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Crocidolite in the Districts of Prieska and Hay. 

'The belt of hilly country extendin€;: i'rom the 

southern extremity of the Doornbergen, throuth Prieska, Nieker.ksho ~.IJ~ 

Griquatown and Kurunan, to a point far north or· the latter, 

constitutes a region or great scientific and economic interest. 

Spoken of generally as the 11Blue Asbestos Belt 11 , it has ramifications 

stretching in north, and north-westerly directions from Prieska. In 

the south it is known as the Doornbergen, passine; into the 11Asbes t os 

Mountains 11 north of the Orange River, while farther north it becomes 

the Kuruman Hills. 

This large area is unique in that enormous 

deposits of fibrous crocido.1ite or "blue as bestos" are known to occur 

scattered more or less irregularly over the entire belt. The 

mineral, often a ccompanied by some or all of its varmations and 

alteration products, has been reported from nearly every farm, 

excepting only that portion covereC:. by Ongeluk Volcanics, and the 

UPPER 13EDS OF TlC LOWER GRIQU.AT0\11/N SERIES, whicn thus form the only 

interruption to an otherwise unbroken extension of crocidolite 

bear in€, s tr2 ta. 

The physiographical features and general 

geology or· the area have been so ably and exhausti v·ely treated by 

Dr. A.L. Hall in his memoir on "Asbestos in the Union of s. Africa 1
', 

that very little remains to be added here, and a detalled discussion 

of these would thus become mere rep•ti~ion. Viliile attempting then 

only a short summary~stress will be laid on those features which 

appear to hcve an important bearing on the crocidolite occurrences. 

In the south the asbes tos formation rises to a 

considera.ble elevation a.bove the Dwykcs - covered f"lats. Here intense 

denudation ha s resulted in an almost complete removal of the 

overlying. lavas , and fairly deep va.lleys have been exposed, giving 

rise to very hilly, almost mountainous,scenic eftects. Passing 

northwards this strong relief is replaced graduall y by low, 

undulatinc and rounded hills, t ypical of the middle member of the 

Griquatown Series. 
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The eastern margin of the asbestos formation is a well 

defined ridge, striking in a north-north-eabterly direction, 

where it becomes a dominant !'ea.ture commanding the vast Kaap Plateau 

region. 

Along this eastern margin the Lower Gri quatovm beds, 

conforming to the underlying Dolomite of the Campbell Rand Series, 

dip~ at gentle angles westwards, forming a wide shallow synclinal 

basin, still retaining remnants of a f ormer widespread covering of 

lavas. These lavas have their fullest development in the middle zone 

of the basin from south of Witwater to slightly north of Ongeluk. 

From GriQuatown southwards, the junction of the Lower 

Griquatow11 beds with the Dolomite is obscured by a thin unconformable 

covering of Dwyka Conglomerate, which is re~resented on the 

western margin of the belt by a few scattered outliers. The 

significance of the Dwyka as a probable agent for supplying the 

siliceous solutions which have caused such extensive surface 

alteration will oe .discussed later. 

The asbestos horizons a re con:fir1ed to the lower 

portion 0f the Lower Griquatown Series, extending from very near the 

base upwards. These beds are made up of hard yellow and brown 

jaspery rocks, dark magnetic ironstones and soft yellow ferruginous 

phases resembling a shale. M. A. Peacock describes these rocks as 

cryptocrystalline cherts, and finegrained magnetite quartzites, in 

which detrital grains cannot be detected, and crystalline · structure 

appears to be secondary. More normal rock types comprising 

quartzites, sandstones, shales, limestones, and a boulder bed, 

are described by Hall and du Toit as occurring nea r the top of the 

Series. These, however, do not carry crocidolite deposits. 

Dr. Hall puts the tota l length of the asbesto s belt 

at not less than 240 miles with a vari able width no~exceeding 

30 miles, but narrowing down in places to a few miles. There is 

very little doubt that a considerable further extension northward 

will yet be proved. The mineral is mined a t numerous points along 

the belt, and altnough the economic possibilities of the area 
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brought into pro~inence -~ - by the keen demand for a sbesto s , ha ve 

arouse d conside r a ble interest l a tely, only a fraction of this 

eno r mou s areu is being sy stem<:tlcally mined. 

Although rich loca.l concentrations of croci doli te are 

compa ratively r a re, a,nd then oi' relatively small dimensions,, l a rge 

deposits of low grade fibre are f a.irly comr11on. The fi ore reserves 

on the most conserva tive c <:ol,iculation must be exceptionally large, 

and the rea l economic i:r1porta nce of the belt is thus largely potentia] 

a lega cy for the future, wben conditions may pernut a fuller 

exploitation. 

For convenience in de scription it 1s propo s ed to trea t 

the a sl)estos belt under f·our divisiona l sections , which to some 

extent show va rying a nd cha r a cteristic fe a tures. They are ~ -

1. The South , or Doornber£ Section. 

2. The .North-we s t, or Koega s Section • 

7 
uo 'J:'he .North, or Bl a ckridge Section. 

. 4. The .North-east, or Main Section • 

The Sout.h Sectio.n embraces tha t poi·tion situa ted sou t h 

of the Orange River, extena1ng from Vergeetmynlet, and Lovedale, 

thruugh Prie sk a to We s terberg iH the .tilorth-west •. Crocidolite occurs 

throughout the whole of this s ection, due to the dup.Lica tJ.on of 

c r ociaolite horizon s by rolding , a.nd to the f a ct tha t denuda tion 

ha s fre quently cut d.ovm to the lower beds. Folding is pronounced 

1'ol:ihowing the Door n·berg sy s t em. The country 1·ock i s ol·t en very haru 

consi s ting of da rk magneti c ironstones , a nd yellow and brovmi sh 

j aspe r s , whi ch a r e l ess thi nl y bedded a t time s tha n i s the case 

f arth er north . The sof ter phases show a di s t i n ctly limite d deve lop 

- men t , being c onfined to thin bands up to a few fee t wi de, s i tuat ed 

i n cl ose proximity to the c ro c i dolite seams .~t Keikam ' s Poor t, 

G-len Allen , a n d Y-.al kga t t he lower f i bre horizons oc cur very near 

t o t he Dolomi t e , wh i ch a t Gl e n Alle n i s dis tinctly folde d into t h e 

ban de d i rons t one s . 



The :North-west Section is that arm follo·.-l'ing the north 

bank of the Oranbe niver, and include the well known workings of 

Kliphuis, K1.ein .Naauwte, Koegas, Leelykstaat, and Btilverlaat. The 

physiography is very simila r to that of the South Gection showing 

strong relief, but a fuller development of Lower Griquato\m beds is 

seen, with occasional outliers ofr lavas, and there is thus a more 

sporadic distribution of crocidolite outcrops. 

The North Section extends almost due north _fro m Prieska, 

. and forms the western limo of the 7litwater-Ongeluk basin. Here the 

hills are low and undulating with wide sandy va lleys in between. 

The ironstones have been subjected to severe local folding , but have 

a general easterly dip, and often concist of soft yellow ana thinly 

bedded shaly phases, alternatin€ with yellowish j aspers, and 

siliceous fine grained types approaching a quartzite. The section has 

yielded only one mine of economic impo!·tance thus f ar, due no doubt 

to the paucity of outcrops, much of which ~e covered by red sand. 

Judging from the mode of» occurrence eJs ewhere one would expect a 

tendency to loca l concentra tions of fibre in this section, wi thllli ts 

usual a ccompanyment of' large barJ:en stretches. 

The }~in Section strikes in a north-north-ea sterly 

direc tion from Prieska, passing throue;h Niekerlcshoop, Griq_uatown, 

a nd Kuruman. 1rear the Greenwater Location, north east of Postmasburg, 

it forms a junction with ri:tk the north Cl,rm, and ends up with a 

gradual sweep tp the north-noi'th-west. Towards the southern end the 

section is disturbed by undulating folds, ·and the country is hilly 

with depp nc.rrow valleys , which t;r a dua lly die out towards Niekerkshoop 

and Griquatown. In this middle zone the asbestos formation is much 

les s disturbed, denudation following lines reminiscent of the Karroo. 

A change becomes noticeable in the rock types of this 

section or zone, due perhaps to the lesser degre e of folding . Thus in 

the folded and contorted a rea round Prieska the ha rd yellow and brown 

j aspers predomina te, while in the Niekerkshoop-Gri quatown area the 

soft yel.Lovvi sh sha.ly va rieties become increasingly common, and are 

generally confined to the crocidolite horizons. Mere the higher beds, 

forrnin~ krantz-like ledges, consist of hard yellow j aspwrs and fine 
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grained quartzitic rocks.Throughout the whole of this section 

altera tion, 9articularly silicifica tion, of crocidolite seams 

are exc,remely common, and the process of alteration can be traced 

through nearly all its stages. 

VARI~TI~S OF CROCIDOLITB. 

Three va rieties are commonly met with, differing mainl~ 

in their physical properties. A fourth variety ha s recently been 

described by Peacock. 

1. Cross Fibre. 

This is the much prized commercial va riety, in which 

the fibrous structure isx perfectly developed, the fibres being 

placed at approxima tely right angles to the containing walls. 

Although the actual development is probably always truly normal to 

the bedding planes, the fibres often show an inclina tion to the norma. 

- 1. An inclination of 50° r1as measured in a specimen from Leelykstaat 

The general a ssumption, based on observation, i s that the greater the 

angle of inclination the more closely does cross fibre approach . 

slip fibre in properties . In the specimen from Leelykstaat, however, 

the peri"ect cross fibre characteristics were unimpaired. As a 

general rule a slight or pronounced inclina tion is seen in all the ~ 

longer lengths even in undisturbed country, this inclina tion often 

increasing in folded areas. In narro~ seams the fi bres are frequently 

orienta ted norn~l to the bedding planes. Somet2mes the upper or 

lower portions of the seams, or both, are curved or curled. This 

inclination of the fibres is undoubtedly due to movement after 

crystallisation. 

Discoloured fibre is the result of partial altera tion 

produced in cros s fibre, whereby the original lavender blue is 

r epl a ced by yellows and reds , or lighter shades of blue, owing to 

either a varying degree of oxida tion or· the iron conteJl+., or to 

i nfiltration of iron oxides derived from the cou11try rock. Very 

often it is caused by a limonitid: band lining the 2nner walls of the 

conta ining rock. 
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2. Sl i p Fi bre. 

In this va riety the fibrous structure is very poo~ly 

developed, the mrienta tion being parallel or very nearly parallel to 

the bedding planes. It repr esents the final stage after movement, 

and should perhaps be regarded as an alteration product of cros s 

fibre. The fibres have lost their hi ghly individualised character, 

and cannot be worked up between the fingers• In those cases where 

a high degree of parallelism to the containing walls is atta ined, 

very unusual lengths, up to a few feetlong, may be rea ched . It has 

lost all those properties on which the value of asbestos depend, and 

is generally li~hter in colour than cross fibre. It occurs commonly 

in disturbed or folded areas, in the vicinity of shear planes, or 

associated with small quartz veins. 

3. Mass Fibre. 

In mass fibre no fibrous structure is obvious to the 

naked eye. It is represented by a finegr a ined, apparently amorphous 

rock, commonly pale to dark blue in colour, sometimes as suming a 

green or greeni sh blue shade . ~lliile quite soft, it is usually very 

tough, and then becomes a distinct barrier in mining, when, as so oftE 

happens, it occurs closely associated with cross fibre. Dr. Hall has 

applied the name "Potential Crocidolite 11 to the rock, and describes 

it as "cons isting of a mass of microscopic fibres, haphazardly 

orientated, someti~es scattered irregularly through the r ock, or 

again tnis a rrangement rray be a ccompanied by nests or groups of 

small r adiating needles " 

Mass fibre occurs in interbedded layers, seams, or 

bands, !'rom mere films ap to 18 inches or more in width. At 

blaauwboschkuil, north east of Niekerkshoop, such a oand cont1nues 

unchanged along its s trike for a measure a. distance o:r 800 yards, a 

l eng th of s t r ike quite unknown to cros s fivre. In a similar seam a t 

:Naauwpoort a gradua l development of' cross f1ure seams within it are 

seen. Elsewhere on the same horizon cross fibre seams replace 

potential crocidolite, although the trans ition is not well defined. 

The reverse is more conm1on. Very often potential crocldoi~te 1s 
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replaced by thinly bedded ironstones. 

4. Acicular Crocidolite. 

Thi~ variety is described by M. A. Peacock in the 

"American llinera.logist" for July 1928 , Vol. 13, page 245 as 

occurring in bands of acicular brown amphibole, arranged in the cross 

fibre manner typical of the blue fibres, but coarser in structure. 

It is from this materia,l tha t he derived the fuller optical da ta 

so urgently required, 

MODE OF OCCURJB.NCE AND DISTRI.bUTION. 

Croc1dol1te occurs as interbedded cross fibre seams or 

veins, a.lways conforming perfectly to the beddi ne; planes of the countr; 

rock. Iron in the form o1· the three oxides, r anged as parallel l ayers 

or thin bands, sometimes distributed irregul arly through the rock, 

is very often associated with crocidolite in the harder rock types, 

while in the softe~monite is -often dominantly present. 

The occurrences are confined to certain horizons in the 

Lower Griquatown Series, commencing from very nea r the base upwards. 

At Zeekoebaart, the most extreme north west farm in the Koegas 

Sec tion, the first set of crocidolite seams occur ~ not more than 40 

feet above a thin band of Dolomite. While no accurate figures are 

available it would appear that all the crocidolite horizons are 

contained within the lower 1000 feet of strata. 

In connection with the surface distribution of crocidolite 

outcrops, it is noticeable that all those farms situated at or near 

the base of tile series carry fibre deposits. Conversely a belt of 

farms bordering on the Ongeluk Volcanics are barren of crocidolite, atN 

and this is the case on several farms situated in the middle of the 

belt,(eig• Martlowe ~ where denudation has not yet cut down to the 

lower beds. 

A remarkable feature of the asbestos belt is the consist-

-ency in distribution of crocidolite outcrops over the belt as a 

whole. The same cannot be said, however, in the case of individual 
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seams ana eeam-groups. 

Normally crocidolite occurs in fiore areas or patches 

showing the utmost mart_ inal irregularity, and the:?le V?o.ry in ei :--e 

between very wide limits. They resemble lenses elongated in every 

direction, subject a long the line of outcrop to all the vagaries of 

erosion. :Moreover, they appear to be lJlaced haphazardly with reference 

to one another, and it is thus very difficult, i!' not impossiole, 

to l ay down any rule as to the localities liJ.\.ely to be crocid.oli te 

bearing. 

A series of such flbre areas, more or less irregularly 

distributed over a given locality, sometimes form a well defined 

group, which may be reg &.rded as a "fibre zone". At Elandsfontein, 

south west of Griquatown, an exceptional case is seen where the 

zone cons i s ts of one l a r ge a.nd continuous fibre area, with several 

small barren enclosures. Outside such a zpne crocidolite may occur 

in isolated patches or be absent over very large distances along the 

same horizons. 

These zones are subject to so many variations in their 

arrangement that the follow1ne classification may serve as a 

condensed illustration of the types met with over the belt as a 

whole. 

1. Lateral Zones. 

A fibre zone may be con:rined entirely to one 

horizon, upper or lower horizons being barren in the vicinity . !t 

may consi st of one or more fibre areas , which in turn may be 

composed of one or more seams of crocidolite. The Elandsfontein 

mine is an example of a zone comprising a single fibre a rea with 

only one seam averaging about 1 inch in width. Kaffirkrantz, nor th 

east of Niekerkshoop, i fi an exam11le o!' a multi-seam, multi-patch 

l ateral fibre zone. 

2 . Vertical Zones. 

Hare often fibre a reas are developed at t wo or three 

horizons simjltane ously , these being pla ced a t vertical intervals 

of from 10 feet to 80 feet. At Blackridge Mine t wo reefs in close 
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proximity, carry in the case of the "upper reef" t vvo consistent 

seams, while the "1 ower reef" may show as many a.s twelve seams. 

At Keikam's Poort three such horizons, roue5hly equidistant vertica.lly , 

•t show a simtltaneous fibre development, which:lm reach a maximum ih tne 

"lo;-rer 1·eer' 11
• 

3. Alternating or Step Zones. 

This is a rather rare cor.1bination of vertical and 

lateral zones, the fibre areas being placed a t intervals along 

severD.l horizons, in such a way that the barren areas ir: one 

hori ZOil correspond with ti bre areas 1n an upper or lower horizon. 

At .Naauwpoort J.~ine, I' our l a rge i'i bre areas h r.<ve been loca ted each 

on a separate horizon, and a t widespaced later&l intervals. 

1\umerous smt:.ller fibre a reas show the same arrangement. ~e f'i ure 

zone at .Naauwpoort has an enormous extension o!· approximately lt 

miles with an un.knO\'ffi width. ~~ni ne, operations consequently take the 

torm o1· numerous small centres of" activity spread over the entire 

length of the zone. 

Nature of the Seams •• 

Consistine of an infinite nul:'!ber o!' highly 

individualised though Ciensely. packed bluish- grey to lavender- blue 

fiores, tbe seams may var~ in width from mere films to about 4 inches. 

A specimen from Westerberg !Cine mee,sured 3~- inches, and another 

frum Hopefield 4 inches. Such lengths pepresent the maximum, however, 

and are very rare even in the northern portion of the belt where the 

longer lengths are more cornL1on. Lehgths up to 2 inches occur often 

enough to form a small portion of the output, but the great oulk of 

the !"i bre produced range :;between t inch and i inch in width. 

Seam forma tion presen~·many peculiar and striking 

characteristics, which could be grouped under two broad divisions 
. ··! .. . '· ._, 

according ana- the seams show;-

~lt.e.. 1. A ree:ular or normal structure. 

~ 2 . An intermittent or wavy structure. 

There is no well defined line ot demarcation between 

these two groups . A sean belonc; ine: to one group may gra.d.ually pass 

into the other along a dip slope ana vice versa. Both types are 
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coJ:llP.lon a.ncl may occur as separate seams lH the same "reef", one or 

more of the seams mD.intainin[ a regular or evt:n wia:th along striKe 

and d.ip, until it "pinches" gradtwlly all round, wh1le others 

follow B. wavy and irregular course. They vary in width every fev'/ inchc 

-s, sometimes "pinching" abruptly, <;. nd as suddenly widenint; out 

again. Another characteristic peculiar to intermittent seams is 

the tendency to overlapping or step struc:ture. f:!uc..t1 seams cont..iiLue 

for short di_stances and at the point o! 11plnch" appear ·again a few 

inches above or below. 

Utner variations 1n seam structure orten met 

with are the following:-

a. Dual-seam structure. 

b. Com}.,osi te-seam structure. 

c. Cone and corrugated struc ture. 

The relation between these a nd the two groups 

discussed above will be best seen by taking typical examples derived 

from various parts of the belt. Thus at Naauvrpoort a dual-seam, 

falling definitely under group 1, is made up of two intermit tent 

seams, sucn that the crests in one of the unit seams correspond with 

the troughs of the other. Separation is caused by a th1n wavy partinb 

of country rock, which disappears at times when the two combine _:t.o 

form a sinble normal seam. This seam is one of the upper members in 

the horizon knov.m locally as the Mc~in Reef. About 11 inches below it 

another dual-se.::m, known as the "tweeline" (twin) consists of two 

nort'IJ.al seams , with a regular parting prone so minute that the fibre 

extremities appear to be touching at the junction, which is pl~ced 

in such a way that the lower unit is approximately h8lf the width of 

the upper one . This seam retains these characteristics over several 

T'liles along the strike, and never shows any perceptibl e variation 

except in width, serving thus as an excellent local marker . 

One of the four seams at the Blaauwboschkuil 

Mine consists of ±'our unit seams vii th three minute partings of 

potential crocidolite. Here the parent seam is regular while two of 

the unit seams are regular and two intermittent. In a mine on the 
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north section a single normal se€\m .?--?out 2 inche ~,.;r:~~e a t the surface 

and for some distance down the dip (35°), assumes at depth the 

na ture of a compo site seam, which on cobbinr yield.unit seams 

f alline under gr ade 11X11
, tho.t is . up to i inch wide, althoueh in situ 

it never lo se s its identity a s an individual se~~: . 

Cor1posite structure i s perhaps due to slie;ht move-

-ment under pressure, such as would result in the vicinity of folds, 

or it may also be due to varia tions in fibr e growth. At :Naauwpoort 

folds of the kneebend type a re always associated. with crocidolite seam 

- s showing curves or cur ls a t one or both of the extremities. This 

bendint; of the .fibres re sulted in line s of weakness, which by 

reflected light can be seen runnint_ parallel ~o the conta inine wall s . 

It often happens that in the folds such line s of weakness show a 

t ransition into a plane of fra cture, thus giving rise to duc:~l or 

composite structure. As a general rule, however, compo site structure 

i s caused by uneven crys tallisation over interrupted interval s , 

fi bre growth cornr!lencinc at the top, middle, or base of» a seam 

either simiUtaneously or mtherwise. 

Cone a nd corruga ted structure s are very well described 

by Hall. These are the na tural structures resulting fl'ora the wavy, 

irregul ar , and undulating ~rgins of intermittent s eams. At 

Raauwpoort a peculiar variati on i s seen where conical structures 

connected with a regular seam, only occur at, and a re enclosed 

within, the upper mar gin of the seam. The bedding planes do not 

conform to these cones, t h e axes of which are inclined at an angle, 

corresponding to a curve in the upper extremity of the seam. Wh.Bn the 

fibre is removed the se peculia.~ 1shaped cones appear as irregularly 

pl aced pro tuberances having some re semblance to c ertain species of 

l amelli branch~ . The cones often consist or· very thin layers o1· 

country rock alternating with minute seams of crocidolite or 

potential crocidelite . 

The kneebend folds of Naauwpoort are always heralded 

by parallel undulations, or corrugations which gr a dually increase in 

wave l ength and amplitude as they approach the fold. Acregular seam 

t raversin£ these undul a tions gives a perfect illus t ration of 
> :-r; l J ' · ' ;,. J ~ ' 
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corrugote~ structure, widenin~ sli~ntly at the crests and troughs, 

and narrowing in the limbs of these minute folds. 

Groupinr of Seams. 

Crocidolite seams generally show a group 

arrangement or aggregation of two or more seams, the whole being 

confined to a definite horizon. The number or seams to a ~iven hori-

zon may va ry from one to twenty l'ive, spread over a varying extent 

of country rock. Sometimes they are sandwiche ~ closely together 

over a few inches, or again they may be evenly distributed over as 

much as 20 feet of irons tones. At Hppefield Estate 25 seams were 

counted at roughly even interva l s over 20 feet or country rock. 

More often from three to five seams occur a t irregularl y spaced int-

-ervo.ls over four to six feet of rock. A common occurrence i s for -

four, five, or six seams,when short,to be spaced over as many inches 

of rock. In the main reef at Naauwpoort the maximum number of seams 

never exceeus nine distributed over six feet of rock. 

nela ti on of Seam-p;roups to Indi vidua.l Seams. 

The group characteristics bear a close similarity 

to those of individual seams; in f a ct what is applicable to the 

seam ca.n al s o be applied to the horizon in whi ch it occurs, and the 

same relation may be said to hold between the seam-group and the 

group of minor horizons of which the former is a member. Thus 

individua l horizons or seam-groups are subject to the same 

structural peculiarities discussed above as pertaJ.ning to single 

seams. They may be intermittent or regular. Alternatine or step zones 

represent the group equivalent or step structure common to inter

-mittent seams. Lateral zones are merely the group duplication of 

chara cteristics a ttributed to a s ingle,normal and consistent sea~. 

Vertical zo~es find a counterpart in the horizon conta ining the 

average three seams more or less evenly spaced apart. 

The Identity and Correlatiorl of the Various Crocidolite Horizonc:. 

The characteristics peculiar to a group of seams 
roc:.~<. 

and the noture of the country in which they occur, are generally very 
"' 

local. These are subject to continual modifica tion and change , not 
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only in the degree of fibre development, but also in the number of 

seams, and in their arraneement relative to one another. 

V/hen to this is added the absence of any stratigraphical 

marker, and the slight value ot dip readings due ~o the presence of 

numerous anticlinal and synclinal rolls, or undulating folds, it 

will be seen that the correlation or the crocidclite horizons 

becomes a mat t er of considerable difficulty and uncertainty when 

applied over large areast 

These horizons are invariably clustered closely 

together, the total thickness of strata involved comprising a 

comparatively thin section of banded ironstones, seldom exceeding 

100 feet in width. In trying to reconcile this with the fact that 

crocidolite seams occur over a maximum of approximately 1000 feet 

of the series the following conclusions are suggestea. 

1. Tne <.;l·oe;J.au..Llte bt:an .. .ug ·u~us are arrangeu su.cn ~nat 

two , a.nd perhaps even three major horizons separated by some hundreds 

of feet of barreb country rock, could be recognised. 

2 . The beds are potenti ally croci doli te-bea.ring over 

the whole sequence of approximately 1000 feet, but that a full 

development is never a ttained at any one locality, crocidolitisation 

following the laws applicable to individual seams and minor 

horizons. Thus barren sections at a given locality may show a 

development ofr;crocidoli te elsewhere. 

The l a tter a ssumption appears to a ccord more nearly 

with the f acts derived from field evidence, and it explains the 

difficulty experienced in correla ting the crocidolite horizons . 

At :Naauwpoort and Leelykstaa t an unusual number of 

minor horizons developed ove r grea t l a t er a l distances yield:, an 

interestinE field. of s tudy.., These two loca lities, including a s they 

do a maximum or· exposed croci doli te bearing s trata, are typical of 

a l a r ge number of occurrence s . At :Naauwpoort crocidolite has be en 

exploited alone seven well establi shed minor horizons, a wide gap of 
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apparently barren country roc1c occurring between the :Bottom Reef 

and the 1~ew ~:ine neef. The 't'op neef marks the highest croci doll te 

horizon, but :::earns of "tigereye" occur still hie,her in the 

succession, thus corresponding: to a t le e,st three upper minor 

horizons now completely silicified. A sketch of the Uaauv(poort 

horizons drawn to scale i s appended. 

Tendency to Uniformity in Process of Crocidolitisation. 

The generalisa tion expressed above is based on t he 

as sump tion t hat the amoun t of crocidol ite pr es ent as such, o ~r in 

t he for1'!l of any of its va riations and a.l tera tion products ~ tends 

to be constant when calcula ted over any complete section or· the 

asbe s to s bearinB b eds. 

It has been r emarked tha t the gr ea te s t consi s t ency i s 

s een in the di s t r ibution of croci dolite outcrops over t he belt as 

a whole , althou~h thi s does not hold in the case of indivi dual 

seams and rnino r horizons . It i mplie s a continuity in the proce s s 

or· crocidolitisation which is not negatived by the intermittency 

of seams a nd s eam- groups, but r a ther tha t these are merely 

va riable members, indi ca ting in their arra ngement a l a r t_:e r p:roces s 

which tends to uni formity in distribut1on. 

The pri nciple ha s been applied to local f' i bre a r eas 

<:.nd it was foun d tha t the amoun-c of crocidolite to any giveh 

horizon often remained remarKably constant, even though the s eams 

va ri ed in number a nd widthi and dimini shed gr a dually towa:eds 

the ede::;es of the group of seams comprj.sing the horizon. At 

lTaauwpoor t ±the i a.ea of continuity to the group of hori zons ; 

has had a prac tical applicati on, and it was f ound tho. t a t any 

lo c.:<:~li ty where b oth Bosman ' s Reef and t he Lower Reet ' were barr en 

or ver y po or , the lTa in Ree f or s ome other norizon ca rri ed ·payable 

deposits of croci dolite. It wa.s a l s o establi she d tha t a si:mil.1tan-

eous development of croci dolite on al l the local hori zon s ~ 

r esulted in no s i ngl e hor i zon y i el din£ payable deposi ts . Elsewhere 

the same t endency was noted f ollowing , however, a long different 

lines . At El andsfontein cr ocidoliti sa tion exhau s t eo. itsel f" ih a 

con~ i s tent l a t eral de 1 of fib r e along a singl e hori zon. ve o:pment 

' 
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At Hopefield Estate the abnormal development of 25 seams over 20 

feet of country rock is compensated by an absence of upper and 

lower horizons. Numerous other cases could be cited illustrating 

the same principle. 

FOIJDING AND ITG fu~ATIOU TO GROCIDOLITISATI01f. 

The Lower Gri quatown beds have everywhere been 

subjected to e. greater or lesser degree of folding, which is severe 

in the south and north west section, and merges into gentle, 

undulating synclinal and anticlinal rolls f arther north towards 

Niekerkshoop and Griqufl.town. In this comparatively undisturbed 

area a striking feature is the occurrence of sma.ll parallel 

monoclinal folds or kneebends, nlvrays dipping steeply to the west. 

They vary indepth from mere corrugations to about 100. feet, and 

a t l'iaauw:poort occur oome 50 y !.1 rds to 200 yards apart. The downthrow 

is compensated by a slight easterly dip between the folds . 

These folds represent an unusual phase of the minor 

di8turbances, described first by Stow, then by Rogers and later by 

Hall, who takes the view that such local di s turbances were caused 

by the subs~dence of overlying beds into solution chambers in the 

Dolomite. Stow ex~;lained their presence as being due to pressure 

acting from the west . At first sight this view appears to fit the 

facts very well . At Nae.uwpoort the two most consistent seams in the 

JV:ain Reef always show an eastward curve to their upper porti ons , 

while the bases of the seams are curved to the west . Bearint in 

mind the pa rallel structure o!" these t'olds, and their common 

westerly Cl.i·p, there is much to support Stow's view. Yet the t·act 

that these Cl.~ s tunbances tenet to die out higher up in the succession, 

i'inds no adequate expl c:nation in that case. · 

There cannbe no doubt the t :t'olding was subsequent 

to !'iure growth and, thus no relationship can exist. Everywhere the 

croci doli te seams follow the !'olds, and generally exhi oi t the 

e:ftects consequent on such disturbances. In sharply compressed 

1'old.s the seams are o!·ten contorted, a·nd the I'i bres become inclined 

to the bedcting planes, the complete change to slip ti ore, however, 

is c01npa rati vely rare. The development of· dual and. composite structure 
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in the folds a t lJaauwpoort is an illustrati on of the remarkable 

results or· lolding on croci doli te seams. 

Among asbestos worker s it i s commonly accepted that 

ribre growth is often concentrated either in f olded areas or in 

fol ds, and it cannot be gainsaid that a l arge number of the bee t 

known workings are so s i tuated ,·a fact whi ch can hardly oe attri rmted 

purely to coincidence. ~~rther it is not~ceable that the effetc s of 

.o.:P !'olaJ.ng are not equally uistri outed over all the seams co11tained 

in the t old. Thus in the :rtain Reet at Naauwpoort only two two seams 

show tne cur vature o:r ! ' i ores referr ed to , the remaining seams 

oeing quite normal • 

. An explanation may be found in the assumption that 

crocidolitisa~ion, although commencing a t a t1me long prior to the 

f'oldJ.ng, continued up to, and during the period of ct.1stur·bance, 

such disturbed areas yielding conditions favourable to fib re growth. 

ALTJ~RATIO:N. 

The physical and chemical changes to which crocidolite 

is liable range i n · .:Ml progressive order from a slight variation in 
} 

colour shades to complete replacement by silica, iron oxide, or 

calcite. 

(a). Uolour Changes. 

This marks the first stage in alteration, the deep 

l avender blue of the unaltered mineral going into paler shades of 

blue, or greyish blue, the change being accompanied by a decrease in 

s~ecific gravity, and the usual stringiness of the fibre is lost. 

An appea rance is assumed which gives the impression of greater 

woolliness, the fibresob~ing finer and more fleecy. At thi s stage 

tha economic value of the fibre is s till retained but it is les s 

highly prized than the blue, stringy, una ltered mineral. being 

appreciQtively inferior in spinnability a nd tensil e strength. 

(b) Oxidation. 

In the next stage of alterati on colour changes become 

pronounced . The characteristic lavender blue is partially or wholly 

re~laced by yellows or reds, sometimes mixed with lighter 
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shades of blue. Two distinct products of oxidation can be recognised. 

1. Discoloured Fibre, indica ting the incomplete process of 

li:rnonit.,.ic or haematitic replacement. Very often a l teration a ttacks 

the extremities of the fibres f i rst, which can then be powdered 

between the fingers, while the middle portion remains unaffected. 

Discolouration is frequently cau sed by infiltra tion of ferric oxide 

derived either from the country rock, or from thin bands of iron 

oxides adjoining the seams of crociaolite. 

2 . A soft yellow or red fibrou s substances, probably identical 

with wha t Hall terms griqua l andite. The fibrous s tructure i s very 

m:.:~rked, but the ma teria l powders very readily and con sists alma st 

wholly o~ limonite. At 3l~ndsfontein a seam from 1! inche s to 2 

inches v7i de has been completel y altered in this way for a 

consiaerable di s t ance e.lo11g the outcrop. A drive carried in for 

some 50 feet alone the dip showed no signs of a change to blue 

fibre. 

(c). Silicifica tion. 

Thi s is by f a r the most c ommon a nd extensive 

form of alteration, but is more proounced in the southern portion 

of the asbestos belt. Towards the morth it is lee s intense, whe re 

the products of oxida tion are wi despread. In an optical and chemical 
@ 

study of the asbestos bearing ironstones, ¥- . A. Peacock@ describes 

three modes of occurrence of the siliceous element. Secondary 

quartz appears as mosaic bands which he says are recrystallised 

from the more siliceous components of the origina l sediment. He 

arrived a t the intere s tine conclusion tha t the third and l a test 

phase of quartz represented by "tJ.gereye ", al though regarded as 

a replacement product of crocidolite, grew concurrently with the 

latter. This view fit s in none too well with the f a cts derived 

from field work. At Bl ackridge , Fopefield, and many other workings, 

seams of "tigereye 11 passed into asbes to s at no great depth from 

~he surface. At ~aauv~oort and nearl y all the surrounding workings 

the silicified seams are confined either 

@ • .American l.ii neralogi st, July 1928 . 
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to the upper horizon~ or to certain areas , where the conditions 

were except1 onally f2.vourable to al tera ti on. Ou the whole the 

ironstones are everywhere highly altered at the surface by thi8 

later phase of silicification, which never continue s for ccny great 

distance along the dip, when it passes into a sot't yellow ferrugino-

-us and thinly bedded rock. Occas~onally the latter ~s again 

replaced by the hard brorm or yellow jaspers, which occur then in 

bands or Gtreaks always coinciding with open, fissure-like vertical 

cracks. ~ven in the relatively shallow asbestos workings it has 

been found that in the lower levels alteration is reduced to a 

minimum. This leads to the conclusion that alteration, and 

particularly silicification must have a direct cobnection with 

~~·gra.phical conditions, and that its influence became pronounced 

long after crocidolitisation coJllr.Jenced. 

The asbestos belt could be di vided into a southern; 

dominantly silicified region, and into a northern portion where 

G,l tera tion of croci doli te seams is mainly in the f'orm of oxidation. 

The bolli:mdo.ry is somewhere in the vicinity of Griquatown, t hus 

roughly coinciding with the northern margin of the Dvzyka . 

Proceeding southwards along the eastern margin of the asbestos moun-

-tains, silicification becomes gradually more marked unt1l in places 

even the lower har izons are af!'ected. Hence it may be said that 

silicification is more intense in Dwyka-bordered liLronstones, and 

the inference that± the Dwyka ma,y have been partly responsible 

in supplyine the later silica, is worth consideration. 

A common result of ·silicification i s the ±'ormation 

of either a pure white or bluisb pseudomorph after crocidolite • . 

The fibrou s structure is more perfect in the bluish variety, whi ch 

is widely distributed. All stages in the· proces s of altera tion 

can be seen, from a slight hardening of the extremities, through a 

semi-fibrous brittle stage, to the finished pseudomorph. Curiously 

enough this form of silicification is remarkably continuous alohg 

the dip, and b:.r asbestos workers is regarded as the least likely 

tp pass into asbestos at a depth which will j~stify prospecting 

drives. As a result information on this point is very 
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mea-t::re. 

(d).Oxidation and Silicific8tion Combined. 

'i7hen both forms of al tera ti on proceed simultaneously 

the product is often a oeautifully coloured, highly siliceous 

pseudomorph, occurrin~ more often in shndpe of gold, yellow, anC 

brown. Some specimens exhibit a wide range or colours, gold, yellows, 

mauves, pinks, greens, blues, and white 8,ppea ring with peculiar 
t't~~ru.~th·J: 
sho-t effect in a single stone. 'rhe r'inely r'i brous 1·orras of hit,hly 

coloured "tigereye 'ha..ve a lim.i ted application J.n the j eweller·y 

tra.de, and hav~teen used for makin~ ornaments, table tops, penholders 

and h8ndles for cutlery e~c. 

(e).Replacement by Ualcite. 

On the Prieskn Commonage, and on Rooisand, crocidolite 

occurs on the surface in limestone, which appears to have replaced 

the country rock,for only a rew feet in ~ the crocidolite seams 

are quite normally interbedded in ironstones. Mr E. G. Bryant of 

Prieska is in possession of a specimen of fiorous calcite inter-

-bedded in ironstones, and it probably represents a rather rare ca se 

or calcite replacing crocidolite. 

Properties or Crocidolite. 

It is on the physical and chemica l properties of 

crocidolite that its economic value depends, and these are best 

discussed by a comparison with chrysotile and amosite. Recently 

Peacock added considerably to the chemica l and ~ptical data 

available, deriving his results from what he terms the "acicular" 

vari e ty of crocidolite, a material better suited to a.t:::termina tive 

work. Previously the finely fibrous form had oeen used, the grea t 

divi sibility of which na ture.lly ma de for inaccura cy in optical 

work. The t able of optical pr operties giv·en below i s taken from 

his paper published in the "American lfineralogi st ", July 1 9 28 , 

page 255 . 
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Table of Optical Constants of Croci doli te~·--------:---

Mineral & 
locality. x. 

Pleochrolsm. Orientg. Ref. 
Y. Z. 

Crocidolite 
ex. YJ.iphui s. 1.698. 1.699. 1.706. 

( £1 '" 1,/•:, ) = 0. 008 • 
Indigo. Y~llow. Indigo. X c~0° 

z • b. 
New 
data. 

Croc. ex. 
Orange. R. 

(
•,;, .. . ·. 
"1'' o.J• ~Jt. 

l. 70. • •••• 
) = 0.005. 

.Bluish 
green. 

Bluish 
grey. 

Bluish · X C=low 
grey. Z = b. 

Gordon 
1927. 

Croc. ex. ••••• 1.699. • • • • • Deep Bluish Bluish X ne8r c 
Quincy, ('• ' '!{ ''I ·- ) ' , ) = 0.002. bluish yellow. grey. z = b. II 

Mass, €: reen. 

croc. ex • • • • • 1.701. ••••• Eethyl Straw Pale X c.o0 • 
. Narsarsuk, ( ~ ,_, ((,_ ) = 0.005. blue. yellow. t>lue • z • b. II 

GreenJ.:;md. 

Peacock adds that observa tions on a ba sal section of the 

acicular phase showed intersecting prismatic cleavage s less clearly 

the.n is usual in amphiboles. No optica l figure could be obta ined 

owin~ to strong absorption and weak birefringence; also the extreme 

closeness of 'C){/ and ;<;· rendered the directions of X and Y indi sting-

-uishable. He sta tes that the pleochroism scheme e.nd orientation 

given above a re the more probable of two possibilities, X andY may, 

however, require to be intercha nged. He further adds the following: -

Colour in ordinary light. 

Absorpti om. 

Extinction. 

Chemica l Properti es . 

Lavender. 

Parallel to c - indigo; perpendicular to 
c - pale grey blue. 

Sensibly parallel to c. 

Considerable disagreement exists in the 

uvai~able a na lytical da ta. Dana, Idd1ngE and Larsen a ccept the 

simplified formula , Na20.2FeO. Fe2o3 • 6Gi02 • Gordon regards 

croci doli te as a. variety of r .iebecki te, with the ideal formula 

R20.R203.4Si02, R20 being soda with some water, and R2 o3 chi efly 

ferric oxide. 
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:rhysical__PropGrties. 

The following table, taken from the s. African 

Hining and }~ngineering J"ournnl, gives an interesting · compa:ri son of 

the physicr•.l properties of chrysol tile, crocidoli te and 2.mosi te. 

Properties. 

Max. fibre length. 

TenDile strength. 

Fibre f·ineness. 

Fea t Resista nce. 

Acid resistance. 

Insula ting value. 

Heat insul. VRlue. 

Spinn&bility. 

Uses. 

Chrysot=i=l~e~·----------~C~r~o~c~idolite. 
- @ 

lt to 2 in. lt to 4 in. 

Very fine. 

G-ood, but 
beco¢.es 
brittle. 

Poor. 

J!,ai r to 
good. 

Good. 

:Gxcellent. 

Highest. 

Fine. 

Poor - fuses 
to a 
glass. 

Good. 

Good. 

Moderate. 

.b'ai r. 

Amosite. 

7 inches. 

High. 

.B'ine. 

Good but 
becomes 
brittle. 

Good. 

Fair 

Good. 

l.i'air. 

It will be seen from the above compa ri son that 

ea ch of the three true asoestos rnlneralo will be spec1e,lly adapted 

for pa rticuleJr u ses. Thus the extreme fineness of c.hrysotile I·1bres 

e;ives it exceptional value when required !'or spinning purposes. 

Crocidolite on the other hand is particulaly suited :ror the 

ma nufc.cture of ·insulating me..terial in electric ware, for coar sely 

woven textile products, and !'or many marine uses. The lont; :t'ibre 

leng ths ot amosite, and the large percentage of spinniug lengths in 

the a vailable supplies, give it a decided economic a dv3ntage. 

The u ses of 8.sbestos may bt::: briefly summarised a s 

1·ollows :-

1. Fent a nd Fi re nesistinr; Textile Products • 

.!!'ire curta ins , incombus tible cloth, !'ireman' s sui t. s , 

brake li nings , ga~ke t s for machinery, blR.nket lining s, aprons , glove s , 

lee;gine:_:s , h elmets , t apes, wicks, rope, and Clutch f a c1ugs. 

Only the higher gr a.des and longer lengths a re used 

for the above purpo ses . The shorter and less valuable gr ade s have 



Dlmost innumernble a da.ptations, chie!'ly in the produc"tion of :-

2. I'aper Goods :ror l1uilding J:>urpose s , rill board, _and. Asbes tos 

Shingl es . 

Shinc:les ere utilJ.sed in hea t ana. electrJ.cal 

insulation ·ware . Sheeting paper is used. betwe en floors, in stove l~nJ..n-

- gs , heEl ters , cabinets , a n: ct. helmets etc. Also :t:'or :til tra ti on purposes, 

and in the Manufacture or· paper !or chemical purpo ses . Shingles are 

a. l so I ind.i ng an impo1·tc:mt applice.ti on in the production o! asbestos 

cement. l."i llboa.r d i s used ! or making asbestos wall boards , routing 

boa.rds, ana. joint pa ckJ.ngs !'or steam pipes and machinery. 

These are the old and established uses and. do not 

by any means represent the full list, yet new uses are be1.ne !ound 

!or as besto s a lmost daily . A pa int has recently been prepared, 

asbestos rorming a primary ingredient, whi ch is said to r~sJ.st the 

action of sea water. Asbestos f ibr e combined. v;J.th wo od. pu~p ae:rJ.vativ·es 

are said to be used iu t he manufacture of h ose, and socKs. 

GE.N~SIG. 

Although the problem of asbestos genesis h as 

occupied the attention of several mineralogists for a considera.ble 

time it still remains an admittedly unsettled and vexed question. 

Sever a l theories have been postulated to explain the origin of 

crocidolite and the banded ironstone s in which the former occurs. 

The countl'y rock is supposed to have been :forme d 

under deep sea conditions, a s a result or chemical precipita tion 

in an extensive ocean basin. Peacock argues tha t the action of 

hot subma.rine fumaroles yi elding h1 drochloric a cid gas, would 

result in the f ormation oi· al.Kali chlorides , I'erric chloride , and 

gelatinous silica, amn1onium solutions a nd soluble alkali silica tes 

reacting to yield i'erric hydrate. The rock so formed should after 

dehydration and induration be s imila r to t ypJ.ca l phases of banded 

ironstones. Peacock bases his conclusions on the non-detrita l 

character ot· the gr a ins, and simple chemical compos ition, of the 

ironstone s . 

The country rock s o formed can be shown to 
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contain all the constituent elements of crocidolite with the 

exceptior. of soda. This led to the view a dopted by Rall,and 

supported by Peacock, that fibre growth took place alone bedding 

pla.nes, marking the existence of pre-existing soda-rich b<mds • 

. Hall expla ins the presence of magnesia in c r ocidolite 

as being directly connected with the underlying Dolomite. Pea cock 

finds sorne difficulty in a ccep ting this view, believing it unlikely 

tha t such solutions would be capable of traversing the ironstones, and 

ins tea d adopts the as sump t i on tha t a s crocidolite only contains four 

times the quantity of magnesia present in the country rock, which, 

he s t a tes, often shows a l eached appea r ance, the magnesi a was 

proba bly conc entra ted nea.r t h e present po sition of the s eams . This 

view a ppea rs to be the mor e a ccep t able of the t wo. 

In summa rising Peacock de scribe s c r ocidoliti sation a s 

a mild metamorphic proce ss, occurring a long soda beari ng stra t a , 

f a cilita ted by the pre sence of interstitia l water, and by a modera te 

tempera ture and pressure such a s would result rrom the weight of 

superincumbent beO.s. 

The cross fibre s~ructure is attributed by Hall to 

the mutua l interf erence of growing crysta ls, volume changes, unequa l 

supply oi' solutions, a nd the tendency in amphiboles to prismatic 

habit. Pea cock considers it due to tn~ con~rol which bounding 

surfa ces exercise on the orientation of fibrous minerals. 

Both agree that potential crocidolite is the primary 

metamorphic product, follo.wed by cress fibre, the end product being, 

a ccording to Peacock ,the a cicula r vari e t y • 

• 
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Regul:ar, composite seam, !.~ain Reef, liaauvipoort, showing unit intermittent 

seams, se:para ted by a partinf .'t;ll:::>ne of country rocK. '.:'"v70 t;n;i cal cone 

structures (c) above, not con!'orming to bedd.ine- plc_nes. • 

Regul a r dual seam ( tweeling) Naauwpoort, l:ain Reef, showing east and 

west curva ture to fibre extremities • 

• • .. f ~ - - ·- -·· - -- ·· 

Int~rmi ttent seam, Bosman's Reef, Naau.v~poort. 
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::howing hoJ'i zon tu.l bedding and 

peculiar karroo like ~eathering effects. 

The acbestos horizons are rou~hly 

indicated . 

Vertica l s ca l e 2t times horizontal. 
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Forti on of Naauvrpoort J~ine. ·showine outcrop of "[ain neef, and ,. 

probable marginal outlines of a portion of the old workings. 

This would correspond rpu~hly to the shape of the ribre areas. 

'.Jest o:r the di.::.base dyke all · crocidoli te see,ms are hi[hly 

silicified, al thoueh these are proved extensions oi· the horizons 

'\Yorked e~.st ot' the dyke. 
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Scale ••••••.• 1· inch = 200 f ee t. 
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