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ABSTRACT

Within the group of mineral resources, the industrial minerals have
1 the metallics in world production value since 1950 and today achieve
2 value of the metallics. In the statistics on amounts of all resources,
(along with attapulgite) ranks 20th (before copper and zinc), in the
on value, it ranks 37th. The bentonite group covers about 200 areas of
with prices between 100 and over 1.000 US $/t.

Greece is one of the leading producers of bentonite, whereby almost all
onite comes from the Cyclade Islands Milos and Kimolos. There we know
10 different technical varieties, of which the best are autochthonous
iginating by hydrothermal alteration but altered halmyrolytically by
f marine transgressions.

THE CHARACTERISTICS OF BENTONITE MINERALS

The name bentonite stands for argillaceous industrial rocks of varying
logical composition but with similar properties. Basically, this is a
cial name. Its two main groups are

ectite”, of which the main mineral is montmorillonite, a lamellary built up
ilicate with a capacity for swelling greatly,

", of which the main mineral is attapulgite (or palygorskite), a sheet
ate, built up like a bundle of straw and with a great capacity for
ption.

‘Related to attapulgite are sepiolite and its corresponding rock
' 1; related to montmorillonite are beidellite, nontronite, etc. In a closer
he name bentonite refers to montmorillonite, to the smectite group.

d -Alexander-University Erlangen-Nuremberg. Chair of
d Geology, SchloBgarten 5, D-8520 ERLANGEN, F. R. G.
Wneiakn BiBAoBRkn "@edppacTog” - Tunua MewAoyiag. A.M.0.
101



Bentonites are active clay mineral .rocks with the following char.;:

stie broperties:IIn dry condition’ they can be relatively hard and even poray;
that they can/ absorb considerable ramounts of Tiquids. Starting at a certain Tin
however, ‘and ‘when the solid ‘substance and a liquid are mixed mechanica]]y,{
take'pn-ﬁhe;tn;racter of aTputty, Tater d'paste and with even more water a Je
or.a gel, JFinally, with /an_evident ihixbtropic behavior, they change 15&
disbersion in which they can bind and exchange disselved materials, Technica];
is gladly madelofl this adsorptive lcapicity.
¢ From this property which also extends to fhe removal of grease, fat, g
ang.hi?t from wool," the' original English term '"fuller’s earth" {from the Lii
“fullor=il-clean™) and the German expression "Walkerde" are derived. Later with g :
development of the American West especially in Wyoming, similar but not completa)
comparable active clays were found, which were first called gumbo, but then Taty
bentonite after Fort Benton, Montana (KNIGHT 1898). Only later and after a perﬂ
of confusion as to the name, which has not been completely eliminated today, an
with the discovery of the mineral montmorillonite (from Montmorillon in Franm 
it became clear that this really did not correspond to attapulgite (named afte

Attapulgus in Georgia), the real "fuller’'s earth". Thus, it is recommended to use
both names separately.

-ommended that the expression "fuller’s earth" be eradicated as
hexpressian "Bleicherde", which is used for attapulgite as well
od bentonite. In the countries of Eastern Europe the term is even
ite (SCHOMBURG et al. 1988).
e is, seen stratigraphically, a relatively young material,
ar than Cretaceous, but with a clear point of emphasis in the
are are also deposits known in the Upper Palaeozoic and in the
» formation environment is primarily marine, but also Timnic. The
sredominantly rhyolitic volcanic glass in a water body and insitu
; (with hydrothermal processes) are favorable preconditions for the
bentonite. .
; .rule, the exchangeable ions of sodium or potassium influence
:perties favorably, exspecially the swelling capacity, the latter
. the sodium bentonites. Calcium bentonites do not swell as well hut
tionally suitable for bleaching clay purposes. The best montmorillo-
ie§ are, apart from the intercrystalline swelling capacity, extreméiy
lamellar structure, large surface and negative excess charge, wh1ch
incorporation of exchangeable ions. Because of this, such bentonites
reactive. . .
& onite activation is used for bentonites of low swelling capacity, in
is replaced, e. g. by soda, or alkali is activated in the presence of
".ter. In addition, there is acid activation in which the bentonites.are
‘with the addition of acids in order to improve the adsorption properties.

Tocation to location and numerous local varieties and their mineralogical name
were not very helpful for the nomenclature. In general, one should differentiate
between

-- the montmorillonite type (i. e. bentonites in the real sense) and the
-- attapulgite type (= palygorskite).

Among the montmorillonites there are two subtypes,

-- sodium montmorillonite (the main mineral of Na-bentonite) and

-- calcium montmorillonite (the main mineral of Ca-bentonite).

; The montmorillonite from the type locality Montmorillon is a predominant=
1y Ca-montmorillenite, which structural formula is calculated by GRIM & GUVEN
(1978) as
((S1300AT020) (A1, eFe™, Mg, 5,) 0., (OH) M, .. |

In addition, there are special varieties such as hectorite, which is rich
in lithium, saponite, and varieties called organoclay, in which organic complexes
are bound to the montmorillonite. The term "fuller’s earth" is also used in a feW

Anglo-Saxon publications (e. g. JONES 1972, ROBERTSON 1986) for calcium bentonite.
This has caused additional confusion.

; APPLICATION

Bentonite minerals find application in about 200 areas. Here the
.cal origin of the products found on the market under the most varied
S is unclear in some cases.

.1~Elassica1 areas of application are in pharmacy and cosmetics (base and
terial for creams, powder, especially baby powder, and for face masks).
35 a biochemical catalyst, for instance in the production of certain

~ The production of soap and detergents from natural bentonite by many
.'fﬂeople has been known for a long time; it is presently undergeing a
as a substitute for detergents containing phosphates.
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" form.

The 'purificdation’ and bleaching of animal,-vegetable and mineral of]g’

d S g jca deposits in Algeria, Togo (attapulgite-bentonite) and the South
Jalso a Tong known-field of applicatiom for attapulgite and bentonite in calcinag

re known. In Asia we know deposits from the USSR, Israel, Cyprus,
d Pakistan (fuller’s earth). In Australia the most important
‘New South Wales.

merica the oldest deposit giving the name lies in Montana, USA. The
of bentonite is used here in the drilling industry. The state of
jrst as to amount. As a whole in the USA, the section of activated
eloping better than that of natural bentonite. The main producers
nies Dresser, Halliburton, American Colloid Co., Engelhard Co., EEC
, Wyo. Ben. Inc., Milwhite Co. Inc., and Teague Mineral Products and
rm Laporte. Further important American bentonite countries are Mexico
x SA.), Brazil, Peru, Chile, and Argentinia.

In"refining, and StabiTizing™sugar; wine, beer, and fruit juice
montmorillonite s also/usedy also as a catalyst for arganic chemistry proces.f
2. q.7the cracking of paraffin oil and for removing strong smelling componentsf
mineral ,0i}s, waxes, fats, and?grease; |

~ “In the paper_industry activated bentonite removes impurities and improyg
the effect of the printing fnk and the distributidnof the fibers in the papen,

Tn 2 smal7l amount bentonite is Used as a mild abrasive, as a binder fg
pencil graphite, as a filter in dry cleaning. A large area of application is
processing of foods {mustard, ketchup, cornflakes, flour), also its pe]]etizati;
(the most suitable are acid activated sodium bentonites).

In the foundry industry bentonite supports the forming of molds and theiy
resistance at high temperatures. It is also used for pelletization in ore smelting
(e. g. for iron ore) and for the production of granulated fertilizers as wel‘J;
pet food substitutes, for 1iquid manure disposal and as cat litter. "As a result of overcapacities in Europe and America and the strong

Bentonite can be used exceptionally in the drilling industry as in the oil prices since 1986, the bentonite industry has heen L 2y
suspending agent, in which the largest amounts of bentonite were used for decadeg in prices in the last few years. A change is taking place in the ofl
as an additive to the drilling flush. Here the thixotropic effect is the decisivét areas of the Gulf of Mexico and the North Sea, characterized by an
physiFaI characteristic. Additives are used in the production of paints ant  production which, however, still cannot make good the total losses in
emulsions (?. g. fingernail polish). tonite market. Due to the rapid development of new areas of application,
; sea11ngrz:?1;:£c::: :Zi 1:“:i:t?n1te should be mentioned in ﬁngineering; e. g fluctuates to a great extent, and for a few varieties gpod: prices can

. ations, dam flanks, disposal sites, and for the at present, such as for foundry-bentonite, bleaching earth, engineering
prod?ct1?n of thixotropic curtains with drilling injection. These areas of “special bentonite for the catalyst industry, food processing industry,
application are only the most important ones. wfacturing of detergents, and for pharmaceutical and cosmetic purposes.

In the production of cat litter, bentonite has overtaken the traditional

s of attapulgite, sepiolite and diatomite. This is due to better adsorptive
of montmorillonite and its lower health risk (from sepiolite).

" Exact statistics of the amount of production or their classification into

fourth 1ar:;'1esiu;?~z:uz:i z:d:::IOprubiif of G*—‘_\'many should h_e bmentioned as the du _"1'“9“‘091631 varieties is very difficult due to the existing taxonomic

h : nite (Sid-Chemie AG near Freising and Moosburgy stical confusion. The world production of bentonites and attapulgites

Erbs16h Geisenheim). the order of magnitude of 12 - 15 million tons. The most important

Important European bentonite countries are France, Spain and Italy, but countries are the USA, the USSR, Greece and the Federal Republic of
above all the United Kingdom (Laporte Industries PLC and Steetly PLC) and Greecé
the world’s third largest producer of bentonite (this will be discussed separates

1y). The other European deposits lie in Poland, Czechoslovakia, Rumania, an%
Yugoslavia. -

t'..
QMIC PREREQUISITES AND TRENDS

¢

THE SITUATION OF THE WORLD DEPOSITS
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THE GREEK/ BENTONITE DEPOSTTS he largest bentonite producer on Milos is the Silver & Baryt Ores Mining
by the Mykobar Mining Co. SA. Both companies dry and activate
oda in their own plants on the island. The Mediterranean Bentonite
ary of the [talian company Laviosa Spa., ships the bentonite to a
t in Livorno. In addition, there are other medium-sized businesses
j mine bentonite for foreign importers.

an oil well drilling bentonite is exported within Europe and to
o the Middle East. Even more important is its use in ore pelletizati-
11y of iron ores in Canada (in competition with US- bentonites), Liberia
erlands. Melian bentonite is even valued as a foundry bentonite.

qualities will probably gain in importance in the future for special
ruquiring special purity (e. g. in the area of catalysts). The
rves of Milos can be estimated at about 50 million tonnes as a result

It is'a genera]ly unknown fact that all the bentonite products availa
in Gresce ur1g1nate from the CycTade islands of Milos and Kimolos. Both 1slands
part of the island arc of the Southern Aegean Sea, a volcanic belt active since g
Neogene and extending from the Gulf of Corinth via Miles and Thera to the penmns.
of Bodrum.

Smaller deposits also exist on Chios and Lesbos, the bentonite of whigl
was used ds healing earth in the ancient world..This.is also true of the bentonigy
of Milos and Kimolos. In particular, Cimolian earth was made famous by PLINY
YOUNGER.

The Melian earth of PLINY cannot be clearly equated with bentonite. This
was probably a mixture of kaolin and silica or even baryte, which its applicathﬁ
as a white paint implies, mentioned by VITRUVIUS. The more likely suspicion isth(é
bentonite, which also has an astringend effect because of its alunite conlents,u.;
tradet partially like alumen just like alunite. According to PLINY the Me}i 
alumen was, in addition to the Egyptian one, the best in world at that time,
PITTINGER (1975) calls it the "aspirin of the ancient world".

But above all Milos was the island of wealthy Dorian shepherds; the ram's
head was the emblem of Melian coins. The availability of native bentonite ﬂ;
degreasing and cleaning ("fulling") wool probably favored the production of high
quality textiles considerably. PLINY reports that Cimolian earth was also used by
the Greeks themselves as a type of soap for personal grooming. The production o;
so-called washing soap from olive seed o0il and bentonite was the most |mportan;
industrial use of Melian bentonite even up to the 2nd World War. Even in 1950
23,000 tonnes of washing soap were produced in Greece (HAMBURGER KREDITBANK 1951).

One year earlier, 1949, the suitability of Melian kaolin was discovered
for the production of porcelain. With this a new prospection period began on Milos,
where the mining of manganese and silver ore had come to a stop during the world
%conomic crisis. In connection with the mining of baryte for the drilling industry,
there was an increased interest in bentonite. Even in 1972 Greece ranked 3rd after
the USA and Italy among the 24 bentonite producing countries (CALLOT 1976) with an.
output of 357,413 tonnes of crude bentonite (FELDHAUS 1984). Thus, bentonite ranked
third (NOTHOLD 1982) among the Greek resources in yield after bauxite (2.9 mi]]i-f

tonnes) and magnesite (1.1 million tonnes). After a drop at the beginning of the

1980s in connection with the oil crisis, bentonite production was able to recover
again by 1983.

very of some new deposits.

bentonite of Milos and Kimolos originated by the transformation of
atermediate volcanic rocks and their tuffs. The same is true of the
ite deposits on Chios and Lesbos.

[Even SONDER (1925) pointed out that the addition of Mg, which it got from
yns necessary for the bentonitization of Melian plagioliparite.
(1969) und HAUCK (1984) agree with this. In addition, HAUCK considers
addition of Mg possible because bloedite (NaMg- sulfate) occurs as an
y product. The geophysical exploration of the geothermal field of Milos
2 existence of smaller magma chambers at a depth of 6 to 8 km (FYTIKAS
Since in the Melian magma differentation a residual melt rich in Mg
$.1983), one cannot exclude an endogenetic addition of Mg. Further-
¢ dolomites, which are wide spread in West Milos, are possibilities
al Mg sources, (WIEDENBEIN 1988).

0s bentonites are essentially Ca-bentonites, which can also contain
e, kaolinite, alunite and opal. A zonation tendency can be observed on
h has the sequence bentonite (+ pyrite) -- kaclininite + alunite + opal
al) from bottom to top (WETZENSTEIN 1969). An identical zonation is
g. the rhyolite regions of New Zealand (STEINER 1953, HARVEY 1980,
2 underlaying stratum of the bentonite zone there are futher zones:
a feldspar zone. In the meantime MARCOPOULOS & KRANIOTIS (1982) have
e to prove zeolites (clinoptilolite, mordenite) and analcime by means
in the Melian bentonites.

ording to the investigations of HARDER (1972), under basic conditions
n 10 p.p.m. Mg in the solution are sufficient for the formation of

1
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/of 'the volcanic rocks apd tuffs by the impact of fumaroles, possibly only by

““respect to the kaolin.

ardous products from sepiolite with those of bentonite could
sater comsumption. In addition, there are completely new areas of
pentonite, like e. g. the pillared clays (GANGAS et al. 1988) which

smectite minerals. There is probably the favorable influence of previous corpps

addition of 'heat involved.. Indications in this respect have been given by 4

; expepiments carried aut by SCHORIN (1972) on tuffs from Thera. 3

t Pj-the whole ‘about. 107different bentonite varieties, which vary great]

;Las o-quality, can be differentfated bBétween on Milos. The undisturbed aut “

thajnus benFo?ybes associated with marine terraces of the Pleistocene arei;

ﬁ:fficulary high quality. Bentonite and kaolin deposits often lie next to ej
-other under such terrace- e-bel i 3

ce-bodies, whereby the-bentonite always points seaward with & ECONOMOU, C. (1974): Contribution a 1’etude des argiles de fte g

. - C. R. Acad. Sci. Paris (D), 279, 1821 - 1824, 1 fig,

. even be predictet yet.

On Milos the process of bentonitization probably occured numerous times
in alteration with eustatic changes of the sea leve]. Here the older bentonit i
changed again by halmyrolytic processes (WIEDENBEIN 1988). This canmbe 2
explanation for the numerous varying smectite types occuring Jointly in one s: 3
bentonite sample, a particularity of Melian bentonite to which LAGALY & N:?‘j
(1971) have already referred to, as for the general mineralogical variet sf
varying bentonite samples from Milos and Kimolos as well (FRANZINI et a] 3 .
WETZENSTEIN 1969, CAILLERE & ECONOMOU 1974, GRIM & GUVEN 1978) o
o eve:1:he splash zone of the cliffs of Tria Pigadia on the east coast ¢
. presumably recent bentonitization of porous, glassy tuffs can be
observed. The Mg concentrations necessary for bentonitization are probably createé
by the same evaporite pumping which leads to early diagenetic dolomitizati 1.
s?pratida1 carbonates. An indication of highly basic conditions in the bentz:'té
diagenesis is the occurrence of zeolites mentioned, whose experimental format:o:
from montmorillonite has been known for a Tong time (NOLL 1936).
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CONCLUSTON

An increased demand for Milos bentonite can be expectet in the next few
year? because of the increased demand for high-grade bentonites for special
a?pl1cations. It is important that the high-grade qualities be recognized ?n the
field in order to ensure the selection and to mine them Here th i
expertise is indispensable. ‘ P
S In general, fn increased fonsumption of bentonite can be reckoned with

pe at a time of increased environmental awareness, since, especially in the

areas of new environmental technologies, products based on bentonite show
nonpolluting alternatives and prospectives. Even the long-term replacement of
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