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EXPLANATORY NOTRS

“eferences to "tonnes" indicate metric tonas.

“AH1"1 refers to the Carribean Industrial Research Inatitute,

The monetary unit in "rinidad and Tobagn 18 the “"rinidad 1) [ ar (Tre).
Murins the period rovered by the report, the value of the I'rinidad 401 lar
In rela‘1on to the nited States dollar was approximately U8 1 - 178 2.0,

The term “useful depth' means the depth f the slay Inyar congidered

to be of interest simply from an examination of the farcies. Jt 1 this

depth which 1s umed 1n calculating the reserves.

The designations employed and the presertatioi ~f the material in thia
publicaticn do rot imply the expression of 'uiy opinion whatsoever on the part
of the secretariat of the United Nations contcrning the legal status of any
cowi‘ry, territory, city or area or of its authorities, or concerning the

delimitation of 1ts frontiers or boundaries,

Mention of firm names and commercial products does not imply the

endorsement of the United ! tions Industrial Development Urganization (UNIDO).
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INTRODUCTION

Following an exchange of correspondence Letween the Govermnor of
Mortoerrat and the Regional Representative of the United Nations
Development Progranme (WIDP) at Port of Jpain, Trinided and Tobago,
an expert was appointed b the United Nations Industrial Development
Organization (WNIDO) to act as a consultant in a two-month survey and

evaluation of clay deposits.
The expert's job description read as follows:

"The expert wil) be attached to the Govermment of !}ontserrat to
assist in investigating the possibility of producing structural ceramics

from local clay deposits., In particular, the expert will perfom the
following duties:

"(1) Study available reports on local clay deposits (in particular,
the one by the Scientific Research Council of Jamaica);

"(1i) Inspect the Wat erworks clay deposit and prepare a sohedule for

& production-oriented survey of the deposit according to the

requirment for raw materials as well as locally available

facilities}

Conduct the olay survey aimed at obtaining a rough estinate of

the sise of the deposit and extract a suffioient amount of

samples for industrial testing of the olay;
Prepare the tems of reference for the testing of the clay,
bearing in mind the envisaged end products (briocks, hollow




bricks, roofing tiles, glazed tiles, etc.), ac well as the

already knowmn properties of the clay;
"(v) Assist in the preparation of the carples for shipment to g

selected locality for test ing".
CUNCLUSIONS AND RECOMMENDATIONS

Conclueinne
———2ONR

After a vicit to the Caribbean Indusctrial Research Institute
(CARIRI) in Trinidad, the survey of clay deposits in llontserrat

involved the following major phases,

Survgx of the Hat erworks region I

Surface survey;

Survey by means of pits (nine in number and from 0.40 to 1,80

metres in depth) dug by hand or with the aid of a power shovel,

The unfavourable results of this survey, revealing the
absence of a workable deposit, led to the abandorment of this
region. The analysed sample taken from this zone is inadequat e

in tems of the magnitude of the task involved and the minimum '
volume of clay required. '

Supvey of the Salew region

Structural and morphological similarities to the Waterworks

region and the outcropping of numerous rocks on the surface led

to the abandomment of this region also (absence of a deposit

large enough for the purpose).,
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)

';Jurvux of the '.'."mc_).“ Hill region

Although 1t vas not possible to 1dertify the sites from which
two samples were ta.en, the man; outcroppings of a browr. and
reddich clay raterial provided a bacis for the marplrg of a
"potential depocit" in this area, whose characteristics, Lovever,
rust otill be determined through laboratory analycis in the light

of project requirements.

Insrection of the rurface together with a survey of 45 pits
dug by means of power sinovels and neasuring from 1 to 4, metres
in depth pointed to nlay reserves in the order of 326,000 to
512,000 tonnes, depending on whether these reserves are regarded

as proved, probable or possible.

However, it is still too early to draw any conclusions as to
the workability of this clay, and the 117 samples which have been

collected will have to undergo testing and some degree of analysis.

Six samples weighing about 3 kg each were seni to CARIRI in
Trinidad on 15 September 1975 for physical tests; at the time
this report was written, the results of these pieliminary tests
had noi yet been announced. 4 separate memorandum will be attached

(annx 4) once these findings become known,

Various inspection tours throughout the island, particularly
through the sones which have been mapped as "clay soils" ($oi]l and

Lend-Use Surveys, Yo, 22, Momtserrst), failed to reveal any ares




of interest. Still, it shoulq be ment ioned that, for lack
of time, the Survey was not exhaustive and cannot yield any
definite conclusions. We should like merely to note that, in
the light of the present study, the likelihood of discovering
any considerable clay deposit outcide the Windy Hill region

would seem to range from remote to very remote,

eCommendation

The following series of steps should now be takens

Final selection of the laboratory to carry out the testing
of all the samples collected, Preference should be given to

CARIRI in Trinidad, because of the nature of the project, the

fact that CARIRI was established in co—operation with INDP and

its relative nearness to Montserraty

Dispatch of the samples (see annexed list) stored at the
Craft Centre at Plymouth, Nontserrat, to the laborastory selectedy

Exeoution of the following tests:

Plastioity and water of plastioity

Noisture ocontent
Drying shrinkage

Piring shrinkage and hardness
Water absorption




Bulk density

Modulus of rup:iure

Compressive strength

Refractoriness

Y-ray analysis on a few samples of each clay type brown,
ochre-brown, red, bright red) so as to determine their

mineralogical components

Carrying out of one or two chemical analyses 1n order to
obtain a more complete picture of these clays. The essential
1tems to be determined are the following: ‘the proportions of

silica, alumina, calcium, magnesium, iron oxide and titanium,

and the ignition loss;

Study of the results of the laboratory tests and analyses:

possible question of additives.

If these findings indicate that the deposit is workable,

the following further steps would be necessary:

Industrial-scale testing of one or two tonnes of clay

and identification of products that can be manufactured (bricks,

tiles etc.);

Detsrmination of the manner in which the deposit should be

worksd (some ideas are touched on in thig report);

Selection of a site for the comstruction of o plant, in

co~operation with the Government of Rontserrat;




Selection of the plant’s operational layout in the light of

the size of the deposit and the island's needs;

Estimation of the operating and procsssing costs for a

sarketable product; profitability study;

Study of the problems involved in setting up a distri-

bution network; study of the local market;

Preparation of a schedule for the start of operations

at the deposit and the plant,

I. FINDINGS

The 1sland of Montserrat, with a land area of about 84 square

kilometres, is one of the Leeward Islands (British West Indies).

Located at latitude 16°45'N and longitude 62°10'W, the island, which

is 16 km long and 9 km wide at its widest point, has a population

of soms 13,000,

Montserrat is situated about 40 km to the southwest of
Antigua and there is a twice-daily air service between the two

islands. Sore 50 km to the southeast is the island of Guadsloupe.

The terrain of the island is rugged, its highest point (over

900 metres) deing in the Soufriere Hills ares in ths south,
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l'ontserrat consict: of a serirs of 51 volcanoes (Lilver Hill,
Centre H111s3, Garibald: Hill, St. George': H1l1, Goufriere Hills, sout)

soufriere Hill) vwiose neriod of activity stretched from the Liocene to

the Lecent Quat«-mary,

T ¢ cant coant 15 expoted 1o the prevailin.' vinde. The west coast,
dhiere the siall town of Plimouth is located, 1ir more cheltered and, ac a

rec 1t, nore populous. Thr 1sland has a pood network of tar-surfaced roads,

The climate 15 bot. tropical and mar:time, :1th rainfall and temrerature

closel; related to the irlandts topography. iiainfall averages between 1,041

and 1, C1 mm a year, the rainy months being Sertember, October and liovenber,

The icland's main recources are crops and livestock; for an thing to
do uith rianufactured productc it is dependent on outside sources. All the
facilities needed for modemn living can be fow.d on Montserrat, but there
ig nevertheless a whole group of the population that 1s etill

very poor.

Kontserrat is administered by the United Kingdom, represeated

by & governor who is assisted Wy a number of elected minieters.

A- Easmatial geolegionl feqtures and lithology of the jslnd

Acoording to the various writers consulted (o0e references),
Nomtserrat is ome of the islands of the Antillean volcanic arc built up
on s under-water ridge dsting from the Cretaceous. This ridge runs in a

north-south direction along the eastem edge of the Caribbesn Basin.
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(rogenic movements occurring in the late Miocei.e caused folding and

fauitiuge Six centres of volcanic activity have been identified on the
:sland, which were active betueen 500,000 and 9,000 years ago, with the
exception of Silver Hill, whi:ch is the oldect of the islaud?s volcanic

certres (possibly dating back to the Miocene).

accordingly, the major roc. typcs found on liontserrat are lava and
volcanic rock fragmeiis. These are mainly "ba.daite" (labradorite dacite,
that ic, quartz-crystal a.desite rick in labrador feldspar) and olivine

bascalt.

Very fine volcanic ash, sand and dust (vith a diameter of lecs than
0¢5 ™) is very plentiful in the deposits originating from each of the

volcanoes, except at South Soufriere Hill.

The diversity of the products of volcanic er.ptions (lava, bombs,
various ejectu, ash, hot clouds eto.) have resulted in very heterogeneouc
80ilc as these different materials have weathered. A particular result
of this situstion, according to the wor.is o: soils consulted, appears to
be that it is virtually impossible to find a considerable clay formation
anywhere on the island roughly south of a line between Plymouth and
S8panich Point (southward of Blackbume Airfield). Therefors, in any search
for clay naterial, preference should be given to the northern half of the
island, where the ground is cldest and has weathered over the longest goo-
logical periods, and where, accordingly, the chances of finding a substamtial

weathered deposit are grestest.




B. Pagt interest in Montserrat clay

However far back unc goes, there i .o evidence that any cla; naterial
was ever identified or actually used for inductrial or handicraft purposes

in l.ontcerrat,

Jome years ago, in an effort to pronote development or the island,
a eraft centre was establiched, which amons other things Lo * 'ied to find

a basic material for the production of potterye.

1. addition, as part of its work programne, the l'inistry of Agriculture

has published a £o0il map on the scale 1 : 25,000 (Soil and Land-Use Surveys,

o, 27, llontserrat), on which different horizons of weathered bed-rock

consigting mainly or partially of clay material are charted.

A Canadian firm is currently carrying out destructive~drilling surveys
(with ro recovery of samples) with the aim of tapping underground water,
Peroons questioned have indicated that clay material has come to light
during this drilling, particularly in the Wind; Hill region, It would not
appear, however, that there is any report on this work that could be of

use in looking for clay.

It seems t}at in 1774 lr. Richard Douthvaite, a government economist,
who speat two years in lomtserrast, had the idea of collecting a few clay

samples (four) and sending the to Jmmaica for testing and analysis.

Four samples weighing about 10 pounds (4.5 kg) each were semt to Janaioca,
where they were snalysed and subjected to a variety of physical tests. The
results were pudlished in a report put out by the foiuntific Research




Cowie 1o Janaica entitled Ereduction of liangthron Artware {ron

I-ic.rtscrrgt glaycy v HeJo lachin and D, Johnson, 1-

The four sai.ples tected came fron the folluving citecs

Sale.
Vatervorhs
Upper llindy Hill

Lover llindy Hill

From thc¢ Jamaica trot re Sedtsy only the it rworky clay apeors cenuine 1
pronising and suitable or the production of carthenwarc. The sanplec
from the otlier zones sca: to be largely uncuitable for shaping and firing
because of their high plasticity. They co:ld no doubt bLe improved iy
the addition of 20 o: 30 per cent of non-plastic naterials, such as cand
or "dr.' grog", but this would make the operation more complicated and

expenscive,

In very general terms, therefore, thece i:ere the essential conclusions

drawm fron the test ing of these four sanples in Jamaica.

Important notc

ii0 one in Montserrat vas able to show me exactly where the samples
had bee: taken from, apart from the Waterworks area. Mr. Richard Douthuaite,
the goverrment economist, appears to have taken these samples without ay

regard for the location of the clays. With the exception of a letter from

3/ Thie report is available in Momtserrat, m the Chief Minister's

Office,
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lire Jou.hiuite, received in i.on.errat or. | wepterier 1 Ty in which
the site of the Lateruo: sample 1o oadentified in a very approximate
naruie ry vith no further rarticular:, 1t ha: veen impossitle to find any;
inforration or the other sarnling cites or the nanner in which the
canrles vere tukens  The Jac. that the SALELes nere taken Ly soreoae who
was wot o eolopiut i cxtretely unfort nate = ac e chall see .r our
d.cussion of tre Jateruosis regiorny where tiere 1o no doubt at all that
the L le was take.. fron a very heterogen oo depocit of nate:ial o that
1t cannot i any sense ic regarded as reprecentative of the rmass fros which
it vac emtracteds It cloul: be enphasized tiat vne Sscientific feccarch
Council of amaica hau no ixoviedgs of trn areca and that ito cole
responsibility was to test ‘he sanples rece:ved and exprecs an opinion

as to their composition an. value, without +isiting lortscrrat.

c. Clg from the Waterworxs regaion

Following my introduction to this region by Mr. Thomas W. Buffonge,
I found that the surface had been scraped away sc¢ as to form a kind of
depression neasuring abowt 1% retres north to south by about 20 metres
east to west. The mound formmed by the earth ias a very het erogeneous
material consisting of a browm claye; substance, containing sand in places
and enbedded with a great nan; pieces of bed-rock (dacite, andesite)
measuri.g from a few centimetres to several decimetres. The depth of the

80il does not appear to exceed 1.5 metres.

According to i'r. Buffonge, the pottery clay that was removed folloving
this soraping eway of the surface (st most a few tonnes) was sorted by hand,
and the propertion of rejected masterial (mostly pieces of rock) was

50 per cent or more.
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Cloce examination reveals that withu tie clay fraction atselfl
there are small residual aquantitiec of cathered bed-rock (meacuring in

the centimetres or decimetres) that have to Le ramoved,

Thic meanc that, or geological grou us, the uce of thi. clay for
indurtrial purporces {with annual minin,” of a fei thousand tonnes) seers,
at firct sigcht, very dicadvant ageour becaure of the highl  heterogeneouc
rature of the basic material. A curvey by meanc of pate confirmed this
negative assessment bLecause of the very linitec evtent of ti.e clay
fraction, and lead: me to recommend abandoning any i1dea of working thic

site for industrial purposes,.

Survey of the groynd by disging pite
(see attached map (1 3 2,500) and annexed pit profiles)

oi1x pits were dug by means of a JCB pover shovel on Thursday,
4 September 1075. Thrce other control pitc ere dug using pick and shovel
on i.onday, 29 Ueptember 1575, following reccipt of l'r. Douthwaite's
letter. The attached map shows the location of cach pit and the profiles

are given in the anner,

Coaclumicns resarding the Naterwerks olay

Only pits 2, 3 and 6 reveal the presence of a reasonably developed
clay fraction, within which are embedded very numeroue rocks. On the most
optimistic assumption, the workable layer vill average no morc than one
metre in depth. Moreover, it should be siressed that the texture of thic
layer is very irregular snd that the amount of barren rock embedded in

the clay may be around 0 per cemt. This means that the reserve of clay

mgterial at this site is no more than 2-31,000 tonnes amd camot be mined
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tconomierll  Jor the upr-oney vitaged, TR o otener of uim.l-y

reserver on the vieinmite ean ir no Wiar remed, tiis zitunt.on,

Grole 111 SUOMINE, Wizt nete Ly Lo ela i onre tre
regsult o ot e nathe rings o! tir gubstratum At the mortholo,-,

¢t the loe 10 (und ' lations running from south-southeazt +.- rorti-

northws st) ird:ecates thot the pmout fxXtene gy Weethering has occurred

in the most selive drainagr onec al e the dee of the de-ression,

Invi v of the naturc or the Site fror wrich inc siumile was
originull. {-u.n - and d¢ S.1t the fact thot the St results apeny

favourttle = - rccommendation is to atandon all thought of workin,-

this zone tor an;: industrial "roduction, or howeyrr gmall - secale, ot

test, an un retentioue handicrafis operation (a few tonnes annuall.)

meht be su-orted by this 8itc, assuning a u.llingmess tc acer~t ‘ihre
ineonvenicnee of having to sort out the man; “icces of rock from thre

clay as is don¢ at nrescnt,

D. Ciar free the Sales region
1 wac shown a first area which wags belicved 10 have Leen the

origin of thc sample taken. lio sign of clcy could be seen on the

surfacc and all cutoroppings semed to be stony and very heterogeneous,

Three weeks later, however, 1 was informed that the aample had in fact

been taken from smother sector of the Salem area,

An inspection of the area revealed that the site was very similar

to the Waterworks region, with & large mmber of sutcrepping Soulders.




The nepative factor ol rerveg during thic topection, cooplen  atn
tre di.arpointing results of tihe tests performe. on thic clay ir Jar.alca,
brompted 1« to abandon any further invertigtion of thiv sector, hach |

recomner.: should alse be dropped from concideratio. under the pre.ent jroect,

r. Olg from the Windy Hill region

~1nce no one on ..ontcerrat .ac able to tell e precisely whe:e the t.o
samplec ' ad been taken from and since there ic o i'ritten recory, | et out
on my own to study the arca. Ac - e shall seey, this region apvearc to offer
a fairly substantial clay depo. 1t, which could ;robably support a small-ccale
industrial operation, prov:ded of course trat 1, e recult. of the physical

testing are equally favourable.

Geogrephic description of the region

The am=11 village of “indy Hill is located in the couthern-central
part of lLoitserrat, It can be reacied directly from Plymouth over the
asphalt road leading to the airst rip. About 6 km from Plymouth (4 ko
ac the crow flies), a narrov tar-surfaced road branches off northvard
ac far as the village of wWindy Hill, ckirting the clay depogit sector
for a distance of 600 to 800 metres and even crossing into it in ;laces.

Beyond Windy Hill, the road gives wa" to a track negotiable only by

cross-country vehiclec,

The terrain is rugged, being about 350-400 m above sea level. The
Sea can be seen on both sides of the island, east and west. The land-

scape here consistes of hills which are gently undulating around the flat
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0. ¢liuitly sloping swinits, becoming incre asingly broken and steep

@' one rover downward. [t 15 an area coverea almost entirely by

tacture land for cattle rai. ing (therec 15 a fam owned by arrell:c

Lrtate), w1th Lusnec 11 the lover-lyirng arca: and scatteres hepr and

there througiout. Ti.e clay vone extends into the residential part

of 1ind; Hill, which 1u :1tuated over the vectern part of the depos-t.

A vater conduit (inter.or diameter of : inches) running from a

revervo.r sorie distance to the north crog.ec rart of the clay :one

fror. northiuest to sout heact.,

ac 11¢ name 1mplies, Sandy i1l iooa ver windy area.

Survey of ig g. ml! on pity dag by Repns of power !hovelgx
%

A © rvey was made of the area during the period from 8 to 20 wert arber

1 7Y Forty-five (%) pits were dug anu 117 samplec, each veighing
betueen : and ¢4 kg, were taken. Pits nurbered 1 to <0 were dug by mean.
of a tyre-mounted pover shovel, type JCB, while pits 23 to 44, becauce
the steep terrain made access difficult, tere sunk with a t rack-mount ed

HY<.AC 20 power shovel.

This £ 'rvey revealed the presence of a relatively thick clay layer

(about 1 to 3 m) resulting from weathering of the substratum (dacite,

andesite).

For the location of the Pits and the extent of the clay zone, see

the attached map (scale 1:12,500). See also the profiles of the 45 pits

given in the annex.
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i1nate and norphology. 1.

vandy Hill region receiver ap ndant rainfall, and the one 1n o.ertior

1¢ characterized by hilltopg vhich, if not actually flat, are only

clightly cloping. Thg favourab] ¢ ¢ircunstance pronotes excellent

drainage and thus the heo~fomation of Silicates fron the components

of the lcache. substratyn,

This veathering affect:

0.00 t0 0.50 metreg clay earth covering (soil)

0.50 to 1.20 metres: brown clgy
1.20 to 2,70 metres; red clay

2«70 to 3.00 (or 3:50) metress bright red clay gradually chan;ing

to a sandy materia) and arenaceous

subst ratum residue

3.50 to 4.0 metres gnd below: sand, clay ang s0lid bed-rock

The climatic and morphological conuitiong required for thip neo-

formation of clay minouls, in addition to the composition of the bed-

rook, explain why so feu 8izable clgy layers are found in Kontserrat .

The general tendency of the s0il is to evolve in the direction of

& olay rondion; homor, in many places erosior leads to the oc il

being oarried &y through rup-ore and leaching o

rapidly as it




builds up, A point to e noted 1c that as one mover dowr. from the

highlands, the clay fraction becomes considerally thinner and tends

to actually disappear altogether,

Thugz, clay fomations of the ext-nt of the one discovered in the

~indy Hill req1'n (poscibly about 00,000 tonnes) can ot be very

nur.erous on i.ontserrat, and it ray even be that the .ind: Hill zone

1 the only one of it: kind (because of tho linited time I spent on

the icland, I vas unable to settle thic question definitely).

Calculation of reservesg
M

Considering vhat e have been able to learn p to this point, and

“1th as yet no results fro . the test: on the clay, e can offer 0.1y a

purely theoretical ectirnate coverii g the raterial classified as

"broin clay" and 'red clay" and excluding the covering layer (averaging

0.30 to C.60 n in thickness) and the sandy fraction found at the bottom

of the pits,

The purpose of this estimate is to give a fairly accurate idea

of the amount of clay naterial precent.

vhether all or only part of

thie clay will be economically workable for the production of bricks,

tiles or other items ::

111 have to be decided from the physical tests
to be oonducted later on,

Sathod of oaloulatics

The attached map on the scale 1:2,500 has at its centre a

dark grey finger-shaped area corresponding to what has been

surface-charted as brown or reddish clay material.
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The position of eacn of the 4. p to sunk, which are rejiarded
ac positive vithi . the dark &Tey sone and negative outside
1ty 1 1indicated by the corresponding rit number. 2/ In addition,
the symbols A to I' _ndicate the si1tes ot uhich samples 60 to 66

iere taken, fror the outcropping alongs the road.

The original rap grid d:videc 1t into 4-centinetre squarec
correcponding to 100-metre squarcs on the growd. In tum, ecach
of these map cquare: has been subdivided into 16 smaller ones so
as to produce a  ‘—pietre ¢rid, which ¢ have uced ac the ban. ¢

for our calculations.

The method of calculatio. deccribed below takes into account

thé loose and irregular grid arrangenent of the pits dug,
Our calculation distingiiches three categoriess

Proved (or certgn) Ireserves. These are zones not more than

2. metres from a pit Judged to be pecitive or an outcropping shoting

every evidence of the existence of a clay layer,

Probable reserves. These are found mainly in the central

zone, but alsc, to a lesser extent, at the northwest extremity of
the deposit, where, for physical reasons (difficulty of access,
houses, fences, steep slopes etc.), it wvas not possible to scink
pits, but where the outoroppinge give strong evidence of the
existence of a clay layer comparable to the one fourd in the

pit area.

g Pits 43-45 are outside the area covered by the
attached map.
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Pogcoible recerves., Thece are four voneg - t.o at the

cxtreme east anc :outh of the depoiit anu tuo lying by themcelves
to the nerthuest, }/ about 30U metres away as the crow flies - where
curface features cugrest the exictrnce of a shallow clay layer,
thiich coul. precwiably be rinedy if rececssary, as a supplement ary

Lourc::,

Proved recerves

T.0o zones are distinguisheds:

The first includec pits 1 to 7C to the west and extend. over

€3 small squares of the basic 2mr.ctre grid.

Each square represents an arca of 627 m'?. From vhat we know
thus far, the avcragr depth of the clay, after elimination of the
shallow covering layer, is 2.6 etrec (this is an average fig re
derived from the profiles of the 20 pits in thic cone, that ie,
the sum of the workable depths of each pit divided by the number

of pitﬂ)o
The volume of clay in this zone is thus:
2 3
625 2 x 63 x 2.65 - 104,343075 m

Since the density of tnis naterial has not yet been neasured,
ve shall estimato the approximate tonnage by assuming a density of
1.8 per tonne (this will naturallv require revision in the light
of the test results). Thus:

104,343.75 x 1.8 = 187,818 tonnes
T™he two somes in the northwest are outside the area
represented on the attached mep.
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The second :zone includer pit: 23 to 40, wvith the exception
of pit 37, which is rarginal, a d pitc 25 and 13, vhich proved
ricgative, and coverc '8 small cquares of the basic grid. The

average useful depth of the clay here iz 2,17 netres.
The volunc of clay contained in thic sone 1s thu
2 . A g 3
62‘: m X 718 X Tel7 = 76,8% m

The tonnage (ascuming the same density with the came

qualification ac above) iss

76,850 : 1.8 =« 136,130 ton..es

The total proved recerves from these two zonec are thusi

Volumes 181,193.75 cubic met res
Approxinate tonnage: 326,148 tonnes

(ascumirg provisionally a density of 1.8)

Ercbable reseves
As alread; noted, the probable reserves have been identified

with certainty from surface outcroppings but have not been verified
by digging pits. As a precaution, we shall assume the average

workable depth here to be 1.5 netres. The area in question includes
outoroppings A to P and the immediate neighbourhood, covering 69
squares of the dasic grid, and also the morthwest some, whioh
covers 13 squares.
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The volume of clay comtained 1r. these sores 183

£98, m? x A2 v 1.5 = 7 .p7t ,,,5

whence the approximate tonnage (d - 1.¢ ac before)s
T6yE7 x 1.8 = 138,7¢ tonnes

thus the total of the proved and Pprodedls reserves is:

126,148 + 138,179 « 464,523 tonnes
Foasible resepves

These are the clay outcroppings on the edge of the zones
deccribed above and in the two srall zones 300 metres away fron
the main deposit. For these reserves we assume an average depth

of 1 metre,
Volume of poscible reservss:

62% m2 x42x1 - 26,25 n3

vhence the approximats tonnage (d = 1.8)s

26,25 x 1.8 « 47,250 tonnes
thus the tetal of the proved, probable and possible reserves iss

326,148 + 138,375 4 47,25 = 511,773 tonnes
Rinahls tennaces
Asewming a peried of 25 years:

The preved reserves oould be mined at s smual rsts of

13,045 tonnes;
The preved and prededie reserves ceuld de mined st an
saual rete of 18,580 temmes)




The proved, probable and poscible reserves could be mined

at an annual rate of 20,470 tonnes.,

Rec the laborgto t d

S1x samples of about 3 kg each were sait by air freight on
1) September 1474 to CARIRI, Trinidad, for rreliminary physical
testing to give us a clear idea as to the Suitability of the
Jindy Hill clay for the rurposes of the project. The camples in
quest 1on are the following:

Pit No. 8: Sample No, 19y from a depth of between 1.0 and 1,40 m

Pit No, & 3anple No, 20, = = " about ° m
Pit No. 8t Sample No, Ay = » " between .70 and 2,80 m
P:t No, 143 Sample Yo, My, ® = " betweer. 0.5 and 0.80 m

Pit No. 141 Sample No, 8 w - " between .00 and 7,70 m

Pit 'Oo 14’ Slﬁpl. 'oo 39' " - » M".ﬂ 2070 and 2090 n
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It was requested that thesc samples should re subjected to the

following testat

Ilasticit; and watar of plasticit.
Loi1sture content

Drying ohrinkage

Firing chrinkage axi hardnoss
Water abscrption

Bulk demsity

Nodulus of rpture

Compressive strength

Refrectorinese

at the timc this report wac being prepared, the results of these
tests were not yet kmown. We hope to be able to add an annex at the

end of the mission, after a visit to CAKIRI.

If the first test results should prove to be encouraging and
NRify further study, the remaining 112 samples should be semt to
the laboratory selected to carry out the full range of tests. Tl.2
list of tests to be dome is the came as the ome given above for the
first eix samples.

It is further recammended that X-rey amalyses should be made of
the 1ifferest olay types (red, brown, ochre) so as to idemtify their
ninsralegical censtitvents.
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In order to gain a complete knowledge of this material, one or
two chemical analyces should be carried out, in prarticular for the
“ollowing cssent:al items: the proportions of silica, alumina, alciom,

hagresium, iron oxide and titanium, ani the ignition loss.

Depending on whether 1t 1c conuidcred nccessar; at this stagpe,
one or two grain-rire analyses might e done in order to detemine
the particle iistribution and ucrive from it the 1deal grain~-size for
the industrial processing of tiic cla for use in manufacturings.
(The report of the Scientific kesearch Council of Jamaica recommend ed
that the Vaterworks clay should be reduced to 86U meash gso as to extract
the coarser, non-clayey componentc which lower the quality of the

finished products.)

It will be noted that several of the samples collected have a
fairly high sand comtent (Sample No. 78, for example, which is very
sandy)s It would be useful to examine their grain-size and composition
in case the plasticity of the clay required the introduotion of

additives.

The question of addjtivey

At the present stage of our knowledge, only the findings of
tests made on two Windy Hill samples taken irom unidenmtified sites
are known (these analyses were carried out in Jmmaioa). It is clear
from these tests that the clay in question is very plastic and would

require additives if it were to te used for industrial purposes. If

-
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the tests carricd out by CAkIxl 1n .rinidad should lead to tre same
findings, an cffort should be maie to find some material which night

ve used for this purpose in Montgerrat.

“he ugse of beach sand as . addit:ve 18 ruled out tecaurn  of the

need to protect the enviromment oni encourage touriam.

“he search should focus on the lay¥s gramitic sand tase at right
anglec tc the landy; Hill ldepesit (Lace of the weathering profile),
provided the compos:tion of this sana seems suitatle. The approgriate

teats shouli te carried out.

Another possibilaty that shoulu e looked into 18 the addition of
sand particles of the same typc 2o the material used in the production

of cement aggregates after crushing to the proper mesh size.

Yot another possibility would be to study the volcanic ash (that
porticn of it which in grain-sizc corresponds to fine sand, crushed

or uncrushed depending on whether sifting appears sufficient or not ).

The laboratory should provide all the information necesgsary to
make possible the selection of a suitable additive for the Windy Hill
clay from smong the materials discussed or others available om

Montserrat, if such an additive is needed.

WI—IMMJ

The casy access t0 the Windy Hill clay some by a tar-surfaced
road eliminates the need for any preliminary work other than the

routine procedure for aoquiring the land.




"he surface laver (averagins = .t to U.+( metres in 4erth) can
e casily removed by a bulldozere Irn corder to protect the envirorment
(the scemery in t.e Windy Hill aro2 15 quite beautiful), it 15 recom-
mendea that the topsoil thus ramoveld should be kept beoide the deposit
. ¢ that 1t ma. e reused oncc tic¢ cia; has tecn minei, t¢ restore

tre arca to 1ts original chamirng ppoarance.

The clay itseif might be extractce! uy means of a power shevel
fitted with a froni-end loader. .Another and more reliable method
would be to eq.ip the shovel with a wucket (preferitl; a backhoe
rather than a gra.b—bucket) for dircct loading of the trucks. In view
of the steepness of the terrain and the frequent rainfall during
certain periods of the year (especiall; in Septc-ber", Cctover and

llovember), the shovel should be track-mounted.

Particular attontion must be given to the problem of extracting
the clay from low-lying areae of thc terrain since it is very doubtful

whether they can be reached by truck. Two methods may be surgesteds

The use of a conveyor belt long enough to bring up the clay to
the high ground. The belt could be fed directly by the power
shovel and unload directly imto the trucks. This method would
require a certain amoust of preparatory stuwiy at the site to

adjust the system to the relief and the distances;

The creation of access ways to the low-lying aress in the fom
of remps with an easy slope. Those access ways would have t0 be

nacadanised sc as 40 prevesmt the common preblem of bogring dewm

in clay.




A cost anal; oi1s should make 1t po:siule to chooge between these

two methoig.

At all event:, ascumings A -roruction rate of 1% to 29 tonnec
a day at the \.ind; Hi1ll deponit, i1t wculd be advisable to plan for
oulltoz;:r operations for onl, ~ few :ayc a year (for topsoil |
romoval ), t.ie continuous use of a loaicr shovel and a relay of two
trucks with a capacity of 1. tonne; carh. Alternmatively, to permit
more efficient use of the shovel, i1t might be kept in operation for a
period of a week to twe weeks wit'. = far lorger fleet of trucks, so
that 1n this wa, it could te releasei 1n the meantime to other work
sites for periods of around two weeide Still other operating schedules

might also be devined.

The procesc and equipment to be adopted will depend on the actual
tonnage required to keep the plant turning over, and also on the

digtance betwoen the deposit and the plant.

It should ©3 noted 1n this conncxion that it makes little difference
what site 18 selected for the processing plant, in view of the fact that dis-
tances overywhere ia Hoatgerrat are short and the rew and finished
preducts weigh such the same. There would appear to be good arguments
for locating such a plamt in the industrial area of Flymouth, near the
power station and the warehouses of the Public Works Department. This
locstion would offer the advamtages of proximity to the towm (availability
of sanpower, sales cutlets for the finished products, sources of power,

water stc.).
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Although centrally cituated on the icland and thus in a poaition
to serve both the ca-t and the west coast, the arca of the wind; Hill
deposit dces not appear well suited for a plant site tecausc of 1tg
norphology, 1ts very windy climatec, 1ts distance from the t own,

cnvirommental considerations ani co on.

In any case, all the possibilitics suggested in this paper will
have to be reviewed by the Govermmemt of liontcerrat and the officials
in charge of urban development an: planning, in the happy event that

the Windy Hill clay proves good enough to Justify moving on to ti.at stage.

From the practical standpoint, it would seem advisable to begin
vworking the deposit in the area of p-tsc 1 to 20, from the north end,
gradually moving towards the south and southeast. It is fairly
unlikely that intrusions of sandy or solid substratum will ve found in
the clay, and the working face of the deposit should be fairly uniform.
However, the pit network is too wide-spacei fox. one to be definite

about this.

T I 4 or tyo-t

Because of practical comsiderations (drying out of the clay,

warshousc facilities etc.), no samples have been taken of the size

required for industrial testing (ome to two tomnes).




- 33 -

It will be sufficient, when tiie tine comes, to take the

required amount of clay from thc crea of pits 1 to 20 - near pits

o amnd lU, for exampie, which are near tie middle of the arca. lhen
ta.ing the sample, 1t will te necesser; to remove the topsoil (to

a depth of about (.50 metres) an. to ovtain a composite sarplc repre-
sentalive of the entire cla; 1o er; that 15, no one partirular level
shoulid be selectod, but rather on effort should te maie to zample the
clay as unifomly as possitle over the cntire profile, to a depth of

some <.00 - .20 metres bencath the natural surface of the ground.

The clay, sample taken 1n thic wa, should be immediatel; loaued
cn to a lorry and then taken by boat to the plant making
the final products so that the quality can bve tested on an industrial
scale. This phase of the study s..ould te undertaken according to
the instructions and with the co-oper.tion of the laborator; that

carries out the testing of the 117 Vindy Hill samples.




F. ral ¢ Nontperra

Inamuch as the original four samples had been taken 1n a
haphazard manncr, I thought it worth while, as part of the pregent

study, to surve: clay sites throuchout the enmtire 1sland of l'ontserrat.

There are few gcclogical guides and thoge that io exiot ur¢ not

authoritative.

As a final stage I made a serics of field surveys limited to
roads and lanes passable by motor vehicle. Only the unsurfacnd road
from Carr's ba; to Little Bay, in thc northwest of the 1sland, showed
evidence of weathering sufficiently developed to produce an cxtensive
clay profile. The road cuts into a hill and from s height of 1.5% to
4.50 metres reveals a yellow to browr ochre clay. This clay looks
extremely heterogeneous, however, and is embedded with numerous lumps
of substratum at various stages of weathering. The weathered subst ratum

rises through the clay in places as far as the top.

Perpendicular to the cutting, it appears that the clay zone must
be of very limited extent, owing to the hilly nature of the terrain
(fairly steep slopes on either side). Although clayey in places,
this sector is not of a0y interest as a source of the kind of material

required (because of the heterogencity and limited extent of the

deposits).
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I carried out apother field survey to the north and northeast
of the village of Salem, where So0il and Land-Use Surveys, No. 27 has
1dentified, under the name "Olveston silty clay loam”, the outline
of an area where the ground appears to exhibit characterigticc

(weathering profile) very similar to those mapped at Windy Hill.

From an examination of the surface - made difficult b; a thick
cover of vegetation - I was unable to detect any noteworthy out-
croppingr in this area. [he weathered horizons above the rock substratum

appear to be far thinner than in the lindy Hill area.

Another area, on the southeast slope of South Soufrierc Hills,
has been described as showing a cla; weathering profile ("pen clay
loun");hovever, the inaccessibility ol this sector, in the present

state of the island's infrastructurc, makes it of no interest.

1 was unable to discover any other promising areas during my stay
in Nontserrat. In ay view, the probability of finding another clay
ares as extensive as the Windy Hill site is very remote. It should be »
emphasised, however, that this study is not exhaustive and cannot

claia to have disposed of the subject.

II. THE CARIBSEAN INDUSTRIAL RESEARCH INSTITUTE, TRINIDAD

Before going on to Momtserrat, 1 stopped off in Trinidad on
29 August 1975 in order to vieit the Caribbean Industrial Research
Institute (CARIRI), as I had been asked to do in comnexion with this

miesion.



“his visit, and ecpecially my long talk with Mr. Michacl 'hallips,

a physicist who ic in charge of tcoting the clay samples, cnabled me
to find out about the kind of work the Institute 18 able to perfomm
(chemical anal;ses, physical tesic ctc.) and also its capacit; and

speed of operation.

[ shall not go into details herc of the Ingtitute?s othicr activities,
which range from the testing of foodatuffs to microbiolog, amu clectromics,

all areas well outside the tems of rcference of this study.

In addition to conventional chemical analysis (measuremcmt of
ignition loss and proportions of cilica, alumina, titanium, iron
oxide, magnesium, potassium, sodium, lithium etc.), the Ingtitute 1s
also able to perform X-ray analyses of the samples (through the
University of the Weet Indies, St. Augustine, Trinided, since tpo

Institute docs not itself have the neccssary equipment ).
Prices for the various tests are roughly as follows:

X-ray analysic 600 Trinidad dollars (TT$) for 20-sample batches
Chemical analysis

(essential consti-

tuents) 400 " " wooonoow "

Crain sise

measurement 2,000 " " " LI B "
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The following is a8 non-exhaustive list of the physical tests
nomally performed at CARIRI that arc recommended for clays of the

type found in lontserrat, together with the approximate prices:

Flasticit; and water of placticit; 2. TT$
lloisture content 15 TTS
Drying shrinkagc. & TTS
Firing shrinkage and hardness & TTS
Water absorption and bulk dencit; 13 TTS
l.odulus of rupture 10 TTe
Compressive ot rength 1C TT$
Refractoriness 13 TT$

The Inctitute could perfom other tests on reguest.

Time required for testing. Decause of the limited number of staff,
conventional chomical analysis takes one month for a batch of no more

than 10 to 2C samples. For larger batches, the time required will

dopend on the laboratory's workload ot the time the samples are

received.

The physical tests oan be performed more juickly, in about two weeks
for a mmall number of samples (10 to 20) and in possibly one to two months

for a hundred.

Por industrial-scale testing of one or two tonnes of clay it will
be necessary to set up a pilot plant - something beyond the present

capacity of both CARIRI and of the Nontserrat suthorities - or




elee it might be simpler to sendt the raw clay to a plant in "rimdad;

suchi a plant, recomended by CALINI, would produce br.cks, tiles apdi

other items from the raw clay and pacs them on to the Institute for

testing.

In view of CAIIRI's origins and functions, 1t would be s
suitable choice for dealing Jirectl; with the analysic and testing
of the lontserrat clay. Once the testing institute has been finally

selected and the .csts have been completed, the results should ue sent

tos

UNIDO, Vienna, and UNDP, Georpetown;

Chief Minister's Office, llontcerrat, with a copy to

Mr. Thomas W. Buffonge, Craft Development Offaicer,

Craft Centre;

Mr, . Je=M. Deschw'lps, Consulting Geologist, Quartier de¢ la Diote,
Mimet, 13120 Gardanne, France, for a final opinion on the value
of the deposit and its workability in the light of the test

results.

I plan to make a second visit to CARIRI on my way back from
Hontserrat. The remlts of that visit will be the subject of a brief

note annexed to this report (annex 4).
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PROFILES OF PITS IN THME WATERWUKKS ZUNE

Pit No. 1

Gedl 10

1. 40 to

1.'%) to

Pit Mo, ?

0.00 to

0.30 to

1.10 to

0.00 to

0,30 to

1.10 to

0.00 to

0.60 teo

1edi) my

l.00 me

1.40 my

1.40 my

D30 m3

1.10 ms

1'(’0 me

1.0 me

0,30 ms

1.10 m3

1.80 w1
1.8 mi

0.60 ms

1.10 m:
1.10 m

Brown earth coverins and andesite lunps (size of

the lumps “ . em or more)

Brown-ochre saniy clay materinl; many lumps of rork
Weathered miterial; appearance of ~Tanitin sand

Pi* h1lted vy refusal of power shovel; hard weathered

subetratum

Earth covering and many lumps of rock

Brown clay material with dark srey and blackish seams;
lumps and inclusions of weathered rock

Hard material turning to fand, lumpe of rock

Pit halted by refusal of power shovel

Earth covering and many lumps of rock

Blackishebrown clay and lumps of rock (10 to 40-50 cm
in diameter); coarser seams of brown-ochre colour
with quartz and feldspar grains

Pairly compact brown-ochre clay material

Refusal of power shovel oa eacountering incressingly
solid sandy material

Jrom-echre clay earth saterial and lumps of rock}
sandy seame

Nard material tuming to sand

Pit halted by refussl of power shovel




Pit Jog ¢
‘\n\\\ Yo

G20 to

0.00 to

2.20 te

On‘)‘\) to
J.10 to

vel0 to

0.5 teo

0.70 %o

0.00 te

Ga0 my
JeA0 m3

3,40 my

J.20 my
1.70 my

1.70 mg

0.10 m12
0.30 ms

0.5 me

0.70 mt

0.80 m3

0.80 ms

0.40 m:
0.40 m¢

Brown clav earth and lumpe of rock
Prown-ochre clay to coarse rind materinl
Pit haltad b rafical nf nower ~hovelgs larse b lqer

or ~ihatratym

Rlackish-brown clav earth and lumne of rock
Jark hrown clay with embedded lumpe

Refusal of power shovel on houlder or bed -rock

Clay earth covering, lumps of roek

Brown clay; many eabedded lumpe of ronk

Brown and ochre clay; sandy seame; lumpe of rock
Yellowish graniticsand, some clay and many lumpe

of rook

Brown-ochre clay and sand with larre lumpe of reck;
many inclusions of weathered rock in the clay fraction

Pit halted by rock

o clay earth ooverine; many lumpe of reck
Pit halted by beulder or substratus




t N, 3

. Gorn - onmERed

¢aDN 10 0,10 my Eaprth covering

LI0 ta A0 mr More op le~r candy clay and lumrs of rock

Fa W10 0,40 w1 Brown sand -clay matriy containmings larre lumne

of rock and variomely weathered inclurions

0,60 mt Pit halted by larme dbmlders and very heteroreneour

clav-rand matriy

Pite 1 to + were dur witr - JOR nower

dur by hand (pick and shovel),

It should be noted that many lumps of
surface of the entire area covered by this
morphology of the surrounding area and ite

derided not tn extemrd thie rupvey,

chovel. Pites 7 to 9 were

rock (floats) can be seen on the
survey. In view of the

rtructural fimilarity, it wam
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Annex 11!

PROFILES OF PITS IN THE WINDY HILL AREA

Pit No., 1
Q.M to 0,30 mg

De M ta 3,30 my
0.90 to 1.45 m:
1.245 to 1. .0 m:

1.€0 to 2,40 m;

2.40 to 3.50 m

1.50 me

t No, 2
0.00 to 0,20 m:
0.20 t0 1,90 m:

1.90 to 3,20 m:

3.20 m3

Reddirh~brown clay rarth ravepine

Reddirh~brown to red clay

Samgle 1 taken at - depth of about 070 7 helow

the rurface
Red rlay (trown in placen)

3ample 2 taken;

heteroceneon:

Very fine red clay; bla~kish spots;

texture;

Sample 3 taken at a depth of about 1.80 m
Red clay (ochre and grey in plaoes)
Sample 4 taken at a depth of between .40 and 1,00 m

Pit ends with clay (limit of shovel reach);

substratum encountered

Useful derth

Brown clay earth
Red clay (brown here and there)

Sample 5 taken between 1.00 and 1,40 m

Red and browm clay;

Pit ends with red clay

Useful depth = JJOO m

red and brown cl aY;  some emal]

ir2lusions of weathered rock

"porous” texture
Sample 6 taken between 2.40 and 2.80 p




Pit No. 2

0,00 to 0,15 me

DL.1% to 2,60 me

2.60 to 2,70 me

2.70 me

0,00 to 0.9 m:

3.00 mt

0.00 to 0,20 m:
0.20 to 0,70 mt

0.70 to 1.60 m3

1.60 to 2.10 m¢
2.10 to 2,80 m:

2.80 to 3.30 m¢

3.30 ms

Rrown rlay earth

Red rlay

Sample ] taken at abnut 1.20 m

Sample 8 taken at about 2,4u-2.:0 m

Red clay, of more or less sandy conristency
Pit endr

Useful depth = 2.4t m

Brown clay earth covering
Reddish-brown, then red rlay

Sample 9 taken between 0.90 and 1.40 m
m'__l_o taken at about 2.50-2.0 m
Pit ends with red clay

Useful depth = 2,50 m

Clay earth covering

Red clay, vu:?ying amounte of earth

Brown clay

Samble )] taken between 0.90 and 1.50 m

Ochre and reddish olay

Srowm-echre clay

Samnlg 12 taken between 2.20 and 2.40 m

Bull reddish-drown olay

S000la )] taken between 2.80 and 3.00 m

Pit ende with reddish-drowm clay, possibly slightly

sandy

Useful depth = 2.50




Pit No,

Oe to 0,50 me

Q.5 to 0,90 me

0.9 to 2,20 m:

2.20 to 3,40 me

3.40 m:

Bt do, ]
0.00 to 0.60 m:
0.60 to 1.50 m:

1.60 to 3.20 m2

31.20 m¢

Etle. 0

0.00 to 0,40 m3
0.40 to 1.5 m:

1.50 t0 2.0 »s

2.5 % 3.2 as

3. 0 m

Brown clay earth

Predominantly clay material, brown

Sample 14 taken between 0.50 and 0.7) m

Red clay

m taken at about 2,00 m

Bright red clay

S88Rle 1¢ taken between 2.80 and 3.720 m

Pit ends with red clay

Brown clay earth

Clay material (possibly still earthy near the top),

Useful depth = 2.90

ochre and brown in colowr

3a8Ale 11 taken between 0.80 and 1.20 n

Red clay

Sanale 18 taken between 2.00 amd 2.20 m

Pit endn

Useful depth = 2.60 »

Browm clay earth covering
Ochre-brown spotiel elay
S0amka 19 taken betwoen 1.20 and 1.40 @

Bark beowm olay

20ala 20 teken ot sbowt 2.00 »

Bed olay

Samnla J tehen ot sheut 2.70-8.80 »

Mt ends vith red cloy

Uneful depth = 2.80 »




Dt N, )
0,00 to G2 me
.20 to 1400 me
o t0 2.40 m3

2.40 to .20 m

1.20 m:

Bt No, 10
0.00 to 0,70 m:

0.70 t0 1.20 ms

1.20 t0 1.20 w3

3,20 mt

ikl

0,00 %6 0.60 m1
0.60 te 0.80 ms
0.” % 1.60 | 13

1.60 % 2.00 »
2.00 v J. 0w

J. O™

Reddish-brown clay earth

Rad clay

Seaple 22 taken 1+ about 0,40-0.50 a
Briht rad ~lay

m takean between 1.0 and 1.70 m
Red clay
Saaple 24 taken at about 2,80 m

Pit ends with red clay

(Useful depth not indicated]

Brown clay earth

Brown clay

Semale 25 taken between 0.90 and 1.10 »
Red ~lay

38mple 26 taken at 2,00 m

SaAlle 21 taken detween 2,80 and 3.00 @
Pit nds with red clay

Useful depth = 2.50 m

Brown eslag earth cevering

Browm-echre spetted clay

Brown clay

2amnia 2 teken Setween 0.90 and 1.10 &
Brown clags blaskish spete

Bed cslagi dlaskish spets in places
2000is 23 tahen detwesn 1.90 and 2.10 &
2nnla ) tehen botwemn 2.60 and 2.90 &

Pit ado w.th red oly
Useful dopth « 2.70 a




Pit No, 12

V.00 to 0.50 mt Brown clay earth
U.5% to 1.1% m: Brownm clay; some ochre seams

m taken between 0,90 and 1.10 m

1.15 to 1,40 m: SaARle 32 taken between 0.50 and 1.80 m
Red clay
m taken dbetween 2.50 and 2,90 m
3.40 mt  Pit ends with red rlay
Useful depth = 2,90 m
Bt No, 12Y
0.00 to 0.60 mt Brown clay sarth
0.60 to 1.10 mt Browm clay
Smnle )4 taken between 0.80 e 1,00
1.10 to 2.70 m: Red elay

Samle )5 taken between 1.40 and 1.70 m
2.70 to 3.20 m: Very moinmt and stioky clay; some hard inclusions

I B B B B O

(sise: grevel to small stones)

8RLa_J$ taken at about 2,80 m

3.20 m: Pit ends, probably with sand

Useful depth = 2.10 »

One tuhte?l sichap aheul ied - & Wreak in a water
sin (diameter: 3") passing w amtire olay-beering sene
from north-northwest to seuth-esuthess




Pit No, 14
d.x to

D, ANt

1.10 to

1.0 to

Eit No. 10
0.00 to

Q.60 to

1.00 to

1.70 to

1.80

3.50

1.00

1.70

1.50

3.50

Brown rlav earth

More or les: reteroreneour lirsht-brown clay
(sandy fra~tion)

Sample 3] taker between .- : and .80 m
Homoreneour bhrowr clay

Red ~lay

Sample )8 taker between .00 and 2.20 m
Sample 19 taker between 2.70 and 2.0 m
Pit ends with red clay

Useful depth = 3,1C m

Browr ~1ay earth

Brown clay

Red to reddish-trown clay

Sample A0 taken at about 1.20 m

Bright red clay

Semple 41 taken between 2.00 and 2.20 m
Sample 42 taken between 2.70 and 3.00 m
Pit ends with red clay

Useful depth = 2.40 m




!zt No, 1t

V.00 to 3.5 m:

0.50 to V.80 m:

0.80 to

1.80 to

”.80 to

t No
0.00 to

0.30 to

1.10 to

2.80 to

1.80

2.80

3.40

3.40

0.30

1.10

2.80

3.40
3.40

m:

me

ms

m:

Brown clay earth

Brown clay

Red clay

Sample 43 taken between 1.00 and 1,70 m

Red clav, ochre tint

Sample 44 taken at about 2,00 m

Bright red clay, very moist and plactic; some
small rock inclusions

Sample 45 taken betwean 2.80 and 31.00 m

Pit ends with bright red clay material

Useful depth = 7,10 m

Brown clay earth

Dark bromm clay; some ochre traces towards the
upper part

Sample 46 taken between 0.50 and 0.70 m

Red to reddish-browm clay

Sanple 41 taken at about 1.80 n

Sample 48 taken at about 2.50 a

Bright red clay

Pit ends with bright red clay

Useful depth = 3,10 »

B @ TE W BN e s



Prown clay earth
Brown clay

Red clay

m taker between 1.00 and 1.20 &

Oranze to bright red rlay
Sagple 50 taken between 1.90 and 2.00 a

Red clay; 3ome small inclusions of weathered rork

SaBRle 51 taken at ahout 2.80 a

Pit ends with red clay

Useful depth = 2,00 m

Brown clay earth
Brown clay; a rock inclusion (diameter: 50 cm)
Brown ant oochre clay

Sample 57 taken between 0,70 and 1.30 n
Rackish-browm and uchre clay

$aPple 5) taken between 1.90 and 2.10 »
2,30 to 2.80 m: Mack-spotted red clay
Sample 54 taken at sbowt 2.60 »
2.80 to 3.0 m: Red and browm olay
3.30 ¢t Pit ends with red and drewn clay
Useful dopth = 2.70 m




1.7 to 2,9 ms

2,40 to 3.60 ms

3.50 me

Pit Lo, 21
Je to 0,40 mye
W10 to 1,50 me

1.50 to 2,10 me

?2.10 mt

Pit llo, 22
N, to 0,40 mt

N0 ta 1,10 me

1.10 to 1,20 mt
1.20 mt

Brown clay earth covering

Li~ht-brown clay becomins reddish; in places
bri=ht red and zpotted with nchre

\‘.mgh - taken hetween 0.5 and 0,70 m

Bright red clay; beige, ochre and preyish-white
gDOtR

Sample o« taken between 1.70 and 2.00 m

Sandy ~1av and small rock inclusions (diameter: 10 cm)
Sarple 57 taken at about 2.80 m

Clay cand of granitic oriain

Pit ends

Useful Aepth = 2,40 m

Brown earth covering

Brown clay, quite sandy

Sapple 58 taken between 0.70 and 1.00 m

Varyins  clayey sand of pranitic orisin

Sapple 20 taken at about 1.80-2.00 » in & very
sandy zone

Pit ends with clay sand material of rranitic origin

Pit considered regative

Moirt sand and clay earth
Brown and ochre sandy and clay material with
inclusions of small weathernd lumpe of roek

Pairly hard granitic sand and unweathered lumps of rook

Pit ends with fairly hard sandy substratus




Pit No, 23

0,00 1y 0,40 me
0.60 to 1,90 me

.30 t0 2,40 m3

7,40 to 2,80 me

2,80 to 1,50 m3

1.5 to 4.0 m:

4,00 to A.50 m:

4,50 m

0.7 to 0,20 m:

0.20 to 1.50 m

1.50 to 2,40 m:

2.40 to 3}.00 m

3.00 m

Chectmut-hrown clay earth

Brown clay

Red clay

Samplg <7 taken at about 0.30-1.00 m
3ample 68 taken at about 2,00 m
Bright red clay

Moirt red and ochre clay

Sample ©J taken at about 3,00 m
Varying sandy clay and weathered lumpc of rock
Granitic sand

Sample 70 taken at about 4.00 m

Pit ends

Useful depth = 2.50 m

Brown clay earth
Plastic red clay
Sapple 71 taken at about 0.50 a
Brown and chestnut-brown plastic clay
Snapple 12 t~ken between 1.50 and 1.60 a
Oranitic sand
Sample 73 taken at about 2.40 m
Pit ends
Useful depth = 2,20




it No,
200 to 0,20

D, to 1,50

1.5 ta 2,640

2,50
Pi¢ I‘Joi -
0.00 to 0,30

J.70 te 1,70

1.70 to 1.30

1.99 to ?.’;0

2,30

Pit No, 27

V.00 to 0,20

0.20 te 1,70

1.70 %0 2.0

2,%

™3

ms

ms

Covering

Red ~lay

Saple 74 taken be'.ween 0.50 and 0.60 n

Varyine aandy drown ~lay; numerous detrital

or clastic elements of a few centimetres in diametsr
3anple 15 taken at about 1.50-1.70 m

Pit ends with drown sandy material

Useful depth = 1.0 n

Clay earth covering
Bright red plastic clay

sapple ¢ taken at abowt 0,80 a

Slishtly sandy clay
saple T
Brown clay mamd of sranitic origin
Sapple 78 taken at 2.30 m for an exsmination of the
sard frantion
Pit onds
Useful Cepth = 1.40 o

Brown clay earth

Red clay

So02le I3 taken at adewt 0.70-0.80 »

Sommis 00 taken at adews 1.40 a

Red mtorial semtaining clay Wt heavily ladem with |
detrital mterial

Pit ends with beowm clay sand of gyemitie origin
Useful depth = 1.9 o ]




Pit Jo, 28
0.00 to

0.40 ¢to

1.00 to

0.00 to

0.40 ¢to

1.40 to

2.00 to

3050 to

4,00 to

0.40 mt

1.00 ms

1.20 ms

1.20 ms

0.40 m:

1.40 ms

2,00 mt

ch)-l

A,00 mg
4.% nt

4. ms

Brown clay earth

Mottled, heterogeneous clay material, with
inclusions of rock (diameter: 10 ca)
Sample 8] taken at about 0,80 »

Granitic sand

Pit ends with sandy bdottom

Pit nematiw

Brown clay earih covering

Somewhat heterosenecus clay material (detrital
material presemt), brown-ochre

Clay, in rlaces dark brown 1
Sapple 82 taken at about 1.40 m

Red to reddish-brown clay with blackish epots
Sample Al taken at about 2.10 m

Sample 84 taken at about 2,60-2.70 a

Sample 85 taken at about 3.00-1,10 m

Tishtly sandy red clay

Brick-red t» orense clay, wet and fairly sandy
Pit ends vith red sand and clay saterial

Useful depth « 3,10 m




J.00 to

Je0 to

1.50 to

2.V to

L, A0 to

gﬁ No! 1]

0.00 %o

0.20 %o

1.3C te

3,00 to

0.%0 mt

1.5 mt

2.7 m1

3.40 m2

3.80 mt
3,80 ms

0,20 ms

1.3 m

3.00 8

3.60 m1

3.60 ms

- 5 -

Brown clay earth
rown clay vith ochre spets
saanle 0K taken detween 1.00 and 1.20 »
Red clay
Semple 01 taken at abeut 1.80 »
Sannle 00 taken at abewt 2.50-2.60 =
Dright red clay; some ssall inclusioens of sandy
material
rowm granitic sand
Pt ends
Useful depth = 2,10

Jrowm clay earth
Beige-beown clay bossming netiled ochre-ehestmti-drown
200k B taken between 0.80 and 1.00 »
Red clay
Sammle 90 taken at abewt 1.80-1.90 =
Senalg 3] teken at abeut 2.60 @
Red clay vwith increasingly large sand sentent
Pit ends with begimning of granitic sand
Useful dopth =« 2.0 0




0,00 to

V.Y to

1,00 to

1.20 %o

2.10 to

At Al

0,00 to
0.40 to

O.t4) to

Onw

.40

2.40

0.40
Oetid

1.40

1.40

ms

[}

ms

ms

me

L}

Covering

Red rlay, brown in places

Sapple g2 taken at about 0.5 m

Clay, ochre cpots, some inclueions of sand

Red and mottled clay, brown in nlaces; a few
ssall patcher tv=mines to =and

Saanle 3] taken at adout 1.70 =

Soft yellowish-beige sandy clay saterial, sarking
the beginning of the sandy zone

Pit ends

Useful depth = 1.80 »

Brown earth covering, some lumps of rock

fCoarse spotted clay

Lar~e luaps of mostly unweathered substratua embedded
in sand

Pit ende

Pit negative




\)01" to
0,80 tn

1.20 to

1 .7\) to

1.0 to

Pit No. 1%
0,00 to
0,40 to

0,60 to

2.40 to

2.80 to

3.70 to

0.5 m:
1.70 ms

1.70 ot

3oX) me

1.50 ms

3.50 m

0.40 m2

0.%0 m1

2.4C mt

2.8 m

3.20 mt

3.5 =

1,50 mt

Clay earth rovering

Lirht chestmut-brown clay and earth

Bei *e-hrown spotted clay, sandy in places

Brown clay

Saprle 94 taken at adout 1.30 a

Reddish=brown clay

Sapple 3% taken at sbewt 2.00 m
Brizht red clay beceming bProwmnish-red, very

plastic and clingiag to the shovel

Pit ends

Covering
Brown clay
Red clay

Useful depth = 2.50 &

Seaple 97 taken at sbewt 0.70-0.80 »
Semble 98 taken at sdeut 1.%0 @
Sticky, plastio red clay

Sample 99 takem at sbewt 2.40-2.50 @
Red clay, some detrital patohes

Iright red clay

Sample JQO taken at about 3.20 @

Pit ends with red mterial beoconing Yroum and sendy

Useful depth = 2,80 @




B4 No, 14
0.00 to
0.5 to

1.00 to

1.60 to

1070 to

?.80 to

3.00 to

1,5 to

Btle, il

0,00 t¢o
0.40 to

0.70 to

1.70 to

0.50 m:
1.00 m¢
1.50 m
1.70 ms

2.80 m:

3.00 m:

3050 me

3.80 m:

3.80 m:

0.40 |31

0.70 m3

1.70 m:

2.00 ms

2.00 mg

NS ad

Brown earth clay covering

Brown clay, earthy in places
Brown clay

Saaple 101 taken at about 1.10 m
Brown clay with a reddish tint

Red clay

w taken at about 1.9 m
w taken at about 2.40-2.50 m

Bright red clay

Bright red spotted clay, heterogeneous

Saaple 104 taken hetween 3.00 and 3.20 m

Red clay followed bv brown material presumably
marking the beginning of the sandy zone

Pit ends

Useful depth = 2,00 =

Reddish-brown clay earth
Spotted brown clay
Red clay

m taken at about 1.00 m
Sample 106 taken at about 1.70 m

Red-ochre clay getting sandier towards the bottom
and brownish granitic sand at 2.00 »
Pit ends

Usaful denth not concidered;
pit on edge of deposit




Pat No, 18

'\‘QOO to
Q2D taor

DR to

1.10 to

1.R0 to

Pit No, 30

0.00 to

0.10 to

1.30 tn

1.70 to

0.20

0.80

1.10

l.m

2.40

2.40

0.10

1.30

1.70

1.70

1.70

n:

me

m:

2

ms

ms

m:

m:

m:

m

Brown earth clay covering
Brownish~beige svotted clay
Dark brown clay

Saaple 107 takem at about 0.30 m
Red clay, slishtly sandy lower down

S 108 taker at about 1.40 m
mm taken at about 1.80-7.00 m
Brown clay sand of granitic origin; stones
(diameter: 10 om)

Pit endn

Useful denth =« 1.720 m

Very shallow to no covering; clay material on
the surface
Red clav, brown in places

Sapple 100 taken at ahout 0.60 m
Ochre-brown clay spotted with black

Sapplg 110 taken at about 1.30 m
Beginning of brewm clay sand of sranitic origin
Pit ands

Useful depth = 1.60 &




1,00 to
0,80 to

1.1 to

1.8 ¢n

1,20 to

5. 3 No, gl

0,00 teo
0,20 to

1.40 to
1.80 tn

2.60 to

3,00 to

(-io“\‘ mt
1,10 mg

1.A0 my

A.50 my

4.50 m

0,% mi
1.40 m3
1.80 ms

2,60 mt

1,00 =t

30” ms
JJ20Om

Coverin~

Light hrowninh-beime clay

Dark hrowm clay

Sapple 111 taker at ahout 1. ) =

Red clay

w taken at about 2,00-2.20 m
S8Aple 113 taken at adout 2.0 m

Very moist to wet red clay tecoming increasin~ly
caprdy towzrdre the hottom

Mrle 1171 taken between 3.7u and 3.50 m

Pit ende with red randy clay

Useful depth = 2,70 m

Clay earth coverins

Hetaromeneous ochre and brown clay; small stones
Rrowm i /b ~~pey meam of a rd

Reddish-d™own clay

m taken at about 2,00 m

Wet brown clay rand material; some pebdbles
S0Rle 116 taben at about 2.50 m
Bremish-beige clay sand

Pit ends

Pit considered nerative




Pit No, &iq

0.} to U, 30

d,.30 to 1,70

1.70 to 7,30

2,30
Pit No, 43
0.00 to 0.10

0,10 t0 1,10

1.10 to 2,20

2,20

ﬁt &z A4

0,00 to 0,40
0.240 t01.30

1.30

Pit Mo, 45
0.00 to 0,30
0.30 t0 1,00

1.00

m:

m:

me

me

ms

Covering

Very sandy clay containing ooarse detrital inclusions;
red-ochre samy clav

Sample 117 taken at about 0.90 m

Brownish—beize clay sand with small subrtratum
inclusions (gravel-sired)

Pit ends

Pit negative

Barth covering

Clay earth material and heterogeneous ochre-coloured
sandy clay

Fairly dark brown sandy clay; swall stones

Pit endn

Pit nerative

Brown earth containing clay and sand; some small stones
Spotted cohre-coloured heterogeneous clay sand material
Pit ends

Pit negative

Brown sarth containing clay and sand

Spotied brown-cohre and black clay sand
Pit ends

Pit negative
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Amnex 11)

LIST OF SAHIES

(taken in the indy Hill area and stered 1n a ron= at the Craft Centre at
Plymouth, “ontrerrat)

Fach ranple, '«ishing 3 to 4 ke, is contained in a plastic bag, labelled and
numbered froa 1V to 117,

The bags are flimsy and riould be handled with care.

n 4
Humbep Number Pepth at which e bherp llumber |Depth at which
of of pit sample was of of pit | ‘ealple was
carple taken [metres) sy ple " ]taken (-otm)
1 1 0.70 (X 7 1. 80
2 1 1.ks-1,.60 L8 17 2.50
3 | 1.80 W 18 1.00-1,420
(Y 1 el C=3,00 50 !} 1.90-2,00
: 3 2 1.00-1. 10 -, B ] 280
6 2 colL=2,82 52 19 | 0.20-1,39
‘ 3 1.2¢ 5 19 1,90-2,10
z 2,4C-2,60 53 19 2,60 '
9 3, ¥=1,40 %5 20 0,5C-0,77
10 L) 24.,9-2,60 -3 20 1,70-2,02
" S 0,50-1,C 57 20 | 240
12 S 2.20-2.k0 8 21 o:go-nno
93 ] 230-3.00 59 2, 1.8c-2,00
B é ©,50-0,70 6o A*y | 2.00-2,0C
— 3 . 6 2,00 61 B¢ | 1,00
_ 6 2.80-3,20 - 62 [ 8| 2,00
:‘ ? 0.80-1,20 _8 4 Qee 120
.2 : 2.00-2,20 . Des | 200
.1y 1.20-140 6S K 100
* 20 8 2,00 66 re ! o480-1,0C
- 8 2.,70-2.8¢C gz 23 0,991,400
T a 9 | o.ho-0.50 | 3 | 2@
23 9 1.60-1.70 69 ] 3,00
24 9 2£0 70 23 hoon
23 10 0. C-1.10 71 2h 050
% 10 200 72 24 1650-1460
- g 10 | 2,0-3,00 73 2h PR
I 1 0,.0-1,10 7% 23 0,50=0,6¢
s I " 1.90-2,0 73 25 1:;2-1.7
% 1M | 260-250 76 2% 0
Nn 12 | 0.L0-1.C - 26 1.60-1,70
TR 12 ] 150180 78 - 2,5
“3g 12 2. 50=2, %0 ” . 10,70-0,8¢
.3 13 020-1,00 _80 2 RS
» 13 1,40-1420 8 28_ ] o.8¢c
T8 1 280 82 9.1 2
. . 0, $0-0 B¢ .8 3 L2410
| ey 1% 2.00-2 2C 29 | 260-2,70
. g 1% 2.70-2 9C 29 3,00-3,10
. i 15 16,20 _ 0 . 1,00-1,20
.M 1% | 2,00-2.20 b 180
. 1 2.70-34¢ » 2,%0-2,60
.5 1 1,00-1 20 n 0,80-1,00
e e 5 . 1‘ 2,00 - }1 P ~J°8°'1'9°
- 3 16 | 2.£0-3.0 N 260
) J 0. 50-0 20 2 0.5 -

* Samples sent to CARIRI, Trinidad,
## Sanmples taken from outcrop.

on 15 September 1975 for physical testing.
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Fuaber Nuaber Depth at which
of of piv oemple was
sample teken (metres)

e
93 32 1.70
9% M 1.3
95 M 2.00
96 M 2.5%0-2,70
97 ¥ 0.70-0,80
98 3 1.%
99 ¥» 2.40-2.%
100 35 J.
101 ¥ 1.10
102 ¥ 1.9
103 ¥ 2.40-2.%
104 ¥ 3.00-}.20
108 n 1,00
106 N 1.70
107 » 0.90
108 » 1.40
108vie » 1.80-2,00
109 » 0.60
110 ¥ 1.%
m 40 1.%
112 40 2.00-2,20
1) &0 2.60
114 40 3. 20=3,. %0
11% 4§ 2.00
116 4 2,60
117 42 0.90
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Aaex 1Y
CLAY ¥RON WINDY HILL, NONTSERRAT, BRITISH WEST INDILS

(Additional mote following & vieit to CARIR] om 21 Octoder 137%)

Pirst results of the physical tests

On the way back from Montserrat to Vienna via Georgetown, I stopped at
the Caribbean Industrial Research Ins:itute (CARIRI) in Trinidad, where I
met Mr, Michael Phillips, who was in charge of the tests carried out on the
six clay samples from the Windy Hill area. These samp.es had been dispatched

from Montserrat by air freight on 15 September 1975¢

Because of a serious power failure in Trinidad and Tobago, it had not
been possible to conduct the tests as quickly as promised, and the partial
results that were available at the time of my visit are reproduced here on a
provisional basis, pending definite confirmation, which UNIDO will] very shortly

be receiving in the form of a full official report from CARIRI.

0mp by Ar, l;chg} :"HHE

The characterietics of the unfired clay are very good. Nevertheless,
drying shrinkage increases with depth (with the exception of sample )9) and
sanples taken at depths greater tham 2.10 metree (7 feet) bdelow the surface

show 1ittle strength after drying (once dried, these samples break easily).

The samples recovered below 2,10 m (7 feet) - that is, samplee 21, 38 and
39 - exhibit prenocunced firing shrinkage and have very little strength. These
sanples can be crushed er brokem by hand. The addition of sand to samples 21,

38 and )9 ceuld increase their strength and reduce their firing shrinkage.
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The samples taken between the surface and a depth of 2,10 m (7 feet) are

very strons and show only minor (tolerable) firine shrinkage,

Perronal commentr

Pending receipt of CARIRI's complete report, these preliminary teste
seem to indicate that the Windy Hill clays possess sujitable characteristics
80 that naterial t.om depths of up to about 2,10 metres (? feet) below the surface
can be used in its original state; below that level, it is also likely that the
clay can be worked if =and j= added (this Will have to be determined throush

appropriate testing).

thile not absolutely perfect, these results are encouraging in terms of what
1# being aimed at in !iontserrat. They suggest that the Windy Hill clay 1s of
nood enough [uality to justify the eastablishment of a small brick and tile

industry,

During the tests which should be carried out on the remaining clay samples

stored at the Craft Centre in Plymouth, the laboratory shoulds

Determine what kind of products might bost be manufactured from
clay of this type;
Determine how deep to dig, sector by sector, once the test results for

11 the samples have become known.

In addition, the method for the industrial proceseing of the clay should

%o ohosen and worked out at this stage.

In any event, the sffectively workadle clay reserves will requirs
recalculation in the 1ight of the test results for all 117 samples, ence these
results are knowm.
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