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BENTONITE DEPOSITS IN AFRICA

—

e

This investigation has been carried out through literature surveys
in a number of swedish, british, american, french and gerran data-
bases an by the helpful assistance of the Geological Survey of
Sweden. The British Geolcogical Sarvey in London has also been

consulted and a proposition fror them is to be found in enclesure /7/.

Bentonite world prodiction

Bentonite is a plastic clay wich easily absorbs water. It is created

through the detericration of voicanic ashes.

Larger deposits outside Africs are to be found in severa:l
the werld. In 1978 the world production was recorded to 6
metric tens and in 1980 the figure was 6 426 598 tens out
African production counted for some 100 000 tons. The U3A
acounts for about 607
"Bentonite - a review
Crtober 1982. Another
Julv 19738, p 23) gives
S 341 000 tons.

parts of
529 465
of wich
alcne

of the world production. See enclosure /1/
of world production’, Industrial Minerals
source (enclosure /2/ "Mineral trade notes
the world production figure for 1978 to

African bentonite deposits

On the continent the Republic of South Africa and Algerila
are the st producer nations, but there are also production in
Egvpt, Moreccco, Mczambique and Tanzania. Deposits are also repcrted
in Kenva, Sudan and Madagascar as well as in several areas of South-
west Africa although ther <is not clear wether there is anv actual
production in theese countries at present.

Producticn of bentonite in Africa (tons) acording to
Industrial Minerals Octcber 1982,

1977 1978 1979 1680
Algeria 24 337 35 664 36 000° 36 000°
Egypt 3 811 3 488 5 085 5 200
Morocco 4 807 4 800 1 015 3 284
Mozambique 2 744 3 000 1 656 1 500°
South Africa 37 221 34 519 46 394 51 815
Tanzania 35 20 80® 80®

e-Estimate
A& more detailed description including some companies involved is
included in the article in enclosure /1/.

Grim and Given states in the introduction to their book '"Bentonites"
(1978) that althcugh they doesn't claim to cover all known deposits
of bentonite world wide it is hoped that no large significant deposit
is overlocked. For Africa Grim and Giiven records bentonite occurences
in Aigeria, Mcrocco, Union of South Africa ard Mozambique. Sho-t
rctices inciuding literature references are also given concerring
Favpt, Kenva, Tarzania and Sudan.
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It is stated that bentonites are alsc known in several areas in
Southwest Africz but no furthe:r details are given. In a table
on page 63 locations of some bentonite deposits in Africa are
given. Literature references on page 75. See enclesure /3/.

A sheort articlie concerning a new bentonite deposit in South Africa
is enclosed /4/.

Some rurther references are alsc enclesed /5/.
A copy from Industrial Mineral Index Octcber 1983 conceraing
articles in that journal dealing with bentonite as well as

country and area survevs is enclosed /6/.

A letter from the British Geclogical Survev 15 found in enclosure /7/.




Bentonite —

by Gerry Clarke, Deputy Edircy

a review of world production

The world's bentonite industry i~ dominated by a number of US companies such as American Colloid, Dresser, Fedcral Bentonite, NL, Oil Dri. and
Wyo-Ben ali of which exert their influence in overseas markets to a greater or lesser extent through export tonnar.ge and or subsidiary operations,
particularhy in Europe. Production in other countries is characterised by a mirture of major companies such as Sud-Chamie in West Germany and
Carlo Laviosa in Italy . and smaller scale operations in the hands of a large number of producers. This article focuses un the production of bentonite
woridwide and incorporates a tabular summary. Next monrth a review of bentonite markets will be pregented. )

Well over 100 compamies spread through more than 38
countries were achively engaged i the producton of 6.43m.
tonnes of hentomte and 1.70m tonnes of fuller’s eo-th in 198G
— down from the peak 1979 figures of 6.70m and 1.73m.
tonnes respectivedy in the face of the oncoming recession
throughout western markets. The dceompanying tabies record
world production figures for bentonite and fulier’s earth for
the vears 1977 to 198G based onostatisties compiled by the
Instizuze of Gueotogical Saences in London and the US Bureaun
of Mines 10 Washington However, owing to the complex
nature of the mineral some further explanation 1s necessary .
Naturally oocurning sodium: bentonite s produced in the USA
asweli gy some ocatiensin India, South Afnica. and Australia,
and perhaps one or twoother focations. but most other sodium
hentonite 1¢ produced crtficially by reactng natural calcium
bentonte withsodi ash Seme companies sodium exchange all
their calcium hentonite production whilst others react the
material with actd or merely markes the beneficiated caloium
bentonite or perform ail three funcbons Ttis virtually impos-
sible to assess exactiy how much of each type of bentonite 15
produced and so the statistics must be regarded as a gurde only
To highig ¢ the point UK production 1y shown as fuller’s earth
hecause this s actualiy what s mined — a calctum bentonite or
calciam my stmornionite — but probably well over half the
tonnage 1+~ lium exchanged whilst the bal” nee 18 acid acu-
vated or sold as calcium bentonite or piain old-fashioned
fulier’ - carth More properly therefore a proportion of UK
production ought 1o be histed as bentonite as thisis the formn
which the maternial leaves the plant to be marketed, but any
such assessment would be [ess accurate than current practice.
simitarly with other country’s output the exact amount of
hentonite which s sodium exchanged or acid activated 1s not
wnown. In contrast grades of southern calctum bentonite pro-
Jucedin the USA which are «odium exchanged are includedin
tne categors for bentonite. The table for fuller’s earth pro-
ductioninctudes a figure for the USA which consists of the sum
of production of attapulgite and calcium montmorilionite and
<0 18 not strictly comparable with the figures tor the other
countnies which are exclusively concerned with calcium mont-
morilonite alberi of varving degrees of punity and quality. The
table of fuller's carth s»ld or used by producers in the 1iSA
should serve to clanfy the US position although production in
Nevada and Utah s withheld in order net to divulge proprie-
tary commercal data.

A further comphicating factor is the omsssion of production
figures for certain countries. and in patticular West Germany
which s helieved to be capahie of producing S-700,000 tpa of
hentonite of all types from extensive deposits of calaum
bentonite 1n the Bavarian region of the country Other wigns-
ficant producers tor which figures are not available include
Canada. Austria. and inewvitabiy China and the USSR Un-
doubtedlv output from these countries will raise the world
production figure by a further tm tpa for bentonite

Industra M.nerats October 1982

Estimated world production of bentonite /tonnes)

Country

North America
Canada
Guatemala
Mexico
U'SA

South America
Argentina
Brazil
Colombia
Peru

Western Europe
Austria
Cvprus
France
West Germany
Greece
Israel
Ttaly
Spain
Turkey

Eastern FEurope
Buigaria
Hungary
Poland
Romania
USSR
Yugoslavia

Africa
Algeria
Egvpt
Morocco
Mozambique
South Africa
Tanzama

Asia
Burma
China
India
Iran
Japan
Pakestan
Philippines

Oceanis
Australia
New Zealand

World Total

e -~ Esumate

1977

na
59169
339971

113.836
108393
200
41.545

na
13.200¢
x (63
na
441.282
6,952
292 428
102,328
4,387

274700
B0.000
76.730
63,000e

na

116,000

24.337
ERJH
4.807
2.744

37220

3s

1.349
na
150.56%
25.(006)e
400,000
1.089
2.279

5.603
2.633
5,865,347

na- - notavailahle

1978

ng
2563
140,325
1.054 436

16 957
167.614
2i0e

372108

na
B.500e

10144

na
385007
6.900
224208
108.31%
K280

179,700
82.000
RG 820
65 N
na
134006

35,064
348K
4.R00
3000

34519

20

1.590¢
na
153,126
40,000
400.000¢
1113
1,569

8.565
9.824

1979

na

2.e50e

16y N3

40412772

157382

212503

[.2Me

40,500

na

T 00e

16,069

475,335
6287
282440
1200 67K
7937

205 .700e

T2 48K
161 587

[ARLLI

na
nd

36.000e

S.OKS
1.01s
1.656
46.394

Rle

1.500e

na
146,922

20,000¢
300, MM0e

1.268
323

R.972
4,954

6,529,465  6.697.648

Source Instiute of Genlogical Sciences. [.ondon and
U.S Bureau of Mines. Washington

1980

na
2 A%
170 02N

37497 s

RERE
247954

P 20n0e
31 0Me

na
23 000¢
ML
na
S00.28
6 K
322 8RN
97,708
130001

T N

137 090
63 ke
nag

RN N
S.200
3284
i.500e

S1,%]8

Riie

1.350¢
na
155 675
200X
400 (e
1.347
S.053

9 200
3.000)
6,426,598
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Bentonite — a clarification

It s unfortunate that bentenite is somewhat obscured by the
tack of mineralcpical ignificance amongst the profusion of
commercia! and regronz! terms. This problem of nomenclature
warrants some elaboration. if only to clanify the following
discussion

Much confusion has ansen over the different usages of the
term ‘fuller’s carth™ on opposte sides of the Atiantic. How-
ever. in both cases the term has a histoncal sigmficance, and in
view of modern absorbent markets. sull bears a certain logic.
Histortcally . the term referred to any clay which had the abihity
ta absorb oil. grease. or coiouning matter. which could be used
for the cleansing o “fulhng™ of woolien cloth. A number of
clays heve this property. and accordingly have become known
as fulier's earth. In the UKL calaium montmonlionite has been
worhed since Roman times. and hence his come to occupy the
term to the exclusion ot other absorbent ctavs. Inthe USA the
suhstituteron of domestic attapulgite forimp.orted Enghish cal-
cium montmonlionite led to the use of the term for this clav
mineral group. afthough 1t iy sull used locally to describe
montmorifonites. and minned montmorniflonites-sepiolites-
attapulgites which ultimaiely find use as absorbentolays.

The bentonite industry is further comphicated by 2 number
of terms that may cither express important charactenstics of
the clay tswelling bentontte. non-swelling bentonite. etc.) or
the region where such a clay 1s produced t Whoming bentonite,
Texas bentonite. et ) The term “bentonite” is a regicnal
term tselt, having been denved from the Benton shule at Rock
River.in which the first bentonite mine in 1897 was thought to
oceur In turn. the Benton shale drew its name from Fort
Benton in Montana. 300 miles to the north of Rock River. For
case of reference. the common nomenciature of the group is
set out in the accompanving table. Whilst deposits of calcium
muontmorilionite are relatively widespread. the vther members
of the smectite group of munerals are rare. and commercial

f

Scheduled publication date November 1882

The new improved Industrials Minerals Directory

s the 1927 successor 1o the frst ed ton pubhished

in 1877 Tneonty nternagtional d rectory of non-
mela il monersls progucers, «t has pecome an
impariant and valuatie marketing aid ‘o anyone

w th an . nvolvement in the non-metai:.c m.nerais
producing, consyr.ng, or trading industries This

s besause no other source of reference provides

such & weaith of deta led informatior on non-
metalhic myneral progducers worldwide

The second 311010 wili contain a country-Dy-country
aiphateticai hsting of companies plus a buyer’s quide,
iisting under minera. headings, suppiiers of a given
minerat with country of origin thus offering swift
ac~ess 10 worldwide sources of supply. An importan’
‘plus’ tor the new edition witi be the first time
inclysion of producers of synthetic minerals,

«Industrial I
Minerals
publication

It
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Principal nomenclature of bentonite
Smectite group (layered structure)

Non-swethng
bentonite

Principal mineral Synonvmousierms  Regionalterms
Sodium Svnthetic bentonite  Wyoming bentonite
montmonilonite  Sodium bentonite (US)
Swelling bentonite Westernbentonite
Sodium-acuvated (U'S)
bertonite Bentonite (UK)
Sodium-exchanged
bentonite
Calaum Caloum bentonite Southernbentomte
monimorillonte  Sub-bentomte (US)

Texas hentoniie
(U'S)

Fuller'scarth® (UK)
Hormite group (fibrous or chain structure’

Attapulgr e w Palvpornskie “Fuller s earth(U'S)
Mountain wool.
leather. ete.
Mountain wool,
leather. etc.
Meerschaum Onlarge

lump form

Sepiotite Fuller'scarth(U'S)

exploitation 1s restricted by virtue of their himited occurrense.
However. 1t was the Grand Crus deposits of natural sodium
bentonite — virtually restricted to the Northwest USA — that
led to acvelopment of the bentonite market. Speciality mar-
kets have been developed for the extremeiy rare hthium-
magnesium’ smectite. hectorite: and an equally restricted
magnesium smectite. saponite. has recently been launched
onto drilling mud markets. Saponite has physical properties
similar o bentonite. but is shear thinning. ard has an ex-
tremely high vield pomnt. The high magnesium content results
in a very low 10n exchange capacity. a better tolerance of
electrolytes and a higher thermal stability.

S R mIETS T Order Form .
lnd’u%}nal Mme_rals D"eCtow lend Edition To Metal Bulietin Books Ltd.
' - ' Park House, Park Terrace, Worcester Park,

Surrey KT4 7HY England.

Tel: (01) 3304311 Telex 21383

or Metal Bulietin Inc.

708 3rd Avenue, 3rd Floor, New York, NY 10017, USA
Tel: (212) 490 0791 Telex 640213

Pleasesendme........... copy/copies of the new 2nd
edition Industrial Minerals Directory atthe price

of (tick relevant box} per copy.

Basic selling price — £35+ p&p.

T £38.50(US$92.40 : DM192.50) Surface mail

T €39.50{US$94.80 : DM197.50) Airmail Europe
O £45.75(US$109.80 : DM228.75) Airmail rest of

Payment with order please.
Cheques made payable 1o Metal Bulletin Books Ltd.

the worlid I

New York residents plesse add selus tax st the appropriste rate.
GV T T G R D NN
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North America— predominant

Each of the principal North Amencan countries .s engaged in
the production o bentonite although output from Canada and
Mexico is dwarfed by that of the USA which alone accounted
for some o41¢ of total world production in 1980 excluding the
published figures for fuller's earth.

Official figures for bentonite production in Canada are not
available owing to the small number of operators exploiting
the mineral Although Dresser Minerals works a deposit near
Rosalind in Alberta only about 4 of output s used in the ol
well drilling apphicatior. The main uses arein the fields of aivil
engineering. foundries. amimul feed. and ron ore pelietisa-
ton. Through it subsidiars . Permbing Mountain Clays. Filtrol
Corporation (rnow par of Kaiser Aluminium and Chemical
Corporation) produces a4 calcium bentonite near Morden n
Manitoba. the bulk of which s tuken to the company s plant at
Winnipeg for processing and chemical treatment. The newest
bentonite producer to emerge v Canada 1s Noranda Mines
Lrd. withts 34,56 stake in Avonlea Mineral Industries which
1t acquired in June 1981 with an option (e increase its owner-
ship to 317¢ at a later date. Avonles s the only Canadian
operation which mines o naturally occurning sodium bentonite
at its 6O tpa operation near Wilcox in Saskatchewan.
About 407 of Hutput is used for oil well drilling and 2047 for
reservorr seatant matenal with the balance for animal feed.
toundries. iron ore pelletisation, etc.

Bentomite production i Mexico has risen steadily in recent
vearstomore than 176060 tonnesin 1980 with a further 5:.360
tonnes recoided for calcium bentonite in the same vear.
Menico’s principal producer. Quimica Sumex 84 de CV', is a
Mexicanised subsidiary of West Germanv's Sud-Chemie AG
and 1s engaged 10 calcium benionite quarrving in several loca-
tions of which the largest are in the states of Tlaxcaia and
Morelos. Smaller operations in Durange. Zacatecas. and
Michoacan provide Sumex with some 140,060 tpa of capacity.
Processing 18 carned out at the company’s plant at Puebla
where surface treated clays are produced for bieaching. ab-
sorbents. filtration, etc. An affilizted company. Tonsil Mexi-
cuna $A de (V' also operates a plantin Puebla. Mexico's other
major bentontte producer. Ardllas Industriales de Durango
SA de CV has a guarrving capacity of 180,000 tpa at Cuencamé
in Durango and 1s able to produce up to 140000 tpz of pro-
cessed material at its plant in Gomez Palacio. Durango. Dur-
ing 1980 the company extracted about 120.000 tonnes of raw
clay at Cuencame. A sma'ier scale plantis operated by Tecnica
Mineral SA 1in Tlaquepaque. Jalisco where 3.000 tpz of bento-
nite capacity 1s available based on raw material from various
locations in Zacatecas. Jahsco. and Michoacan states. The
company has recently installed an acid activation plant as part
of an expansicn programme

Production of 2.650 tonnes of bentonite is recorded in
Guatamala although Iittic 1« known about the country’s bento-
nite operations.

USA —the world standard

After chimbing through the 4m. tonnes mark in 1972 produc-
tion of bentonite 1n the USA slipped gradually back to below
3.8m. tonnes in 1980 although production of calcium bentonite
{montmariionite) remained remarkablv consistent through
these vears at around 553.000 tonnes. Preliminary figures for
19%1 reveal that bentonite production bas recovered some-
what. bv almost 127 . 10 just under 4.25m. tonnes whilst the
overall figure for fuller’s earth (calcium bentonite and atta-
pulgite) shows a 6% improvement from the 19%0 figure of
1,392,000 tonnes to 1,475,000 tonnes.

The US natural sodium bentonite industry is dominated by
about eight major corporations some of which have overseas
extensions to their business. American Colloid Company is
heavily involved in the production, of both sodium and calcim
bentomite although its natural sodium bentonie operations far
outweigh the fuller’s earth operation. At its four plants in
Wyoming. South Dakota. and Montana. Amencan Colloid
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Deering Products Ltd

140 CROMWELL ROAD, LONDON
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CABLES: PRODEERING LONDON TELEX

has the capacity to produce up to 1.4m. tpa of sodium bento-
nite. This compares with a production capacity of around
300.000 tpa of calcium bentonite at the two plants in Alabama
and Mississippi. In addition the company has a further 220,000
tpa processing capacity at other US locations in Marvland,
Ohio. Iilinois. Wisconsin. and Indiana. The overseas dimen-
sion for American Colloid consists of subsidiary company’s
with processing plants in Wallasey. UK (Volclay Ltd. 1, Duis-
bury. West Germany (Bentonit International GmbH ). Erandio
Bilbao. Spain (Volclay Espana $/.); Geelong, Australia (Vol-
clay Standard (Pty) Lid.); and Hamilton, Canada (Volclay
Canada Ltd.). Taken together these overseas operations have
around 180,000 tpa processing capacity,

Wyo-Ben Inc. 1s solely concerned with the production of
natural sodium bentonite in Wyoming at three locations which
have a combined capacity of 1.16.000 tpa although the com-
pany’s recently built $4. 5m. Thermopolis plant is readily able
to double its capacity to 600,000 tpz if necessary. Initial pro-
duction at Thermopolis began in January 1981. Exponded capa-
city is. however, unlikely in the short i2rm owing to current
output being only around 50% of current capacity. Federal
Bentonite Division, Aurora Industries Inc. presently operates
in two major locations. Colony and Upton. Wyoming where
combined production capacity is around 450,000 tpa of sodium
bentonite. A variety of grades are produced in granular and
ground forms mainly for iron ore pelletisation with over 60%
of sales and most of the halance spht between foundries and oil
well drilling. The 300.000 tpa mine and plant at Glasgow,
Montana still awaits commissioning. A semi-finished product
which is crushed and dried at Burnett, Minnesc*a is supplied to
the taconite iron ore markets in Michigan and Minnesota.
International Minerals and Chemical Corporation operates a
mine and plant at Colony. Crook County, Wyoming fur the
production of sodium bentonite for o1l well drilling. foundries,
and waler retention appications. I'IC’s other operation is
concerned with the production of cal.ium bentonite at Aber-
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deen. Mississtppi for foundries, animal feed. etc. Kavcee
Bentonite Corpourunon has a combined production capacity of
450.00 tpa of sodium bentonite from its two plants at Casper
and Worland. Wyoming. mainly for iron ore pelletisation. oil
well drilitng. animal feed. etc. Although the Colony mine is the
only one 1n operation the Barotd Division of NL Industries
owns reserves of sodiumn bentonite in Montana. South Dakota.
and Wyoming. Capacity of around 900.000 tpa at Colony pro-
vides the company with maternial for o1l well drilling fluids for
use within the company as well as for outside marketing to
other end uses. The principal US operation of Dresser Min-
eruls s at Grevbull. Wyoming where up to 650.000 tpa of raw
clay feeds the company’s 430,000 tpa beneficiation plant.
Shghtly more than balt of Dresser’s output is used for in-house
production of drithing fluids with the balance used for 1ron ore
pelletisation. The smallest of the natural sodium bentonite
producers s the Georgia Kaofin subsidiary. Benton Clay
Company . with its 120,000 tpa operation 1o Casper. Wyoming
where granuiar and pubvensed grades are preduced for
foundries. drilling. and pelletising applications are produced.

Southern bentonite. ..

Production of so-called southern bentonite is dominated by
wo major corperations — O Dri Corp. of America and
Lowe's Inc. — and several smaller capacity operations spread
through the states of Mississippi. Georgia. Missouri. Tennes-
see. Texas, Nevada. and Cabfornia. Oil Dn operates two
mines and associated plants at Ripleyv. Mississippi and Och-
locknee. Georgia with a combined capacity in excess of
250000 tpa. The Georgia’operation is based upon a 20/80
attapulgite calcium bentonite mixture. A vanety of grades are
produced for industrial o1l and grease absorbents. cat htter.
and carriers for agricultural ch-micals. Marketing of the com-
pany’s products is undertaken by its European subsidiary. Oil
Dri SA, based i Switzerland with distribution outlets at
Imimingham. UK and Colegne. West Germany. Lowe’s Inc.

has five operations in Tennessee, Missoun, llinois, and Cal-
fornia with a combined aperating capacity in excess of 500.000
tpa for the production of industrial oil absorbents, cat litter,
and agricultural chemical carriers. Anschurz Minerals Corp.
operates a mine and plant at Ochlocknee. Georgna where up to
270.000 tpa of raw clay consisting of a mixed layer of calcium
montmorillenite, diatomite, kaolin, and attapulgite is pro-
cessed for cat litter and oil absorbent products. Up to 90.000
tpa of refined products are produced. Other companies worthy
of mention in this area are BASF Wyandoue Corp. with opera-
tions in Tippah County. near Blue Mountain. Mississippi and
Filtrol Corp. near Smithville and Raleigh. Mississippt.

In Texas. Southern Clay Producis Inc., a subsidiary of Anglo
American Clays mines calcium bentonite at its Gonzales
27.000 tpa operation it acquired from Georgia Kaolin Co. in
1979. Currently the piant is undergoing extensive renovation
to increase efficiency and capacity. A number of grades are
produced including drganically modified bentonites used in oil
well drilling. paints. inks. adhesives and greases. highly refined
white bentonites for use 1n personal care preparations — cos-
metics and pharmaceutical products — and ceramics: and
industrial grades for foundnes. civil engineering. drilling
muds. etc. Other producers in Texas include the Millwhire
Company at Flatonia and Riverside and Balcones Minerals
near Flatonia.

...and inthe west

In the western USA there are a number of producers of
calcium bentonite amongst which the most important is
Wilbur-Ellis with its mine in central California. some 70 miles
west of Fresno where the company has one processing plant
and anothér at Florin. near Sacremento. Production capacity is
in the 35/50.000 tpa range for pelletising. cubing. amimal feed.
and civil engineering markets. The company’s product is des-
cribed as a low swelling Califorma bentonite which consists of

HEAD OFFICE
POBox1l

188 El Venizelou Ave
Kallithea

Athens

TELEPHONE.: 9588547
TELEX: 215220 myko gr

MYKOBAR MINING CO. S.A.
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BENTONITE
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The Mykobar Mining Company S.A. is a subsidiary of the Magcobar Group of Dresser Industries Inc.
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Fuller's earth sold or used by producersin the USA
{'0O0Us tonnes)

State 1977 1978 1979 1980
Flonda

Attapulgite 394 412 446 378

Montmontionite — — — —

Tow’ RIPE) 412 416 Rt
Georgia

Attapulgite 36 307 393 R

Maontmorilonite 162 163 172 203

Tutal 823 S62 Sos SRY
Nevada & Utah

Attapuigite ni na na B

Montmortllenite na Ry nu na

Totai na na ne na
Other states

Attapulgite 25 26 KX 76

Montomoentonee Rich] Kb R REE

Tota; AN 4id 314 424
Total Fulier'~ Earth

Attapulgite 7Y N34 870 K3

Montmorilonite 517 8 S35 552
Grand Tota! 1.296 1.38 1423 1.392

equal proportions of sodium and caloium vaneties Indiarial
Mineral Ventures has recently started production of « complex
mixed clay compnising calcium bentonite. saponite. sepiolite.
and hectonite at its mine at Imvite. Bve County. Nevada where
up to 60 KK tpa of raw clay may be produced. The company's
plant at Lathrop Wells. Nevada has 90G.000 tpa capacity for
driling. filler. sealant. and suspension clay markets.
R.T. Vanderbiit Co. Inc hay a calcium bentonite operation at
Beatty. Nevada with processing capacity in California and
Nevada for the production of cosmetic. pharmaceutical. and
speciality chemicai grades.

World production of Fuller’s earth* . ronnes)

Country 1977 1978 1979 1980

Algeria 4.263 4847 S.oe BRLLIS
Argentina 4129 3482 S 443 70K
Austraha Rl 6k Stie S0¢
India 13.517 16.207 17.343 RIERY

Italy 23424 10,19 IR 4,300
Mexico 61,360 10,615 48820 51360
Moaraceo 21.025 29 880 13,586 17430
Pakistan 1§.000¢ 16.00e 42822 24,463
South Afnca — 258 919 720
UK 139 00 167 000 [T1.(O0K)e 163 (6
USA 1.296.122 1.387.647 1.422.690 1.391 443

World Total  1.6/1.x09 1.676.237 1.728.753 1,696,159

*The figure for the USA refers 1o clay used for bleaching or absorbens
applications and comprises manly arapulgiic and calcium monimonl-
lonite. Fuiler s earth 1« also known 10 be produced in France. West
Germany., Iran. Japan. Turkev etc. for which figures are not readily
availoble
e — Esnmate
Source Institute of Geological Sciences London and

U8 Bureauof Mines. Washingion

South America

Argentina and Brazi] are the major producing countriesin the
South American continent with steadils increastng output at
the end of the 1970s to 1980 when Argentina reached almost
175.000 tonnes and Brazil almost 250.000 tonnes. Additionally
Argentina records 7.400 tornes of Fuller’s earth for 19%0). out-
put which has also gradually increased dunng the same period
from just over 4.000 tonnes in 1977. Peru has consistently
produced around 0.0 tpa of bentonite in recent vears and
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Colombia has a very small production recorded at something
justover | M0 tpa.

Two comnanies are of importancesin Argentina — Gebero-
vich Hnos. SCC with its 60.000 tpa operation at Zapala.
Neuquén Province and Industrias Peiral Sri with several mines
in the region of Calingasts and 30.000 tpa plant at Chimbas,
San Juan. in Brazil Bentonit Uniao Nordesie SA operates a
180000 tpa bentomie mine at Campina Grande in the district
of Boa Vista. Paraiba State which feeds a plant with a nominal
capaaity of 192.000 tpa of sodium and calcium bentonite pro-
ducts. In mid 1976 Laporte Industries of the UK acquired a
40% interest in the Bentomit Umao Nordeste operation. In
Peru Minera Buribent SA has large deposits of bentonite in
Piura. some 1.040 kms north of Lima. and others 1o the south
of the city. In the regicn of 10.000 tpa of sodium bentonite is
produced by the company at its Lima plant mainly for oil well
drilling. foundries. pelletisation. and animai feed. In Caliao
the company has been constructing an acid activation plant at a
cost of $2.5m. for the production ot (1000 tpa for fish. vege-
table, and mineral oil discolouring apphcations. The other
Peruvian bentonite producer is Cia Minera Agregudos Cal-
careous SA which extracts calcium bentonite at Ica in southern
Peru and sodium bentonite in Piura State in the north. The
company’'s plant in Lima has a production capacity of 400,000
tpa although this represents total capacity for the company's
extremely diversified mineral output. Bentonite capacity i - €
the order of 3.000 tpa for foundries, animal f2ed. pelletisation,
elc.

Western Europe

Five countries in western Europe regularly nroduce in excess
of 100,000 tpa of bentonite of the calcium montmorillonite
variety — West Germany and the UK in the north and Greece,
Italv. and Spain in the Mediterranean region. Smaller produc-
tion is recorded in France. Cyprus, Israel. and Turkey which
taken together probably produced no more than around 65,
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70.000 tonnes 1n 1980, In contrast production in the big five
producing countnes during 1980 probably exceeded 1.5m.
tonnes including estimated output from West Germany at
around S00.000 tonnes. -

Northern Europe — Siid-Chemie
dominates

Owing to the dominating position of Sid-Chemie AG in West
Germany bentonite production figures for the country are not
available aithough it 1s believed that the company has some
700,000 tpa production capacity atits plant in Moosburg near
Munich which processes calcium bentonite from varous loca-
tions in Bavaria to produce sodium exchanged bentonite and
acid activated material. Sales of the sodium bentonite are
directed towards the West Germany foundry industry. the
single most 1mportant sector. avil engineering applications.
and agnicultural products. Sud-Chemie. through subsidiary
companies. also possesses bentonite in other locations —
Puebla 1in Mexico through Quirica Sumex: Le Treport in
France through Sté Francaise des Bentonites ei Dérivées SARL
which operates closely with Sud-Chemie’s Giba operation in
Sardinia — Stid-Chemie talia SpA. The Le Treport processing
plant underwent expansion during 1981 and began operating
carher this vear with the new capacity. West Germany’s only
other bentonite producer is Erbsioh & Co. form its mines and
plantsin Landshut where the company is able to produce up to
100,000 tpa of acivated and unactivated bentonite products
for foundries. drilling. civilengineering. animal feed. etc.

Laporterenovatesin the UK

The UK constitutes northern Europe’s only other major
producer of bentomite with production capacity approaching
300,000 tpu although output in 1980 was estimated at only
around 16300 tonnes of fuller’s earth, down from the peak

e .

1979 figure of 171.000 tonnes. As these figures. published by
the Institute of Geological Sciences. are based on estimates of
saleable production they can only be used as a guide. Most of
UK fuller’s earth production is sodium erchanged but a
smaller proportion 1s acid activated and some is sold in the
untreated form as fuller's earth. The largest of the UK pro-
ducers is Laporte Industries Ltd. which operates a number of
quarries in the Redhill district of Surrey in southern England
and owns further reserves. currently not worked. at Bath.
Avon: Maidstone. Kent: and Clophill. Bedfordshire. The
company’s plant at Redhill 15 nearing completion of a £4m.
renovation programme which will provide the company with
greater efficiency and production capacity of around 190,000
tpa. In early 1981 Laport: opened a new £3m. acid activiation
plant at Widnes. Merseyside to replace the older facility at
7-dhill. Raw material trom Redhill feeds the new 30735.000
tpa Widnes planl_which manufactures the company’s “Ful-
mont” and “Fulcat” product range ha.t of which is earmarked
for export. Cverall Laporte’s principal markets are foundries.
pet litter. and bleaching applications with smaller volumes for
oil well drilling. ¢ivil engineering. agriculture. animal feed.
and indusirial absorbents. Steetley Mineruls Ltd. has a quarry
and plant near Wohurn. Bedfordshire with a capacity of up to
S0.000 tpa of sodium exchanged bentonite. in addition the
company operates a plant at Middlesbrough which processes
imported clays from the USA and Mediterranean areas thus
providing considerable flexihility i satisfving the market with
a variety of bentonite blends. A significant amount of Steet-
ley's material is exported especially to foundries and iron ore
pelletising plants in Scandinavia. The UK's third bentonite
producer is 8reit Bentonite Ltd.. a subsidiary of Rubert Brent &
Sons Ltd.. with its 50.000 tpa planf based on a quarry near
Baulkirg' in Oxfordshire. Since commissioning the plant in
1979 Brett has been developing markets in the foundries, civil
engineering. and otl well drilling sect »rs.

Bentonites for industrial uses -
Bentonites from Erbsloeh

o CACIUM=BE\1ONIF (not activated)

o 1BIUM=-BENTONIS (activated)

® Mixtures of ERBHWOEHEBENTIONITEL:
NAGTONAWNOMINGEBENTONITE

o [\L/SNIIY - for paper industry

o FLIS/ S} [A - for water treatment

. -you can reach us:  (IPIRINET] + EO).

Geisenhaimer Kaolinwerke - Postfach 1240 - D-6222 Geisenheim - Tel.: 06722/8065-88 - Tx.: 42113 erbiohd
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CecainFrance. . . and elsewhere

France is the only other country in northern Europe with any
sizeable bentonite production which was around 18,000 tonnes
in 1980 compared with 16,069 tonnes in 1979. The pnincipal
company involved 1s Ceca SA with its mine and plant at
Bergerac However. the compar.y is aiso involved in bentonite
production in other parts of Europe — Greece. Sardinia. and
Spain - and has a rotal production of around 90,000 tpa. Most
of the company’s output is sodium exchanged for foundry apph-
cations and oil well drilling.

The Mediterranean — Milos sets the pace

Bentonite production in Greece has gradually risen during the
1970s to 509095 tonnes in {980 based on the extensive deposits
on the island of Milos where three companies account for most
of the production. Silver and Barvie Ores Mining Co. is the
largest of the island operators with 350.000 tpa of raw clay
production capacity backed by 400,000 tpa of sodium bento-
nite processing capacity at the company’s plant at Voulthia
Bay. S&B’s bentonite business has grown from demand for
iron ore pelictisation grades in Canada’s steel industry.
Mvkobar Min‘ng Co. SA. a subsidiary of Dresser Industries
Inc. . is the second major producer on Milos with 120.000 tpa
capacity for raw clay production and 60,000 tpa of sodium
bentonite at its main plant in Adamas Bay. A second plant at
Aghia Anna produces a further 5.000 tpa of sodium bentonite.
Most of the company’s output is sold on world markets for
foundry applications and about 25% of output is used for oil
well drilling fivids required by the company’s own drilling mud
business. The Mediterranean Bentonite Co. Ltd.. a subsidiary
of Italy’s Industria Chimica Carlo Laviosa della Carlo Laviosa
SpA mines up to 300,000 tpa of raw clay for shipment through
the port of Adamas on Milos Island to the company's Livorno
plant in Italy for processing.

Carlo Laviosa ahead in Sardinia

Bentonite production ir: Italy increased to 322.888 tonnes in
1980 but during 1981 this fell back by 14% to 277,349 tonnes.
Itahan production of fuller’s earth has fallen from 23,424
tonnes in 1977 to around 4,300 tonnes in 1980 although pro-
duction fell to just over 1,000 tonnes in 1979. As with Greece
the bulk of Italy's bentonite production comes from an island
— Sardinia -— where the deposits occur on the western side ina
north to south trending belt. Industria Chimica Carlo Laviosa
della Carlo Laviosa SpA mines bentonite at Pedra de Fogu and
Puntenuovo with processing carried out at Villaspecios.,
Caghiani and Santa Giusta. Oristano. The Cagliari plant pro-
duces up to 40,000 tpa whilst the Oris:ano plant is able to
proces: up to 165,000 tpa of sodium bentonite. Sardinian
operations for the company are run by a Laviosa subsidiary,
Mineraria Chimica Sarda Sp A established in 1972. Most of the
processed Sardinian material leaves tht island in semi-finished
form to be further processed at the company's mainland
142,000 tpa plant at Livorno which also draws on raw clay
supplies from Laviosa's Greek operation on Milos Island.
Most of the material from Livorno is consumed in Italy in
foundries. drilling muds, civil engineering, and <pecial grades
for cosmetics, pharmaceuticals, and wine clarification. Baroid
International SpA derives its material from deposits ir
Nurallao in south central Sardinia and Giba in the scuthwest.
Processing is carried out at the company’s 40,000 tpa plant at
Sant’ Antioco where the clay is sodium exchanged principally
for drilling mud applications in North Africa and the Persian
Guif. Sid-Cherme lialia operates a 110,000 tpa plant near Giba
for foundry and pelletising applications. In the Trexenta dis-
trict at the village of Mandas Ede sarda SpA quarries bento-
nite for processing at its Caglian pi.at for the production of
drilling mud quality destined for North African and Middle
East drilling mud markets. In the north of Sardinia Caffaro
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SpA extracts the bulk of its raw material aithough some bento-
nite comes from an underground operation at Mondaino,
Pesaro. Al of the company’s output is shipped to its acid acti-
vation plant at Porto Marghera near Venice where up to 24,000
tpa of bleaching earths are produced to be marketed under the
‘Prolit” trade name. Otiher companies operating in Sardinia
include Ceca ltaliana with 50.000 tpa of raw clay capacity and
Sardamin with its mine and plant at Torralba able to produce
20,000 tpa of sodium bentonite. By the beginning of 1984
Sardamin hopes to increase capacity to 35/40.000 tpa. On the
Italian mainland Elba SpA mines and processes up to 15,000
tpa of bentonite at Arsiero although not all the clay is sodium
exchanged. Ditia Dot Settimio Cinicola Industria Mineraria
onerates several quarries in the Foggia and Cauipobasso dis-
tricts for processing at the company's 50,000 tpa plant in
Castelnuovo della Daunia. Feggia. Grades of both sodium and
calcium bentonite are produced. Valdol SpA operates three
mines and two plams providing the company with a total of
80,000 tpa of raw clay and 75,000 tpa of sodium bentonite
capacity. One mine and plant is operated at Magho di Sopra,
Vicenza where up to 50,000 tpa of sodium bentonite is pro-
duced. Two other mines are worked at Recoraro and S.
Giovanni each with 10.000 tpa of raw clay capacity and a
25,000 tpa plant is worked ¢t Altavilla Vicentina. Foundry and
oil well drilling markets consume most of Valdol's production.
Finally Sta Mineraria Estrattiva Srl operates a 25,000 tpa
sodium bentonite operation at Pietracutade S. Leo, Pesaro.

Minas de Gadorin Spain

Output of bentonite in Spain reached a peak of 120,678
tonnes in 1979 but this dropped sharply by almost 20% to
97,705 tonnes in 1980. The main producing region is Almerfa
with 50,197 tonnes produced in 1980 followed by Toledo where
37,568 tonnes was produced. The Province of Madrid accounts
for the balance of 1980 production w:th 9,940 tonnes. Spain’s
most important producers is Minas de Gador SA which is 40%
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owned by Laporte Industries of the UK. Bentonite is produced
from a iarge mixed deposit containing calcium/sodium/mag-
nesium montmorilionite and a calcium-based absorbent clay at
Serrata de Nijar in Almreria. From this material the company
produces up to 90.000 tpa of sodium bentonite and 12,000 tpa
of acid activated clay for bleaching applications. Up to around
12,000 tpa of absorbent granules are produced for pet htter
applications. The company's 12,000 tpa operation at Yuncas,
midway between Madnd and Toledo, is based orn bentonite
and sepiolite deposits mined at Pinto, Valdemoro. and Parlan
Madnd Province. Here the bentomte is sodium exchanged and
ground for drilling. foundry . and absorbent appiications whilst
the sepiolite is also processed for drilling applications. Tolsa
SA. Spain’s major producer of sepiolite is pulling out of the
production of bentonite for which it had a small operating
capac'ty at Yunclillos. Toledo. Minera Arregui SA operates a
36,000 tpa raw clay operation at Castellon. Malaga and Ceca
Lspaniola SA has a small bentonite operation in Almeria aiong-
side 1ts attapuigite and sepiolite facility.

Peletico to expand on Cyprus

Estimated production for Cyprus has shown significant
increases for bentonite production through the turn of the
decade with 7.000 tonies for 1979, 23,000 tonnes for 1980. and
45.00C tonnes for 1981. Although Cyprus has produced bento-
nite on an intermitient basis for many vears the emergence of
several companies has Jed to more positive development of the
island’s bentonite resources. In particular Peletico Ltd., which
began operations in 1975, has built up its activities based on
several deposits in the area around Pentakomo village some 15
miles from Limasso! towards Nicosia. Here the bentonite is
excavated and sodium exchanged using the extrusion process,
dnied. and transported 32 miles to the company s Aradippou
plant. five miles from Larnaca for further processing and grind-
ing to supply oil well drilling markets under the trade name
‘Bentocyp’. The Pentakomo sodium exchange plant has 60,000

tpa c.pacity whilst the grinding plant at Larnaca has the ability
to produ. e 30.000 tpa. The matenal is sold in bags or in granu-
lar form 1or local grinding in the overseas market. Granular
matena! 1s shipped in bulk from Vassiliko Bay, some five miles
from the mining operation. Ground and bagged matenial is
shipped from the port at Larnaca. The company is now em-
barking on marketing its products to the civil engineering
industry. as well as for animal feed znd pesticides. An invest-
ment programme for 1983/84 amounting to $2m. will increase
the company’s output to 100,000 ipa. Drapia Mining Co. Lid.
has a 30.000 tpa sodium bentomte operation near Drapia in the
Kalavasos area of the country where raw clay is produced for
anima! feed. Drapia holds an estimated om. tons of reserves
near Drapia and is presently investigating the potentia! for
setting up a plant to process the raw clay for applications in
driiling. foundnes. pelletisation. and hleaching, etc. Other
small bentonite producers on Cyprus include Ders Mitides
which producess ground 100 mesh product.

In and outin Turkey

Turkish production of bentonite has also risen sharply in re-
cent years from 4,357 tonnes in 1977 to 30.687 tonnes in 1981.
Several companies are engaged in bentonite production in the
country although the first and largest in the business, Sanavi
Madenleri AS (Samas). is understood to have stopped produc-
tion for the time being owing to financial difficulties. Samas
mining operations are concentrated around Regidave about
450 km from Ankara. Capacity of the company’s plant at Re-
sidaye is about 60,000 tpa although output has apparently only
reached about 20,000 tpa in the past mainly for domestic mar-
kets. Essentiaily Samas’ bentonite varies in composition be-
tweer he natural sodium and natural calcium varieties. Emko
Bentonut Ticaret ve Sanayi AS now constitutes Turkey's largest
bentonite producer with around 30,000 tpa of raw clay produc-
tion capacity based on sodium/calcium bentonite quarries at
Cankin and processing plant at Esenboga just to the north of
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FULMONT®* - Bleeching Earths

®Regd. Trade Mark
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Ankara. Most of Emko’s output is consumed in the domestic
foundry and oil well dnlling industnes. A more recent de-
velopment in Turkev concerns Turan Madencilik Sanavi ve
Ticarer Ltd. which produces smalier volumes. up to 500 tonnes
per month. of white high quality bentonite near the village of
Kertil between the Bigadig and Kepsut counties of Balikesir.
Here the clay consists of 98¢ montmorilionite in three super-
imposed lavers. each about six metres in thickness. Production
of acid activated and soda ash treated clavs has recently been
started by Turan although present production capacity 1s small
and supphies domestic markets although exports may be on the
honzon. However. a new 12} tonne per dayv plant i1s under
construction near the port of Bandirma on the Marmara Sea.
Turar Madencilik 1s part of the Dolsan-Mavas Group and
since 1ts INception some two years ago has been processing its
raw clayv at Dolsan’s plant in Eskigehir. Other producers in
Turkev include Basik Ares Tugla Sanavii ve Ticarer Ltd. which
has 10.00} tpa of raw clav production capacity at it mine at
Arnavutkov near Istanbul and Kale Medenaith & Kale
Muhendislik with its operation at Tokat. These companies pro-
duce small volumes for domestic use mainiy in foundries

Australasia— Cudgen expanding

Recorded stetitic.. for bentonite production in both Australia
and New Zealand ave quite small at around 9.200 tonnes and
3000 tonnes respectively for 1980 Australian output has
mamntwined about this fevel of output for the period 1978- 1980
whilst New Zealand's production has dropped from almost
o tonnes in 1978, .

Two companies are presently engaged in the production of
bentonite in Australia — Cudgen R.Z. Lid and Steetley
Indusiries Lid. Cudgen mines bentonite in two locations at
Gurulmundi and Woleebee near Miles in southwest Queens-
lad. Both deposits are of the naturally occurring sodium
bentonite variety. Whilst some milling takes plee at Gurui-
mundi tor the production of animal feed grades most of the
grinding 1+ done at the company’s plant in Brishune where a
new Ravmond mill i presently being instalied. Present output
1s now running at ahout 3000 tpa although the new milling
installation can be rapidly expanded to 50.000 tpa. Specifi-
cations conform to the normal iniernational standards and the
API requitement in particular. Since starting operations in
1975 Cudgen has been able to double Lty sales each vear with
projected 1982 sales renresenting a 307¢ increase or the figure
tor I9%1. Ot particular interest the company s presently testing
aspecial diitling grade of bentonite for use in high temperature
applications such as geothermal wells. Steetley mines bento-
nite at Wingen in New South Wales and carries out processing
at Newcastie. Here the raw material comprises eight horizons
of calcium bentonite in Upper Permian sedime 1ts. At present
production is arcund 6,000 tpa maindy for foundry and civil
engineering applications

New Zealand's principal bentonite producer is Canterbury
Bentonite Lid., a subsidiary of TNL Group Ltd., which has a
mine and plant at Coalgate. Canterbury Plains some 65 miles
from Christchurch and 75 miies from the port of Lyttleton.
Some 30,000 tpa of granular sodium bentonite and 8.000 tpa of
ground sodium bentonite s produced under the ‘Rheogel’
trade name for drilling muds (459 ). civil engineering (25%),
foundries (2577). etc. Untreated calcium bentonite in granuiar
form or ground to 200 mesh is sold under the trade name
‘Callen’. Sales of bentcnite are handled by Mintech (N.Z.)
Lid.. the marketing arm for TNL. New Zealand Bentonite Lid.
is a smaller company operating at Porangahau, Hawkes Bay.

Afric1—enter Cape Bentonite

The major producing country on the African continent is
South Africa followed by Algeria and much smaller volumes in
Egypt. Morocco, Mozambique . Namibia, and Tanzania.
South African production reached 51.815 tonnes in 1980 but
declined to 44,372 tonnes in 198] and the first six months of
1982 indicate a further decline for the full year with a half year
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figure of just 15.543 tonnes. The calcrum bentonite deposits
near Parys in the Orange Free State are worked by G & W Base
and Industrial Minerals (Pty) Ltd.« a subsidiary of Anglo’s
Zimro (Pry) Lid. Miiling operations are carried out in Cape
Town and sodium exchange takes place at the company's
Wadeville plant at Germiston near Johannesburg. Around
40.000 tpa of ~odium bentonite is able to be procguced. most of
which is marketed to the domestic foundry industry although
some is used for pelletising. dam sealing. drilling, and indus-
trial water treatment. In early 1980 Cape Bentonite (Ptv) Lid.
began operations based on a deposit near Heidelburg some 300
kms from Cape Town. Around 4m. tons of bentoniie has been
proved in 2 number of horizons some of which contain pure
sodium magnesium bentonite requiring no sodium exchange
whilst others require a maximum addition of 19 soda ash in
order to meet the API drilling mud specifications. A horizon of
white bentonite requires addition of 29 soda ash to develop
optimum properties. Currently 15,000 tpa can be mil'ed and
supplied from the Heidelburg pla it although this capacity can
be easily increased to 50,000 tpa. In addition the company has
an extra 30,000 tpa rapacity at its Germiston plant. Oificially
marketing is handled by the company’s majority sharehold:r
-— Meraligesellschafi of West Germany. Rondebult Clayworks
of Boksburg, a subsidiary of Mineralchem Lid., mines bento-
nite in the Koppies District of the Orange Free State and at
Rondebult in the Transvaal. Processing capacity of 10.000 tpa
exists at the company's plant at Boksburg for foundry appli-
cations mainly. Small bentonite production is performed by
Prciley Perlite Mining Co. (Pty) Litd. in Zululand.

~lgenia produces around 36.000 tpa of bentonite and 5.(00
tpa ot fuller's earth most of which is produced by Sociéré
Nationale de Recherches et d'Exploitations Miniéres
(SONAREM) from deposits at Mostaganem and Marina. In
Mozambique around 1.500 tons was produced in 1980. The
country’s main operator is Luzinada Umbeluzi Mina Lda. The
Tanganyika Meerschaum Corp. Ltd. . now past of the Tanzania
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State Mining Corporation produces bentonite at Sinya some
100 miles from Arusha in northern Tznzania. The deposit con-
sists of magnesium-rich clays and dolomite and occurs in long
belts of about three to four metres in thickness. Capacity is
difficult to assess as this depends upon demand from the drill-
ing industry. foundries. and civil engineering applications.
Most of the mater . 15 consumed domestically although nego-
tiations are underwav with United Arab Emirate. Saudt
Arabia. Bahrain, and Indonesia.

The FarEast

India and Japan are the most important bentonite producers in
the Far East with. smaller output recorded in the Philippines,
Burma. and Pakistan.

India — Gujurat State dominates

Production in India for 1980 amounted to 158.675 tonnes
which represents an 8% improvement over the slightly de-
pressed figure of 146.922 tonnes produced in 1979. Major
bentonite deposits are found in the states of Bihar. Gujurat,
Yammu. Kashmir, Rajasthan. and Tamil Nadu whilst further
resources have been found in more recent years in Assam.
Madhva Pradesh and Uttar Pradesh. So far as filler's earth is
concerned the most significant deposits occur in Andhra
Pradesh. Assam. Gujurat. Madhva Pradesh. Rajasthan,
Karnataka. and Tamil Nadu. Commer<ial produciicn of bento-
mite in Tudia s dominated by six majcer companices although
smaller output is produced by a number of small scale con-
cerns. The states of Gujurat and Rajasthan are the principal
centres of production. Tne largest producer is Ashapura
Minechem Pvt. Lid. with its quarries and plants located in
Kutch and Bhavnagar districts of western India. Ashapura
intends to produce £6.000 tannes this vear in line to meet its
target of 100.000 tonnes by the end of 1983. The company
mines selectively for blending purposes in order tc meet speci-

fications for the OCMA/API standard for oil well drilling, as
wel. > markets for foundries, pelietisation, civil engineering.
and animal feed. Ashapura exports material to other Far
Eastern countries. the Middle East. Africa and is developing
exports to Europe and Australia. By mid-1983 the company
expects to begin production of 10/15.000 tpa of attapulgitc and
a similar amount of china clay. A one time associate of Asha-
pura but now under completely separate management.
Ambica Minechem Industries. also produces bentonite from
mines in Kutch and Bhavnagar Districts of Gujurat State to
supply its two plants at Bhavnagar and Gandhidam. The com-
pany has a total of 40,000 tpa sodium bentonite capacity for oil
well drilling. foundry, and other applications. Kutch Minerals,
an associate of Khimjee Hunsraj which is one of the largest
exporters of oil weli drilling grade bentonite. aiso produces
bentonite at Kutch with plants at Kutch-Mandvi and Gand-
hidam in Gujurat State. Combined processing capacity at
Kutch is 30.000 #pa of bentonite although several other asso-
ciated companies within the group produce more than 40,000
tpa of ground bentonite. Essentially Kutch Minerals produces
four grades of bentonite — Indoclay for foundries. Indoge! and
Smectogel for oil well dnilling. and Pharmage! for cosmetic and
pharmaceutical applications. Gimpex Minerals Pvi. Lid. has
60.000 tpa sodium bentonite capacity at its mine and plant at
Bhuj. Gujurat State which produced mainly oil weli drilling
grades to capacity during 1980. Other significnt producers in
Kutch includes Messrs. Chutuubhuj Nranji through its sub-
sidiary. Swastik Minerals. with 25,000 tpa capacity. Kasamali
& Sons Minerals Pvi. Lid. with its 20.000 tpa operation at
Bhavnagar for sodium and calcium bentonite, Gandhisons
with around 8 000 tpa capacity, and Hargovindas Shivial & Co.
with around 2,500 tpa output of sodipym and calcium bentonite.
A further significant company involved in Gujurat State 15
Bombay Sewree Chemicals Manufacturing Co. Pvt. Ltd. with
operations at Sewree. Bombav and Vapi. Gujurat for the pro-
duction of around 3,300 tpa of acid activated bentonite. The

e

INTERNATIONAL

CEBO HOLLAND BV

PO BOX 256

HEEMSTEDE HOLLAND

PH 023-290150 TLX 41935

BARITE BENTONITE CEMENT

COMPLETE LINE OF PRODUCTS
FOR OILWELL AND 'WATERWELL DRILLING
BENTONITES FOR FOUNDRY AND PELLETISING INDUSTRY
SILO EQUIPMENT

CEBO

CEBO UK LTD.

70 QUEENS ROAD
ABERDEEN AB1 6YE

PH 224-323601 TLX 73443
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Bombay plant is able to produce about 1.500 tpa whilst the two
V'api plants have capacities of 1.200 tpa and 600 tpa. Recent
production has been running at around 2,150 tonnes. The com-
pany expects to uprate capacity at the Vapi plants during the
next two vears In Rajasthan Neethanth Chemical Works pro-
duces up to 25.000 tpa of sodium bentonite at its plants at
Barmer and Jodhpur mainls for oil well drilling. foundries, and
cvil engineering. And Mining Works and Rajasthan State
Mineral Development Corporation also have small bentonite
production 1n Rajasthan at Bhawanimandi and Akli respec-
tively.

Janan’s unique industry

Estimated production of bentonite clays in Japan continues to
be around $00.000 tpa although consumption. mainly domes-
tic. reached 446.571 tonnes in 1979. Of significance in the con-
sumption figure is the inclusion of about 40.000 tpa of bento-
mte imports from Wyoming. USA. Additionally some 73.000
tpa is consumed for the production of acid activated clay and
around &.0(K) tpa of acid clay 1s consumed.

The “Green Tuff” region is noted for many occurrences of
montmornilionitic clavs. most of which were formed by dia-
genesis and-or low-temperature hvdrothermal alteration of
acidic tuff and tuffaceous sediments in a marine en ironment
(Takeshi. 196%). However, these clays are rather different in
properties due to the interlaver cations and associated
minerals. Montmorillonitic clavs in Japan were divided into
benton.te and acid clav. The former is characterised by the
considerable swelling ability in water. and the latier by its
acidity 1n water (Kato, 1968). In short. the former consists
mainly of Na-montmerillonite and the latter of H-montmoril-
Jonite. Some acid clavs are activated by warm sulphuric acid to
achieve higher bleaching activity. The accompanying table
shows the differences in composition and properties between
bentonite (Na-bentonite) and acid clay {including raw material
of activated earth).

Bentonite ts mined at Usui area (Gunma Pref ). Aterazawa
(Yamagata). Mikawa (Nugata). Kuroishi (Aomon), etc.. in
northeast Honshu. and Ohta (Shimane) and Kita-kyushu
(Fukuoka) in western Japan Excluding Kita-kyvushu, all of the
above deposits occur in the ~Green Tuff” region comprising
the Miocene volcanic sediments. Also. the main acid clay and
activated earth producing areas are Nakajo (Nigata), Itoi-
gawa (Nngata). and Muzusawa (Yamagata). They also occur
in the same regron with the benwonite.

Bentonite 1« mainly used for foundries. civil engineening,
iron ore pelletising. and drilling mud applications. Foundry
applications are the most important representing about one
third of Japanese demand.

The utilisation of bentonite has steadily expanded in recent
vears. The development of organophilic bentonites is the most

PIONEER FROM INDIA TO INTRODUCE
BENTONITE arvocma
ASHAPURA

NOW INTRODUCE

ATTAPULGITE

(SALTWATERCLAY)
OF API/OCMA SPECIFICATIONS

ALSO DEPENDABLE SUPPLIES OF

BARITE—-LOST CIRCULATION
ADDITIVES .. CALCIUM CARBONATE

ASHAPURA MINECHEM (P)LTD.
129-131 KAZI SAYED ST.
BOMBAY 400003

INDIA.

PHONES: 343536
344814

TLX: 0112103 ASHAIN .

CABLE: CHEMUDS

significant. Due to their excellent viscosity, swelling and gel-
consistency particularly to low-polar solvents, these com-
pounds are used as valuable submalerials of paint, printing
ink, grease. cosmetics, etc

Activated clays are mostly used for bleach of natural ails.
fats. and petroleum. The considerable decrease of bleaching
earth consumption by the petroleum industry in the past ten
years is mainly due to the development of the hydrogeneration
technology in oil-refining. Acid clay was also used as a bleach-
ing earth at first, but now it 1s used only for insecticide carriers
andfillers.

The principal companies engaged in bentonite production in
Japan are Kurumine Industries Co,. Lid. and Hojun Kogyo Co.
Lid. which have nearly 400.000 tpa raw clay production capa-
city between them. Hojun Kogyo operates mines near

Bento

FEDERAL BENTONITE

Quality Controlled
vanous industry specthica-
tions Available in bag
lots and bulk charter

shipments
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Aurora Industries, Inc.

1002 Greenfield Road
Montgomery, IL 60538
Phone: 312/896-4142
TWX: 910-232-0759
A Panhandle Eastern Company
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Tomoika-shi, Myogi-machi. and Annaka-shi for its processing
plants at Annaka and Haraichi. Current output is around
132,000 tpa mainly for foundries (44%). civil engineering
(25%¢ ). and insectiaide carniers (137%), aithough the operating
capacity i1s about 180,000 tpa. Kunimine Industries has mines
at Tsukinumo, Yamagata and Kawasaki. Mivagi which are
able to produce over 200,000 tpa of raw clav. The company’s
main plantis located at Aterazawa. Yamagata and has 150,000
tpa of sodium bentomte capacity. A second plant provides the
company with 40,060 tpa of acid activation capacity and 12.000
tpa of calcium bentonite production. both mainly for foundry
apphications. Kurnihi Bentonite Co. Ltd. operates a mine and
plant at Kuroishi. Aomon where up to 50.000 tpa of sodium
bentonite may be produced. However. the company went into
liguidation towards the end of 1981 and was subsequently
taken over by Nihon Kousan Co. Ltd. and Mitsut Mining and
Smelting. In the last tull vear of production the company pro-
duced some {8, 0% tpa of bentonite but to November 1981 only
8.500 tonnes was produced. A smaller bentonite operation
producing up to 1.500 tonnes per month is worked by Nihon
Bentornute Co. Lid. in Aomori Prefecture.

Mizusawa Industrial Chemicals Ltd. is Japan's most impor-
tant producer of acid clvs from its mines at Tsuruoka, Yama-
gata and Nakajo and Shibata. Niigata which have a combined
capacity of 130.00K) tpa. The company’s plants at Tsurucka and
Nakajo have respective operating capacities of 15.000 tpa and
6. (0K tpa. As part of the treatment process which involves
aaid activation of the clav the compuny produces a super-
micronised silica used 'n the manufacture of carbonless copy-
Ing papaer. gypsum. . mimum sulphate. and other chemicals
as by-products. The principal product is activated bleaching
earth sold under the trade name "Galleon Earth’ for the refin-
ing of petroleum and purification of fats and oils. Nippon
Acvated Whie Clay Lid. and Toyo Clay Lid. also produce

Producers of
0il Well Drilling
Mud Chemicals

&
Industrial Powders

BARYTES
BENTONITE
HIDENSE

TALC
DRILLING SALT

CALCIUM CARBONATE
FELDSPAR

INDUSTRIAL &
TABLE SALT

IRAN BARITE CoO.
(Affiliated to Ministry of Mines)
25 Ave. Villa, Tehran (P.O. Box 2625), Iran
Cables: iranbarite. Tel: 826093-6 Telex: 215412 DMID IR

acid clav 1n Japan aithough combined production capacity 1s
less than half of Mizusawa’s.

Chemical composition, cation exchange capacity. and some properties of bentonitic clays in Japan

(1) Chemical composition examples

Specimen $:0. Ti0: ALO:. Fe;0: FeO CaO MgC Na,0O K0 Ig. loss Total
(11 Bentonite (Yamagata) 7501 010 1278 141 - 1.00 104 263 104 4.72 99.70
H:O+ H;O—

(2) Bentontte (Gunma) 70.5¢ 013 1140 0.6 0.4} 006 097 1.7 0.56 3.81 8.36 99.43
(3) Aard clay (Tiomgana) S685 019 1360 119 005 239 309 018 072 23.12 100.38
(4) Aaidclav({Yamagata) 65.18 — 19.94 333 —_ 093 251 094 0.14 7. 100.63
Source Handbook for Clavs. Japan 11967)
2) Cation exchange cepacity and some properties of bentonitic clays

CEC Exchangeable cations
Specimen Colour pH (mgeg/100g) Ca’* Mg Na* K+ Total
Bentonite (Niigata) Blue 9.4 79.8 72 13.2 55.6 29 79.8
Acid clay (Nugata) Yellow 49 69.2 209 289 37 1.1 54.6
Afier Tukeshi (1965} Blue 9.2 83.3 287 M9 16.5 is 80.1

r

RHEOGEL BENTONITE

Grades available for:
* Drilling (API)
* Engineering
* Geothermal (Heat stable)
* Foundry and other uses.
Aliso granular (1-2 cm) product for bulk shipments.

M'mc H (N.2.) LIMITED

TNL House, Selwyn Place, Nelson
P.O. Box 440, Neison, New Zesiand
Telegraphic Address. ‘MINERALS’, Neison — Telex No. 3653
Telephons: Nelson 80092
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Major world producers of fullers’ earth and bentonite

Country company

NORTH AMERICA
Canada
Avonlea Mineral Industries Lid

Pembina Mountain Clavs

Mexico
Arcilias Industriales de
DurangoSAde CV

Quimica Sumex SA de CV

Tecnica Mineral SA

USA
American Colloid Company

Anschutz Minerals Corp.

Baroid Diviston of
NL Industries Inc.

Dresser Minerals

Federal Bentomite I ision,
Aurora Industries Inc.

Benton Clay Co
international Minerals and

Chemical Corp.

Industrial Mineral Ventures
Inc.

Mine/plant location

Wilcox, Saskatchewan

Mine near Morden. Mamitoba

Mine at Cuencamé. Durango
Plant at Gomez Palacio, Durango

Various mines in Tlaxcala.
Morelos. and Durango states.
Plant at Puebla. Puebla

Minesin Zacatecas. Jahsco. and
Michoacan states. Plant at
Tlaquepaque, Jalisco

Various mines in close proximity
to piants at Belle Fourche, South
Dakota; Upton. Wyoming:
Lovell. Wyoming: and Malta.
Montana

Letohatchee, Alabama and
Aberdeen. Mississippi

Mine and plantlocated at
Ochlocknee. Georgia

Mines near to and plant at
Colony, Wyoming

Grevbull, Wyoming mine and
plant

Rosaiind, Alberta. Canadamine
and plant

Mine and plant at Colony,
Wyoming

Mine and plant at Upton.
Wyoming

Plant at Burnett, Minnesota

Mine and plant at Glasgow.
Montana

Casper. Wyoring

Colony. Crook County,
Wyoming

Aberdeen, Monroe County,
Missouri

Mine at Imvite, Amargnsa
Valley. Nye County, Nevada.
Plant at Lathrop Wells, Nevada

Capacity tpa

60.000 sodium
montmoriilonite

Calcium bentonite

186,000 raw clay

140,000 refined bentonite
160,000 raw clay

50.000 refined calcium and
sodium montmorillonites

3,000 tpa bentonite

Eachplantisableto
produce 1,000-1.500 tpd of
sodium bentonite

2001tpd at Letohatchee
and 1.000tpd at Aberdeen
of calcium bentonite

270,000 raw clay
90.000 refined clays

900,000 of sodium
bentonite

650.000 raw clay
430,000 of sodium
bentonite

60,000 raw clay

Comments

Noranda Mines Ltd. acquired a 34.5% stake in
carly 1981 with an option to buy up to 51%.
About 41% of output used for drilling muds and
21% as reservoir sealant

Subsidiary of Filtrol Corporation which was

taken over by Kaiser Aluminium and Chemical

Corporation in December 1981. Ground raw

material transported to acid activation plant at
Winnipeg .

Output in 1980 was about 120.000 tons

Subsidiary of Sid Chemie AG of West Germagy
producing 2 variety of products under the trade
name “Tonsil’

A recent expansion programme included the
instaliation of an acid activation plant for refined
clays

The company also operates a number of pro-
cessing plants at other locations in the USA -
Albion, Maryland (30,000 tpa). Columbus, Ohio
(80.000 tpa): Granite City. Illinois (75.000 tpa):
Green Bay, Wisconsin (15,000 tpa); and Water-
loo, Indiana (20.000 tpa).

Overseas operations include plants at Wallasey.
UK (55.000 tpa):. Duisburg. West Germany
(60.000 tpa); Erandio-Bilbao, Spain (20.000 tpa).
Geelong, Australia (25.000 tpa); Hamilon.
Canada (20.000 tRa)

Raw material consists of a mixed layer of calcium
montmorillonite, diatomite. kaolin, and attapul-
gite. Sold for cat litter and oil absorbents

Owns extensive reserves in Montana, South
Dakota, and Wyoming. Significant amount used
for in-house drilling applications

About 55% of output is used for drilling mainly
in-house application and the balance for iron ore
pelletisation

Only about 4% for drilling use

40.000 of calcium bentonite

430,000 raw clay
300.000 of sodium
bentonite

300.000 raw clay
150,000 of sodium
bentonite

1500,000 of sodium
bentonite

300,000 of sodium
bentonite

120,000 of sodium
bentonite

Capacity unavailable for
sodium bentonite

Capacity unavailable for
calcium bentonite

60,000 raw clays
90,000 refined clays

‘Produces 11 grades

Produces 15 grades

Produces 1 grade

Currently not in operation - scheduled for
start-upin 1983

Subsidiary of Georgia Kaolin Co.

Mainly for drilling muds. foundry, and water re-
tention applications

Mainly for foundries and animal feed

Raw material comprises of bentonite, saponite,
sepiolite, and mized hectorite and calcium car-
bonate from which special clay product mixes are
produced mainly for drilling applications as well
as for sealants, fillers. suspension clays, etc
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Kaveee Bentonite Corp

Lowe'sInc

Mid-Flonda Minimg Co

Oi-DnCorp. of Americas

Southern Clisy Products Ind

Wilbur-Eths Co

Wyo-Ben Inc

SOUTH AMERICA
Argentina
Geberovich Hnos SCC

Industrias Petra! Srl

M:nes near Kaveee and Ten Sleep
with planis located at Casper and
Worland. Wyoming respectively

Mines and plant located at
Olmsted. Hhinos . Pans. Tennes-
see: Oran. Missourt, Bloomiicld.
Nissoare and Mancepa.
Culifornia

Aincs and plant ncar Loweldl,
Manon County Flonda

Mine and plant at Ripley.
AMissteappiand Ochlockned.
Greorgna

Mine and plantat Gonzales.
Tevas

Mine at New India and plants
atFrosno and Florin, Califorma

Minc and plantat bovell,
Wioming

Mine and plant at Greyhull,
Wioming

Minc and plant at Thermopohs.
Wyoming

Mine and plant near Zapala.
Neugudn Provinee

Scven mines in the region of
Calingasta and plant at Chimbas.
San Juan

450,000 combined plant
capacity for sodwm
bentomt:

500.000 calcium mont-
monilonite absorbent
clay products

200,006 raw clay
130,000 refined mont-
moritlonite attapulgite
product

250,000 calcium
bentonite

27.00ot refined
calcium bentomie

1850000 of refined
calcium bentonite

650,000 of sadium
bentonite

Zis.omof sodium
bentonite

30000 of sodium _
bentomite

60,000 raw clay
12.000 ground product

30.000 bentonite product

Also known as Black Hills Bentonite Co

Raw material v essentially calcivm montmoni-
lomte and attupulgite mixture processed for
absorbent clay uses

Swiss subsidiarv. O1l Dri SA. based in Zunch
controls distribution in Europe

Suppites a broad range of markets suchas oil welt
drithing. pants. ks, ete. Also produce white
bentomite for  cosmeties.  pharmaceuticals.
Cerumics. el

Raw material is montmorillonite with calaur,
and sodium in sbout equal proportions - 4 low
swelling vanety

Total capacity 1 1.165.000 tpa of sodium bento-
nite. of which SIKLIRN tpa 1s crushed . dnied. and
granular. Current output is about 507 of
capacity. Thermopols is able 1o readily expund
to ol Tpa

Used for drilling mud. pelletsaton. and
foundnies

Output is presenily running ataround 12.000 tpa

BRETT

ENTONITE

Suppliers of high-quality processed bentonite
for oil well drilling, civil engineering, foundry and other

industrial applications.

R %

KBERT BRETTY GFO..P

_ Brett Bentonite Limited
_ Baulking, Faringdon,
Oxon SN77Q
. Telephone
ington (036 782) 403
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Brazil
Bentonit Uniao Nordeste SA

Peru
Minera Banbent S A

Cra dinera Agregados
Calcarcous SA (Comacsg)

WESTERNEUROPE
Cyprus
Deapua Mining Co Lid

Peleuco Ltd.

France
CecaSA

West Germany
Erbsoh & CO

Sud Chemie AG

Greece
Mediterrancan Bentonite Co
Lid

Myhobar Mining Ce SA

Sthver and Barvte Ores
Mining Co

Israel
Negey Ceramic Materials Lid

Italy
Ditta Dot Settimio Cimcola
Industria Minerana

Industria Chemica Carlo
Laviosadella Carlo Laviosa SpA

Caffaro SpA

Mine and plant at Campina
Grande . Distrito de Boa Vista,
PB

Mine at Piura. N Peru

Plantat Lima

Sodium bentonite operationsin
Piura State. N Peru Caicium
bentonite operattonn lca. S, Peru
Plantat Lima

Mines and plantncar Drapia.
Kalavasos arca. Larnaca

Mine and plant at Pentakomo

Plant at Larnacafor gninding

Mine at La Besséde and plunts
and Honfleur. Port Lu-Nouvelle.
and L ¢ Burwon

Mines near Landshut and two
plants at Landshut

Mines in Bavarna near Frening.
Mainburg. and Landshut. Plant
at Momburg. Bavaria

Minc on Milos Island. Greece

Mine on Milos Island
Plant at Adumas Bay. Milos
Plant at Aghia Anna

Mine on Milos Kland
Plant at Voulthia Bay

Mine at Ramon Crater. Negev

Mines in Foggia and Campo-
basso Districts Plantin Castel-
nuova delia Daunta. Foggia
District

Mines at Pedrade Fogu and
Puntenuovo, Sardinia

Plant at Vill+-neciosa. Caglian,
Sardinia

Plant at S.nta Giusta, Oristano,
Sardinia

Plant at Livorno

Mines it northern Sardinia.
Plant at Porto Marghera
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240,000 capacity for
sodium and caloium
bentonite products

10,000 of raw clay

10,000 of sodsium
bentonite

Total grinding capacity -
4000

30.000 sodium bentonite

100.000 raw calcium
bentonite. 60.000 sodium
bentonite

30.000

96000 sodium bentonite
and calcium bentonite

150,000 raw clay
100.000 of sodium bento-
nite. and calcium bentonite

Capacity unavailable for
sodium-exchanged and
acid activated bentonite

300.000 raw clay

120,000 raw clay
60,000 sodium bentonite
5.0 sodium bentonite

350.000 raw clay
400,006 sodium bentonite

30.000 raw clay

50,000 sodium and
calcium bentonite

40,000 hentonite

165.000 sodium and
calcium bentonites

142,000 sodium and
calcium bentonites

20,000 acidified calcium
bentonite

Sodium bentonite for drilling, foundries, iron ore
pelletisation. civil engineering, ctc. and calcium
bentonite for foundries and chemicals. Bentonita
Boa Vista SA is an associate company involved in
bentonite expioitation at Joao Pessoa. Current
output is around 170.000 tpa

Used for drilling muds. iron ore pelletisation, and
foundries

Used for foundry. animal feed. iron ore pelletisa-
sion. and shallow oil well drilling. Total recent
consumpnion around 9.000 tpa

Some raw clay is used for animal feed. Company
TWolds extensive reserves around Drapia and has
identified significant high quality deposits near
Parsata

Mainly used for oil well dniling and civil
engineering. Invesiment of $2m. in 1983/84 will
raise capacity to 100.000 tpa sodium bentonite

Principally for foundries. Ceca Italiana produces
bentonite on Sardima

Principally for foundry applications

Europe’s leading producer of all varieties of
bentonitc. The company controls subsidiary
operations in Mexico (Quimica Sumex SA de
CV. Tonsil Mexicana SA de CV): Italy (Sud
Chemie Italia SpA): and France (S1é Frangaise
des Bentonites et Dérivés Sarl)

Subsidiary of Industria Chimica Carlo Laviosa
della Carlo Laviosa SpA. Capacity determined
by loading capability of 800 tons a day at the port
of Adamas

Subsidhary of Dresser Industries Inc. Mainly for
oil well drilling and iron ore pelletisation

Mainly for iron ore pelletisation and also oil well
drilling and foundries

Clay consists of 60% montmorilionite. 20% illite.
20% kaolin. calcium carbonate etc. Current
output is 15,000 tpa for animal feed mainly

Recently set up a 20,000 tpa processing plant at
Port le Valence on the Rhdne to supply the
French foundry industry in the south-central
region

Operated by Soc. SVIMISA

Operated by Mineraria Chimica Sarda SpA

The company’'s main plant which may be
increased by a further 82,500 tpa

Proauces treated montmorillonite bieaching
carths for decolosation of vegetable and animal
oils and fats etc.
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Ceca ltahana SpA
EdemsardaSpA

Sardamin Sri

Baroid Internationat SpA

Elba SpA

Sta Mincrarna Estrativa Srl
Sud Chemie Ttala SpA

Valdol Sp‘\

Spain
Minas de Gador SA

Turhey
Basth Atey Tugla Sanayiive
Ticaret Ltd St

Emko Bentonit Ticaret ve
Sanavi AS
Kale Madencilik & Kale

Turan Madencilth Sanayvive
Trcaret Lid.

United Kingdom
Brett Bentonite Ltd

Laporte Industries Ltd

Steetley Minerals Ltd.

FAREAST
india
Ambica Minechem Industries

Ashapura Mincchem Industries

AtulMining Works

Bombay Sewree Chemicals
Manufacturing Co. Pvt Ltd

Chaturbhu) Naranjce

Gandhisons
Gimpex Minerals Pvt. Lid.

Hargovindas Shivial & Co.
Kasamah & Sons Minerals

42

Minesin Sardinus

Mine at Mandas. Trexenta and
plantat Caghian. Sardinia

Mine and plantat Torrabia.
Sardima

Mines at Nurallao and Giba
Plant at Sant” Antroco
Mine at Arsizro. Vicenza

Minc and plant at Pictracuta di
S Leo, Pesaro

Mine and piant at Piscinas.
Cibu. Sardint

Minc and plantat Magho di
Sopra

Minc at Recouro

Mine ut S Grovanm

Plantt Altavilla Vicentina

Minc and plant at Almeria

Minc and plantin Yuncas.
Toledo

Mine at Arpavuthoy . Istanbul

Mines at Cankiri and plant at
Esenbogas Mine at Tokat
Mines in the Eskisehir distnict
and plant st Kepsut-Balihewr.
Eskhiychir

Mine and plant at Baulking.
Ontordshire

Mine and plant at Redhill,
Surrey

Plant at Widnes. Chesmire

Mine and plant »t Woburn
Sand-.. Bedtorashire

Mines in Kutch and Bhavnagar
dstricts and plants at Bhavnagar
and Gandhidham. Grujurat State
Mines and plart i Kutch and

Bhavnagar Districtof Gujurat
State

Mine near Bhawanimandi.
Rajasthan State

Mines and plan. at Sewrec.
Bombay. Two plants at Vapi.
Gujurat State

Minc and plant at Kuich.
Mandvi. Guiurat State

Mines at Kutch. Gujurat State
Mines at Mandvi Tuluk and plant
a1 Gandhidam. Gujurat State

Mine at Kutch, Gujurat and
plant at Chembur. Bombay

Mine at Bhavnagar. Gujurat
State

50000 raw clay

150 tpa sodium
bhentonite

2u.(W) bentonite

40,000 sodium bentomite

15 (M raw clay

25 0 sodium bentonite
110000 sodium bentonite

60 .00 raw clay
30400 bentonite

10,000 raw cla:
1000 raw clay
25 o bentonite

90,00 sochum bentonite
and 12 M acid activated
bentonite

12,000 bentomte

10,00 raw clay

30,00 raw clay

11.000 calcium and
sodium hentonites and
aad activated clay

S0.000 sodium bentonite
19 000 sodium and

calcium bentomic

30. (00 acid activated
calcrum bentontte

50 . sodium and
calcium bentonite

40000 sodrum bentonite

9().000 sodium bentonite

3.500 bentonite

3.300 acid activated
fuller's carth

25 (0 ~odium bentonite

20,000 sodium bentonite

2,500 sodium and
cafcium bentonite

204000 bentonite

Subsidiary of CecaSA

Mainly for oil well drilling in N. Afnca and the
Middle East

Expansion to 3540000 tpa by 1984

Subsidiary of NL Industries Inc.

Subsidiary of Std Chemie AG

Products maimly for foundries and oii well drilling
uses

-

Laporte Industries hold 401 interest

Mainls for foundries and animal feed

A new 60.000 tpa sodiun. bentonite plant and
15.000 1pa acid activated plen’ 1s under construs-
tion at Kepsut-Bajikesir

Subsidiary of Robert Brett & Sons Ltd

Interest held in Minas de  Gador. Spain
(40.25¢7 ): Bentomit Uniao Nordeste SA. Braail
(307 ): Bentomta Boa Vista SA. Brazil 141y,
Also has other depostts in the UK at Maidstone.
Kent. Bath. Avon: and Clophill. Bedfordshire

Subsidiary of Stectley Industries Ltd.

Production scheduled to reach 100,006 tpa by end
1983

Rezent output - 2.150 tpa for western Indian
markets

For o1l well drilling. toundries iron ore pelletisa-
tion

Current output is around 12/15.000 tpa
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Kutch Minerals

Neethanth Chemical Works

R jasthun State Mineral
Development Corp Lid

Japan
Hojun Kogso Co. Lud

Kummine Industnes Co Lid

Mizusaw s Industrial Chemicah
Ltd

Kuronhi Bentonite Co. Ltd

Philippines
Jose Puntoja & Co

A& Clindustrial Ing

Falcun Mnerals Inc

Filmag (Philippines) Inc.

AUSTRALASIA
Australia
CudgenR.Z Lid

Stectlev Industnies Ltd
(Australtai Mincrals Group

New Zealand
Canterbury Bentonite Ltd

AFRICA

South Africa

G & W Base and Industnial
Mincrals (Pty) Lid.

Cape Bentonite (Pry) Lid.

Tanzanis
Tanganyika Mecrschaum
Corp Lid

Mines at Mutch and plants at
Kutch-Mandyv 1 and Gandhidam,
Kutch. Gujurat State

Mines at Akh. Hathimdhbant.
and Brualu. Barmer District.
Rujasthan and plants at Barmer
and Jodhpur

Minc and plant at Akl Barmer
Dustrict. Rajasthar ~ e

MinespearTom: . shiand
Myogi-machi and at Annaka-<
Planss st Annaka and Haraich

Mincsat Tsukinupo. Yamagata

Pret and Kawasaki. Movagr Pref.

Pian: ot Aterazaw:. Yamagata
Pref.

Plant at Zao. Miygi Pref

Mines at Tsuruoka. Yamagata
Pref and Nahao and Shibata.
Nigata Pref

Plantat Tsuruoka. Yamagata

Plantat Nakajo. Nngata

Mine and plant at Kuroishi,
Aomorn Pret

Mine at Sabang. Danao City
Minecat Laguna and Batangas
Prant at San Publo City

Mine at Nueva Ecija. Luzon
Plantat Metro Manila

Mincin northwestern Levie

Plantm Barrio Can-Unzo.
Menda. Levie

Mines at Gurulmundi and
Woleebec . near Milesin South-
west Queenstand and plants at
Gurulmundi and Brisbanc

Mine at Wingen. New South
Walesand plant at Newcastle,
New South Wales

Mine and plant at Coalgate.
Canterbury Plains

Mines ncar Parys, northern
Orange Free State. Plant at

Wadeville. Germiston. Transvaal

Mine and plant at Heidelburg.
Cape Province

Plant at Germiston. Transvaal

Mines at Sinva. northern
Tanzama

Industrial Minerals October 1982

30,000 sodium bentomte  Several associated companies prodace more than
40.000 tpa of ground bentonite (Suraiva Minerals
& Chemicals Pvt Lid.. 1. David & Co. Pvt Lid..
Suraiva Pvt Ltd.. Kutch Clavs, and Kutch Oil &

Alhed Industries (1919) Pyt Ltd )

Mainly for foundries. o1l weti drilling. and civil
engineering

25.000 sodium bentonite

S0 sodium bentonite

186,000 bentonite Current output is around 132.000 tpa mainly for
foundries. civil engineering. and insecticide

carreers

205.000 raw clay For oil well drilling. foundries. civil engineering.
\ , £ 2 z
wand pesticides

1530000 sodium bentonite

12 calcium bentonite
and 40.000 acid activated
bentomte

150.000 acid clay

Mainh for foundnes
For toundries exclusively

Calcium bentonite raw material is acid activated
for the refining of oils and fats etc.

15,000 acid acuvated clay
60,000 acid act:vated clay

S0.000 raw ciay
50,0 sodium bentonite

Outputin 1980 - 18.000 tons. last year of full pro-
duction prior to hquidation in November 1981
Subsequentiy taken over from Mitsui Mining &
Smelting by Nihon Kousan Co. Ltd.

20.000 raw clay

2.000raw clay White clay for foundries and steel mainly

30.000 raw clay
12.000 sodium bentonite
H.OMraw clay
40.000 sodium bentonite

50.000sodium bentonite  Currently undergoing expansion of Brisbane
plant to 150.000 tpa. Mainly for oil well drilling.
water well drilling. civil engineering. foundries.

pelletisation. and animal feed

Current production is
around 6.000 tpa cf

Deposit ccasists of 8 layers of calciuip bentonite
in upper Permian sediments. Mainly for

bentonite foundries and civil engineering uses

30.000 granularsodium  Subsidiary of Mintech (N.Z.) Ltd. Some calcium
bentonitc and 5.00fine  bentonite is also produced but main uses for
ground sodium bentonite  sodium bentonite are drilling muds. civil en-

gineering. and foundries

50.000 raw clay Associate company to Metallgeselischaft (SA)
30.000 sodium bentonite  (Pty) Ltd. Production based on naturally occur-
10.000 sodium bentonit~ "IN sodium bentonite

Used domestically for oil well drilling. foundries.
and civil engineering

Capacity unavailable
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Chapter 1
INTRODUCTION

The name bentonite was suggested in 1898 by Knight for a peculiar clay-
lik? material with soapy properties from its occurrence in the Fort Benton
unit of Cretaceous age formations in Wyoming (U.S.A ). Hewitt (1917) and
Wherry (1917) first established that this particular clay is ar alteration
product of volcanic ash, although an earlier observation by Condra (1908&)
suggested this origin for a similar clay from northern Nebraska. Ross and
Shannon (1926) presented the following definition which has been widely
quoted: “Bentonite is a rock composed essentially of a crystalline clay-like
mineral formed by the devitrification and the accompanying chemical alte:-
ation of a glassy igneous material, usually a tuff or volcanic ash”. These
authors further stated that, “‘the characteristic clay mineral has a micaceous
habit and facile cleavage, high birefringence, and a texture inherited from the
voleanic tuff or ash, and it is usually the mineral montmorillonite, but less
often beidellite”’. The term bentonite is now well established (Wright, 1968)
for any clay which is composed dominantly of a smectite clay mineral, and
whose physical properties are dictzted by this clay mineral; this is the defini-
tion used in this volume,

As indicated later in this volume, there are many clays now designated as
bentonite which have not oi.ginated by the alteration of volcanic ash or tuff,
or whose origin cannot ve established definitely. Consequently, the defini-
tion of bentonite used herein does not include mode of origin.

The term fuller’s earth refers to any natural material which has the
capacity to decolorize oil to an extent to be of commercial value. The term
does not imply any mode of origin, or any particular mineral composition.
However, fuller’s earths are generally composed of attapulgite or a smectite
clay mineral, although not all clays composed of these clay minerals have the
decolorizing capacity necessary for their classification as fuller’s earths.

The unique physical properties of the Wyoming clay quickly gave it high
commercial value. Its use in oil well drilling muds, as a bonding agent for
foundry molding sands, and in other commercial processes caused the devel-
opment of an important bentonite producing industry in Wyoming, and led
to a search in other regions for similar clays with the same properties. Such
clays were soon found in Mississippi, Texas, Arizona, and Califomia of the
U.S.A., and in England, Germany, U.S.8.R., Japan, and many other coun-
tries. A bentonite producing industry developed rapidly outside of the
United States beginning in the late 1920’s, Grim has had an opportunity for
many years to visit snud study the occurrence of bentonites in many parts of
the world. Samples were collected from many of the deposits visited, and
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additiona! samples from other deposits were kindly supplied by friends and
colleagues. A collection of approximately 1,000 world-wide bentonite
samples was developed and is now housed in the Department of Geosciences
at Texas Tech University in Lubbock, Texas. Much information was gathered
in the field on the mcde of occurrence of bentonites, including the types of
formations with which they are associated, their relationship to hydrother-
mal and/or deuteric activities, and their association with unaitered volcanic
ash, tuff, or other volcanic material.

The first objective of this volume is to describe the geologic and geo-
graphic occurrence of bentonites world-wide. No ciaim is made that all
known deposits are listed, but it is hoped that no large sigrificant deposits
have been overlooked. The information recorded is from the literature and
from data obtained by one of us (Grim) on visits to many of the deposits in
the field.

It is obviously impossible to list all available references to the various
deposits. An a‘tempt was made to select papers of general interest that
especially were concemed with occurrence and origin of the bentonites.
There are many additional publications which are concerned with the
properties and uses of particular bentonites.

Very limited information regarding bentonites is available for some coun-
tries, e.g. China, Cuba, Colombia. Consequently, it should not be concluded
from the brief statements regarding some countries that substantial deposits
of bentonites may not occur there or may be unknown. Similarly, there are
other countries for which no reference to bentonite could be found, eg.
Chile, but based on geological considerations, it seems likely that bentonites
should be present in some of these countries.

No mention is made regarding the so-called metabentonites, i.e. clays
probably of volcanic origin, usually of Paleozoic age, which are composed of
illite-smectite mixed-layers, and which do not have the colloidal properties
associated with the term bentonite.

The second objective of the volume is to consider the variations in the
mineral and chemical composition of bentonites. Detailed mineralogical
analyses of the samples have been made by Giiven. Because of the submicron
crystallite size and poor crystallinity of the major romponent (smectite) in
bentonites, X-ray diffraction analyses were of limited use. Therefore,
modern electron-optical methods were used extersively in studying the
morphology and structure of the smectite particles.

Members of the montmorillonite—beidellite series form the smectites
commonly occurring in bentonites. The smectites are examined with respect
to their atomic structure, chemical composition, and crystal morphology
(habit, particle size, and mode of aggregations). Electron optics, which are
probably the most powerful methods for precise analyses of the above
properties of smectites, are discussed in detail. An attempt is made to
classify the smectite particles according to their morphological character-
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istics. The habit of single crystallites and the morphological features of smec-
tite aggregates are discussed with respect to crystal growth mechanisms and
to the factors governing crystal growth processes.

The chemistry of smectit2s is examined using a rapid method of analysis
by atomic absorption spectroscopy and a single-solution decomposition tech-
nique. The problems related to the calculation of chemical formulae for
smectites are discussed. 152 chemical analyses of smectites are compiled
from the literature and subjected to a factorial analysis in order to elucidate
the correlations between the chemical components in these minerals.

The third, and last, objective is to consider the physical properties of ben-
tonites, and the manner in which the physical properties determine the
commercial usage of these clays. An attempt is made to correlate the prop-
erties with the fundamental mineral and chemical character of -he bentonites.
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3.3. BENTONITES IN AFRICA

Valuable bentonite deposits are located in many parts of Africa with
important commercial production in Morocco, Algeria, Union of South
Africa, and Mozambigue.

Algeria und Morocco

Geological features. These two north African countries are considered
together because of the similarity of their geologic setting and bentonite
oceurrences. In general the areas containing the bentonites are in the northiem
part of the countries and consist of a series of Cretaceous and Tertiary sedi-
ments with interbedded pyroclastics and lava flows, and into which volcanic
rocks of varving composition have been intruded. Bentonites of varying
types and modes of origin occur in these rocks, and they have been exten-
sively developed commercially at several places. Following are examples of
these deposits, but not a complete presentation of all deposits.

In Algeria, about 25 miles east of Mostaganem along the Chelif River, a
series of five separate bentonite beds occur interlayered with ashy siits of
Miocene age, Fig. 3.30A (sample 46). Ash structures are preserved in the
bentonite indicating its mode of origin. The bentonite beds, varying in thick-
ness from 5 inches to 15 ft., are not sharply separated from the silt. There is
no silification of underlying beds, nor any suggestion of downward Jeaching.
The fresh bentonite is blue, quickly weathering to brown, and contains many
“egg” structures similar to those found in the Wyoming, U.S.A. material.
The weathered brown clay is said to have higher colloidal properties than the
blue bentonite. Some of the bentonites carry sodium as the dominant
exchange cation rather than calcium, which is interesting in view of its inter-
lamination with calcareous sediments. The cation exchange composition
together with the gradational contact with the enclosing beds suggest that
alteration of the ash was contemporaneous with accumulation. Diatomace-
ous earth is found in the same area in sediments of the same age.

At Lalla Maghnia in the Oran area of Algeria, a rhyolite plug occurs ina
Tertiary marine sequence. At some places the rhyolite has altered to smectiie,
at other places to kaolinite or halloysite. Sadran et al. {1955) attribute the
formation of this deposit to hydrothermal alteratio i of the rhyolite. The
texture of the rhyolite is retained in the clay and the volume is unchanged,
even though the chemical composition of the smectite and rhyolite indicate
that magnesium has been added and alkalies and silicon have been removed
in the transition. The hydrothermal action is believed to have been followed
by the circulation of magnesium-bearing waters, probably meteoric, which
added the magnesium and leached the alkalies and silicon.

On the south side of the Tafna Valley about 10 miles from Tyrene in
Algeria, five beds of bentonite — 3 inches to 15 ft. thick —are found inter-
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Fig. 3.30. A. Section of Miocene age formations in Chelif Valley, 5 km north of Bellevue
in Mostaganem area, Algeria. B. Clay deposit northeast of Marnia in Nemours area,

Algeria.

bedded with calcareous brown silts of Miocene age. The bentonite is white
and contains occasional fragments of rhyolite. There is no silicification of
underlying beds nor any evidence of leaching. There are intrusive masses of
rhyolite and basalt nearby. Deuteric alteration of rhyolitic material is the
probable mode of origin. .

About 4 miles north of Marnia in Algeria on the road to Nemours and
thence b miles east, there is a large deposit of bentonite wrich supplied the
clay for the production of acid activated decolorizing 't the plant in
Marnia. A dike of rhyolite dipping about 60° cuts thr. sequence of
Miocene sediments (Fig. 3.30B). The central part of thr is altered to
clay, preserving the texture of the rhyolite (samples 44 and 45). The clay is
white and translucent in appearance. The composition of the clay is quite
variable and ranges from pure montmorillonite to material with considerable
halloysite. Probable factors controlling the composition are not obvious.
Hydrothermal or possibly deuteric processes are possible modes of origin of
the clay minerals. As in the case of the deposit at Lalla Maghnia, the altera-
tion must have been accompanied by the addition of magnesitm and the
removal of silicon and alkalies.
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Termier et al. (1956) have described bentonites of varying modes of origin
between Menerville and Dra-el-Mizane in Algeria. Some of the bentonites are
interbedded with obsidian and are believed to be due to autopneumatolytic
(deuteric) action in rhyolitic material. Other occurrences in sediments
suggest alteration of volcanic breccia in a saline lacustrine environment.

There are many occurrences of bentonite in the Taourirt area of Morocco.
The Gara Zjad deposit about 15 miles northeast of Taourirt consists of layers
of bentonite about 2 inches thick in a Miocene section of bentonitic clays,
volcanic ash, and marine fossiliferous sand. The bentonite grades upward
into ash, and the association of bentonite beds with unaltered ash beds are of
interest, as the upward gradatior. of bentonite to ash precludes origin by a
weathering process. Perhaps the ash fell in very shallow water with only the
wetted ash altering to bentonite, or possibly the composition of the ash was
not constant — the earlier lower ash being wetter or different in chemical
composition from the later ash. The Miocene section is overlain by about
30 ft. of gravel. Many of the hills in the area are capped by basalt of Pliocene
age, :
At Camp-Berteaux, also in the Taourirt area, beds of bentonite are found
in a marine Miocene fossiliferous sequence (sample 47). The Taourirt ben-
tonite is said to have outstanding properties for decolorizing oil. Current
bentonite production is reported at Tamdafelt and in the Beni Aukil districts.

Mineralogical studies. In the bentonite (sample 44) from Marnia {Algeria),
montmorillonite carries largely magnesium with relatively smaller amount of
sodium as indicated by the data on extractable cations in Table 3.3A. Smeb-
tite particles in this sample are commonly in the form of (Cheto-type) mossy
aggregates. In the other sample from Marnia (sample 45), montmorillonite
particles occur mostly in the form of (Santa Rita-type) reticulated lamellar
aggregates. The bentonite from Tafna contains Cheto-type aggregates as the
common form of montmorillonite. As shown in Fig. 3.31, these aggregates
are often entangled with lath shaped units. These laths seem to grow from
the montmorillonite aggregates. Kaolinites are also found in the sample in
the form of hexagonal platelets that are often in edge-to-edge association. In
the bentonite from Mostaganem, Algeria, sample 46, smectite particles occur
mainly in the form of Cheto- and Santa Rita-type aggregates, with H- and L-
type particles occurring rarely. The smectite has the structural formula:

[(Si3.00Al0.04)(Al}.56Feg?y 1Mgo.33)0,10(OH); 1 Mq. 35

In all the above bentonites from Algeria, quartz, mica, and feldspars form
the common impurities.

The bentonite from Camp-Berteaux, Morocco (sample 47) contains a
montmorillonite with a basal spacing of 14.7 A. Na, Ca, Mg are about
equally present in the extract of exchangeable cations from this sample

TABLE 3.3A

Location, geological and mineralogical data on bentonites from Africa

i+ cm—— .

N SR . N 7
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(mequiv./100 g)
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TABLE 3.3A
Location, geological and mineralogical data on hentonites from Africa
Sample Location and formation Geolog'c age Smectite s Mg(O *  Extractable cations CEC.
no. spacings (A) (%) (mequiv./100 g) (mequiv./
e - ———— - 100 g)
(001) (06,33) Mg Ca K Na total
. ——
Algeria
44 Marnia Phocene 143 1.496 3.94 61 18 2 35 116
45 Marnia Pliocene 15.0 1.496 3.22*
46 Mostaganem, Bellevue Miocene 13.8 1.496 3.81 61 5 3 28 97
) Morocco
o 47 Camp Berteaux Miocene 14.7 1.497 4.24 58 59 2 57 176 109
e Union of South Africa
L 418 Natal, Zululand, Stormberg
Series, ‘‘Mkuzi green” Liassic 12.3 1.493 0.82 20 6 2 20 4R
49 Natal, Zululand, Stormberg
Series, “‘White" Liassic 12.2 1.495 1.67 47 14 1 35 97
50 Orange Free State, Parys,
Karoo System “Ocean” Liassic 12,5 1.500 3.98 44 60 1 120 225 103
51 Orange Free State, Parys,
Karoo System *‘Ocean top”’ Liassic 136 1.500 3.65 6 42 2 3 53
) 52 Orange Free State, Parys, Karoo
-3 System ‘‘Ocean bottom™ Liassic 15.0 1.497 4.77 416 45 2 7 100
- 53 Orange Free State, Parys, Karoo :
M System “‘Ocean middle™ Liassic 144 1.499  3.96 55 64 2 7 128 128
" 54 Cape Province, Plettensberg Bay Tertiary 15.0 1.501 4.89 14 127 2 5 148 57
Mozambique
- 55 Laurenco Marques, Starmberg
7 Series, “ultra white”* Liassic 12.3 1.497 0.93 32 8 1 32 73
56 Laurenco Marques, Stormberg
Series, “‘perlite” Liassic 12.3 3.52
57 Laurenco Marques, Stormberg
Series, ‘'portal” Liassic 12.6 1.497 1.17 21 7 1 22 51

* On ignited material from —1 pym fraction of clay stripped off exchangeable cations.
* Grim and Kulbicki (1961) on 110°C basis.
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TABLE 3.3B B
Chemical analyses of African bentonites (on ignited material from —1 pm fractions of ammonium saturated clays except for the :
data from the literature) 5
- A
: Sample  SiO, AL,O; Fe,0,  MgO Li,0 Na,0 CaO K,0  Total Impurities *
. ;. no. n“
N R 44 69.34 23.62 1.85 3.94 0.0 001 0.03 0.02 98.81 Q(5) :‘ .
45 ** 63.37 23.37 3.82 3.22 0.0 0.0 0.63 0.0 94 .88 — e
46 68.47 23.55 2.55 3.81 0.0 0.02 0.04 0.09 98,63 -
47 617.01 24.92 2.56 4.24 0.0 0.06 0.04 0.21 99,04 -

48 71.39 24.20 2.25 0.82 0.0 0.03 0.03 0.03 98.75 crist(30) kaol(10)
49 68.93 25.60 3.02 1.67 0.0 0.03 0.04 0.03 99.32 crist(5) kaol(5)
50 63.64 27.92 4.78 3.98 0.0 0.03 0.05 0.32 100.72 Q(5)

51 67.83 22.35 5.35 3.565 0.0 0.01 0.05 0.39 99.53 —

52 62.18 28.78 4.42 4.77 0.0 0.01 0.01 .0.12 100.29 Q(5)

53 66.26 22.19 5.60 3.96 0.0 0.02 0.05 0.42 98.50 -

54 67.06 23,72 1.67 4.89 0.0 0.11 0.33 1.60 99.68 feldspar (10)

55 88.92 8.67 1.02 0.93 0.0 0.01 1 XV 0.02 99.59 crist(60)

56 73.74 18.24 3.65 3.62 0.0 0.03 0.16 0.13 99.47 crist(20)

57 84.77 11.33 1.20 1.17 0.0 0.01 0.01 0.09 98.58 crist(60)

* Impurities are semiquantitaiively estimated from the X-ray diffraction data. {crist = cristobalite; kaol = kaolinite; Q = quartz.)
*#* Grim and Kulbicki (1961) on the —2 um fraction of H-clay.
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Fig. 3.31. Montmorillonite aggregates and lath-shaped units associated with them in ben-
tonite from Tafna, Algeria.

Fym

Fig. 3.32. A compact montmorilionite aggregate in the Camp-Berteaux sample with its
superimposed SAD pattern.




Fig. 3.33. A. Typical compact aggregates of Camp-Berteaux montmorillonite. B. The
SAD pattern of the larger particle in the previous figure displaying strong secondary tex-
tures along the [02],[11], and [11] directions.
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(Table 3.3A). However, the cation exchange capacity (109 mequiv./100 g)
and 14.7 A basal spacing suggest that some of the extractable sodium and
magnesium probably originate from other minerals in the sample rather than
from the smectite. The chemical formula of this smectite is calculated from
the data in Table 3.3B to be:

[(Sis.saAly 1AL s Fed), l-\lg(l~3h)olo(OH)2]‘N1:).5;‘

Electron-optical observations on Camp-Berteaux sample show that mont-
morillonite particles occur mostly in the form of aggregates that are compact
in appearance (Figs. 3.32 and 3.33A), and in which individual crystallites are
not discernable. The SAD patterns indicate a strong preferred orientation in
the arrangement of the crystallites along the [02], [11]. and [11] directions
as shown in Figs. 3.32 and 3.33B. The individual crystallites of smectites are
occasionally observed as E- or S-type lamellae after the dispersion treatment.

Union of South Africa

Geological features. Bentonites are known and produced commercially from
several places in South Africa. Several beds up to 8 ft. thick interbedded
with shales and sands are found in formations of the Karoo System of Liassic
age in the vicinity of Parys in the Orange Free State (samples 50, 51, 52, and
53). These beds carrying calcium as the exchangeable cation are composed of
substantially pure montmorillonite. It is interesting to note that these ben-
tonites show no relict structures nor non-smectite minerals indicating parent
volcanic ash. Also, there is no evidence of any volcanic activity in the reglon
at this inteial in geologic time. The beds are sharply bounded at their base,
but gradational through a short interval to the overlying shale. The under-
lying beds are not silicified.
At numerous places in the Cape Province along the Indian Ocean, there
are inliers of Tertiary tormations from the coast westward. These beds of nE
sands, clays and shales contain layers of bentonite at several localities. For L
example, in the vicinity of Plettensberg Bay, there are lenticular beds of L
very pure montmorillonite up to 6 ft. thick in a shale section (sample 54).
Similarly in the vicinity of Albertinia to the south, there are beds of similar
thickness which in some instances are relatively pure montmorillonite, while
' other beds contain considerable illite, quartz, and other minerals. These
Tertiary bentonites are sharply separated from underlying beds, but grada-
tional with overlying soft shales. There is no silicification of the underlying
beds, and they are similar to the bentonites from the Orange Free State in
that there are no relict structures in the bentonite, and no evidence of
volcanic activity in the region at the time of their formation.
An interesting occurrence of bentonite is found in northern Zululand in
ite. B. The the Natal Province (samples 48, 49). Here a glassy, perlitic, rhyolitic lava in a
ondary tex- : .
volcanic sequence near the top of the Stormberg Series of the Karoo System




in places is altered by deuteric action to smectite. The alteration of the
perlite to smectite is extremely irregular. At some places the perli-e is com-
pletely unaltered: at other places, the alteration is so complete that there are
pockets of almost pure smectite; at still other places, the smectite is scat-
tered through the glass, or the perlite contains disseminated smectite.
Ocrasionally the alteration product is kaolinite or a mixture of kaolinite and
smectite with some cristobalite. There is no suggestion of any variation with
fractures or the penetration of hydrothermal agents from outside sources. It
seems clear that the alteration took place as a consequence of reactions
between gases and vapors included within the parent igneous rock and the
perlite. and was concentrated where the gases and vapors were most abun-
dant. The geologic setting and character of this deposit are similar to those
that will be described in Mozambique (see pp. 71—72).

Mineralogical studies on the bentonites from Natal Province, Zululand. The
X-ray diffraction data (Table 3.3A) indicate the presence of a Na-mont-
morillonite with basal spacings of 12.3 and 12.2'A (samples 48, 49). Large
amounts of magnesium are, however, found among the extractable cations.
Some of this magnesium might originate from biotites in these samples.
Samples 48 and 49 contain about 50% and 20% cristobalite respectively in
their coarser (>10 um) fractions. These large amounts of cristobalite may
account for the low values of total extractable «ations. Kaolinite is also
present in small quantities (5—10%) in these samplvs. The cristobalite is still
a major component in the fine fractions (—1 um) o. the sample 4§ as indi-
cated in Table 3.3B. The latter table also shows that the magnesium contents
of these smectites are below 2% even after accounting for the cristobalite in
the samples, and consequently, these smectites are to be specified as beidel-
lites.

Electron-optical examination of sample 48 shows that Cheto-type aggre-
gates make up about 70% of the smectite particles. The S-type lamellae are
the next common form of smectites in the sample. Aggregates of cristobalite
and montmorillonite are frequently observed.

In the “white clav™ (sample 49), montmorillonite aggregates display tree-
like branchings similar to those of dendrites. Such an aggregate is shown in
Fig. 3.34, in which triangular smectite lamellae are developed at the tips of
the branches like the leaves of a tree. Such dendritic aggregates make up
about 70% of the smectite particles, the E- and S-type lamellae make up the
remainder. These E-type lamellae are shown in Fig. 3.35. The smectites of
the dendritic (tree-like) aggregates, E-, and S-type lamellae all have a
b-dimension of 9.00 + 0.02 A.

Mineralogical studies on the bentonites from Parys, Orange Free State, Plet-
tensberg Bay, Cape Province. Sample 50 was a commercial product pretreated
with Na,CO;. The analytical data on the sample in Table 3.3 indicate a basal
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Fig. 3.34. Dendritic aggregates of montmorillonite in sample 49, Zululand, Natal Province,
South Africa.

Fig. 3.35. Two E-type montmorillonite lamellae (in center), and S-type lamellae in Mkuzi
bentonite (sample 49), Nata! Province, South Africa.
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spacing of 12.5 A as expected from a Na-montmorillonite. Large amounts of
Ca and Mg are also found among the extractable cations in the same sample,
probably originating from other minerals than the montmorillonite. A pre-
dominantly calcium bearing montmorillonite occurs in samples 51 and 54.
Smectites in samples 52 and 53 carry both caicium and magnesium as
exchangeable cations. The smectites have the following formula in samples
51 and 53, as calculated from the data in Table 3.3B:

Sample 51: [(Sis.mAlo.OO)(A]].45F93724M80.3|)Olo(OH):]MB-ao
Sample 53: [(silﬁgA]o.)z)(AA]x.4lFea.‘stgO.JS)olo(OH)zlM:)-47

Quartz, mica, kaolinite, and feldspars are the common impurities in the
above samples from Parys. The sample from Cape Province (sample 54) con-
tains. in addition. about 20% cristobalite in the coarser fractions (:>10 um).
Electron-optical observations show that Ch:to- and Wyoming-type aggre-
gates, H-, S-, and L-type particles are equally, common forms of smectites in
sample 50. In the top layer of the Parys b:ntonite (sample 51), Wyoming-

Fig. 3.36. Wyoming-type montmorillonite aggregates in the top layer Parys bentonite
(sample 51) from South Africa.
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Fig. 3.37. A typical mica flake with its SAD pattern in sample 51 from Parys, South
Africa.

type aggregates make up about 50% of the smectite particles. Such an aggre-
gate is shown in Fig. 3.36. Mica flakes are the common impurities in all the
above samples, and Fig. 3.37 shows a typical mica with its SAD pattern from
sample 51. In the middle and bottom layer of Parys bentonite (samples 52
and 53), smectite particles occur mostly as S-type lamellae and as compact
lamellar or foliated aggregates.

In the bentonite from Plettensberg Bay (sample 54), Wyoming-type aggre-
gates and H-type lamellae ar: the common forms of smectites. After the dis-
persion treatment, these aggregates break down into a large number of
S-type lamellae.

Mozambique (Portuguese East Africa)

There is an interesiing occurrence of bentonite adjacent to the main high-
way about 25 miles east of Laurenco Marques (Fig. 3.38). Here glassy per-
litic lava of the Stormberg Series of the Karoo System of Liassic age has been
altered irregularly by deuteric actior to bentonite. In this deposit, the
alteration has produced masses of bentonite tens of feet thick. The bentonite
varies from relatively pure montmorillonite (sample 55) to material contain-
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Fig. 3.38. Sketch of bentonite occurrence in perlite, Laurenco Marques, Mozambique
(sample 57).

ing variable but considerable amounts of cristobalite and fine particles of un-
altered rhyolite (samples 56 and 57). These latter materials are at places dis-
seminated through the clay, whereas at other places they are present in sub-
stantial masses containing disseminated montmorillonite. The concentrations
of the montmorillonite are not related to any series of fractures in the
rhyolite, which would suggest hydrothermal alteration beginning along such
fractures. Rather, the masses of bentonite are isolated and randomly
distributed in the rhyolite, indicating that the alteration process developed
within the rhyolite. The bentonite is the calcium variety. It has béen exten-
sively developed commercially.

The perlitic beds of the Stormberg Series continue to the south in Zulu-
land of the Natal Province, Union of South Africa (p. 67). As for the Natal
bentonite, deuteric processes are believed to have been the mode of origin of
these Mozambique deposits.

In the northern part of Mozambique there is a large basin of Cretaceous
and Tertiary sediments. There appears to be no record of bentonite in this
area, but based on the common occurrence of bentonite in rocks of this age,

its presence is likely.

Mineralogice! studies on Mozambique bentonites. The X-ray diffraction data
on the three samples in Table 3.3A indicate that they all contain a Na-
montmorillonite with a basal spacing between 12.3—12.6 A. These are
samples which have been processed with the addition of soda ash. Tridymite
or cristobalite is a major component in these samples. The free silica (tri-
dymite, cristobalite) content of the samples 55 and 57 is as high as about
60%, which accounts for the low amount of total extractable cations. The
appreciable amounts of magnesium among the extractable cations for sam-
ples 55 and 57 must be related to some other minerals than the mont-
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Fig. 3.39. A. Fine granular aggregate consisting of tridymite and montmorillonite. B. Its
SAD pattern displaying two diffraction rings for these minerals. (Sample 55, Mozam-
bique.)




morillonite. Tridymite occurs in fine granular aggregates as shown in Fig.
3.39A. The aggregate also contains smectite as revealed by the 4.45 and 4.11
A rings in the SAD pattern of tne aggregate (Fig. 3.39B). The 4.11 A spacing
suggests that the silica phase consists of tridymite.

Smectite particles occur mostly in the form of Wyoming-type aggregates
in samples 55 and 57. In these samples, laths formed by back folding of
smectite lamellae are occasionally observed. The perlite bentnnite (sample
56} contains appreciable amounts of montmorillonite—cristobalite aggregates
similar to those described above. In addition, H-type particles and Wyoming-
type aggregates are the common forms of smectites.

Egypt

Information concerning possible bentonites in Egypt is very scant. Gindy
and Badra (1968) have described clays which appear to be bentonites from
the northwestern desert region. The clays occur alternating with marine car-
bonate beds in the lower and middle members of Middle Miocene forma-
tions. The authors also report montmorillonite marls interbedded with gyp-
sum deposits in Pleistocene lagoonal deposits between fossil roastal bars of
the Mediterranean Sea west of Alexandria. The origin ot i1 ese clays and
marls may be related to weathering or alteration of volcanic ash, but this
cannot be established definitely. Basta et al. (1971) have recently reported
bentonite from Faiyum.

Kenya arnd Tanganyika

Analyses of several samples of clay from the Rift Valley of Kenya and
Tanganyika supplied by the Geological Survey of Kenya indicate that a
smectite is the dominant clay mineral. The sainples are Tertiary to Recent
in age, but no specific information is available regarding occurrence, associ-
ated beds, etc. The occurrence of bentonite is not surprising in view of the
presence of volcanics in the area.

Shackleton (1946) has reported bentonites between Nanyuki and Maralal in
Kenya. Bentonite is also reported in the Athi River and Timau areas by Du
Bois and Walsh (1971).

Sudan Republic

Whiteman (1971) reports the presence of bentonitic clays in a Mesozoic
section encountered in a bore hole for the foundation of a bridge across the
Nile River at Shambat.

Southwest Africa

Bentonites are known in several areas in Southwest Af "ca, but no specific
information concerning them could be obtained.
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3.4. BENTONITES IN EUROPEAN AND EASTERN MEDITERRANEAN COUNTRIES

Bentonites are well known and have been evtensively studied in many
countries of Europe. Important producers of bentonite are located in Eng-
land, Spain, Germany, Hungary, Poland, Romania, Czechoslovakia, Yugo-
slavia, Italy, Greece, and Bulgaria.

Austria

The Tertiary formations, particularly of Lower and Middle Miocene age,
of Austria contain volcanic ash and tuff which in some places has altered




enough material to both sausfy the domestic market and also
mahe the countn a significant exporter of EMD

New bentonite deposit

The recent discovery of a large sodium-magnesium bentonite
deposit 300km east of Cape Town has been announced The
quantty of material discovered has been put inexcess of a “few”
milhion tonnes. although since exploration is still continuing it
s ditficult 1o make an accurate measurement of actual reserves.
As far as quality is concerned 1t 1s claimed that the bentomite is
comparabie. if not better than that of Wyoming bentonite. The
production of the sodium magnesium bentonite began a few
months ago for the local market and export possibilines are
now being investigated. The bentonite 1 called ‘Swelienitc”
and is produced by Cape Bentenite (Piy) Lid. of Heidelberg
The world marketing nghts are held by Metaligeselischaft SA
(Pty ) Ltd. . a subsidiary of Meztallgesellschaft AG of Frankfurt.

In the area worked by Cape Bentonite there are slight diffe-
rences 10 quahty. One area consists of a bentonite with a base
exchange capacity of well over 100m.e./100 gr. an exceptio-
nally high green strength and @ medium dry strength. In an-
other area a bentonite of a lower green strength but a higher
dry strenth was discovered Becouse of particularly small
particle sizes the filter loss properties are low and thus. for
example. are idea! for oilwell drilhing purposes In addition a
nearly white bentonite with a low iron content can be mined
which should be suitable for pharmaceutical purposes.

TAIWAN
Marble industry boom

Exports of marble from Taiwan in 1979 were worth $2um.. an
increase of nearly 25% on the previous year. Work is currently

in hand to upgrade the quality of the finished marble products, .

since 1nadequate equipment means that Taiwan cannot com-
pete with Jtaly despite possessing some vaneties of marble of
supenor quality. Taiwanese marble is of similar geological age
to that of Yunnan on the Chinese mainland and is about 350m.
vears old. On the basis of colour and pattern it can be divided
into fifteen categories of which straight line. curved.
reticulated. and clouded are the most common. The rarest is
pure Ulak. although green (serpentine) and fossil (light
brown) are also not very commoii.

The main area of production is on the eastern side of Taiwan
around Hualien. In Hualien county around 30.000 people are
employed by the marble industry and the majority of these are
mvolved with the production of decorative marble products,
although there are around B0 factories producing building
matenals. The marble deposits extend out of Hualien county
into Ian and Tatung counties in the form of a long narrow vein
of material that exiend 20hm from Suao in Ilan to Chihpen in
Tantung The maximum width of the vein is 10km and in places
it reaches a depth of 1,000 metres. The Taiwan Mining Bureau
has estimated that the deposits total some 300,000m. tons.
spread over 42,500 ha.

UNITED KINGDOM

Detergents bright spot in H,SO,
consumption

According to figures released by the Nationa' Sulphuric Acid
Association consumption of sulphuric acid in the UK dunng
the 2nd quarter of 1980 totalied 936,091 tonnes, which repre-
sented a fall on both the previous quarter and the same period
in 1979. The fall in consumption over the previous quarier was
1.9% and on the second quarter in 1979 was 4.7% . The down-
fall was not unexpecied because of the current industrial reces-
sion and in fact was pot as bad as some feared. 1t 1s also slightly

industria! Mioerals September 1980

&

musicading to compare the second quarter of this vear with the
second quarter figures of last vear because in that penod there
was a lot of stock replenishment after the industrial ynrest and
bad weather conditions of the first quarter which produced an
artificially high consumption figures (see IM Sept. 79). Dunng
the second quarter of this year decreases in consumption were
reported by all but three industries. Particularhy noticeable.
however. were the falls in oil and petrol. chemicals. metal-

Consumption of sulphuric acid and oleum

Fercentage
Metric increase*
tons decrease over

Trade uses 100% H.80, 2nd qir. 1979

Fertilisers & Agricuhural
(incl. 245,901 metric tons for phosphatic

fertilisers
25,250 metric tons for sulphate of
ammonia 276.854 + 1.5
Paints and pigments 133,169 - 69
Natural and man-made fibres and
transparent cellulose film 75.109 -14.1
Chemicals
{incl. 25.434 metnc tons for plastics
20.784 metnic tons for sulphates of
alumina. banum. copper. :
magnesium and zinc 137.691 -211
Detergents and soaps 140,165 +233
Metallurgy
(incl. 13,084 metric tons for steel pickling) 15,275 -17.8
Dyestuffs and intermediates .- 18254 + 6.3
Ol and petrol 5,755 =221
Miscelianeous uses
(incl. 58,378 metnc fons for exports) 133 819 - 92
Total / *936.091 - a7

*Includes 8,434 metric 1ons of imported acid and 18,284 merric tons of
recovered acid.
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This edition of the Industrial Minerals Index not only
spans the first 16 years of the journal from October 1967
to September 1983 but also incorporates a number of
additions and modifications since the publication of the
last Index in July 1981. A brief glance through the pages
of Industrial Minerals journal and its associated publica-
tions is enough to demonstrate the breadth of scope of
this comparatively quiet sector of the extractive mineral
industries. As a result, time and 3gain the reader is faced
with the question of when a particular mineral, country,
consuming industry, takeover, new venture, etc. was
covered in the journal. Hence the need for this new
improved edition of the Industrial Minerals Index.

For the first time since its inception in December 1977,
the regular column, Fillers and Extenders, has been
indexed. For nearly six years this column has served the
dual purpose of highlighting the unusual and lighter side
of industrial mineral’s related events as well as providing
the facility for incorporating "late” items of important
new developments. For the purpose of indexing, each
item in Fillers and Extenders has been given a headline
and more recent issues of the journal now incorporate
headlines in this column. In this way many important
items of news are now firmly on the record.

The new Index includes a major section which covers
articles and news items focussing on the principal
mineral consuming industries. For many reasons this is
perhaps a highly contenticus area but, for the purposes
of indexing, ease of reference is the priority. As such the
generic categories of fertilisers and refractories are now
included in the consuming industries’ section, although
the intermediate nature of the products and the high
degree of vertical integration of many companies involv-
ed in these fields, often lead to the manufactured product
being the dominant factor in the industrial marketplace
rather than the mineral. Similarly titanium dioxide pig-
ments have now been incorporated in this section as
they represent manufactured products destined for a
specific end use, although in diverse market sectors.
Where a mineral has a synthetic, chemically manu-
factured analogue serving similar or overlapping
markets it has been included in the mineral section eg.
soda ash and magnesite.

In 1974 Industrial Minerals launched the first in its
series of International Congresses in London, and has
since taken the event to Munich, Paris, Atlanta, and
Madrid in alternate years. Details of the many papers
published in the congress proceedings are now included
in this index with cross references to the relevent cate-
gories. Similarly articles and papers published in Indus-
trial Minerals’ special surveys, supplements, and other
conference proceedings are also included.

In searching this Index for a particular subject the user
is reminded to refer to all sections. In order not to
overburder the Index, excessive cross references have
been avoided. Much useful information on a given
mineral topic is not only to be found in the core mineral-
by-mineral section but also in the other sections on
countries, consuming industries etc. as well as in the
regular feature of Comment, and Fillers and Extenders.
Finally within Industrial Minerals journal the Index is up-
dated every six months in the January and July issues.

G.M. Clarke - Editor
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Mud suppliers tace barytes squeeze Nov. T9.p.33 Turhoy — Barytes piant Feb.'78.p.13
US market — barytes pressured by drihing surge March ‘80. p.75 Thelland — Exports freaze . . . exploration thaw March 78.p 15
North Sea barytes — balance may tip in 1981 Auvg '80.p.31 indlis - - Barytes fioor prnce June '78.p 10
The Brassingtor barvtes*uorspariieac project Feb. ‘82 p 61 India — MMTC wins barytes expon order Aug. 78.p 10
US dr 'ing downturn weighs heavily on the market Dec. 82.p.21 Eise — Another barytes source? Oct."78,p. 14
UK — Foroe Crag revived? Nov. "78.p.14
Indis — Pressure on MMTC becytes exports Dec.'78.p. 9
Cantda — Barytes from taiings Aprl '78.p.13
WORLD OF MINERALS tndin — Barytes canaiisarion oty 79, p12
Canads — Bigger barytes sxports Nov '67.p.16 inafia — Barytes and suiphur deats wnth Iraq Auvg. ‘79.p12
inalis — Barium Chemicais expansion Nov. '67.p.18 UK — Dresser grven go ahaad for barytes search Aug. ' 79.p.15
faly — New processing plant for barytes Nov.67 p.19 USA — Alaskan barytes for the Guit Aug T9p18
UK — Witherite mine 1o close Jan 68.D 29 UK — Aberdeen barytes de vents Sept ‘79.p 15
A dia — Bigger o d for baryres Feb '68.p 19 India — Barytes exports announced Oct."79.p 4
Spein — Expanding barytes mining March '68.p.25 USA — Barytes developments Nov. '79.p.21
Turkey — Bigge’ barvtes exports March ‘&8, p.25 Pakistan — Barytes produchon Feb. '80.p V5
USA — Barytes deposits productive March '68.p.28 Indis — Free (or freer} arytes exports again June ‘80, p.13
USA — One muliion tons of barytes Apni ‘68, .30 UK — A Sprinke! in the North Ses July ‘80, p 12
Caneds — Barytes mili burnt down May '68.p.23 UK — KCA deal with Chuna Oc '80.p.12
France — Migher barytes production June ‘68, p.30 W. Germany — Barytes for Germany Nov. ‘80.p.10
U — Tennant seliing Portuguese barytes June '68. p.32 USA — Newpark in barytes surt Nov. '80.p.16
Libaria — Barytes discovery raises hopes Juiy '68. p.28 USA — Newpark's new barytes plans Dec '80,p.18
Cansde — Barium chemica! piant proposed Aug '68.p17 UK — SPO speeds ahead Jon.'81.p 14
Raly — Pertusoia producing barytes Aug. ‘68, p.19 USA — IMCO expands barytes operations March ‘81.p.17
USA — Barytes mili may be ciosed Aug. ‘68, p.21 UX — Barytes in recesvership Apni ‘81,p.17
USA — IMC setties pollution suit Sept ‘68, p.33 Indie — Barytes exports at a standstill July ‘81.p. 11
UK — Market for drilung grade bante maintained Oct "68.p.27 USA — Ba chemicals for saie July 81.p.17
USA — Barite milt builtin Alaska Oct. '68. p.29 USA — B82S0, in PA soon Aug. ‘81.p.21
Belgium — Barite mine to be re-opened Nov. '68.p.30 USA — B3 and 5 compounds dumped Aug. '81,p.27
India — Barite grinding miii completed Nov ‘68, p.32 UK — Fordamin acquires barytes operation Sept. '81.p.17
Eire — Magcobar's flexibie barite mine Dec_'68.p.25 China — Lopulco mills tor barytes piant Dec '81.p.13
Thailand — Barite mine: mill backec by IMC Dec ‘68, p.30 UK — Strontisn to produce barytes March '82.p.14
UK — Witherite mine to close Dec '68. p.31 USA — Barytes grinding expansion Apri ‘82, 27
Australia — 8arite mine being deveioped May ‘69, p.27 China — KCA's barytes mill instalied June '82,p.11
Realy — Big incresse in barite produstion May ‘6@, p 31 india — No restrictions on berytes expo-ts June '82.p.10
Mexico — New suppirer of ground barite May ‘68, p.32 UK — KCA wins barytes supply contract July '82.p.15
eaty — Barite grinding plant busit June 69.p.39 Spain — U"'b."" s Andshucian jig Aug. '82,p.75
Japan — Barium chemicals venture June ‘69, p.40 Turkey — -' Is grinding plant Aug. '82.p.15
UK — Unground barite to be imported duty-free July ‘68, 9.27 UK — SPO appornts recerver Aug ‘82.p.17
UK - - All witherite production ends July ‘89, p.28 UK — .. snd more on Strontian Sept. '82,p.23
W. Germany — Numerous buyers of barytes Aug. '69.p.30 USA — Non-barytes weighting materials Nov.'82.p.19
Liberis — Barite deposits evaluated by Dresser Aug. '69. p.32 Raly — Laviosa offers barytes ormqu capacity March ‘83, p 11
Raly — Pertusola's bigger barite output Oct. '69.p.39 Canada — Ground barytes in N diand Aug.'83.p. 9
Thailend — Baroid backs barite venture Nov. '68. p.36 USA — Chinese barytes dominating Aug.'83,p 16
UK — Muirshie! barytes mine closed Nov.'68, p.37
UK — W:therite mining may be resumed Nov. 68, p.37
USA — Alaska bente mine acqu:red by IMC Nov. '68.p.4: IM CONGRESS PAPERS
USA — Ground barite prices raised Feb. 70, p.49 Barytes. new progress and potential in drilhing muds, by R P. Bligh {IM1 London. page
VI Germany — Sachtelben buys into barytes producer April '70.p.4% 145, 1974)
lis — M.nerai D enters drifing Mud business May 70, p.39 Barytes: raw materiais for fillers and extenders. by € Sibbing (IMS London. page 150,
Singepore — IMC builds barite grinding plart May ‘70. p.45 1974}
UK — Barite freed from import duty May ‘70, p.48 Technology and uses of barium and strontium compounds, by J Massonne (IMS
Thailend — Enceavour Ol in barytes venture Dec.'70. p4? Madrid_page 115, 1962)
Australia - Barvtes sales agreemaent Feb '71,p.29 N N
Australis — SA Barytes cozas zonfidance Avg. '71,0.24 Sen also M specisl publications — page 65
Raly — AMM! take over banum piant Sept. '71,p.35
USA — PPG drops barium Nov. .71 p25
Raly — Laviosa's banite and benton:te pisnt Dec.'71,p.32
USA — IMC out of griiling muds March 72, p.23
UK — Scoftish baryies o 71253 @ BENTONITE/ATTAPULGITE SEPIOLITE
Canade — Asercc and barytes in the North Ses Oct. '73.p46
Norwsy — Another new North Sea barytes piant Aug ‘74, p.24
Pakistan — Khurdar barytes for Middie East Aug.'74.p.24 ARTICLES
UK — Scottish barytes repont Aug ‘74,036 The industry Sept. '69.p 10
France — A new berytes source June'75,p. 9 Festures on: Laporte, Berk, Ponzs, Bovo'd Sept 69.p 1517
Colombia — Baroid scauires Minal Aprit 76, p.11 Balbardie, Colin Stewert, Milos Sept 69, p.2940
Kenys — Mud grade barytes piant pisnned May ‘76, p.M IMC, Sud Chemie, Frangaise de Bentonites Sept. 60, p41-45
United Arsb Emirstee — NL drilling mud venture May '76.p.72 Bentonite's indispensadile role in industry Oc1. 88,p. 9
Pekistan — Barytes production stants up June '76.p.10 Bentonite ss foundry binder (Middiefon) Oct. '89,p.17
Eive - Anothes barytes source? Aug '76,p.10 Bentonite in civil engineering (Blackman) Oct. '69,p.23
Mexico — Barytes producers mulitant Oct.'76,p.13 Bentonite in iron ore pelietising (Devidson) Oct. '69,p.27
W. Germany — More FER-O-BAR Jan. 77,p17 Bentonite in oif well driling hu-du Iﬁo:dl Oc:. '88.p.32
U — Shetiand Barytes green light March '77,p15 Erbsioh: Pionesr of sodi - Dec. "69, p.33
UK — Shetiand potentia! June'77.p.14 Yugosisvia s bentonite industry Dec. '€9,p.35
UK — New ogent for FER-O-BAR Nov. 77,p.15 Bentonite from Serdinia: Cerlo Laviosa April ‘70, p 47
Indis — MMTC curbs barytes expor Feb '7B.p 12 Fuller's earths: Active clsy minersis Dec. 72.p 9

THE LARGEST PRODUCER OF BENTONITE IN JAPAN

HOJUN BENTONITE

Establishedin 1914

organophilic bentonite
highly refined bentonite

HOJ U N YO Ko Co LTD No. 10Mori Bidg., 1-18-1 Toranomon, Minato-ku,
. . Tokyo 105, JAPAN. TEL: 03-503-4861 TLX: HOJUN J28680
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Caicium and sodwm Uses and consump Dec ‘72, p.21 UBA — IMC cormmisaions bentonite i Nov. 88, p.41
Attapuigite clays for industriai minerals markets Dec. 72.p.45 UM — Fuller's e8rth found in Berkshire Jan."70.p.37
Bemonite in Europe snd the Mediterranean Jan. Tp. 9 UBA — Federsi buys Ashiand Oil's A busi Aprii 70, p. 45
Laporte: British bentonite Jan. T 0.3 Austrelie — Minera! Deposits enter dritling mud business Mey 70.p.38
Sud-Chemie” Bavarien bentonite Jan. T3 e Baly — Cafterc constructing activassd esrth plant May ‘70, p.44
SAMIP: Ponza bentonite Jan. 73,035 W. Germany — , Sud-Chermas co-operation June 70.p83
Bentonite in the USA March '73.p 9 UBA — Fuller's 8arth p scquired by Georgia Kaohin June 0. p.50
Wyoming's Wyo-Ben March 73.p.17 Cunade — B ¥ ared July 70.p37
Summary of bentoqite iNduSIres in other Countnes March 73.p 15 UK — Baibaidee bring down prices of bentonte Aug. '70.0.33
Sud-Chermve's Serdinian bentonite Aug. ‘75, p.34 USA — Bavoid's me ) 3y is plant on Sept. 70,037
Profile: Sud-Chermie's Dr Hofstadt Aug 78 p.37 UBA — 10 rep! ¥ 9 clay industry Sept. 70, p.37
Be: S igite. etc. — swelking forsal — New process up-grades Cyprus bentonite Dec. "70.p.37
for active clays March ‘78 p 48 do — ches into June 71.p.30
US active clays — demand sets the pace June ‘78, p.29 taaly — Laviosa's barite and bentonite plant Dec. 73.p.32
Iron ore peiletisation Lones) March *79, p 61 Turhoy — Now bentonite production March ‘72, p.21
US bentonite markets — one up. two down Jon._'81.p.37 ely — Sud-Chemie’s Sardinia bentonite Feb."73.p.29
Bratt Bentonrte — evolving 1nto the market Aug. 81, p.37 ady — Samip finds bentonite 1n Serdinia Aug.'73,p.37
Sodum axchanged bentonrtes in France Nov '81.p58 Spein — Laporte scquires 40% of bentonite producer Aug. T3,p.37
The Bautking tuiler's earth project Feb. 82, p 49 USA — Ashiand in bentonite desl Sept. ‘73,037
Bentonte — a review of worid production Oct. '82.p.23 UM — Laponite output going up Nov ‘73.p3V
Bentonite — in the pit of recession Nov. ‘82, p 67 faaly — Sud-Chemie Nalia’s Sardinian bentonite Feb.'75.p.34
MINERALS UK — Baulking Fuller's serth M.yt75.p..9
WORLD OF UK — Bautking baulked ) Sept.'75.p.:0
USA — Clay mining in Missourt Oct. '67.p.22 Bvaail — Laporte’s new acquisition Juty ‘76.p. 9
USBA - New bentonite piant for IMC Dec. ‘67.p.28 UK — Sefting agents for geliing agents July ‘76.p.12
USSR — Bentonite bresk-through Dec. '67.0.29 USA — Feders! bentonite bresks ground Jan.'78,p.13
USSR — New bentonite deposit opened up Jan. 68, p.30 UK — Fuller's sarth open file March 78.p.19
A itk B po fuated Feb.'68.p.19 UK — Woburn appes! grented Apri ‘18.p.11
USA — Pfizes into bentonite mining March '68.p 28 USA — WIC schedules expansion Aprit 78.p.15
Now 2 d — Bentonite Vg venture Apni ‘8. .26 UK — Brett hegins o Bautting Aug. ‘78, p.11
Greste — Canada buys bentonite for iron ore pefietising July ‘68, p.27 UK — BSC boost bentonite demand Sept. ‘78, p 17
USA — Worid's largest producer of sttapulgite July ‘68, p .32 UK — IGS on Fuller's sarth Jan. ' 79.p.17
Australia — New bentonite find in Queensiand Aug.'68,p.16 USA — American Coliowd’s bentonie pisns May '79.p.17
Crechosiovekie — Bantonite plant nears compietion Oct. 68, p.23 USA — Attapuigite on the up June '79.p.17
Now Zeslend — Canterbury bentonite soon Oct. 68, p.26 UK — Laporta’s Fuller's earth plans Sept '79.p.15
Spain — CECA scquires bentonite operation Jon 68, p.37 — B i graphite proy pproved March ‘80, p. 11
USA — More b mined in M a Jan.'88.p.39 UX — Production starts at Baulking March ‘80, p.14 ;
USA — Big new bentonite piant for IMC Jan. 89, p.39 Spein — Antapuigite and sepiolite permits July "80,p.12 i
USA — C'sy operations expanded by A.P. Green March ‘69, p.36 S. Afvice — New bentonite deposit Sept. ‘80, p.15
USA — Ashisnd starts on third bentonite plant April ‘69, p.29 USA — Bentonite free peiletising ! March ‘81, p.16
Caneds — Use of bentonite in pelletising grows May '88.p.28 UK — Laporte's Fuller’s eerth piant active June ‘81, p.15 :
tndia — Drilling grade bentonite for export May ‘89, p.30 Canads — Norands into bentonite Aug. ‘81,p.11 1
Turkey — Caicium bentonite discovery May 09.p.34 UK — Laporte to modernise at Redhill Jon.'82,p.14
W.Germany — Sud-Chemie forms French subs:diary June ‘68, p.39
: UK — Bark's new bentonite store June ‘68, p.41
UK — Fuller's sarth capacity raised by Laporte June '68. p.43
I Neow Zesland — Lime & Marble exporting bentonite July '68.p.25 M CONGRESS PAPERS
France — Bieaching clays company formed Aug ‘69, p.29 . ¢ . " - .
' 8. Africa — Bentonite production may grow Aug. 89, p34 mson ‘m::tgm‘ p.;‘ e s etc.) in the Mediterranean basin, by R.H.S.Robd-
USA — Baroid expand synthetic mineral capacity Aug. ‘69, p.36 A new source of sait-water ciay in Turkey, by ¥.Turan (IM1 London, pege 206, 1974)

Beritonite - a valusble and versatile mineral and raw materia). by C.E Hofstadt and
A.Fahn (IM2 Munich. page 95, 1976)

Europesn and M ranean bentonite markets and processing deveiopments, by
@ APiras and G.Novelli (IM3 Paris. page 55, 1378)
Seprolite in the field of animal nutrition, by A.Alvarez Berenquer and R.Perez (IM5
Madrid, page 37, 1962)
See sivo M specist publications - page 65
!
@ BERYLLIUM MINERALS
l ARTICLES
Beryllum minersis — bertrandite now estabiished June ‘80, p.55
WORLD OF MINERALS
Srazll — Emersld mining resumed at ltabira Nov. '81,p.10
USA — Berylliant berylhum market Jon. '82,p.15
® BORATES
ARTICLES
@ Diatomite Sizeable market for borstes still growing July ‘88, 0.10
@ Attapulgite Borates. An expansion of production essentisl July 70.p.29
’ B Supplies still tight despite rising capacrty Apri) ‘74,011
: :w Activated Clays £itbenk as 8 boron producer Oec. ‘77, p.51
ilers Borates and their becaimed markets Jan. R, p.23
@ Silica Sand
//
mted WORLD OF MINERALS
P.O. Box m, c'.rmn', Turkey — Boron producers respond Oct. '67.p.20
Western Australia, 6010 Raly — Bigger stocks of boron mmerals Jon '68.0.29
Telephone (09) 384 7077 UK — Borax 1o merge with RTZ Jon.'88,0.29
(1SD Code; 61) ‘1‘— WM" Borss means |¢') r1Z Feb.'00.p.25
. wikey — Bigger exports of boron minersis Aprii'68.p 28
Telex: AA92613 Yugselevie — Borsx plant for Belinka April ‘88 p 33
Bedgarie — Borax piant proposed Mey '68.p.23
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© OTHER CONSUMERS
ARTICLES

Industrial mingrais 1n Lousd/soind separstion { Jones)
Minerais in srmat feedstutts — plenty of food for thought
Kiine on fillers and extencers

Fiame retardants — legisiat:on reeded 10 fire markets

May 75,p.15
April ‘B2, p.71
June ‘83, p.B4
Aug. 00, p.&9

M CONGRESS PAPERS

Catalyst andt usss for industn. L d
74, 19748)

Minerais for by BS
197¢)

COUNTRY AND AREA SURVEYS

by G.X_Jones (IM1 Longon, pege

{IM1 London, page 100,

® COUNTRY AND AREA SURVEYS
ARTICLES

The minera! weaith of Uta™'s Grest Sait Lake
Hungary's minersl industi,
US industris! mmersts in 1972
Gresce A weaith of industrial minerais
US industrial minersis in 1973
industrias minerals in Scandinsvia 1- Sweden & Finlend
Industnal minerals in Scandinavia. 2 Norway
Industrial minerais of Scandinavia. 3: Denmark
US industrisi minerasis 'n 1974
Suez — Who 13 to beneh.t (Prast)
North West USA: some industrial minersis operations
US inaustrial minersis in 1975 (part 1)
{part2)
The industrial minerais of Spein
US ingustrial minerats in 1976 {part 1)
1part 2)
(part 3}
The industria! miners's of Thellend
The industrial memersis of Japen. (Part 1}
(Part 2)
Industrial minerals of South Africa (Menos)
Finlend s industria' minerals
industrisl minerals o Melewi /Manos)
Industrial minerats of Rhodesis (Menos)
US industriai minergis in 1977 (part )
(part 2)
(part 3}
Industrial minerals o’ Botwwens (Menos)
Inqustrial minerals of West Germany
Industrist minerais of Nemibie (Manos/
The Spruce Pine Mining district, USA
News from Greece /Manos)
Chine — the new land of opportunity?
US industnial minersls in 1978 (part 1)
Explorstion in Canada — prospects and developments
US industrial minerais in 1978 (part 2)
{part 3}
Australie’s industrial minersls — developments 10 diminish imports
Devsloping wiiderness sress in the USA
industrisl minerais of Turkey
Canedien mingral taxation — Part | {Parsons & Gilbert)
Canedien mineral taxstion — Part i (Parsons & Gribert)
Grosk mingrais — developments through the 1970s (Menos)
The industrial minerals of Rely
The industrisl minerais of Jorden (Jones)
Brazilian dimension stone
US industrisl minersis in 1979
The USA and Canads — towards mineral continentsl:sm?
Meaxico's industrial minerals — gathering momentum
The industrial minerals of Portugel — potentist
depends on politicsl prograss
Minersis in the US economy
Zimbebwe opens its doors (Perry)
The industrial minersis of Franes
The industris! m:rerals of Austrie
Industris!l minerals and rocks in Caechoslovalde (Xuivart)
US industrisl minerais 1980
The industrisl minerais of Switseriend — construction snd
trading lead
The industrisl minerals of Tenzen:is (| Jones)
South Afncan Metais and Minerals in # World Context
Industrisi minersis of Cansde
The industria: minerals of Belgium
The industrial minerals of the Netheriands
The industrist minersis of Luxemboury
The industrial minerals of Buigarie ( Stoev!
The industris! mingrais of Jepen (Fuji
The industris! minersis of Sweden
The industrial minerais of Norwey
The industris! minerals of Denmark
Dimbebwe’s indiistrial minerais — optimism for the future:
of

The industris! minerais of irslend

UB industris! minersts in 1981

The refractory raw mararisis of Chins . Ledeur)

Miggars Folls eiectro:rinersls

The industris! minerats of Romanie (Avramescu. Calegsru Anglesco)

The industrial minergls of indis
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WORLD Of MINERALS

Rhodesis — MPC to 8id minersi development
Raly — Mi.RI.VA decisred bankrupt
Coneda — QIT into iron powder
Raly — Minera! output up 13%
— Production targets 1988-71
8. Afvica — Minera! production in 1967

Buigaris — Mining and miling caoecity extended
France — Minersl production i~ ~ %68

indis -~ Minersl production nse: ~ Rsjasthen
Cansds — Minersl producti iy i

Grosce — The vaiue of the minersi industry

USSR — The minersl industry i Russis: 1

UBA — Phased dispossi of GSA stockpile surpluses
USSR — The minersl industry in Russia: 2
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‘~1 2 Y
una— IMMmmmmn«dﬂ
USA — More stockpile surpluses
Raly — Sicilign mining deciines

Spein — Foreign investment in Minersis

Indie — Minersis in Bihar

Australie — Thres yeers industrisl minersis

8. Africe -— Miners! production in 1972

USA — Stockpile Disposs! Act of 1973

Indis — Minera! production and exports in 1972
Algeria — Minersl production in 1972

Gresse — Incressed growth rase of minerais industry
Guysne — Thar's industrial minersis in them ther hills

M—Somaﬁ‘nﬁwm
Masico — Minersl production peshs with gov't support

gl&n— Minersi i industry in 1973-74
—Miner#l production in 1972-73
Bulgeris — Ambitious piane for minersis
M—Exmmwmmw
Pokisten — | production 1971-75
UBA — Stratepic stockpile scathed
Congo Republic — Mining goss public
m—mmmmnnMA
indis — Updated ressrve sstimates
Jordan — Five yser plan, 1976- 1980
Gresss — Industrisl minersi production
Turkey — industris mineral expension plans.
Mong Kong — Minersi production
Yuh' Some minersi reserve figures
UK — Miners! production in 1978
w-mrwmmdmuup

Fronee — mcuurwlmuom-on 1975
Gresse — Minersi production 1977

Conede — Mmcm production 77 snd 78
Venesuels — production 1974-78
Wndie — Indien minersie

UBA — The first quarter in North Americs

Chlls — industrisi minerale production

£. Gevmany — Expanding silicemss mining industry

Caneds — Industriel structursl minersis in 1978

Canede — BC's industrisl minersis decresss

Canads — Alberts end Quebec m 1978

Columbie — Miners! production in 1978

Franes — An sctive 78 for the BAGM

Sl Lanka — Miners! explorstion scheme

Muexiso — $40m. loan for mining project

Latter to the EdNer — Rew mamriels and industrislisstion
in the Arsb works: An outiook (Khewlie)
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Finland — Finland's industriat mingrais in 1979 Sept. '80.p.12
Theiland — Boost to on "t Oct. ‘80, p.11
Indis — incressed mingral production March ‘81, p.10
Portugel — Incustrial minersis in first halt 1980 March ‘81, p.12
Argantina — Mimng plans approved Apni ‘81, p.10
Canade — Incentives for industrial minerals May ‘81, p.10
Indis — Mitco looks for new sales June ‘81.p 10
Portugsl — Third quarter production levels June ‘81,p 12
Yugoslavis — Minerais i1 the news. June '81.p.18

Finlend — 1ndustrial minerais in 1980 Sept. ', p.10

Turkey — Mineral production forecasts Sep. '81.p.15
UK — Mineral exploration and investment grants Sept. '81.p.17

L . — New mingra’ resources law Oct. ‘81, p.12
Lunembourg — New calunite plant on stream Dec. '81,p.14
Canada — Money for minerais July ‘82,p.10
Portugal — Industriat minerais in ‘81 Aug. ‘82, p. 11
UK — Mingrais in ‘81 Aug. '82.p.17
Ching — M:nerals in the news Sept. ‘82,p.15
UK — 1981 Miners! statistics Sept. ‘82.p.21
EEC — Eau Clare — an ambitious scheme Nov. '82.p.10
France — The State of the chemicsl industry Dec. '82.p.12
Mozambique — Gisss 'ndustry reconstruction Dec. '82.p.13
Raly — The soft market stants sinking Jan. 82.p.13
UK — Quarry 1njuries unavoidable Jan.'83.p.17
South Africa — Minerat export forecasts for ‘83 March 83,p.12
USA — Mining R & D budget cuts Aprii '83,p 18
China — Planning for \ngustrial minerais development May '83,p.10
France — Chambre Syndicale figures for 1982 Aug. ‘83.p. 9
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Britsin’s :ndustriat minerais. the:r geological framework. their production today, snd

GENERAL TOPICS

of thewr devel by AW.W

some and D.E Nighiey (IM1 London,
page 2. 1974)
Industrisl minerais mining in Turbey. by F.Karayarici (M1 London, pege 196, 1974)
:Mwm in 8n economic comenxt, by D.W.Davis (M1 London, page
. 1974}

Raland’s industrial
oene 229. 1974)
The industrial minersis of the Feders! Republic of Germany snd the role of the
ndustry in the public scene. by G. Luttig et at (IM2 Munich, page 3, 1976}
Indk 1 in Newloundiand and L . Export potentiai snd internal
industrial growth, by J.M.Fieming end J.G McArthur (IM2 Munich, page 17, 1976}
The industr:al minerals of Serdinia: Present sit and future perspectives. by
M. Carta ot 8l {IM2 Munich, pege 61, 1976)
Current activity and deved Prosp in the islisation of ¥
ndustrial Funeid i Bsuvease, by M.Jelic ot al {IM2 Munich, page 57, 1976
The industriat minerals of Franee. by G.Berthoumisux [IM3 Paris, pege 15, 1978}
Indust:ial minerals of the south USA — where they come from, where they go,
by R.LBates (IM4 Atianta, page 79, 1980}

countries and the Third world’ of the minersis industry, by N.R.Hill {IM4
Atianta, page 79. 1980}
Industrial minerals in Venezwele — 8 booming scene, by S.E Rodriguez (IM4 Atlents,
page 89, 1960)
industnal Minerals of Nigerie. by G.C. Odukwe (M4 Atiants, page 103, 1980)
industrial minerals deveiopment in Kenya. by J.E. Mason (IM4 Atlsnta, page 111,
1980)
Prob faced by lass-developed iss in marketing low value minerals, by
F.J.Farr {iM4 Atianta, page 137. 1980}
The industrial minerals and rocks in Spain, by M.R Echevarria (IM5 Madrid. page 9,
1982)
Industrial minerals and building materials developments in Seudi Arsbis, by M.R.
Dehlawi and D.J.Laurent (IMS Madrid. page 135, 1982)
An overview of mineral resoL’ces deveiopment in the Arsb World, by M.R.Khawlie
(IM5 Madrid, page 147, 1982)

is and their growing markets, by R. Saikk {iIM! London,

® MINERALS TRADERS/MILLERS

ARTICLES
Minerai processing in Britain April '68.p.33
The tunction of a minerats merchant (Skinneri Oct. ‘72, p.44
Rotterdam’s mineral processars and distributors Feb '73.p.41
Britain’s miners! miliers — towards larger umits Sept. 74.0. 9
BIS Minerals — UK minerais processors (Alken) Nov. '74.p.34
An outline of Dorking Minersis Nov. '74,p.38
UK mineral processors, merchants, and agents — rationshsation
trend continues ) Aprit '78,p.17
UK minerai merchants, processors, snd sgents — supplement July '78,p 15
Colin Stewart Minerals — expanding into the 1980 Nov. '80.p.57
WORLD OF MINERALS
USA — Pickiands Mather purchases minarals plant July 68,p.33
UK — Minersis firm scguired by Remsden Aug '68.p.20
UK — Mineral prgment grinders scauired by ECC Jan. ‘68, p.38
UK — Gregory's new dry gnnding piant April ‘68, p.27
UK — Podmare’'s OP-PO Mill for fine grinding Dec. '72,p.39
UK — New sand reciamation piant June '75.p.13
UK - ECC’s new conveyor system Dec. '75,p.14
UK — Separate Seia sele June'77.p.14
Beighum — More grist for impact mili Oct ‘72,910
UK — Beiaz w» Bodrmin Oct. '77.0.15
UK — vibratory feeder Dec."77.p.1%
UK — Trader brosdens base Aprit ‘78,p 12
Netheriends — AIME to process ECC glass fibre cley June '78,p.11
UK — Custom calcining st Remsden Oec. ‘80,p.13
Finlend — Minersi sorters Jan. 81,p 11
@ MINERALS TRANSPORT/DISTRIBUTION
ARTICLES
Rottercam’s role in minera! distribution April '68,p.33
The function of 8 minersis merchant (Skinner) Oct. ‘72, p.64
Rosi\co of Rotterdsm — muners distributors Feb '73.p.41
Ronerdem s minera! processors and distributors Feb. '73,p.41
Ocean shipping of bauxites and sluming June '76.9.33
Mingrais in fransit — the role of the superintendence company Msy 79.5.31
Minerals in transit — the Rnine and s Feeder Ports Oct. '79.p.21
Mhnergls on the move — 8 100k 8t the roie of the UK
transport INdustry Aprit'80,p 35

Minersls in the pipehine — 8 100k 8t sturry and capsule Nov ‘80.p.33
Modern seris! ropewaeys and the environment Oct. '82,p.57
WORLD OF MINERALS

UBA — Sheliow draught bulk carriers April ‘88, p.32
UBA — US minerai tariff rates 1968 Apri) ‘68, p.35

Japen — Minerais start ses battle Fob 75, p.34
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UK — Butk by Beil June 77, p.12
§$. Africs — Rand London into shipping May ‘80, p.19
USA — US rail costs up June ‘80, p 15
USA — Tampa traffic moving agsin July ‘80,p.13
Australia — A change of route for Portiand Cement Oc:. '80.p. 9
UK — British Ral grants for growth Nov. '80,p.13
Sangiedesh — IDA Ioan to help fertiliser transport March ‘81,p. 9
Australis — ANL wins phosphste contract May '81,p. 9
Canade — PCS crestes new subsidiary May '81.p. 9

IM CONGRESS PAPERS

Ocean transportstion in relation 1o industrisl minerais. by J.Lawson Reid (IM3 Paris,
page 150, 1978}

M Speciel Publication (see page 65)

Minerals on the move — 3 look at the transportation and handling of minerals
Supplement March ‘81

@ MINERALS TREATMENT
ARTICLES

MnOagrinding — 8 specians? industry July '68.p.12
Engineering for minersis trestment plant (Jones) June ‘71,.37
Treatmant piant. 2 Size reduction/enisrgement (Jones) Aug. ‘71, p.33
Trestmant plant. 3: Conc’n Dy size and gravity Jones) Oct. 71, p.43
Traatmaent plant. 4: Separstion by flotation, #ic. (Jones) Dec. '71,p.38
Treatment plant. 5: Chamical trestment (Jones) Merch *72,0.25
Treatment piant. 8. Waste/poliution control (Jones) June 72, p 40
Drying and hest trestment. 1: Principies (Jones) Aprit ‘73, 0.21
Drying snd hest trestment. 2: Equipment (Jones} July 73,p. 9
Organic coating of ind. minerais in the UK Lones) Aug. 78, p.39
BIS Minerals — new piant embodIes NEw CONCEpt July ‘77, p.81
High gradent magnets snd the kaolin industry (Mills) Aug. T, p.81
Gravity sepsrstion report Jon. 79, p.52
Vibro-acoustics — the benefits 10 :ndustrisl minerais /Stoev) Jon. "800, p.64

“Poical” — gn economice) procese for celcining magnesium hySrate  Nov. '82,p.37

Small diameter hydrocyciones Jon.’03,p.33
Industrisl minerals processing (1) — crushing end grinding June ‘83, p.55
Industrial minersls processing {2) -— screening and cisssificetion Juty ‘83, p 45
WORLD OF MINERALS
UK — Optical minersl sorting Oct. '67,p.21
UK — New besic siag process Feb. 38, p0.28
UBA — Success of DWP process (separstion) April ‘08, p.32
Bolgium — More grrst for impact mili Oct. 77, p.18
UK — ECC unveils two-liquid process Oct. '77.p.14
UK — New berytes recovery unit Oct. '77.p.18
Lotter to the Editor — Magnetic seperstion of keolin Oct. 77,016
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- . British Geological Survey
? - BH 7 154 Clerkenwell Road

B SR - London ECIRSDU
Telechone 01-278 3281

Borje Hoglander

Byggdok/Institutet for byggdokumentation Your

The Swedish Institute of building documentation reference 18114
Halsingegatan 49 Owr

113 31 Stockholm reference

Sweden

16 August 1985

Dear Borje Hoglander

BENTONITE IN AFRICA

Thank you for your ietter of 24 July. Data published in "Industrial
Minerals" and attributed to us is taken from our annual publication
"World Mineral Statistics. This publication is available at a cost
ogdSZ0.00 from the National GeoScience Data Centre at the following
address:

British Geological Survey
Keyworth
Nottingham NG12 5GG

Should you require further information on bentonite please contact

Mr D Highley at the above address. We are obliged to make a charge

for work undertaken for outside organisations. The rate for Mr Highley's
time would be £203 per day.

I hope this is of assistance to you.

Yours sincerely

R N Crockett
Head, MISE Programme
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