1962).

In the Sungurlu bentonite, the exothermic peak at 
895 °C is sharp, and this peak reflects the crystallization 
of a new structure.

Infrared spectroscopy

The IR spectroscopy technique was used for identifi­
cation of montmorillonite and some impurities in the
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Fig. 4. Infrared spectra of montmorillonte ( < 2 /<m) from the 
Sungurlu bentonite.
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Fig. 5. Scanning electron micrograph of montmorillonite from 
the Sungurlu bentonite.

<2 pm fractions of the Sungurlu bentonites. The char­
acteristic bands are at 845 - 835,796 - 790,623,522,462 
cm'1 (Van Dee Marel & Beutelspacher 1976). On the 
other hand, the AIAIOH, FeAlOH and AlMgOH ab­
sorption bands for dioctahedral smectites are 920, 880 
cni and 840 cm'1 (Farmer 1974).

Montmorillonite from the Sungurlu bentonite shows 
absorption bands in the 3620 cm‘rand 3618 cm'1. These 
bands are OH stretching vibrations of montmorillonite 
(Fig. 4). The AIAIOH and AlMgOH bending vibrations 
were observed at 920 cm'1 and 880 cm1. Some of the 
samples show a band at 3430, 3200 cm'1 and 1640 cm'1 
typical of the adsorbed water. The sample in Fig. 4 has 
a similar spectra to Upton (Wyoming U.S.A) montmo­
rillonite (Van Der Marel & Beutelspacher 1976).

Scanning electron miscoscopy

Scanning electron microsopy of the Sungurlu bento­
nite showed that montmorillonite particles occur mostly 
in the form of ’’Rosette-shaped aggregates”(Henning 
& StOrr 1986) - Fig. 5. These aggregates are often asso­
ciated with volcanic glassy material.

Conclusion

The Sungurlu bentonite samples are mainly composed 
of Na-montmorillonite, according to the X-ray, DTA 
and IR data. Quartz, feldspar, calcite, gypsum and rock 
fragments (metamorphic to volcanic) are the other com­
ponents in the samples.

The bentonites were produced by the alteration of an­
desitic to dacitic tuffs, deposited in an arid climate with 
later transportation and deposition in the Oligo - 
Miocene basin.
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