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ABSTRACT
Kaolinite associated with Mesozoic sediments of Kachchh

and alkaline igneous rocks are not well studied in view of its
genesis. The petrography, EPMA and DTA studies support that
the studied kaolinite samples formed by mature transformation
from rhyolitic tuff by hydrothermal alteration in epithermal
condition. Such postulation indicates that there was inter-
mittent acid volcanic episode along with alkaline basic igneous
magmatism in the Cretaceous of Kachchh basin, western part
of India.

INTRODUCTION
The Kachchh basin is an east-west trending pericratonic rift basin

at the western most periphery of Indian craton (Sukla and Singh, 1990,
Biswas, 2005). Mesozoic sediments filled the Kachchh basin prior
to a series of magmatic activities during the late Cretaceous period
(Maitra and Korakappa, 2012). The mafic alkaline rocks (Bose, 1980;
Maitra, 2005; Dey, 1969) and Deccan basalt occurring as plugs and
flows are the main magmatic episodes recorded in the Kachchh basin.
The Deccan trap lava flows form an interface between Tertiary and
Mesozoic sequences (Singh et al., 2006), delimiting the southern part
of the basin.  The studied clay layer along with sand stones and basalts
occur at the northern fringe of Dhruby Donger (∆ 348), about 52 km
south west from Bhuj, Kachchh district of Gujarat. In the east-west
trending railway cutting shows sand stone bed is overlain by clay layers
which is further overlain by basaltic rocks occurring at the top. A thin
ferruginous silica rich band (≈ 8 cm) blankets the clay layers at the
contact with the basalt.  To the eastern part of the section, a steep
westerly dipping fault truncates the sand stone – clay – basalt sequence
for which the post magmatic younger sediments of foot wall side comes
in contact with the older clay and sand stone sequence across the fault
plane.

 The sandstone is coarse to very coarse grained, well sorted,
massive, brownish to buff coloured and similar to the youngest
lithostratigraphic units of Kachchh Mesozoic sediments known
as Bhuj sand stone (Bhuj Formation) of lower Cretaceous age
(Sukla and Singh, 1991; Biswas, 1983). A set of well defined
horizontal pervasive planes are restricted within the clay layers. The
basaltic rock hosts lenticular caught up patches of underlying
sandstones.

Alteration of the volcanoclastic material largely depends upon
chemical composition, texture of the rocks and the physico chemical
conditions of the surroundings (Garcia Romero et al., 2005; De La
Fuente et al., 2000) Kaolinite, a very common group of clay minerals,
formed from felsic tuffs by hydrothermal alteration are known. The
physicochemical conditions under which the kaolin mineral form are
low temperature and pressure (Ali Sayin, 2007; Yuan et al., 2014;
Celik et al. 1999). The most common parent minerals from which
kaolin minerals form are K-feldspar and muscovite. Transformations

of K-feldspar into kaolin can be expressed by the equation:

2KAlSi3O8 + 3H2O = Al2Si2O5(OH)4 + 4 SiO2 + 2K(OH)

Kaolinite, dickite and nacrite are included within kaolinite group
of minerals and have uniform composition corresponding to
Al2Si2(OH)4 besides its hydrated analogous halloysite (Al2Si2(OH)4,
2H2O). Kaolin mineral frequently include Fe, Ti, Cr, K and Mg which
frequently substitutes in minor amounts in the structure, mainly
depending on bulk rock compositions.

The occurrence of clay in the area and its genetic importance has
received a little attention.  This write up presents the clue for the
formation of clay and its genetic significance to understand the
geological processes that had taken place during late Mesozoic period
in the area.

PETROLOGY
The clay sample in studied area is largely white to grey in colour

with reddish tint veins. It is cryptocrystalline flaky friable in nature
and gives a soapy feeling in hand specimens. Petrographic studies in
DMRX microscope and back scattered image in SEM (Fig. 1) shows
flakes of elongated to sub-rounded pseudomorph of clay after K-
feldspar and fragmentary angular quartz clasts set in glassy matrix
showing a typical volcanogenic detrital texture. Some of the elongated
grains are slightly > 100µm.  Numerous fine bright metallic oxides
grains are seen in the interstitial spaces.

 EPMA studies have been carried out (model SX 100 CAMECA)
for determining the chemical composition of the constituted minerals
of the clay layers. In EPMA studies, low total major element oxide
composition of clay indicating ≈16% H2O (Table 1, Sr. no. 2) content
in lattice structure, similar to Al2Si2O5(OH)4 formula of kaolinite,

Fig.1. Back scatter image of kaolinite layers in studied area; C –
kaolinite; Q – quartz
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dickite or nacrite minerals of kaolin group. Chemical composition of
clays shows that higher Al2O3 content varies between 37 to 39.5% (x
= 38.1%) indicating higher degree of kaolinitization. The studied
kaoline shows similar composition while compared with pure well-
ordered crystallised kaolinite (Table 1, Sr.no. 1). A differential thermal
analysis (DTA) of the clay mineral shows conspicuous endothermic
peak at 520°C and exothermic peak at 990°C (Fig. 2). An ideal well
synthesized kaolinite is characterised by endothermic peak at 500-
600°C and exothermic peak at 900-1000°C (Karakas and Kadir, 2000)
which also confirms the studied sample is kaolinite. Presence of heavy
element oxides like TiO2, Cr2O3, FeO bears the signature of igneous
influence in the detritus (Brindley et al., 1986). Traces of Na2O
(≈ 0.07%) and CaO (≈0.18%) in kaolinite composition (Table 1, sr.no.
2) indicates absence of plagioclase. Trace element content of kaolinite
depends on bulk composition of precursor rock. Low but consistent
presence of TiO2 (≈0.51%) and FeO (≈0.87%) in clay composition
attributed to its volcanogenic signature (Buie, 1963). Consistently
higher FeO (≈0.31%) in detrital quartz associated clay mineral
preferring incorporation of other element in its open structure form at
higher temperature.

DISCUSSION
Volcanic ash is not stable and is more susceptible to transform

into secondary phases (Yuan et al., 2014) in shallow low temperature
condition. Rhyolite ash transform to halloysite and kaolinite that are
more thermodynamically stable (Harvey and Murray, 1993; Yuan et
al., 2014.)

In the studied clay samples comprises mainly of kaolinite, quartz

and traces of very fine particles of Fe, Ti oxides. DTA studies indicate
a prominent endothermic and exothermic peak at 528°C and 990°C
respectively so complete expulsion of the structure water is at 990°.
The higher range of endothermic and exothermic temperature
implicates higher temperature/pressure alteration of pristine minerals
in favourable conditions where the hydrothermal fluid possibly
played an important role for higher degree of kaolinitization process.
Kaolinite mineral often forms by hydrothermal alteration of strong
acid condition (Celik et al. 1999). At lower temperature (< 80ºC)
halloysite may be preferred stable phase (Yuan, 2014) whereas
pyrophyllite formation is observed > 260ºC (Tzuzuki and Mizutani,
1971; Hamley, 1959).  At temperature > 100ºC kaolinite is the preferred
stable phase whereas pyrophyllite formation is generally observed at
the temperature > 200 - 260ºC, therefore the upper thermal limit of
kaolinite formation is restricted below 200 - 260ºC.

The field evidences reveal the clay layer is sandwiched between
early Cretaceous Bhuj sand stone and late Cretaceous magmatic rock
in a normal sequence so it also belongs to Cretaceous age. The presence
of steeply dipping fault which truncates the sand stone – clay – basalt
sequence in the studied area is possibly syn- to post magmatic and
may have developed due to sagging or by any neotectonic adjustment.
Convection of hydrothermal fluid through such fault planes could have
facilitated the transformation of acid volcanic detritus to form kaolinite
of present study. The overlying silica rich band above the kaolinite
layers could be formed by hydrothermal silicification process wherein
dissolved silica migrated upward forming a silica rich zone above the
kaolinite deposit (Sayin, 2007). Meteoric water may be heated by
contact with hot rocks adjacent to magma chamber or heated by vapour
coming from magma. Kaolinite formation from rhyolitic tuff by
hydrothermal alteration is widely reported during late Mesozoic from
the different parts of the world (Celik et al., 1999; Yuan et al., 2014).
So from the present study it can be summarised that
� The texture and petrochemistry of the altered kaolinite and the

associated detrital quartz indicate acid volcanogenic character.
� Kaolinite of the studied sample shows very mature transformation

and pyrophyllite is significantly absent in the sample. Therefore,
observed secondary mineral, reflects a classic low temperature
(≤ 200ºC) hydrothermal alteration condition indicating a shallow
epithermal system.

� O- and H- stable isotope composition study in future may reveal
the nature of the hydrothermal fluid responsible for kaolintization
process which could not be constrained by the present study.

� The kaolinite of the area owes their origin from hydrothermal
alteration of acid volcanic rock by the action of post-volcanic
acidic solution. The rhyolitic ash deposit is indicating the
volcanogenic activity along with predominant alkaline basic
igneous magmatism in the area during late Cretaceous in Kachchh
basin.

Acknowledgements: The first author is thankful to Dr. M.M.
Mukherjee, the then director, Central Petrologial Laboratories, GSI
Kolkata and ex-Deputy Director General, GSI, Kolkata for providing
necessary laboratory supports and encouragements. The authors are
also grateful to the anonymous reviewers for critically reviewing the
manuscript and suggesting improvements.

References
Ali Sayin, S. (2007) Origin of kaolinite deposits: Evidence from the Hisarcik

(Emet-Kutahya) deposits, Western Turkey. Turkish Jour Earth Sci., v.16,
77-96.

Biswas, S.K. (2005) A review of structure and tectonics of Kutch basin, western
India, with special reference to earthquake. Curr. Sci., v.88(10), pp.1592-
1600.

Bose, M.K. (1980) Alkaline magmatism in Deccan volcanic province. Jour.
Geol. Soc. India, v.21(7), pp.317-329.

Table 1 Major element analyses of Kaolinite

Sr. no. 1 2 3

KGa – 1 Kaolinite Cation

SiO2 44.2 44.48 Si – 1.97
Al2O3 39.7 38.09 Al – 1.98
CaO N.D. 0.18 Ca - 0.01
Na2O 0.01 0.07 Na - 0.01
K2O 0.05 0.04 K – 0.02
FeO 0.13 0.87 Fe - 0.03
TiO2 1.39 0.51 Ti - 0.02
Total 85.48 84.24 4.04/7 oxygen
H2O 13.78 ≈16 %

Sr.no. 1, KGa – 1, standard kaolinite for Georgia, USA; Source Clay repository,
Clay Minerals Society, N10, USA. (Sanchez et al., 1994); Sr. no. 2, Avg. EPMA
of Kaolinite composition of present study (n = 7); Sr. no. 3, Cat ion per 7
oxygen in Kaolinite composition.

�Fig. 2. Differential thermal analyses (DTA) of clay mineral showing
endothermic (528ºC) and exothermic (990ºC) peaks.



80 JOUR.GEOL.SOC.INDIA, VOL.94, JULY 2019

Brindley, G.W., Chih-chun, K., Harrison, J.L., Lipsicas,  M.  and Raythatha,
R. (1986) Relations between structural disorder and other characteristics
of kaolinites and dickites. Clays & Clay Minerals, v.34, pp.233-249.

Buie, B.F. (1963) Possibility of volcanic origin of the Cretaceous sedimentary
kaolin of south Carolina and Georgia; Florida State University. Abst.
pp.195.

Celik, M., Karakaya, N and Temel, A. (1999) Clay minerals in hydrothermally
altered volcanic rocks, Eastern Pondites, Turkey. Clay and Clay Minerals,
v.47(6) pp.708-717.

De La Fuente, S., Cusdros, J., Fiore, S. et al. (2000) Electron microscopic
study of volcanic tuff alteration to illite-smectite under hydrothermal
conditions. Clay and Clay Minerals, v.48(3) pp.339-350.

Dey, A. (1969) A volcanic plug of differentiated alkaline olivine basalt in
Kutch. Proc. Indian Sci. Cong. 56 session. Pt III, p.180.

Donoghue, E, Valentin R. Troll, H. C. , O’Halloran, Walter T. R, Torrado,
F.J.P. (2008) Low-temperature hydrothermal alteration of intra-caldera
tuffs, Miocene Tejeda caldera, Gran Canaria, Canary Islands.  Jour.
Volcanol. Geothermal Res., v.176, pp.551–564.

Garcia-Romero, E., Vegas, J., Baldonedo, J.L. et al. (2005) Clay minerals as
alteration products in basaltic volcanoclastic deposits of La Palma
(Cannary Islands, Spain). Sediment. Geol., v.174(3-4), pp.237-253.

Harvey, C.C. and Murray, H. H. (1993) The geology, mineralogy and exploi-
tation of Halloysite clay of Northland, New Zeeland. In Murray H.H.,
Bundy W.M. and Harvey, C.C. (Eds.), Kaolin Genesis and Utilisation.
Spec. Publ. 1, The Clay Mineral Society, Bloomington, pp.233-248.

Hemley, J.J. (1959) Some Mineralogical Equilibria in the System K2O-Al2O3-
SiO2-H2O. American Jour. Sci., v.257, pp.241–270.

Karakas, Z and Kadir, S. (2000) Devitrification of volcanic grlasses in Konya
volcanic units, Turkey. Turkish Jour Earth Sci., v.9, pp.39-46.

Maitra, M. and Korakappa, M.M. (2012) Tschermask clinopyroxene-bearing
calc-silicate skarn rock at Nirwandh, Patcham Island, Kachhah, Gujarat.
Jour. Geol. Soc. India, v.80, pp.609-916.

Maitra, M. (2005) Petrology of alkaline plugs of Patcham Island, Kachhah
district, Gujarat. Indian Jour. Geol., v.75 (1-4), pp.167-190.

Ruiz Cruz, M.D. (2007) Genesis and evolution of kaolin-group minerals during
the diagenesis and beginning of metamorphism. In: Fernando Nieto and
Juan Jiménez-Millán (Eds.), Diagenesis and Low-Temperature
Metamorphism. Theory, Methods and Regional Aspects. Seminarios SEM,
3, pp.41-52.

Sanchez-Soto, P.J., Justo, A. and Parez-Rodriguez, J.L. (1994) Grinding effect
on kaolinite-pyrophyllite-illite natural mixtures and its influence of mullite
formation. Jour. Material Sci., v.29, pp.1276-1283.

Singh, I.B. and Sukla, U.K. (1991) Significance of Trace fossils in Bhuj
Sandstone Lower Cretaceous), Bhuj area, Kachchh. Jour. Palaeont. Soc.
India, v.36, pp.121-126.

Singh, R. K., Agrawalla, R.C, Verma, D. P., Goel, A. K. and Gupta, S.K. (2006)
Hydrocarbon Exploration of Mesozoic in Kutch Offshore Area, 6th
International Conference & Exposition on Petroleum Geophysics “Kolkata
2006”.

Sukla, U.K. and Singh, I.B. (1990) Facies analysis of Bhuj Sandstone (Lower
Cretaceous), Bhuj area, Kachchh. Jour. Palaeont. Soc. India, v.35, pp.189-
196.

Tzuzuki, Y. and Mizutani, S. (1971) A study of rock alteration process based
on kinetics of hydrothermal experiment. Contrib. Mineral. Petrol., v.30,
pp.15-33.

Yuan, Y., Shi, G., Yang, M., Wu, Y., Zhang, Z., Huang, A. and Zhang, J. (2014)
Formation of hydrothermal kaolinite deposit from rhyolitic tuff in Jiangxi,
China. Jour. Earth Sci., v.25(3), pp.495-505.

(Received: 8 January 2018; Revised form accepted: 14 January 2019)


