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PREFACE 

Preciom stcioeg or ^em-^topiss ^ miiuifaJ pttrftictj. 
and this book, vFritten by a mmeraJogist. deals with 
thim from a mhserdogkal point of view. Their serious 
study Is a bniitcli of scientific iriirieraJo^^ and there 
h much more in them than wimi merely catches ihe 
ey^ Thdr detennumtmn wd naming can be correctly 
done only with some knowledge oi the principle of 
minenijogy. Tliia of course mvoJm the use of some 

tochmeal tenn*, but very nearly oil those here used will 
be Found in Tk& Cmci%& Oxford —cmd this 

cajinat be said of aJt the " techiucaJ expressions used 
in sports and fashions Minerals of dillmmt kinds 
must be giVcn names^ and these names often have a 
more precise meaning than the names of p^pJe. An 

attempt ha«f been made to give in popular langaage a 
geoisral account of the prpf>ertics and composition of 
gemstones, whm? tlicy are Wod in the earth''$ crugt, 
aod to what they can be put Komanoe aad mystoy 

and feelings of Ksthe^ raptuie. often assodated with 
gem'^toiit^^ ore kept in the bahkgrotind, Proniinencse 
is ^en to hard and the driest (but really the 

^njost important) of these are assembled at tlie end of 
each chapter oi loey tables for petrpoies of reference. 
Many books have been written on precious stone^ 
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but thv bmuc litemture Is to be found in Lb« text- 

bookii and treatises on minisralngy and widely scattered 
in many scienlific periodicals. The standard work on 
the subject is the late j^rofessor Max Bauer's £dd- 
skittAundt {Leipzig. zSg6j, of whlcfi I gave an Englisli 
tianslarion PrediHis Stoiut (London, 1904. now out of 
print)? a third Gertnan edition has been prepared by 
Professor Karl Sclilonamacher (Leipzig. 1938^32). A 
trade jotimo] on pctpulcir tines i$ Tht Gemmotpgiit. 
pubiiahed monthly in London. Usefal guide-books to 
oollectioos ore issued by the Oeological Stanrey and 
Mtiscuni, the Victoria and Albert Museum, and the 
Imperial Institute, oU at South KeiisingttHi. Many oC 

the examples referred to In tlic leixt and some of the 
specimens figured are in the mlneriil cotlectUm of the 

^tish Musetun of Kattintl Hbtory. also at South 

Keuiington. 

NOTE TO SECOND EDITION 

A few minor levisons and additioiif Itavt been made 
without oltmtion of the pagination. For a revision of 
aome of the optical data in the tables I am much in¬ 
debted to Mr. B, W. Andereon and Mr. C J, Payne of 
Uie Laboratory of the Diamond. Pearl and Precious 
Stone Trade Section of the London Chamber of Com* 

meree, where numcroas pf«d» Jeterminatitma have 
been nude on muierals of gem quality. 
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CHAPTER I 

Introduction 

PRECIOUS stones may be regaitied ei* the flowts 
ol the MineraJ Kingdom, fkwmi that do not fadCp 

but with ^ lasting and peniiaisczit valu?. With tlidr 
biiglit colours arid briUUnt lustre they 
attract attention. But tJi£^ qualities m biUy hmugbt 
out only when the are suitably cut and mounted, 
A migh stone or |;hcbble is quite umltr^ivo in 
appearance and would t>c passed over by most P*5oplj<=. 

casual admirer of who^ horl^n is umjled 
to diamonfif mbYi sapphirep emerald* and ojxdp really 
sees no mare in them than in bits of tmsd and coloured 
glass, and is only duly unxsressed whei} told that tliey 
are vciy rare and costly, II pfeciot^ stones attracted 
attention otdy on account of iJjcir gaudiness and 
oostliness^ then there wonkj be littfe more to say about 
them beyond the merely obvious. They possess^ how- 
evcTi a number of remariohle ptoperlusi vthidi can 
only be apprin±ili?d and understood when they ara 
studied more dosely. 

Animals vegetable, or mineraii Pearls^ oorml^ and 
tvor>’ are anir^ products, amber and jet are v^etoble 
products^ and these out scaredy be re^dcfl as itones^ 
All other gem malcrials of iratimiLl origin are mineral 
products. These are Itard stones, and ore at once da- 
tingnished by tlieir iiardciess from tbe much ioftef 
matcimls of animal and vegetable origin. It is this 
high degree of hoitlneso that enables ^e^ ston^ to 
be wwn as pcrsORal omameiits^ without deterkiratkii. 
We could thWi ddine a juteous stone as any mineral 

i 
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wtiicb by rcafOD of ilA colftur md lustre is aiU^dve 
in appcanuicaj, nnd which at the snme time po^St^S^ftS 
a degree of iiardness suffident ti? withstand wear. 
There are wnenil commern minerals to which such a 
definition would apply; hut bcjii|p cammon and plentiful 
the adjectivi! "preebus" seems scarcely appropriate. 
Such stuues are usually dassii^ as semi-precious atones, 
while " precious stones am those that ace really rare 
and hard to get. 

Such distiiictions ane^ however* quite aj'bitrary. The 
best quality pf niby an{! emerge] art tuJw rare and 
difficult to obtain,, md are therefoce regarded with 
favour and classed as precious stones of the first ranJe 
But supposing tlial to^niomiw new dq>o$its of theso 
stones were found in huge amtHmt* and that ail knenvo 
deposits ofi say^ amcibyst became exhaustedk then im 
doubt the biter would tome into favuur and there 
would be m iuterd^ange tn rank. Sevend new occur¬ 
rences of diamond have been discovered during recent 
years, hut the market is controlled by powerfti) com* 
bines and large stocks are held iu the of 
diamond as a precious stone und its h^h price are 
thus maintained. Tlic trausfomtatktn of coat into 
petrol Is now m accomplished process, and undoubtedly 
some day in the future it will be posaibb to produce 
diamond from coal (often popularly cjdled '"bbclc 
diamond *'], It would then be possible to u^ diamoniJ 
for many technical purpo^ on account of its very high 
degfw of hordne^; then perhapES diomoiiij would be 
de^^ised as an ornamental stonOr During the po^t 
tliirty years crysiaUized corundum of fine gvruj quality 
and with a wide range of attractive colours has been prn- 
duced in large qnantitic5 by artificial meana, Strenuous 
eflorts are naturally made by ihe trade to keep out these 
pr^uct5 frtHn compctitioii with native ruby and sop^ 
phin? under the false pretence that tlicy are not rviJ 
and genuine. 

If we arc to rtgard sardty &s of such iiuportaiice. there 
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ntc fieveraJ uun^sds uubiowo lo jcwp.Ikrs tliat could 
Ikf used as precious but wliidi are Imowu only 
iti vcty few ^ledmetis. or only il ^t^lc me, praervod 
in rniiM^ culliiciion?. The sckiiice cf mineralogy is a 
pmgT^ssive one and new min^mk art cdnstantlv bcin^ 
fcrixad. With the discovery aniJ opening up of new 
mineral deposits in fnany of the regions of the ^nrJd 
BS yet impnDGpQCted, ii is very probable that seveml 
new precious are yet to be disrm^ei^. TJip 
liomcn oJ iljc jeweller wtU then no longer be confined 
to diamcind, niby, sappliim, emerald, and opaL We hve 
m a progressive age. 

Since predoiis stones are minerals, they must be 
sejiouflly sttniicii as minerals^ They ar* not merely 
pretty things only to look at. Some ac^juaintance with 
the g^inenil prindples of mineralogy b thereTore neces¬ 
sary for the proper approclatian of ptedous stozifi^ 
About littlf qf the pre^t book is therefore devoted to 
a popular and clenietifary espositkiii uf imch general 

. principles so far as tlicy apply to predous stoim. 
Without llib preliminiuy account the succeeding 
desoiptive chapters dealing mih the several kinds of 
precious stones would perhaps not alwiiys be quite 
intclHgibk. Wtf do not wbh to confine the desctrTptive 
portion lo indi statements ai the foLbwing: Kuby b 
red, it h rare and ocistty, mad is found in Bintmi. Old 
King Cofe had a ruby ^ued at £x m Ms ctgm?il 

^Ve must aim at BOTnetbing^mDre than this m sdeotihc 
niinr!r^t)gy. The work of the nrbenUogist ia to find cut 
aU about the didefcnt kimls of minends that cuter into 

cxemji^iiou of ihe «arth*s c^si^ and to study tJidr 
dktribution ajul modes of occtnwice and origin. In 
onler to do tins it is first tiece^aiy to determine tfio 
character of each Idncf or of mmeral and to 
arrange the sevi^ul specks in soms ordnr of classificiition. 
These art simpk minerals, Tlie study of rockfi^consistiug 
of miJctuns of simple r^pals, is left to the petrofogiit; 
blit tliesc are the fnairii jn whkh precious stouo have 
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grown. Tilt ifanit* of sora* romeral ap«ies aie nol 
clriirlF dtifined. thcugli then: b no doubt a^ut tbe 
fommm and w^H-loiown mloi^ that provtde 
jtooes. For iptampic, the jpedes diflnwtwl, corundunit 
quarU. beryl, topau. fte;. are each well and cMy de- 
ftm.-d, and they include a* colour or gem vancti« ruby, 
sapphire, ainBthj-st* dlrine. emerald. aquaraojiMfi, «c- 
About 1200 sreil-cIefiDed mbicmt speaea are tnowin 
and about fifty of these minerals have been cut ^d 
polished as gem-stauB. Each of these mln^uls ^ 
gwm as a number of single individual c^tnls. and it 
h only a few o| the most perfect individiiaJs ifom a 
vast oowd that are suitable for gem mirp«*»-just 
4IS in the Imraan species certain individnaJa stand out 
in protiuaenCie. , . . r n 

The accurate determination of the characters ol ou 
the diileroni mineral species is a matter of some im¬ 
portant*. Tlie data ao accumulated aa constants W 
^rh spe^ can then be used wlien detemm^ w 
nature of an unknown stone. Gera'stoncs t^ionging 
to diJIerejJt minerd spedes are often very s^Iar m 
appearanoe. especiaUy when their ^ntial ch^*f^ 
are obscured by cutting and niounting as gcini 11)^ 
on <mly safely be distinguished witii certamty by 
determining one or more of these essential dia^era 
by spec^ tests. As an eicainpb, powdered salt ana 
sugar cannot l>e distinguished by sight, and the rtmpfe 
tJl of taste a applied ff we had a ciyatd of ^t md 
a crvrtd of sugar ws should at once see the diaertti™ 
between tliem. The idea that jewellers can dislingui^ 
cut gwm at sight is fallacious. They frequency 
make mistakes in naming the mineral species, and when 
presented with something unusual they make wUd 
shot! Usto of the essential characlera of the nmerm 
Epecics used as gem-sTtmes are fii™ at the Mil of t^b 
of the following chaplma. It b behoved that these ^ 
be niocv iwefoi Uwuti pcikiiy4D-«t!ie-fllot detenmnitUv* 
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iSast books on prcdous stcxm indudo wome QHstitfoQ 
of Ysklucs atid pnc«aL __ft howtms^, s^er to 4Void ftity 
mettiEDn of definite jdAOe thod vsiy erKKmbusly 
not ualy with quality of Uio stones, biit ftbo trllbUho 
ciian-citrrs of the selliriLnd the buyer. Pricei an* quite 
Gctit)oufl> and it » a case of wh^t yon can. Kuugh 
ctsnmdtim as ndned for porpofies fetches nt the 
tomes ebemt £10 per ton, while quite wimtl ftonei of 
gem quality are sold by the canit {five nxiJlkui metric 
carats to the metric too of *205 Ihj, and for stones o# 
csceptiona] quality the price dcmaiuled may no^e 
from £too to ^tDOo per carat (he, £5 X 10* per toOi 
which rather rednccs the mattef to an absonlity). 
These are dearZy luxury gnodv A whole hamlftd m 
the best rubies wtnild be of no use whatever to a man 
on ^L desert ulamL 



CHAPTER n 

Colour, Lustre, and BriUiancv 

COLOUR, lustre, aiid briUkticy are the features that 
immediately attract attendon to gem’^stone?, aad it 

is- eatireJy oa these charactets tltal the beauty of the 
stones depends. Tln^ appeal merely to the sense nl 
sight. But on ajcooitnt qf ttieir rarity and ewthnes^ 
Uiey may also raise teetings ot proud possesaion or of 
envy. Except for show, tiicy are really of little use. 
A red stone may be a ruby, blue a sapphire, green an 
emeraki, yellow a topas, whilst colourless ones flashing 
fire nmy be diamond or only ” paste and not so good 
as Latly Suookes's diamondb, That is all the ordinary 
pereon can say by merely hmking at the thinga. 

Colonr is really very deceptive. Ii all depends on 
liie light and on the degree of colour-vision or blind¬ 
ness of the observer. In the darlc, no colour t$ to ^ 
ym- Colours, as we know them, have to be seen in 
wAt]i« light. Viewed in yellow light, a ruby is black 
and a diamond is yellow. The colour wc see. really 
depends oo tlie kind of light which is iihtmiDating the 
object tinder observation. The white light of the son, as 
everybody knows, is a miittiirt: of all the colotxrs of llie 
raioboworthe vtdblespectnim, in theorder: red, orange, 
yellow, green, blue, indigo, violet fremembwed as- 
read over your good booJr taveracly). Liglii waves are 
of jusl the same nattire and travel with the same speed 
(1^,000 iniks a second) as radio-waves or *' wireless " 
waves {light waves are also " wireless "). only tlwy are 
very much shorter and with con’cspmuUngly tughcr 
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freqaepci^ or cycies. Tie wnvt-lctigUj of <iark-ml 
U^t La o^DOoS miLIbn^trr w O'OOOOOOS tcurtrt (about 
30,000 wav«5 to iin mchh ^ls coipparwl with tbc En^Hah 
irndDnal broadca^tih^ wavo^l^tb nf 1500 nuttiK, 
wbkli h twarly two Uid^ii^nd miliuit? 1 tines Jotig?f. 
Thr of viofel Jfghc m half tiint of red 
—on Octave high-cf* Tlib ocl’avcr of wavfes viafblf! to 
huQuin is onn of the known sixty-fonr 
of wa.TC3 of a aimibr narar^, Jkbw the fed, wc haw 
iht JjiJraHied or li«at waves and mdiVwaves, and b>c^ 
ywid the violet, the ultra-violet* and j^rays. 
In the octave of ^dsfl>la mys, mines abiw up red and 
emeralds green: what tficy do in radio-waves and 
X-rays of other octaves wc cannot sec, A perwn en* 
flowi^ with ^upematiini] limits of vbjlon might ^ 

some really remarkable feattircs in gem-stones. Why 
mliur,? art red in white light is ibat, for some reosoit, 
they pos$e$a ihn peywer of nhsorbitig 1-23^ of all colmics 
except the red. leavuig the^e to be scanersd fioTn the 
snrfooe of the stone. 

The colours of gem-ston^ are certainly quite attrac¬ 
tive, but in the majority of cases they art oeddenta] 
and are mt e$sentM chamctcrs of the stonn Most 
gem minerals when in a perfectly purr state are devoid 
of co-tonr. Gotten is white aoA sOJc nearly so, but 
fabrics of iht^ matcrinLls can be nude to foolc very 
attnu:tfve and showy by the appliratitsn of dyes of 
varioiui kinds, nsTiahy aniline dyi?^. Tlte dye is ptesent 
in only very small lunoarit, and It does not change the 
diaracter of th^ matertaf, only its colour and appear¬ 
ance. Oniinary window glass is colonrtess, hut stained 
gbm windows am mt uncommoii. A wide rarrge of 
excdlent colottrs is producL^ in p^lx^ tised for oma- 
mental pttrposes and for nuJtiqg imitution gems. Hem 
tlie colourtiig mat ter cntiskts of varlmifl mefalhc oxideis 
in quite small amoiinis melted with the gla^. In manu- 
fatrurred gem conmdum and spiad* wnndcrfol odotirs 
ha^-e been pfioduont by tiie addltkiti of small amounts 
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of varimis metallic oxidm, some of which Are noi fomut 
in tliE onlural stones 

Some few §5em-$tOffle3 do pt^sess a oolour of their 
own. For example, ddaptase is always a rich green, 
(hb colour being due to the cofFper which is an essen- 
tiid constuueot of iht- stone. Turtjuoisc also owes its 
colcur to the presence of copper in appreciable amnuaL 
T cao only be blue, tunl at one tiiru: it was 
tlie only source of the pigment oltmniarine) then of 
high value bat now mnmifsfluRid cnmmeFctally. Uvun- 
■yjte or chrome-garnet owes its green colour to chromium 
wltkh b here present u an essentud consdlucnt of the 
niLivrral Tbe red, brown, and green colours of other 
garnets BIT! due to the presence of iron in Iwge amount; 
but a garnet containing no irtm or tbroraiutn may be 
mlopHftjsa, Hwmattte also has a colour of its own, best 
seen when tlie mineral a powclened; this is Hke dried 
bkxxl, hence the name, ineaning "bloodstone" (but 
dbtinct from the variety of clialcedony now Icnown 
as bloodstone). Tlie green c^our o( many alirate gem 
'ounerala, such as olivinei diopside, epidote, idocra^, 
nephrite, b due to the presence of ferrous iron, which 
enten in small but variable amounts Into the composi¬ 
tion of tliB trtones and is not present as a foreign 
impurity. 

The " dilute " oolourtng or dyeing of glass and arti¬ 
ficial coimidum gems by the addition of very small 
amonuts of metabk oxides suggests that the coUnirlng 
o( many gem-stones may be due to the name cause. 
The green colour of cmiiralil (in otherwise colourless 
b^]} and the red colour of ruby (in colourless corun- 
diun) are bodi definitely due to the presence of chn»- 
itiiuni; the diffenEcnce between grwn I'cd 
beJjiif due tc^ (he chemic^ of 
chromimn. Tlierr howevefi nmny in whidi 
tho rwnira <vf the e^louriiig matter is not y^i Imown. 
QaetoicaJ aonlysis. and cspa^ally spectro^pic anaij^ 
iisi, aiay i«veal the pneBetice of mne tratea of various 
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dements, but to which of these* or what combictalion 
of them, the oolouf h diie cannot be decidedi with 
oerUinty. 

Tlie curiotta changea in coIchit which seme gem- 
stanri may undergo when they we fiubjected to special 
ticatmcnt suggest lluLt the colonttioi) la, after dt, oot 
due to the presence of an3" pigtoenL VVr might tnmiho 
why tlic dey b sudi 4 beautiful blue colour, comparuble 
with that of the sapphirt?; why on a /q^gy day dus 
sun IS ruby-red: or why we m emcRild^een and 
otlier gorgeous ^onm at sunjitit. Tljese colours surely 
cannot be due to the preseiice of any pigmenl in the 
sty. They are really due to the scat tenng of light by 
li(ie partf^, particles of a she cjcmtfiaraLle with ihe 
wuvc-lcngih of hght- High up in the atmosphere^ where 
tl]L-ge particics of dust and water vaptjur are finer, the 
shorter ’wave-lenglhs we scattered aiul we « blticl 
with larger particles in a fog we « fed* Tlw eol'Mir 

depends on the she of the portides or their degree 
of ilispersion. A theory whkJi finds mudi favour at 
the nrescfit time is that coloured c^stals contiiin 
coUoidd particles^ either of some foreign materisl nr 
of the material of the crystal itself^ and thai tlie cci^ur 
teen dqjcnds on the siae of these partieJesw A enrroos 
raMi is givim by rock'll, wliirh la rarely fmiiid as 
violet, sky-blue, or indigo nolouitd cryslius^ When 
tliisc cryaUiis ore hated, the coJmir disappears^ but it 
can be rejitoml by eirpcjsiire to radium. Fiirttier, 
caiouricss rudc-sdf, when subjected to great pressure^ 
becomes yeUuw and if tlicii exposed to radium it lums 

We have only to change the sij&e of tlie oollotiiid 
portickd and we can get jtist what colour we wi.qh. 
borne gem^stones arc ameuahle to such treat meal, mtd 
In this diiwtkKu din'clopmenu may be eJEpecied iit llie 
future. 

Some inttsTOting and puzding diaiigcs in the 
eoiom of gfflij“Siuties have long been known. The 
yellow lopu ia>m Brazil becomes a fine ro(^-piiifc 
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wlj(!n hfflted; whQsi broimisti-yiJlow topa^ from 
Siberia lltafr is compkiely decoIoriEed on pto- 

exposure to siiolrifht, AnjeOiyst becomes ydJow 
when ticated (ami ts then, shame to say, often aoM as 
” topaa DiamiJiid when expo^sed to ludJum be^comfcs 
grtai. Certain xircoits can acttkally be seen to bo chang- 
iiig in Wilestir when exposed to bright sunlights and tlie 
oiiginaJ cofoiir is slowly restored in the dark or mote 
qukkly by sUghlly warming the stotie- Tbts quite sug^ 
gests a conjuring trkk affecting the aizx? of nimule 
particles. 

Mijttiikcn ^d ervcD stupid ideas about tJie colour of 
gejTi-^tonis are many. A very eommon impct-ifiiion b 
thitt the cbaracfertsiic coi'oiir of copo^ b yellow-—if a 
stone ts not yellow# it cannot be tnpaxj and if it b 
ydiow', ihi^ it is top^l This sber^-vdlow topax h 
known from only a single locality in Brazi], and has 
never Immi fonud anywhere ebe in the w'Orld, Ifui 
most topaz frotn other locaUttes in Brazil b qaitc 
Qotourtess; aome b bine and TUrnJy gre^ or rcd“quite 
a wid* range in co1oui% ‘fhe Bmiciliaa yellow tO}:»a£ 
was fashionable in early Vktorian jewellery, but yvUc^w 
quiirti: (dtrine) could very cfuiOy be ^arbstltutcd for ii 
b^* utiflcnjptiloiis cicaJnrs and taken by ignorant pur¬ 
chasers. Even at the present daVp yellow qiuul^ passes 
as "Occidental topaz"Spanish topaz'", "Scotch 
topaz"* Ac,* and often in iJic tirade^ dropping the 
qualifying adjectivr, as " topax ‘; Tlteic b no rdAtfan 
bcsw£«n the miuetab quartz and topaz^ and yellow is 
not a typical colour for topaz. It b Ugh tiuia diat Ihb 
deceptive noriiicfiMi was stoppeil 

Many textbooks on precious stonis give determiiui.- 
tivu- tables baaed on colour. Wr have seen that colour 
i& not an essentia] chonacter and fhal a cnlourlf^ im* 
leria] may he dyctl xny cotour. Such tables are 
and will be quite misicadiug when wc have to deal 
wiih material from a newly dbcM'errd locUily or an 
entirety new kind of gem-stone* Further, parti^colooried 
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id>omng zonrng of colour ora not uncommon 
KEiinemk, We mny tmve a crystaJ of i^otuh* 

dtim red m one aid and blue at ilie oilier, i e. both 
^by and sappliue at the same timcp Zonal i^wtlu 
m oyistak marked oni by liands of dUicf^^nt cnlouns 
ore well shown by tourmalirLC. Tlies« Eonc* of colour 
indicate that dlifenmt impuritieSp taken np {ts coIdut- 
ing matter. wci% present in the motlier-bquor at vnrttms 
poioda of ihe cr]rttal's growth* 

Cotour-fsltera aro sometimrs uielul for distmgnisZdng 
differ^t kindjt of atones that may he similar Lii colotu, 
espedolty when a Jaige i^riea of mumitod gems hits 
to be examined ijnkkly. When viewed thrtmgh atnt^ 
able eoknxred sMT^^ens. diflerent stontss will appear of 
dificnml colours. Hie roason for thi9 is timt the ab^ 
sorption spectra of the dilferomt atones are gcnernJfy 
not the same, even although the stones appear to Iw 
of the same colour to the nuaided eye^ The oolotrr 
ictimlly «eai is really a mixturv^ of adotus of diffonmt 
wave-kngths; in ruby not red of otic wave-length, 
but reds of jjiooy different wave-liaigtfas* and iil» ;i 
small proportion of blue. When the light that bos 
parsed thrxmgh a Inmspaierit sl<mc b exominLHj tri 
the spectroscope, dark bitnds oi vnrymg width are 
seen in the spcctnint^ corresponding to the coloiirs 
that pe cut out of absorbed by the stone. TJicse uV 
Boiption sptctrEi, which gcnurally vary for dhlcrent 
minerals, will, of coursct vary in one and the same 
mineml when this is of differor^t cohnms or even when 
it is of the ^mc apparent colour but owes that colour 
to different catws. 

ftfany nther interesting Colour effects ore di^laycd 
by gem-stonns. Some of these will be mentioticd in the 
optical chapter or under the partkalar jmoerais 
moomtotie. alexondritCp labradonte. AxJ* Qm: ihot 
has been much itudkd during recent may be 
mentioned here. When toby or red spinel b exposed 
in a dark rooiii to the ultra-violet the stones glow 
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with & wondtrbd red light Fc? $om^ ctinoia rea»Op 
AA yet unknown, they Afe actmg as tfanslbimees of 
die w4Ve^teiigth. Hie short uUra^ violet w^ves ans 
tran^iormed mto the wavea of red li^hi. When 
Ah bandfol oI dmnonib b hdid in front of m oJtm- 
viohst hiutp (the s^me a hodpitaJ funl^ht Lunp GttoJ 
with jL ^ct^m to mt out the visible rays) the 
oflect is really surprising: ^ama stones shine out ^th 
a soil comfloiver'^blne U^t and one or two may glow 
vritb a soft velkiwiab-green eoloiir. This cuiioiis pheno- 
menon is known as floEjfescaence, havi^ been first 
ob-^rved in fluorspar or fluorite^ Certain crystaii of 
Ituortte when viewed by tranimtUtixi light* by hoMbg 
them np in ^nt of a window, $hnw a pale-brown, phk^ 
or green coiourj bnt when vkwed by reflected %hip 
wilh the nbperver^s bur,k towards the window, a rich 
Wubb'Vbkt glow nr sbinmier b seen over the surface 
of the cryatat^ very much tifae the bloom on a ripe plum. 
Tlii^ best seen in dln&cc suitfighir because Uien more 
tdtra^viokt rujrs are foiling on tbe crystoL 

Much tiicirc could be saiti on tlie colour of ^m- 
stons, but WB must iwt farjset loscre and brdliancy^ 
Of Juutfc tho^ are different Idnds or i|iialities. Ada- 
mantuie htstre b duractertslic oj diamond, bence the 
nnme. This cannot be dsmb^l in words: it must be 
aoen^ and it enabled diamonds to btr tveogoked at a 
glance whatever may be their cclonr. The surkee of 
some rtRigb opaque diamonds irmy, however* show a 
fub-inetallic lustie. Some other cninerals with a high 
bdex of cefr^climt also stiow an ailamajitine lustre, 
e.g, cassitcrite and njtffe. Hssnaiire ^hervoL a 5ub- 
metnllic lustre, and tlmt of opaque tnefids i^ typknlly 
metaliJc. The commonest type of lustre is vitreous Jike 
thiLl of glass, e.g. quortE and mo^ of the silicate 
mbt^ralf. The lustre of t^jrmidufp and dreon lies 
between adsmancinc and vitreoint, oonespanding with 
Ibeir rather high refracrivr index^ l\!arly bistie, 
typical of pearls and mothfir-of-pead. depends on a 
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birfr p1^t7 strucEtdre^ and m^y be sees «>n Uijt? cleavn^ 
surfactis of enda^e and ^broliCe. Silky \mut ii ibowa 
by will* a Sndy fibftin* structunf^^ t.g. cat V 
eyst A ruiDoiLi lustra h ^bown by amb^^ arrtJ some framets: a Imtrt? by lomii opab; and a greasy 
ustre by elscoLltc^ (a natnd meaneng oil^cstia}, a stone 

thiit bas orcadonaUy been ctit as a gem. Apart from 
kinds ol lufitre, we may have degrees erf lustre, depend¬ 
ing largely on che smootlineas of the surface and the 
state Qi aggreg^ioti of the matenaL A dear cdonrliis 
crystal ol euldte with smooth facea shows a brilllanl 
mtreous li^trep but a rough opaque cry&taJ or a lump 
oi chalk is quite duLb tustre b, however, of import^ 
HEioe, and wjih caepericnee it is a much safer guile fur 
^"apolting" miiieraLi than b colour. 

The biilliancy of precious stones is bmuglit out by 
the processes of cutting and polishing. The rough 
^onc may be a dull pebble^ but wisen cut it ii^ a bnUtant 
ptn. The briilionoy of a geni depmd$ m sevem] 
ntctori—the transparency cw ckarnetts erf tiie stone, 
tlie kind pd degree ol its lustre, and en the fineness 
of the poUsli. A harder stone will as a tnile take a fmef 
polL>dt than m softer one; and a sione with a h%her 
lefmclive index will po^$s greater tn$tre and briUiancy, 
For tliesE reasons diamond takes first place in briUkneyp 
and In the trade dkmtmds are often referred to as 
** brilliants 

ll is Dsdess to give at the end of this chapter a 
reference table of the colours of gem-si£mm. Under 
red we can J^t almndine gurnet, tinder green dioptaw 
and utr'^afovtte garnet, ant! under blue Fapis-kculi 
While under the headings red, ydUnr, gwii, bJtie, 
violet woEild be given merely a repetiUoti of the names 
of every other kind of gen^stooe. Though all such 
coloms may not yet be Imown for any one particnliLr 
alone, there is no reason why they abo^ not be found 
to-morrow. 



CHAPTER III 

Density and Hardness: Heaviness 
and Durability 

Density is * measure of tie amount of m^ter 
contained in a giveti vqlmne or spjice- Accocding 

to (he modiint eJectronic theory ol matter. at<^ 
consist o( elections {particles ot electricity) Tevolwng 
in orbits, aiouiid a central nucleus. The structure ot an 
atom has been compared with that of the solar system, 
die dcctrons eurresponditig with the planets and ™ 
nuclcna with the sun. Or wc mfght compare it with 
cr^ «f mustard seed, each in its own orbit t" * ^ 
way tralSc, revolving round a pea m the middle o» 
PkcadiTty Ciraus- Compared with the stMS of tb^ 
bodies tbe distress b^iwEcft them are wiomKius^ Im 
density of the earth as a whole is 5'5. 
g^ns sun only 1-4; but the density of the wbr 
system laheti as a whole must be very smnJI maeeo. 
Now supposing that these cnoimoiia vacant spaces w 
the atoms themselves imd also the spaces betw^i the 
billions npon bitliims of atoms (see fig. 3, p. 29) could 
be diminoted. we should then have much matter m 
tittle space. Tlie oondcnsatimi would be vastly greater 
than in wndcBsod mUk. A quite small gem constructed 
on these priwaples might weigh perhaps hundreds o( 
tons (with 1 correspondingly high specific gravtiyj. 
Such, a gem would indc«i be a unique iOm pneeie® 
possession, bot surely a burden to the wearer. 

The density nr specific gravity of a gem-stone » 01 
no enusequence as naioeim its appearance or ttse, 

tm 
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There h no connexion betwctoi ihd appearance nf a 
stene an4 its vwjigiiL apart* ni courec, tnm li/je. Frtna 
experkneej Iiowcver, w «&uiiHy r^i^ard a nieiiJ or 
ttiLtailic miiicTiiJ to be LciLVier than a stony one. But 
It is rather snrprahig that oonmdmn ftuhyi specific 
gravity 4-0) is considerably ]ieavit!r than tliP 
(fitiftnmiiuiip spraificgravity oi wbkh i; is esssentiolly 
compound bj%}> Any aikliUoi^ weight tn 4 gfn 
owing to a higliiir specific gravity can of no in- 
canveniiinco to the wearer, G«ins are sold by weight* 
so much per carat, and it b not safe to tnake even a 
fongh estimate of tiie weight of a stone froni its atoi 
nnJera wc arc fiulte auto what Jdnd of slc^e it h 
Dlffemit stones vary widdy in specific gravity. For 
n^xnmplc, a zircon is mudi smaller tliEin an emtaald of 
equal wtright: and a dtrbe (i-dJow quartr) 
h biggcf than a ten-carat topyu 

Specific gravity b, howeverp a chanictcr of eon- 
skLemhb importance* With certam tsc^tions it has 
a constant vuluc for each mineral species. It b an 
iiDportint and chamctcrbtic ctMistqjtt for each land ol 
mbmral. A srmplE test of the specific gravity will 
QSfialiy decide at ottec wliat hind of stone wo. ho.'v^ in- 
hand* or distingubli two stonfiS whicli are idAntica] in 
appear^cc. 

llw specific gravity of a subsfan<^ b a miiasiire of 
itfl weight cotnpared with the weighty of an eqna) 
volume of water, water at 4^ C- {its jmacimum density) 
being taken os tiic standaitl ami as unity. The mdtfc 
sysitrn of woighls wo* boAcd on the wekbt of a Cfrmm 
volume of water* one cubic centime (re of wntCT at 4* C, 
fixl^ the value of the one-gcam weight, Tlie specific 
gravity or density of a sulistance can then be expressed 
by the weight in gjiinis. of pine cubic cemUtnctre 
of the suBstanoe. But it would scarcely be a ctm- 
^trtibnt method to cut a stone into a cube of exactly 
€me centhnetrv edge for the purpose of detemammg 
tile weight of ofic cubic centimetre. 
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VariotiB nmtlicwfa art! uYSuNtdc for the dctenninatioa ■ 
of specific gravity. The one most gtncralJy applicaWa* 
is tinit of hjfdrostaiic weighing, Tbi body is fiial | 
weighed in air and tJiea in water. It will tw fotind lo | 
weigh less in water, bwause ot bunyaiicy. The diffimnee ^ 
is in fact llw wciglit of the displiux>d water. A body of. 
specific gravily i will have no wcigljt in wat^, oml 
win reinain suspended in the Utpiid, neitber stuhins nnf | 
floating. The diflcrence between the two weigli'iigo 
thus glees the weight of a volume of water eq^ to itmt 
of tile stone. If, for Mampic, the weight m air is 4' 
(grams, onac^, or pounds), and that iu water b 3 ' 
(in Uie «nn> imtijt of weight), then the wdght of an 
equal volume of water will he 1. The stone is thus ii. tir 
times aa heavy as water and its Mx^ific gravity 4* 
a valne indicating tluit we are dealing with conindum. | 
Expressed geiicndly. If a is the wi^ight in air and w 
the weight in watiir, then a — tr is the weight of on 

equal volume of water, and —^—■ is the vaiue of tho 
^ ^ — IP 

ipccifi^ gravity. 
T?ii? eiptfriment will of cooi^ be ntado at 

temperature, say rs* C. (= K). At tlib tftm- 
fier&ture wsiter his a d€mity of 0-999160^ aud the body 
h less baoyed up Chan to water at 4® C.* li will be 

greater, wto cffliscqsieiitly a —less^ and a — I 

greater^ A correclioo must tliensfore bo made by * 
deducting bothc small amount firom tbo detprmmed « 
value. In the example given above ihh wmitd t»e Ij 
0*007. so that tbe true vatoe is 3*99Jr With a stone ol j 
lower ^ledik gntity ttos correctwm k less fltpr qtuirtx g 
about 0'ntJ4), but with heavier substances and incteastoff I 
fi^jnipmiufe it mounts tip (for gold at 30* C I 
coTTeeilon Is o*ri). HoniVicverj. ilihcnrrecttoTi can Tisnaliy 
bo m^tisctedt and certainly can the Tn.are' nsfin^cl oonve^ * 
tions deoUag with the buoyanev to air of tite rrmw ajid 
of tb© u^ For all pfacttoal putpdsei » 

t 
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qiediic gravl^ slated to two places of decironts is 
quite mdident. But in dii'idiuf a by u — v the divtaioji 
sum is somciiuies foolidily csuiuiued to four or fiv« 
places of dedjuafs. 

Since gem-stones, especially when cut, ore rat her 
small, it is necessuy to use a rattier detlcats balance 
(fig. l) weighing to at least one miliigram (o-ooj carat^, 
Tbe Tolue sr may be quite amull, and the suspending 

ttif ipTOlk ifirT»tT pf jnp iTia— 

wine in tli& acta m a. dra^ on the baJanoe. Hie 
stone is siispendcd fay a very (fain wire or hau' (thread 
yncts np the water) and held in n wire bop or bosket. 
The weigltt in water of this airangienieiil must be 
determined sepaiateJy, and the ammint deducted fnnu 
the weight wfioi the stone is in place coropbtdy Idk 
merscd in tbe water. Another important precaution ia 
to remove any adhoring bubblers of air, as these odd 
consirlerably to the baoyancy, This can best be done 
with a fine caraeJ-bair brush. 

Other weighing methods for tbe detcatninatioa of 
spedJic gravity a» with the pylmometcr, Westpbal's 
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balance. Jolly's spring babnce, nr byclromcltr. A form 
of pyknameter suitable for use vritb gejn-slnties is 
siaipiy a snuU mde-ticcktd bottle or tube eovBrc<| 
with a plate of pound gbs. But all these lake linn: 
with the wdghuig and subsequent Ettle calculation. 
A much quicks' method is mth the use of heavy liquids 
—a suspension nnithod. A block of wewd Soats on water 
and a block of iron sinks. Tlie specific gravity of wood 
is less than that of water, whilst that of iron is greij-ter, 
(Irou ships float because they are holbw displace 
the same weight of water as their own weight.) Most 
stones "l*n sink in water, but pumice is one that floats 
and so docs cellular quarts (" fioat-stoue'"). This, 
however, is a deception and gives no idea of the true 
specific gravity of the material; the buoyancy is due 
to the hollow spajces in thn stone. In the same w-ay a 
gem-si one eontauung cavities will not give a true value 
of tlw sjwdfic gravity. , , 

Methylene iodide, Ihc chemical formula nf which ts 
CHJv a density of 3-33* ie. ‘t is three and a third 
times as heavy as water, ft is a clear, pale yellow, and 
perfectly mobile tiqoid, but b rather eapemrive. All 
itonea with a specific gravity of less than 3-3 (see table ^ 
on p. afi) will float, wliilst all oUiers will sink in this 
Itqnid. Hence wc have a quick and ready means of 
distinguislimg stones of similar appearance, say quart* 
and topai: quartx will Boat and topaz sink. Methylene 
iodide is readily and completely miiidbk in ail propor¬ 
tions with benzene (specific gravity O'^). The various 
mixture give a series of Uqtiids ranging froiu 0‘8S to 1 
3'33> which (sin be adjusted so that any st^ie of specific 
gravity less tlian 3'33 will remain just suspended in the 
liquid, neither sinking nor floating to the surface. The rcific gravity of the stone will Ihcu be the same ^ 

t of the liquid. Tlie specific gravitji' of the liquid 
may be read at a gl^e ty the ast of indicators iin- ^ 
mersed in the liquid. Little aib« of difleront kinds of j 
glassy each engraved with its specific grarity, are sold . 
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for ihb purpose; or a scrks ol knoivn and r^oogiibiAbli^ 
rnininLl frj^cnfa may be nscit ?tidt as tiny carj^ub 
of qwtz. \KryU fluorire. Ac. 

A simple oirangement for n. set of htAvy Uquidst which 
1 haw ]wi m cottFUnt use for ov^ tMrty coha^ts 
of e%ht cork^ ghs^ tubc^ ^ x | in.) placed m 
deep holts bored in a \^oodein biodL Ttie tub^ arc let 
into ileq> IioJos because methylene iodide diirktris oti 
ejrposnre to light. It may b« easily deared again by 
iiladng a fmgment of copper witB w foil in the liquid 
or 31 day or tvw. Each tube cuntain^ a stmtl amoutit 

nf Ifqufd (about I In. in depth}. Tube No. 8 contains 
pure me thy lone u^de, and tlie others methylene kxUde 
diluted with more md more bemsene thr^ghoot the 
faerieSj so giving a ntpge of JjquMs of vuiiam densities. 
Each tube *dso contnuis two or three known mkieral 
frugments to act as mdicatm. Ttie muieniLi I Iiave 
UJ€d (with others hi reserve) are Usted below; Init tldft 
is more complete in the lower tninnbcrs than bt needed 
with gem-sfonesj aa may be seen from a comparbori 
with the table on p a6. 

Na MImJ 
I SylviDfl 

Kixk-tatt 
Scutodte 

^ Gjqwnm 

G^m^nitc 

LifTOti? 
4 OrUiookieQ 

NcpbciitiB 
Alhile 

^|T, 

3*IS 
^*7 

s-aj 
i'4i 
543 
*•47 

J 

7 

& 

QuDLrti 
ftervl 
Colelts 
AcHvrhitc 
DokEmite 
Ar^snite 
PlMTiliiliitff 

Toarttmllnc 
numtfl 
Apatite 
Akinitc 

w- 

*6fr 

rs3 
1>^ 
J-IU 
3*1^1 

33* 

Benrpne cvuponitcs quickly^ and if the let of tubes 
hm not been used fur some time aU the bidicatora vrill 
be foimd Uonting on ihe top of (he liiintd Th» k easily 
reix^edled by adding more bemume drop by drop from 
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i dropping bottle ontil the heaviest indicator is onij 
just floaling. The stone to be ttstwl fa dropped mto* 
Uy, tube No. 5: if it shiks it fa transferrea i^ib a ^ 
of tweuera to othisr tubes Uiglijer op tiic eeries miiil it 
is fcHiud to float. Then udd drop by drop of benzene, 
with a slight shuJdng of the tube to ensure complete 
mbdng. untd the stone Tcrnaius just suspended in the 
liouid. Its specific gravity will Lie somewhere between 
those of the uidicalorB tliat float and sink in this tu^; 
or one of the indicators may ah» remam suspen^, 
betiaying at onw the stone under exanuuntion. The 

gravity of tlie stone between two indkators ran 
be apptoiiniately judged from the mrniber of the Last 
drops of ben2£xtft added to the mixture^ Of from 
times taken by the stone md an indicator to rise as me 
bensene evaporates jlhfa can be accefarated with a blow- 

*^Uijortunately. the use of metbyicue iodide is liniited 
to those stones with a density less than Anoth^ 
heavy liquid* in which all gem-stones will flwt, 
□exid's solution. This is an aqueous solution of 
riiim formate and thallium malonate, with a sj^nc 
grivity <if al i^)* C. and about 5'® near too* CX It 
fa clear, and misciblt with water in all preportiom? 
but it fa poisonous snd not so convenient for use as 
methyiene iodide. . . 

The following table (jk afij of the specific giavilMs 
of gem-stones is given for rofereiice and for use in 
dctauiination. The vnJues fw thft various minerals . 
have been selected as far as possible materiiu of 
1^ quality. But it must be b^e in mind tlial there ■ 
nmy be some variaitioii Ln tht v^tufSL This may be tn 
part due to the presence of impurities, cavity, of 
flaws in the stone. But a more importiuit cause fa tliat 
of vanatimts in dicmfcal compositioai; for ciampfa, 
some of the lighter magnesium or aJiiminium atapis . 
may be replaced (faomorphous replacemen i) by bea^iTer i 
atoms of iron, and so cause a rise in dcnsiiy. Gafiiet* “I 

i 
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™y conridcrably in thii w^ity tj-fi — 4-5)* Atid in Uwi 
Ust they tire giv<m ibtir sep^re naima. The 
deoaity o( opJ varitis with Uie ii-arnible amonni of 
vk^i&r it contains. The xride range in zk^mi has nuw 
been e^^pJ^uned tp« tS^]- 

Hardnf^t i£ a ckiractcf of rniporiance in getts-sinn^ 
for nn ilih depencU tbL^ir dur^jwty. X Ininl mateiml 
is Ifl» by wrar and tear than one thiii ta softer, 
a^ may be secn^ foi* esampli?^ ttt ortkles made of hard 
ajid soft tvoodi The wear of a tool depends m the hani* 
n^ nf Uifi material of which it is made. It is. however* 
diihuiU to gtvc n dear ddiaidon of lustdiiess, as qualJ- 

of elu^tkity, coheslmt* malleabdiiy, plasticity* 
ioughiiess^ brittleness# and cleavage are also |nvol\.^ri 
Hie apparent hardness of a body wiil also depend 
its shape: cme of irrcgnlar shape and covered with 
delicate pnotobcrances w‘tU be more easily abtajded 
tluui a polished sphere of die same materlaL ft also 
depeads on the atiito of aggii^tion; the indivyoal 
panicles of a friabic sandstotie or of chaOc are 
harder than the main maso. Th^ an; sewmJ 
different w^ys m W'ktch degrees of haidnss are tnea- 
sun^ e^^cialiy irt different irades (e-g. itmtal and 
rubber), but tlie raidts are not companible. The 
ttiincr^oghil deffnea hardness a& the power of scratch* 
iug. Wliiiu a Comer of a crystal of quarre is scored 
over a fiice of a cryedal of edeite# a deep scratch 
and white |K?wiicr are produced on the okite. And 
whPMi a corner of a crystal of cakitr is scored over a 
face of a oiy^^af of quniis. lim caklte is again ahradirf, 
and no sign of a scratdi am be seen on tlie quarts. 
IvvidciitJy quart/ is harder tliaii caidte. 3y frying out 
all kiiuli of minends in this ivay. tb^fy ecin be anmged 
in a according to their fcratchiiig power* Dia^ 
mond h«uk the Ibt and graphite is at tliij bottom; the 
bitter bring so soft that it soih the hngeia and marks KTMs is fitrange^ lor diMiiiOfid and grapliite ore 

composed of the chemical clcntent carbon* The 
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extreme djffercjicc tu Hieir degr^ts of must 
hcii.' liuve sumejiiiiig to do wiih the in wMch the 
atC3m$ a/e arrafi^cdln the two tindd of crjsfctls. Fran 
this Iiiiftlfitfsg series of toincralSp F. Molis* an Austti^ 
inlflcraln^iitp ss^ccied in. iSao ten tuettibcfs with stitU 
able gaps between to constitute ^ of 
This has since been tmiversaily usefl by mincrtilo^Js 
and b known U3 Moh&i (often xnis^lt Moll's) scale of 

But (Ms is not an even scaJe^ the gaps be* 
tween the numbers Imving widely difljerent values. 

MOHS^ SCALE OF ILAUDNESB 

Ko. t. Tak, 
3h Gyp^vm, 

4. Flucirife. 
5. Apaiita, 

No. S. Fids|5af. 
•f. Quartz, 
a lopaa* 

CMtiniliinK 
if^ PtafiHcnd, 

Gcni-stonea come Out 4t the top of the list. Sets of 
these minerals arc suki os a scajc of hardness. To test 
the hardness of a stonc^ we must fmd the highest 
mineral iit tJie scale that it will scmtdi, and tlie lowest 
mlnenil by which tt can itscil be scratched- Ifi f'S^ 
example, it scratch^ aJl minerals up to quartip md it b 
scratched by aU nihterals down to topaz* tlicn Uie liaid- 
DG33 must lie berw^en Nos. 7 and S on the scal^. If It 
scratches qimitr about {t^ readily as It is itseU scratched 
by topax, timi the hardness can be phe^ at yi; if 
uiore readily by lopM, thcti yj; or if littJo ot no 
imi«TesiSK]ii IS itmdc on quartz* then 7. The apphea- 
lion of this teat b, however, not quite a simfdc matter 
and requinss some pmctice. The scratching comer and 
the scored surface must be carebilty examined with a 
hand-kna lo see which mineral has been crushed and 
powdered; and, after wiping the surface* to see 
whether a scratch lias really been madCt rather than 
a line of powder off the ficnatch<n'. Power of abrasion 
or crushing wiU depend pardy on the shAiprtcsa of 
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the soatctiln^ poitit aJicf €n Ihe ssnoothncss of the 
surface scored upoo. 

WliicQ trylo^ this tmidnesd please do mi dis- 
figuue and min a fine f^m ar a nice crrv^tal by niiikui^ 
an i^ly ecratdb on a p:4XiTnimeiit face. Work small and 
use a ma^nifymg-gtass. With ah unmounted gtm, any 
tests diould be madp on the ^inJk of tlie stone; or 
wbcji motmted. on thu back, bat tbb should be avoided 
if possible. A good (doa of the hordacss ol a stone may 
bo obtain^ vriUi the use of a nh or t!je poiat of a 
pocket-knife (hardness obont 6}), and by trying the 
stone on a sheet of gloss (hardness about 5}). A knife 
point will scratch felspar but not quorUH nnd aill 
alu^nys detect a gloss imitaiJon gem. The Imrdcr a stone 
is, the mote reoihly doe^ it scratch glass: diamond 
has a distinct bite appreciable to the feel when applied 
to a gb^ snrfstffi. (I find my watch-glass very handy ) 
Talc and gypsum, Kos, i and ^ on the scak\ are 
scratch ud with dn! fijiger-miil. 

Hardness h a diameter that varies with the dirocticHi 
m crystals, being difTerent on different faces ajul in 
dificmit directions on the same face* This is ^ery 
tnorked in the minemJ kjnonite, which has m hardness 
ranging from 5 to 7^ (Sec also diamonds p* ili^) 

M we Imve seen, tuuder mineroU scmtt± and abrade 
softer ones^ and if mineral spociineos or ^ms are kept 
fumbted togetitcr in a boic^ or piled tip bke a rockery^ 
fome wUJ suielv suffer. This opplka specially to aiub^ 
and pearls^ whidi (as shown in the foHuwii^ refenfriEit 
table, p. arc very much softer than mineral geiii- 
stonos* 

The way in wliicb a crystal breaks when stnidc with 
a iiomnier and the character of the broken surfaces ore 
matters of some impcirtojicc- A liardef stone that is 
brittle or possesses a cleavage may be brokOT tnore 
eaailv than a softer our which at the sune tinui h 

Cost iron is much easier to break with a hammer 
than wrought iron, yet It b much more dttficult to work 
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with a. fllo. Diamon4 is TOidily stiattered. but it is 
extirancly diffictdl break a pebble of the mow 
softer jade (nc^irite or jaddte). The reawa for 
is that diamoind possesses perfect cleaviiffes in four 
diiections, whilst fade consists ol an itilcrwovca moss 
of fibrous crysUla. 

SPECIFIC gravities OF CEM-$TONBS 

Amber 
Jet »« 
6twa 
Sllka^taM 
Uol^vita 
Sodiiliu .. 
Litniriia 
OrttmetuM 
Cbcilt»ckni)r 
CoT^ioxtb! 
QUJJtt 
^po£it« 
Corai 
Oligodw 
Tunjtjolso 
Beryl *- 
L^bitkdAritfi 

LMpis^lartilL 
Ikryilnrtita 

-- 

KepbtHA * ^ 
TmuTHdiiM* 
Euclid ^ * 
ilootiiv a. 

Apatite *. 
Ecuistiic 

t ^0^1-1 
V V ■ J 

*'4 
4 # 3‘56 
A * 2^6 
41 » a-6 
m A a-b5 
■i ■ 

■ ■ 

n4ft 

« « 

m * 9-7 
■ ■ 

A A 

■ #- «^B| 

yo 
J-o 
yo 

■ *' 

yt 
m Ai Fl® 
* ♦ 
i Ai j'i-3-a 
# * ja 

ja 1 

FlbcoLitB ** 
D^opflido »«■ p- 3'3 
J«ildt]D . # • p J'J 
A^eioitis 4^ - 3'J 
Dioptw - + p - J'J 
liLjinicnipilui - - 3"3 
TdocTftM P+ p- 
Dilviiic ** p - 5' 
EpiOotff ,P *p 3^J-3 J 
^nbens ^ 3'4 
wypeiiibeiui ^^ 
R|iododt« - * 3-4P- 
0iamDiid ** 
TtijjM .. -• S'4-J** 
Crmulur ,» 
Vvwmvim - * y$-yf 
Kyanlte ** *- 3^ 
Spinel - 3-^7 

-• 5'^ 
Cbrjujberyl - - 1"7 
SUurolitA ■' 3"7 
rynfie 
AMiudite ■ * 
Ccnundtim - 
XiroDn {(muiipli&tia) |'0 
Wllkmiw 4'* 
Sp«»rb4iA .* 4'*-4i 
Ttiitik p. - - 4^*^*3 
Zircon (tiarmai) -. 4^7 
ILzfEutitia *» 5'^ 
CuB^nitO *. ^ 
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RAKDNE^ OF GEU-STOKIS 
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A 
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7 
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CHAPTER rV 

Forms of Crystals 

An imijortant feature of h that—'Wiih 
tht exception of opaJ (abo amlx^r and jet) 

—they consist of cry&toiJjzrd matter; and lu iim 
majority of caoJi gem consists of a single individnal 
cp^af. The more perfect and regiihr tbe crystallita- 
tion, the more perfect is the: i^^lrirtg gem. Ait bough 
tlie external form of the ayatab is of course not evident 
ii! cut stones, yet some knrmledge of orystdlpgraphy h 
essmlial for the proper andcrEtaniling of ibrir opUcaJ 
cJiaracterL 

The alums which bnDd up the vast array of chemicaJ 
substances, ekxpfmts aa well as coinpomds* are grouped 
together oi certain wnys with tlfflnite patterns^ and 
there is a continnotrs repetition of tliis patiem tlirtmgth 
out space of tlireu dimctisions. Each siilifitance^ and 
gem-stone* has its own charai-Herbtic pattern. 

We con ifFLiginc the atom^ situated at the knots of 
a network or the nodes of a ketico j[figv t and 3). As 
4 result of this it will be st^ that thet^ are cetlaiit fines 
and planes of atoms continuous tliroiighout the struc¬ 
ture, In showing a square network in twa 
djnwnsiotis, in addition to tlie horu^uLal and vealitsil 
lines of atoms, leveru} other lines can be traced. Tlie 
dotted lines a, diagonally across the square. pass through 
every knot. The linns h tiireugh every second knot 
downwarthir and the lims r llirouj^ every third knot. 
Others could bo drawti through esv^ fourth and other 
knots; Similarly^ the dotled lines V and pass througli 
every second and third knot in tiic Iiorkoutal 
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In fig. 3 tour of ihti sqiuu-e net^vorkSr ss in fig. 2, 
pD^id oni; obuvi^ oiiutbtr in \h^ third dinmi^ion, 

giving a cubic lattice.^ This bcouuts rourfi motie cc^plex- 
In addilioEi to the origmid frjtir uct^urk^^ tbcir iue nuw 
eight oihm oi 31 jiiniJIar clinxartcr—Touf m the plati£ 
of the fKipcr^ Jtnd tour u^niiing from front to b^k. 
Each of the sets of planes '^s pa^dld to the faces of a 
cnibo. Blit tllL'se lire not tJie miJy planes of atOEiis 
that can be traced in mdi a stnictiirc. The veriicsti 

plane 4cgi(f shows sixteen dots in Uve jMcttire. and [mralle] 
to th^ tJjefe is rmk upon rank of aimilar pl^es, if ^ie 
imagine the structam to be extended indefimtdiy ^rith 
miliionsof dob. The next plane parxlkl to and in fionr 
of uqfiff contains iwdvc dots in the pictiirt^ But the 
wliole sinmtuoe now hns a nymmittn^ f^petition, and 
tljort ace iit^ otlicr plane dkccticais atnjjhir to itcgf^ 
namely, Mhf. a/^d^ AcAci 4?*^- inclificd 
plane thrtnjgh the three points */ contninii ten points 
m the picture (nine along the smd one to the 
oemre}. Such a wit of pa^UcI planes is sjrnifuutricahy 
rei^tiid thioTjgti the ^tnti ach, and there 
bwig four such direetnuii parallel to tlie faces of a 
regular octahefirem. But tliM k not nU. An uigetiious 
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xmdci will bt able to tract hiindjrecl^ of othtr plants of 
atomsL (Iktter t liars any crosawiapd puitEct) 

Thi: stractttjTC oulStncd in tlie ptcc^?dmg paragro.ph h 
the simple cubic Uiike. Thc« arc two other kitids of 
cubic iatticci Eace^taitmi with a dot in the ceni^ of 
each face of a cubic ceil; and body-centred with a 
dot in the centre of each cubic cell, ff we take tmeqiud 
lengtlis between the points along the tbjw niain dn^- 
tions, and also vary die angles (tnjt oil right angles) 
between these dtneciions^ Uieit we get otber types of 
lattices of which there are foiirtceu in alL But this is 
only till? beginning of Llie prohlenL The doig can 
arranged with symmetricaJ repetitiems to fill space irt 
330 difIcTcnt ways—kogwn as the 230 space-gttsijpSH 
Think of all tJie difteraiE patterns of vs-all-pai^r that 
you ha^x seen in two ditnensiems, and them imagine 
what would happen if the whole space of tlie room were 
fillwi with thcjn. These matters may safely be left to 
the spcdxiJjst m erystal ^tnicinre, and thiiy need nut 
alarm the admirer and student of gem-stoniis- 

That such ctrnipHcatiuiis. do out ukt only in the 
roJnds of philoanpticrs, but also in crystals (and gero- 
sloocs)^ has been proved within tJie last twenty years 
by means of X-mys. Tlie pfcmes of atoms which we 
have traced out hasie the power of teflcctirig X-rays, 
and by measuring the ang!o of refleetbu the distanoe^ 
between the pUmc^ and between the atoms lliemsclve* 
can calculated Tbeso distances are of couw ex« 
cessively minute. In fig. 3* Ihc ainm^ along dircctkuus 
paniDcl to the cube edges are alternately Bodium and 
eldedne, then the figure represents the stmctitre of 
Tock-^t, The distance betw-een adjacent ^ixUum and 
chtumie atoms tias been cnn^fully meiumred os 
Angstitlm Ufiii^i or 2^814 x fch(joo,ooOpOi9,i4 
ciu-)* Of rather more tf»tm a hundred-milliontti of an 
FfM-h. If we Cook a ctystal of rock-satC measuring one 
Entli alocg the edge (i cubic inebj and reproduced tbe 
whub sUTtcume on the same scale as in fig, 3, the 
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drawing would be nearly a UiouAand mtles across. 
The Uliana) structure of crystals suggesied above 

finria an e.'Eprt.'Ssion in tlmir cxternnJ form, A single 
oystal growing frody (not in a confined sp^c, or 
crowded amongst other crystals) shows a devdo^ent 
of pLuEc which ore usually quite sniootu and 
brilliant. Hiese planes or crystal-f<u^ are parallel to 
tbc planes of fttoma that wc have been oonstderinji^ 
acd ore thus important directions in the ciptoh 

Frotn the point of view of a student of gemstones 
this external (orm of oystals is of much Interest and 
importance. Each mincroJ specka, t.t each easnitially 
different kind of genvstbne, has a crysliilHon form 
characteristic of itself, onJ if crystal-faces are present 
vns can tell at a glance to which mineral the crystal 
belongs. Even when the oysial is water-woiti, as is 
often the caw with geni-stones> there is oftar some 
indication of the original shape. A knowledge of the 
extcnial fonns of ctystali is therefore of considerable 
jinportance, and enables tis to distingmsh at cuiPO 
between, jay, a red garnet and a ruby, or between a 
green touima^e and on ementhh 

Fig. .j k a dravrtag of a regular odbJtedttni, a solid 
bminded by eight equilateral trianglia in four parallftl 
purs. &vstals of di^iond and spinel are of this form. 
Fig, s shows tlie dght faces of the octahedron unfolded 
on to a Dal surface. spher^ Burface catmot be so 
unfolded, bonce the difficulity wth maps of the globif.) 
A reader snffiaently interested in. tlie njatter should 
draw this diagram, praftifaWy on a Ijugex scale, on a 
piece of stiff paper, eat out along the full Ihies, and fold 
iiltmg tho iJottwl lines. The ncaiii will be a model of on 
octahedrtm, if oil the angles have bcen tnade oactly 
6o*. Witli the iild of sucli a mode! the several curious 
properties of the octahedron will be seen niuth mom 
clearly than from the drawing in fig. 4. ft will be seen 
that the model can be cut into two shaDar and otjua! 
holvs along the pLuuea ABA^B*, ACA 'C*, and CBC'Bf 
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ami if one half be pliu»d a mitror the other 
b&lf will be reprodoteti, givinB tbe appearance of tbe 
fall moiid. These planes we called piams sf symmary, 
here the three cubic planes of symnKtiy, Tlie octa¬ 
hedron also has six otlicr ptmes of symmetr)' (denkta- 

planes), each of which throogh two comers 
and the tniddles of two opposite edges, a plane 
through CC and the middles of the edges AB Emd 

A'B*, or through and the middJes of AC and A'C- 
In addhion to these nine (3 -1- 6) plaiiBS of s5nnIIletry^ 

Uie octaljedron also has thirteen (3 + 't + 
sytnntetry of three kinds. In fig. 4 the three dash-and* 
dot lines joining opposite comers and intersecting at 
the centre ol the crystal are axes of tetrad syromctiy. 
If the modd be rotated about any one ol tliese ax^ 
tiuough an angle of 90 > It comes into the same pod* 
(ion as before—a covering positioa. This opcmlion is 
repcateil four during a complete rotation of 3!^* 
About eacli axis, tiencc the term tetrad axis. Peipen- 
dictilar to each of the four pairs of purullel faces of 
the octahedron, and Again passing thr^gh the centre 
of the crystal, b a Iri^ axb. about wEii^ rotation of 
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gives a coveiirtg posatioa. repeated 
during a compiete rDtatioii of 3,60*. Tbere are four of 
tliesG triad axes. Next we have six dyad ax^ with 
rotatioris of iSo* and only ttvo cxivcring poritions for 
a complete rotation. Thisoe dy^ axes pass Uuough tiie 
centre of the crystal to the middles of oppoaiie edges. 
Finally, ttie crystal possesses a aniff ^'nnmeUy. 
Every point on the aurlace of the crystal has a corre¬ 

sponding point on the opposite side and at att etjual 
distance from the centra We thus see that the octa¬ 
hedron is a biglily synunetrkal twdy. 

The cube or hexahedron (fig. 6), a regnkr solid 
bounded by six equal squares, tnis the some high degree 
of symmetry as the octahedron; namdy, three eubk 
planes 0/ symmetry, six dodecahedral planes, three 
tetrad axe* of symmetiy, four triwi axes, «x dyad 
axes, and a centre of symmetry. Crystals oi diamond, 
especially those from the Belgiaii Congo, sometimes 
have the form of the cube. Although the figures of 
the octahedron and the cube differ so veiy much in. 
appearance, yet there is a very dose erystwographic 

(r«| * 



^ A KET TO PRJiaOUS STOKE2S 

iclatiaa between ibe two. If we chop off the eomcis 
of tlic cube, we obtsiiu an octahedron; and if we ch^ 
off the corners of the octahedron, wb get a cnl». In 
the firat case Utt* nawitilJE figure is obtained hy joiniite 
the points at the oeillio of each face (d/JC A £rC in 
fig and in the second by johiuis the fwintt at the 
ouitn: of cadi octaliedjon face- 

Figfi, 8,9, And lo sliow the stages tn passingf^lrom the 
oclatiEdron to the cube and vice versa- They Tcpreseot 
crystab consistiug of <i coinbinaliou of two aimple 

lai^. I ItB a:±ihslntti padyiiiaiitlnt: %. * tU mbo-aOihfilrnu in flt- is 

fonns-^iere the cube and die octahedron. Tt^ rmU' 
biitan'tm oj /(jtuw is very common in crysTBls, in facti 
a usual future. Fig. 9, bounded Ity six wiiuuxs imd 
eight erjthlateral triangt^i is the cubcHictahiedroo, which 
is one of the Aidtinuslean sobds of geoinetiy. 

Here wt tnny remark that the regular of 
geometry ore not necessarily possible forms of crystals- 
All of tluim do not conform with the law^ of oystal 
svmmetrv. The octahedron and cube, and also tlic 
tetrahedron, of the five Platonic liolids am pcMsible 
Giystxij forms, but not tlw dodecahedron (closed by 

pentagons) and the icosahedron (£o (Kjuilateny 
tiiungicii). The tetrahedron is boatidcrl by four eriiii- 
lateral triangles- ITg. 11 shows (ts zelatinn lo tlic cube- 
It is also related to the octahedron by extitnrltrig four 
oltctimie faces of this and tuppresing tlie four parallel 
faces. This form has only part of the full symmetry of 
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the cube and ncUheiinm; namely, abt dodecsiheilral 
planes of Bj-ntmetTy, four triad attest, and three dyad 
axes (in place of (he three tetrad axes}, but no cubic 
planes of sj^metry ant] no centre of syminetty* The 
tetrahedron is a rare form in crystals of fliAmnnH 

The three simple farms of crystals we have so far 
considered beloi^g 1o the cubic system of crystals. But 
there ore sevcpl otiicre, the more important of tehtth 
are the rhoirLbiC'>dodixnhedroin and the kositetnihcdmit 
(^- 5^ d d hi die gamet chapter), rvhkh are the 

Qtanl forms of garnet crystals. With combinatioas of 
the sevcTid simple fortus, some cubic crystaJs may be 
bounded by hundreds of facets, but they are alt arranged 
on the crystal according to the latr*. of ^nmctiy, 
Fnrtlier, they can all bu referred to three equal ci^'S- 
tilhgT'fphic at right angks. In hga- 4 anij 0 these 
artes are drawn witli a dimb and dot. 

So much for the tubis system of ci^tals, of which 
diamond, spineJ, and the garnets are important repro' 
sentatives nm<uigt!l gttn-stonea. In dboissing the in* 
ternal sinieture i>f crystals, it was mentjontd on p, 30 
that different types of lattices could ^ derived by 
Varying the dlstODoes along the main directfons and 
also the angles between these directions. Now there 
directions are the cryataJIugraphtc axes to which the 
extcnifi] faces of crystals are relcired. If we take in 
fig. 4 the axes AA* and BD' of equal length, bat make 
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tin? third aKis CC" eilher lonfcr cir shorter, we the^ 
have a diJIerciit stale ol alLurs. ^nd by joining op the 
ends of the ax&t we still (lave an ci^bt-faced fi^re, 
but noE a re^nlar octahedrorL li the axis CC* is takexi 
fongor, we have a st4^ square pyramid* and if shorter, 
a flat square pyramid These are crj-sUls of the Mra- 
gpfud of which there are again special degteea 
of syuimetry and a variety of simpie fortns as wdi as 
combioatkuis of forms. Zircon is an impottont example 
of this system of crystals (figs* 53 P- ^®^)p 

Another obvions vomtioa is to take the tbree axes 
^4-^^ BB\ and CC^ aH of unequal lengths^ but still at 
right angles. This gives the oytkorhombic (or 
rhombie system)* of which topoi, oUvbie. and diryso- 
beryl are examples. Next we con vary the angles 
between the axes^ and so derive two more systems, the 
mondctinic (with one angle not a i%ht utglti) and the 
triclinie (with an tigfit angles between the ues): in 
both of these systems the axes are all of uiieq^ 
lengths. Still another variation b possible by making 
all the angles between the three axes equal but not 
right angles and all the axes of equal lengtlL This 
gives the fAoifiMrAinr/ ^^sSem, which may be regarded 
as a sub-system of the Th^ am of 
rather a apodal type* hut they me of importance as 
bemg the forms in wliidi niby and emerald cry-stalibe. 
Foriimalely no other variations are possible according 
to the strict laws of crystallography. 

Suppose we take % cube by two opposite Mmers and 
sticfch it out in the direction of a cube diBgoiuli we 
itialJ then get a solid like hg. i$, which h calM a 
rhombohedfon. because it is bounded by rhomb-shoped 
faces. The dx faces are all of equal sue and the [wvlvo 
edges all of equal length. Further, the axes of rcfnenco 
are all of equal lengthy and Iho angles betweest them 
are all equal but not right angles. A cube cotnpresAed* 
initead of stretcJi«i along a cube dfagonxl wilt give an 
obtuae rhombohedroa (fig. Tliese rhomt^edra 
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possess a tnucj^^ triw! axis of symmctTv, wljklt is 
aJwaya placed vertically in lifawfaigs ol sa'ch crj-suOs. 
Fw tha reosoti fhe drairines in figs. 6, and 14 
differ in orientation. Suppose novr we confiRue (o 
ffttvtd) the acute rhontbolicdroot the three upper and 
the Uiree lower faces will approaclt nearer ajxl nearer 
to the vertfcal axis, and at inflnity they will be parallel 
to iL We now have the six faces of a hexagmud prism, 
Similirly, by compressing the Bbttue rhomboliedroQ 

tbmSMitaKlAW 4fkni«MJ3finj^ 

the limiC be a pair of pJojief p^rpcmficujar to the 
vcrtkal uis. Fig. 15 is a coiitiljJfmNoti of ihsae two 
fonru, thtf h^XHgoiml prism and basal piiukknid. Nciithor 
of these fdmu can by Itsdf eoclode spai^ and 
they can be present on oystalB only m cuinliinaticais 
of forms. Fig 15, which represents n crystal of emeralil, 
has a tuiiqtie sixfold or bexad axis. A rotation of 60* 
about this axis briiigs the cryatoj into the same relative 
postidtt as before, and six such openittuas make a 
complete rotation of 360T. 

Biis gives us seven systetns of crystals, each endowed 
With different degrees of synuuetiy. But It must be 
menti^cd that in each s}'Btem there ore several classes 
in which the symmetry is only partial, nUou-ing in 
<^*riam forms the development irf only Imlf or a quarter 
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of thfi /nU fi uitibcr of fu^. These are eaflctl hofnihedral 
(balfTofed) or telartohedra] forms, in distinction to the 
horohcdraJi (fuU-f&oed} forms. There ure aJtog'etber 
thirty-two of these oystAhclas^, only a few of wliich 
include any gein-stotieSf Portictitara of these be 
found in tattbootes on cjystallQgTn|)hy and mineraJogy, 
and aJl the esseutids ace ctmtiiscly stated with many 
figures of cryatais in my article " Crystnllography " in 
tJie Encydopadia Briiannica (irth edition, 19to). Hie 
main features are tatnilatod at tfiic end of this cJiapter 
(p. 41)1, toother wtUi i list of the gem-stones that 
cryaiaifiae in each system. The full degree of sjtomctty 
is atated for f>arh of the holohcdra] dasses, togedier 
with the pariia] syiruiietry of tfie few beinilicdraJ dnasra 
in which gcni.stane3 are represented. Ttus table is 
intended] for reference, not for reading. 

The angles of cubic crystals an! ftaed by gitometiy, 
and are the same for all substances (diamond, spiod, 
gtild, irtnj, alum, &c,} that oystallire in tliis system, 
TJiow between cube faces arc 90“, between adjacent 
octahedron faces 109" 2S', and tetween adjacent cube 
and octahedron faces 125’’ Usually, however, the 
supplemen ts of these angles are stated, vix. 90^ 70* 3a', 
and 54' -«’< UicflC being the angies actually tniiusured on 
the refieetiug gotdonifiter (angle uieasurer} out! used in 
calculations, bi iill of the other systems each substance 
has a set of iuterfuoiai angles pMutiar to itself, and by 
measuring these angles we can identify tl)e substance. 
The angles are dependent on tlte relative lengths of, 
and the angles between, the crystalJographic axes of 
refetenire. From the angles we con calcidnie tiie lengtlis 
of the axes, ojtd vice versa, knowing the knsths of the 
axes, we con calculate the angles. For exampib, in topos 
the lengths ol the axes (?d, OB, OC (compare fig. 4} 
are stated as the axial ratios 4: A: a = 0-5385 ; 1: 
0'477D, corresponditig to an angle of 55'^ 43^ between 
the pair ol fuism fai^ wt, and of 87^ iS' between the 
pair of dome faces / (fig. 50A, p 174}. 
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nie di0ereiit faoa on aystali am iJkttnj;id5l]cd by 
indices, which iise giwn by tiit' rebtive fenpiiui the 
fcices gn the tixt% of rtfemice. In fig. 2, for 
ti^cunpli;. Unt indkes of tlie Iin» *3, c ewik] U WTitlcn 
(r,i), (1,2), (1,3). cmrijspandlng with tlie rdiiliv^e dis¬ 
tances they meet the sides of tlie square, Skpikurly^ 
with thmo co-oidii^ate ajces, apbne meeting ihearesat 
ttnit leiigth nt d * C (% ^J fuis Ihe miUces (ill}. This 
is the simple symbol of the octabedran. A plane editing 
tlic 0d4 4xiA At A t tlie 03 axis hiUI its Jengtli. ajid 
the OC axis at one-tliurJ iuis the indices (123)1 Cobe 
faces cot only one ayk and iiure parallel to the other 
two^ and the indices of the tJircc faces d* C (%. 6) 
are (100), (010), ^ (001) rtrocclivdy^ 

Im^uiariHes in the ^vidtminoiit of erj'^ab arc 
frequent. Few ACinaJ crystals allow the modeblUce 
filiapes represented in the aixomp^mj^ During 
the growth of a crystal from solution^ it usnafiy luippena 
that moie imtoid is supplied ™ one side than on 
anoIJiCT* with the result that the crystsd grows lop- 
sided. A aysUdJggmphk cube, for example, may have 
the .diape of a square or ndctangular or cuZumii. 
With oombinutiDus ol forms, CTriatn are often 
fuissing. But the uitermJ EtnietuFc imd the imgles be¬ 
tween tJie fai>cs always remain the same, and such faces 
that ore dmioiied or^ pkeed in their true xsmrmctriGii] 
postUon and iht i^nkUdhiin of tiirir edges b prc^rvcfj 
[i;ec figs, 49 ji-c„ 170), The of the faces in 
tones, nr bands, around the crj^-tul ^viUi s«ts ol poralleJ 
ctlgcE will be noticed in tliesc figures. 

Cleavage b an important character of cry^tofa* and 
one inCiiTiatiily cotmocted with their fritemaf stnjeture 
If wc have a parallel set of den^^ty packed planes of 
atonas with a wide dutance betwi'cn thi planes, it k 
likely that thig will be a directiem of weakness in the 
stnictore along whkii ii wili bniiiL Tlie crystals of 
dtfEcnmt substances have different degrees of deavage^ 
and ihb cboiacter affords an impcirtant meani^ of dur 
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tiTTgniahitig Hjffwipiit Tlicne caiij for mstanc^, 
bt no mistalo? fo iwofniEing mica, a c^taJ ol wiikli 
con b* n^adUy tom up ifito thin mper-like sheet Si eedh 
wiUi a smooih ojid brilliant aarlatie, EiuiLa^c (nmned 
from iv well* and xXirH breaking) and fibroUte al^ 
have a woncforfiil deavagt. If cat® be not talecn M 
enttin^ these gems the a-ysUls will colk^ Uke a pile 
of cardsy or if dropped they will split. DLajmond also 
has a good cleavage^ tiare la foor curoctions paraKd to 
the Ians of tlie ectohechftm. Advantage is taken of 
this property in the process of diamond euttui^ a 
large crystal may be divided or smaller irrcgnlantlcs 
TomovedL A knife edge is phiccd in the correct positfon 
panilld to an octahedron plane and the back of tte 
Jenifo struck a smart blow; the civ'stal then falls in 
two along finiDoth and shining smiaces. It is an in¬ 
structive experiment to produce the cleavage in it>c±- 
salt, caldte* or baryte with a knife and snmll tapping 
liammer. To do this requires some knowledge of crys¬ 
tallography, whkh may or may not have been gained 
from iha chapter. Another g^mi mincnil possessing a 
perfect deavage is tj^psz* here in one direction parallel 
to the basil piane^ This aflords an easy means of dis^ 
tingmshing between toiax and quarts wJicit a broken 
surface, even on a pebble, can be uispected Spwlnm^e 
(kun^tte) has two perfect deavages porahEl to the prism 
plants., Feathered haw^ in gem-stoncs are due to 
cleavage, and a dcavage crack seen through the stone 
often ^ows cobured bands (Newton's rings). 

In other crystals which do not possess a facility of 
breaking in a certain direetten* Uit character of the 
ft^tuxtd surfaces, or '•fracture”, soiMtimcs affo^ 
a distingulslirag fcature. It may be couchoidal {with 
concentric ring^ markings as on the surface of a bb 
valve ahdJ) or imfivem 
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THE CRYSTAL SYSTEMS OF GEM-STONES 

CoBzcr SifKTOl.—Three oyii&llj>j^phJi; bui a1| oI «quJ 
lexigtb rnml all at angltm. 

J $ g.}mi£i3«trjjp plaJIH^ 3 tntf^ nxem, I trtriij mxm, ^ 
gjte^ crntn of 

OfjLmoad. garnet group, Lujuntd, aodollte; palliudle. 
fiuoriu^. 

TiETUtiOlfAL St^ATEif,—ot the ayfftallagrnpblc ftj™ erf 3ua1 length and the thbd aitber Jongt^ (xr sJiortef; 
at light angle*. 

S + 3 + I e^niLnirEry plnoei^ j totmd onop 1 -J- 9 
Oov*. oentre of syjtunetfy. 

2ircm, tdocrue, cuBlterite, nttik. 

Obtbgiliioubic SvsTsif_Thm cr)^tbi|let^pMc Ban of ueh 
eqool lettgtha atui alt al right artglee, 

I -h 1 -f 1 ejtcfitwatry pUnes, i -h i 4-1 dyad oxeo^ 
oBntre oj oytunietry, 

Topoxp olivine,, chryMiHc^L andoluBte, branxite; 
hypenthaw, oofdisTte, fibrolitew TtunoEileL donburila^ 
b^dtooite. 

UOHOCUjtic SinTzu.—lltree ajrsimlkf^phk m»n ol nneq uni 
kn^ht: two aura iocui^ at oo obEij|uD ongfo but 
t>oUi at right uig|a$ to the third 

1 lymmetiy phuie^ r dyiid ucit, cjtptneof lytnmetiyv 
SpwJmueae, DBphrttep fadeitv, dtop«Bep c^d|«, eueJoae, 

ipbene, ortboclut 

Tiu^LoiJC SrsTvii.—Three oyitaOoumphk aaea of nDoqujii 
lerigttu^ p«te at right angleia. 

Centre ^ jynimetiy only. 
Ajdnito. kyuiitep rhoilonite^ oligaclofiep kiinidixitef tor- 

quobe. 

UuaoWAi. SVETDli.—^Three equal cryitallograpbia nxa 
iorHnod at and alt In one planet, ami a fourth 
ara td diflerent length perfmiQkiilar to tiiia pJane 
and edtieidiBiit with the Jtejmd oxir ai tyininetiy, 

3 4^ J ^ I vyinxnntry planes, 1 bexod urp^ 1 + 3 oyod 
ftxisi^ centre af ty-mrcKtry. 

Bend (emerald and aqaanroriiK). 
Bipyramid^ CUsii,—t ayuuunlify plane. I hoiad iadop 

Oaltre ol eymmntryp 
ApotUn. 
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KnoHnonESMii Svsm.—Ttma equal OTmtaOccimbk ue* 
mutuailv mdbtKJ mt tli« wrm wbkh aro tioi 
riglit {lilt* toijr aiet aa hi tbn facjpig^afUil 
syviBm w flfimi dUuitwttlvrfy employed.) 

^ symmctiy [danni, i triad ai£i, 3 djid bxk^ orntn fli 
, fymiouiitry. 

Comndnrn (rab^aad wiplUrc)* harrmiNte. 
i*yramUtid —3 iymiiuitsry pluieii i triul 

wM, no ceatfft. 
TgqfmtdtiiF. 
TrafrtKJi*i{rai €tau.—t triiuS axIa, 3 dyad axaa, no eentnb 
Qmrti (rodc-cTj^taJ, at&othyvt, dtriaol- ^ 
liJk>:imb<Mdtal t triad axii» caatra of ajnnxietay* 
Fhenakite, uviJlvtidt«; d^optaaa. 
Uiin^rmai IfipjrrMmtdid —3 + I ayttiAtry ploiifi^ r 

ttiail 3 dyad ajuAi no onxtJB^ 
fi^dtoit*. 

Non^TataLinta (AaiOAFttOUiJ^—OpoL amlw. Jat, mokiavita, 
aillLa >3 laaiL 



CHAPTER V 

Optical Characters of Precious Stones: 

tiieir Action on Light 

Light# oI ull colours aud all tvavt^Icn^Iis, traiiels 
with M Velocity of about iftti.ooo miles per secpitd^ 

filigJstly less ID air than in a vacuunt But when it 
eaters a, denser miTdiunii such glass or a ciyataj, 
the velocity receives a check proportional to the mde^t 
of refraction of the medium. In diamond the vetodty 
of red light is about 77,000 miles per second, and of 
vjolel light only about 75,coo miles per sectmA [I am 
not in motorHi^ i^'ng.J It tak^ longer for 
a Violet ray to get loiirid rnside a biilliant-eut diamond 
before flashing out from the front of the getn Oinn it 
docs for a raj my tmveUieg along the same path. As 
a fault of this 4Aftk in the ibe path of the 
ray is ddlecled wJicn it the stone, iliis is known 
as the mfractiem of light, and the amount of the rcfriM:- 
tion or bending gives a meastire of the indej^ of rrfrao 
tiro. The rcfr^tive index is a character of iznporcimce 
iu i^mr*5tones# showing ix^nsidiniLble differences in 
^frenmt Icinits of stones. It is therefore a usefril aid 
in their identification. 

In figs. 16 and ry a my of l^ht /lOstriking the surfAoe 
of water or diomoitil at O ts portly refleejid iioiii the 
surface (otlicrwise we would not see the object)# and 
part enters the denser medienn tmvclUiig along a de¬ 
flected path 03^ The amoucii of fa given by 
the ratio of the sifie of the angle of mctdcnce to the 
sine of the angle of refmetian (thefio ofigles i and r 
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being' nw^umred to Hie nomui CD to the surfixco). or 
by sin I'/sinr = ACiBU, wbkh Li a intaiurtf of tlie index 
of Rdraclimi. Water hu a nefractive index of i’335, 
so in l6 Uie length A€ h 1*333 ‘tmos as long as BD. 
Diiimond with a highor refractive index of 2-43^ causes 
a more violent bending of the my* in fig. 17 OA tf 2*.|2 

as tong as BD. An otH^t at B when vieutid ftoju 
A will appear much more duplaceU wlim seen through 
diamoinl than through water. 

Sinef> the ray un entering the densec; medium is de¬ 
flected towaids the normal CD, it is clirar that there 

P^. rt^-AriwUnn t* S*. ti, IUft»rtlw]<l Plf. 
(igjuMittlattd jBlcrMl Ml nhslca 

toi ilfuniiiiJ 

can be no dilScuftj for itny ray to enter into water nr 
diamond from air. But rays travEdting in the opposite 
direction may meet with a difficulty. With on unease in 
the angle r (now tlie angle of incidence) tlicre is a more 
rapid increase in the angle i, and when this reaches 90“ 
the ray of light can only skim along the surfajce. With 
any further increase the fay cannot cmirrge at all, but 
is reflected Ixick into tiie denser tnediitm, and uoiv at a 
diffemtt angle, the angle of rcfloctioa (not refraction) 
being eoUJil to the angle of incidence (fig. iSj. Tliis » 
cailtd the “critical ai^lu of total lelicctioo " {A'J> 
sin ill B I fit, where Ji is the index of refraction. For 
diamond this critical angle is abotii 24!'^, and for water 
4Si*. Liglit cannot get out of diamond so easily « 
out of water, ’Kacfi getn*fito]ic has its omm duractenstk 
crJiicaj angle. Total rvihictijaa bom the surface of water 
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is veiy snuply dcnwnstr^tcd by ptitdi^ a pmcil bt a 
gbtfs of watiT and viemng it from bdow. U an aquanum 
is viewed from bdow at an angle greater than the 
ciittca] angle, the fishes will be wen upside dowR. 

This critical angle fe a matter of considerable impor- 
tance in the cutting of geni'Stones. Ligfjt entering the 
front of a gem must not be allowed to jian out at tlie 
bock, but must Ln: mOectedat the back to fljuL nut 
front die front and 
so enbance the brU- 
iionqr of the gem 
(fig. 19), Ibis will 
^veni tbc angitis 
at which the facets 
are set, and in a 
properly cut and 
proportioned gem 
tbe^ angles will 
vary with the Idiid 
of stone. 

So far, wo have 
considered light of a 
single wave-length or oobur, ie. moaochniiiiatie light. 
But the refrjunivc index of a substance varies with the 
different wave-lengths, increaauig b amount for sliorter 
and shorter wares. The refractive indtuf for violet light 
is always greater than for led lighL The dificrcncc 
betwceo these two indices b amirasure of the dist^iiou; 
and this again is a quantity that diflem in different 
gem-stont^ and is very hi^ b dtamond. On tins 
dcpenils the breakine up of white Ifglit into its com¬ 
ponent coloum, as shown in tbe spectrnin. The ray OS 

t6 and 17) is not a single ray, bat a shea! of m.]?® 
of all colours* In passing out friom a panillebsided 
plate these svilt be intemiiRgl^; hut if the attrfiue of 
emergence be at an angle with the first stirfare. *0 
hntning a ptistn, than then* is a further separalion of 
the cobuis to gb'e a spectrum. This is illustrated in 
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fig. J9p hut with the di^peraiau grci^y e.^aggeratGd and 
with hit«niaJ ujtal rcfiiK^tiona With the Jacifts at 
ritflireut angles, a briHiunt-cui dkaaiud acts as a 
prism and giv%s flashes of prismatic cotom? whicJi are 
re/niccicd out from the several facets. Hie ray s1io%ti 
entering at the tap of the gem is twice irflect^ mside 
at anglu greater tnan tJie cHtimt aiigb iind can fimJly 
emer^ at atigics less tlian Uic critic^J aAgJc. Fig, 19 

also ilLustrales how total reflection near the critical 
angfe can help m spJittmg up Uie fight into im com¬ 
ponent coloms. 'nie violet refmctecj part of the ray 
entering stone from t!ie left meets the oppOidte 
beet at leas ttmn the crilkhl otigfc (23* 56' for violet 
in diamond]^ ancJ tt con thereion; pass out; whilst the 
red portion meets the same facet at Just over the 
critii^ angle (34“ 36“ for ml)^ aod it is totally reflected 
at this sorlace. 

Tilt patient reader {if he has gpt so far) must now 
be prepared ftx- a further tonipLljcntbn. Wh^i Itas been 
sjtid up to now applies only to cubic crystals, whicir 
af^ described as being optically iM>tropk or ^gly 
refracting- In them, as to gta^ and Nc|i3icb. li^t 
travels with the some vdgdty in every dir^ctiori^ and 
the optical propciiies show no variation with direction 
witliin the crystal. All otlier crystiils wee doubly re 
hactiiig (or binefringent} and fight travels through 
Uiem with difFcreat velocities in every direction, and 
the optical properties are different in diflerent direc¬ 
tions (with certain e:tcep£iims). Further* a my of 
liglit entering such a crystal is not only split up into 
list s^VE^ cobnrs, bit! the rays of cacii dolour am 
themselves each spifi up into oppositdy polarked 
lays. Id i^idmiiry %liU and the light we have dealt 
with in cubic crystals, the wave vibrations are in all 
directions pf:rpe!ndicnkT to tlie pith of the my (like 
a plummi^t which iziay swing in any direction}. In 
pobrked light tiu: Wave vibntliozis an? oontlned to one 
pLmcp the my it^f^ of course* alao l^^ing in this plane 
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(as with a pcnduluEn), The two polarted tseAms tui 
ijj-stak ans in plrtTip^ at right 

me, sayp ’librating ujj down and the other from 
left to r%ht, Ifi the miiHiLnd caldte these two boanrs 
ttTF widely scfuimtedp and Oiroiigh ^ dear block of 
rcobnd-ftpar. objects are $eeiv docibk, henc^ it is cnlled 
douhly-refractiiig sjjar. In a Lirgc cat gtnt-sinne (cspo- 
□ally zircon] tlic edgts of the back can sotne^ 
tinjcs be seen double for the tame reason. 

The stiidy oi polarized light in crystals is full of 
[nterest and compJkatiom and for detail rcfcs^tice 
must be zivulc to Eexibooln on crystal opt^ or to 
chaptdis on the object wbidi are usually mcludi^ in 
t!ie textbooks on crysiailq^pliy and mizaeralngy^, All 
crysta-b can be grouped optu^y into three tnoin 
classes: 

1. Opth^r iwtrti|w Liu:luilaigcryfttalf 
D g- diiuTwnd, ipincl^ gainctsH 

a. Optically iznijuiulp ini:l»Eiuig uyaUk of li» tai^atcismL 
rhciiiibahediaJL and hexagonal ti.g. firroD, cmindiiiTi. 
qnam, beryl Ac. 

3- Optbe^y biai^p biduiliiig cryKtHhi of Hia crtlwlimiiliic^ 
UMiacidinic, and tridinic ly^tenu; e.g, tc^i, ollvinfi^ fpberUr 
ulnitc, Ac. {For compldia iiit me the refenfaev tailr on 
PP- ^4-^5 ) 

Cubic crystals and glasses have no action on plane 
poliidzcd fight. (But hem again we are up agaiost a 
further complication and exceptimt to a genc^ nde. 
Sbine cuhifc crystals of low degree of syitimctry are 
drctdarly polarizing or " optically active 'V being cap¬ 
able of rotating the plane of poIarizaUonp but fortu¬ 
nately none of tltese is known nmong gemnstonesd 
This general rolti a^orda a simple ineana of distingnbh* 
ing cubic ciystals^ and ^iso of distinguislih^ a coioitred 
gi^ imilatkin from a grrininc (not cubic) slmiCi, For 
tills ptfrpo^ a pokrtsenpe nr |>o]arizirkg mkimcope k 
ucededL Tliifl ciillcrs fbom an onliniiry' tokiasco^ in 
being dtted with a rotating stage and two nkol prisms, 
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n polarizer aiid an 
an^yser^ A dear 
view can be ob- 
tatned Ihrough 
eacb of these sepa- 

blit when 
tbeyarc''crossed*', 
they cut out aJJ 
thetigiit. Aaibk 

or g[iis$i 
when placed on 
the stage of the mi¬ 
croscope between 

crowed nicols^'p 
remaiits dark 
throughout a ocun- 
pZeto roLatiofi of 
the stage. But hero 
another waraingi 
SomecutaiccTTitalii 
show anomalixis 
double rdracticH] 

strati and 
this can only be 
judged by ex« 

_ perience. 
^ aibiccrystals 

the traveling of 
the myi b very 
fnudi go as you 
please, though 
tliey must keep on 

Hues, 
mofc 

cnttiplex OnutiJy- 
lefractlng crystals 

tliere are strict tinSc reiplattons, as well as a ^niriety 
of speed hmits. In unkxud crystab two classes id 

Fit. (a- 
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travellas are aUotred. One of tbes«, the ordinary 
ray* must fes^i the laws of ttfraction ns in cuhi 
oystalfi. but it is ratutraiited Ed vibraie onJy per- 
pudkulor to oae line in the a^=3taJ. U it hapiwjis to 
be travdUinig (dong tJiis line (or rather cUnKiion), then 
the vibrations cui be in a variety of directioDs perpen- 
dtrniBf to this line* snd tlitise can wnggle sideways tjt 
op and down Just as they please. «s in a cubic ciystiiL 
In this one diraelion, uniaxhiJ crysrnJs behave like 

crystals and are opiicdiy isotiopiiL Tbigr remain 
dork between crossed tiicols. This tmtcjtte directhin ts 
c^ed the " optic axis " of the cfystaL It coincides 
mth the fciurfold* threefold* or sixfold syrametiy axes 
in letra^^ial, rhotnbohedral, or hexagonaj crystals. 
For an ordinary ray travelling in any other direction 
inside the oystaJ the vibrations can be perpendienkr 
to only one plane, for there b only one phuw that will 
contain txrth tl)e path of the ray ami ilu* optic axis. 
The ray is thm pkne polarized. M the ordinoiy rays, 
wtiaUvcr their direction* have the same velocity for 
light of ajie cdbur and in tJte some kind of oystaL 
Cto^ponding to this we have the ordhiaiy index of 
refraeijon for a imkTig) crystal, which is iisoally 
dieted by omega fw). Tliis, of course, v^es sll^itly 
with the wave^Ien^ or colour of the ligbi. and it has 
different churacteristic values in cliffcoent minerals. 

The other dass of ray in uiiiaxiBj crystals is the 
"extratndiua^ ray'*, so called because it dos not 
obey tlie ordinaiy la* of refractiwi. as does the ordi- 
oaiy ray. It can vibrate oafy in the sttiglo directinn 
paraUe! to the optk axis. Since vibration-duccfiooi 
are pcrpendkitlar to the path qf the ray* ii foibwa 
that an extraonliniay ray cannot travel along Uie 
optic axis. It has itn full Ttrenglh. as it wen*, when 
travtUing in any directfccj petpcndkular to this axis. 
In such a direetkm the velocity of the ray and (he 
correspanding index of refraction {here the exira- 
ordinaiy ind^, denoted «, epsilon} have maxittium and 

(iti) t 
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chj&racteristk valufts- For any intOTiiediate dinpction 
{jf tlie ray between thc^ two exiiraies (polar and 
equatorial in tbD cry$iaJ}, tlic valuta for rtfnetivo 
inddc fie between d4 and t. Nom? < uLiy be cither grwter 
or less than w, airordmg tin? velodty oi Uit extra- 
erniioary ray ii tea (slower) or grtsiter (fastcrj tbuxn 
that of the ordinary ray. If i ia Ereatcr than we 
have an '* optically positive ** crystal^ and if oa il 
greater than t, then an optically negative" c^'SiaL 
This may seem a tnviat acddemic point, but it Js a 
help in dhtingnishing diffemmt kinds ot unkxLiil eryslate 
For example, oontaduin. beiyl. tourmaline^ scapotite, 
and apatite are optically negatives white qnartz. 
pbeuakice. dioptase. mcon^ and benitoite are optically 
poailiwc- 

The optics of biaxial ay^ftab are stiU more involved. 
Here Uiere is tio ordinaiy ray, bat throe extraordinary 
rays, each with its own vihratiooHliDectioni These threo 
vibration-dlrocticHis or axes of optiraJ ekstidty are 
at right angles to one anoth^i and they aie related in 
catain definite ways to the aystaUographic axes and 
symmetry axes ol the crystal; and from their orienta¬ 
tion it ispossthk by optk^ mram; to distingafah between 
orthorhombic, mouoclhuCd and triclinic crysiate In 
biaxial czystals there arc two unique dirisctions in which 
all the rays have the same velocity and refractive index, 
and along whkb the properties are much same as 
aloug the optic axis of a uniiutkl crystals Tiie ongk 
between thb pair of optfc axes ia calX&d tlie opric 
axial angle ^d it has a characteristic vidtie for dif- 
ferent minirrate Corresponding to the three extra- 
ordinary rays in thesfl cjystaJs there are three pttDdpgil 
indkes of reCractioUi referred to as alpha^ beta, and 
gamma, a, of v^kh a is tlvc ^alWt aj^d y the 
bigesu udfiss the rays arc tr^vdling in a dkoc- 
tjofi f^fpendkubir to their own pmticuLi/ vihraiion- 
directions, only Jntctmcdbt* values are iiUT^ured of 
the refractive indices. Optically po6iti>'e nod negative 
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Alt here sJso distlnguislicd os in untiiaia] cryirtaia. 
When the vibration-direction of the gineiest index y 
is (lie “acute bisectrix", Le. bijecta the acute angle 
between the optic axes, tJicn the aystal is said to be 
positive; wiicn a is the acute bisectm the crystal is 
negative. This diffcrencc is also sliown bi the illative 
[oagnttudcs of the three refrajctive indices. WTtai fi is 
Dearer to a than it is to y, tlicn the crystal is postUve; 
and if j? fa neamr to y than to «. (ben negative. For 
^antpic, in topaz the three prindpal indJoea of refnic- 
tion liave for ydlow sodiiutHUght the nmnerk'ai vaEoes 
al'dzg, ^r-d*b, y 1*^47. and the oyslal fa positive; 
in andoiiistte. the indica: are a ^1-635, y 1*^43, 
and the ciystal fa negtitive. 

Tliis leads us to another important optical cbaiacter, 
which fa of great dctciminativc value in aystals. that 
of the double refraction or Irirefnngenoe, A ineasttte 
of tlic strength of this fa given by tlie difiensoce between 
tlie greatest and least indices of refrectioii. From Uie 
dgum given above this is y — a = 0*008 for topaz and 
0’0a9 for andatnsite. Sirnilarly, in uniaxiot crystals the 
strength of iht birefnngence b given by « — ai or 
<u — * Bcconling as to whether we arc itraling with a 
positive or a negative crystal In corundum the indices 
nave for ydJow light the values * 1-760. ot 1*766, and 
the difierence w — c fa crooS. In zircon * I-9S3, w 1-9x6, 
and » — ur o-o^g. In calcite the birefringence fa l^h, 
o-fya, and tttene fa a wide sepamtion of the two mys; 
while in diamond and other cubic crystafa it fa nil 

Wliei) we come to examine these btrefringent cry>* 
tals under the polarizing tnicroscopc, some really l^tt- 
tifuj cflecls are to be observed. Vivid potanzatioii 
colours are shown when a small thin aystal or b cleavage 
hake of topaz or muscovite mka fa placed between the 
dossed mcoK It will be found tfed the dyitaJ become 
d^k four dniea during a complete notatioii of the 
microscope stage. This hapi»iis when the vibration-* 
directions in the oystoJ egibcide with tiiose in the two 

T ] 
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olfiol |irwfna- tc this citrKtion ol" extinction *' {mtirkett 
bjr cross-wires in the microscope) ib popiUd to e prfiini* 
Dent ccige of the crystal, w« have " straight extinction 
This will happed, for example, wlicn a cryaliJ oi beryl 
is viewed tfarmigb ajiTbiin face. If the extinction direc- 
tioil is cblu]ue to on edge of the crysliJ (" oblique cx- 
tinctioo "), a tmuLvurcmetit of tlic “exiiiiction angle" 
will help to decide what kind of crystal is under exaoii- 
nattou, lliLs cxiimuution is mark in |»rallr-J nys^ of 
light P^jssing throtigh the crystal, and the poUrisalion 
colours are uiufumity spread over the whole area of the 
crystal or flake if the is of the aamc thidpess through¬ 
out, tf the crystal is ivedge-sJiapcd, a series of bands of 
graded cxilours is seen. 

But when convutgent polarized light posses thimtgli 
the crysioJ facoessortes for tiiis are Qtted to the tnicio- 
scope), a still more reittarhAble eBoct Is to L» obsetved- 
A crystal viewed along the optic axis shows a 
series of concentric brUltontly coloured rings intersected 
byabtarkerms (plate 11], AbkmlaystaJriowrd obng 
the aente bisectrix shows two sets of rings suirounded 
by a series of brightly coloured lemniiicates and avals 
and btetEecied by dark hyperbolic brushes, which os 
the stage is rotated swing round to form a bla^ cross 
(Plate (I), To see tbese '*optic pictures"or "interfere 
encedigures" to the best advantage, it b nsualfy 
necessary to cot plates frura the ctystal in the correct 
direction. They may, however, Iw reacEfly obtained 
with dcavnge flakcii of topaz and rniiseovjtc mica, or 
even sometimes with a little adjustmeot in a faceted 
gem-stone. From these interierence-hgurcs, even if 
only a portioo of one is seen at the edge of the fletd 
of view, the optic sign (positive or aegative) of the 
aystal cart be readily determined 

A detailed explanation of the 'enuFe of these poEari- 
xatian colours in rather involved and cutiuol bo given 
here (see texifrodka on optks). Tltey are due to the 
" interfenaice " of waves of light- The vibratioits of the 
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p]Anc poLiri^il Cram tie Innfcr nicd (polan£er) <Kt 
piissmg^ iatc» Ole cfysLol arc re^Divediato iWQ directioiu 
at rig^t angles eom^potiding to the difttrtionA along 
wtuch twci T«frac|ttJ cue pcnrutted to vibrate. 
Emerging from the o^^siai and poising into the nppo' 
nk0l (ai^pier), thmc raya are cambzrird ogAin into 
one plane of polamayon. Owing to the dicrennit 
velocities of ihr. two lays insitk tlie aystol tick 

may have acquired a difference m phase, and 
iit the m^yser the crest of one wave may coiodde 
with the trough of anotlier. Here wes haw a bakncisi 
tug-ol-wnr ai^ the ivaves cancel One another. If 
th»e ore, say, red waii*ies (depending on the refractive 
indici!^ for red light in the crystal and on the ihkkne^ 
of the crystal]^ then red wlU be cut oot and the com- 
plraientary colour will be seen. When ibo crystai or 
cleavage flake i$ placed tm the muToscxipc ^tage, the 
observer lioa not verj" long to wail for tnese Interfec- 
ence colours to appear. The light is travelling through 
the cry^stal at a speed of about a hundred tiiousand 
miles a second, and tlie Icuj^ of the track need be 
only a very small fraction of an inch. 

From the preceding, perhaps rather involved and 
confiising account of the optied propeiiits of oyatob, 
it will perhaps at leaat be mlbed that crystals Law a 
fine sense of direction. In fact^ nearly oil tJie propertied 
of ctystab varj' with the direction within the ijy^taL 
This is a nec^essary consequence of the 
arrangement of atoms along lines and planus In the 
cryatai-smictnre {Bg. 3), where lines and plane* of one 
or oiher chemica] eliuiiEnts can be traced out A very 
striking example of thiji dircctXtmial clmractet lu etystab 
b giwn by pho^hm^. In the chapter on colour we 
treated of coJoor ns fi^uch, withoot any mgard to dtrec-^ 
tion. But a btrefringent crystal may show diffenciit 
colons when vkirai in diffensnt dkecttoiL This is 
rather an astonbljing hKl, but quite true. A cryatal of 
oordicrite, for example, whim viewed through ia three 
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direcUffli9 Bi light imglfs in turn the calotir^ 
Cainbridge bloc* Oxford hlMf palo yellow. Now 
what IS the reaJ cxiluuf of such a CTyitoJ* aod how can 
we i^ccotOTt fior 3odi a behaviour? 

Thb U illustratrxl m fig, Bt, which also sfirves to 
GCpIain the vibrsutofi-diroction? of waves of light 
passing thiough a bircfringcat crystal. A ray fi) ol 

Fm- *i.^^iii1ii;ii^ tjtwmMVTm 9I k%jw Itgftif ^ « 49^n4< -wmltr 
I erf^oL A bn ^ trfda 

white light entering through the top surface is refracted 
into two rays {or rather bundles of coloured rays) the 
mvis of which have vibrnim-dmciiom p^iulJd to a 
and p. These vlbrndon-direciiorts are indited in the 
comer of the figure; and as they have bees draws all 
paTalZnl to tin? fectaagular cd^ of tlic ciystal, this 
cr}i^tal must be an orLharhmubic oueu £ven if the 
outside ray strikes the smiacA normally fi.e- at light 
anglAis^^ the two refrajcted rays cannot pnscrTc thii 
direction. Consequently the *rayu inside the cty^al 
cannot be quite peTpefuliciiUr to the directions a and 0- 
It tB thereto necesgbtry to n^olve tite component of a 
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perpendlcutaf to one and tiiai of p pefpe^<ljcukr 
to otbfiT, Tli^ residt is ib^'it the r^ys do not tnkvcl 
tbroti|h iho rryi^tal wirh exacrly tbe ydodw cortfr 

to tbo itiiUc^ of rtfindtian a uid p, Kow 
tm niyf, ipsach reftUy aso^iing of & sls«af of t^ys 

of difTeratit wai^e-lfHigths (or cobuisji as in the singly 
Tefract^l ray in diatnond (fig. X9), are each sobjeciect 
to a different Tmatmcnl by the crystal A oolonrcd 
crystal inay absorb one or more colotm Irofti Uie o-ray^ 
anil other colours from the p-r^y; and when tbe&e 
emerge from Uuj opposite «ide of ibe crystd thar will 
be a diffcrciice kt the coIoujb remaining in the two 
sheavi^ SifnilEirlyp a my (^) of white Ught entering 
the srdc focae is rafracleil as two sheaves of rays with 
vibmiionft pamM to » suid y; ud oaic (3) entering at 
the buck face will give rise to vibratioDs parolk] to 
and Y* Two of these vihratioiiHiirectlons^ a and p, 
have already been involved witb the my {t}i but now 
we have a third, y, for which the absorption will be 
again diffcmit. Tlic pleochnaic oolouis mthcaied in the 
figure are those of andalujite. 

Now whm this oystai is viewed^ eveti with a mkro- 
scope^ we do not see single rays or bundle of rays, but 
just a flood of lighb The idea of iingk ruyq is ddy for 
cofivenknce of descdptiiHi and drawing. A drawing 
showing every single ray would be quite a miiddk- 
Tbc whole cryalaj is a quivering mass. Neither do we 
soe with the cmaided (mde and nakedH eye the ** ray- 
coloura dui! to the mys a, p^ and y What we do see 
are the "£aco<olour^ each consisting of a combauation 
of two myH?obiSrs; on the front face p and y* 00 the 
side fi{r^ n and y, and in the bottotn face ^ and p, 
UniariaJ crystals aire limited to two ruy^nlotus, and 
they are deaertbed aa "dichroid " while biaak] 
crystals with tliice my-eolours are trichroic. The 
geucrid term picocliroic covers bo tip of these. 

Tbe ideoebrobm of ciy'stab luis been explained in 
5oiiie detail because it is an important character of 
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ttsd cmc tlwt dOiiWcs Uusm to be dl^- 
tii>gTt«lidJ mdUy from colourod gjasa imltiLtions. A 
my ccmv«iitj^t instnimcnt for detccimg pleodiroism 
b mt dii:hrGs£^pe. Two iQtm$ of tliis ara shown in i!io 
jiccnntpanytug rtgnrc^ F%. 22 dicrws & tinady pocJcet 
form cnnUmiiig nil ttic essentiids; Sg. Z3 shows Uio 
same tube nioiintdd in a holdnc wjtli a focnsme eye^ 
piece and a faolilcr for the gan^stooe. The instmmeDt 

consists sunply of a spedai prism of Iceland^spar 
{doDbty'TtJTic eoutuinet! in a tubw^ at one 
4^ ol winch ii a ^uitni apeiitiro and at Uie other an 
eye-pkoe. Looking through the eye-ptcce Iwo unoga 
of the opertune are seen side by sideu When a 
pleodiTDic gem-ffteme! is placed in front of the aportore 
the two squares will show different cotirnm {** twin 
tcUmrs'% whkb will bt seen to change as the msim- 
ment b ranted. The^t are the ray-colotiE mentioned 
ebove^ Pleocbtobm con also be very n^ily ob^aervod 
with i[te pcdanEing miQi:?scope. Only one nkol prbm^ 
cither thfl polarizer or amtiy^j must be tn opemticiiij 
and the cryital is turned round with tha stage- The 
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colours art then setn to cliatig^; but tie pair of cokmrt 
ane not seen side by side for direct cotaparisoD, as In the 
dkhro$cope. 

Ko plcochrtisffi will be shown by a uniaxbl crystal 
if thk is viewed only in the direcUoD of ihe optk aiis. 
Tliii majtijrunn effect is bmd. when tlw crystsJ is viewed 
in a (any) directron petpendJeukr to the tjpiii! ajtii 
Sunilarty^ in biaxial crystals the [nuimum effects are 
^own in captain dilutions (the direetjotts y ibowa 
in (igr 2x). 

AlQiougb pkodirolsni is a very meftd aid In the 
determination of gem-stones^ yet, like the body colour 
Et$cif, It is not a constant chn^ter^ and it may show 
consitlci^le voriatinis^ in different specimens of the 
same kind of stone. The foJlowtng refcfence table 
[p. 66) is to be takai only os a guides and not 
AS A. t^Ie of constants' ^ and it cannot be 
cnmplete^ 

KoWp after all thii dose of optics, we come to the 
rtaJJy important point. Ttiaf i$ Hic methods for the 
dfiteimuiatiori of the refractive index, or Uie vdodiy of 
lights in gem-^ton^ When a gon is mounted *hii is 
often the onlv dedsive tist that can be applied for Oie 
^rpose of ^termhung what the mmeraJ really is. 
One method that can be applied with tianspaimt 
faceted gems b the prism method. Here we tneasnne 
on 4 goniometer or spectfotneler the an^le of minimum 
deviation of a narrow beam of ligfit relrtctexl thfongh 
two faceu. From this angle and tJic angle boiiircfrn 
the two facets (whkh iboiLld be about 6q^ between 
their noimals) the refrELctire iedex can be eoJcidated. 
Amihn method b the metbod by imin^tng 
minute broken fragments in a sen^ of voriouji liquids 
of known rtfractive index. Under the mtoosoopc ^e 
refractive index of the mineral can be matclicd vdlh 
that of one or other of the [iquidj^ Thb method is of 
conr^ Dtdy appticahln when a small Imgment con be 
deUched from the stc^ne; and ihb is always possible 
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with a lougii stonG. An approximation may' ^ olitained 
by ttamemnj; the whole stone bi stich liquids- A 
colourless stone ia aliiiost invisible when imtiKir&ed in 
a Uqnid of tba same refractive index 

Tin: thini mcibotl, and the one rntat guucrally appli¬ 
cable in the aistt of faceted gcniTstonea, fe with the 
wf/ractmiuter or total radcctouteter. This method 
depends on the principle of the mtcrnal total reikclion 
of light, so now the readeT will see the reason for the 
somewbat tetlioiia detail given in an earlier part of this 
diapter. There are »veml types and models of this 
tiutmment, and ns it is of the firet importanoe for gem- 
testing. Ihi^ forms Bpedally designed for this pmpoM 
are here figoroti These consist essentiilly of a hemi¬ 
sphere of gbss of specially high refractive index, about 
r-So-i'po for yellow sochum-li^L A fat surface ol 
the stone in be tested is placed on the gl^ Iicmiaphere, 
and tn ensure optical contact a drop of highly refracting 
iiqtiid (methylene iodide. 174) “ placed between ibe 
two. and the stone s^niiy pressed down. A beam of 
tjgtit 13 sent up through the glass hemispliere to meet 
the stooae. when it is rdflectea back into the ej'e-pieco 
of tlw mstnimcnt. A sharp shado^^tne Is then seen 
uonss the field of view. The lighter side of the shadow- 
line is illumiitatod by the totally reflected rays: while 
the darker side h illuminated by rays ^t have met 
th* stone at an angle lesst than the cnticai angle and 
have only in port reflected, the main part having 
p!%?y4 out through the stone. A glance back at fig, iS 

show that here the stone is playing the part of the 
air, and the gloss bemtsphere that of the diaitton^ 

t^lien the examination ia maile in white light it wilJ 
be seen that the ghadow-line a not perfectly sharp, 
but Is a coJottrod band; in fact, a very narrow apeetrom, 
This h because the criiicaJ angle {dependent on the 
refractive Index) varies vrilh tlm wave-length of light. 
The width of this coloured band will give a racnsnre ol 
the dwpersicHi ol the stone (p, 45)* ^ therefor® best 
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liheia iccuiatc: iwAsur^cnt^ are to be cmdc to me 
light Erf tmc wtt^^c^Emgth fmcmochrootaiic iighl}^ the 
most convcuifnt bc'mg yellow sodiran-light. 

WiEh ^ optically ij^ropic material, jnch ^ glasg or 
a m^^ic cr>*stalp a iini^le shadcm-lbc is seen. Bur bi- 
refrijiifeiit cry^rak show two sliadow*imi!s dose . 
TIj^ coo usually be seen <Hily in sodium-l^lit: in 
white light they ore coknircd and may ovcrbtp^ produciirg 
a wider coloured batid. They must not he confu^ 
with a thJtd shadow-JJoe tin# to the highly n^fraCEive 
liquid betweeii tlm stone and ibe gln^ hcn)i5pL<ife. 

In optkaiiy unisjcfaJ one of the shadoft'-liiic^ 
ooTTGsponib with the ordimuy ray find gives the tme 
value of i£i. Till! other line coire^poticb with the cifni- 
onitimry rayi and on all surfaces^ rju.cept ilte one per- 
pmdicular to tlie optic aais, it will b# seen to move 
about ftii the c^^al b rotated on the reiraftometer, 
readnng * imxiimnii value c in two diajnclricalJy op¬ 
posed portions. Jn opriEsdly bbxbl crystals both 
shadowdutes ate due to e^tmonJinajry t^ys and they 
will sliifE their pcisitam as the crystal b totaled ^On 
suriiice^ pBinlld lo each of tlie three principal opticid 
planes of the cfystoJ one sliadow-line, however* reiitaiiis 
slatianary at its nmidmam volm.] Keadtag? ^ taieu 
when the idiadcrw-lines aie farthest aporE, and the two 
rays can be dkiinguirin^J and sepuraied with a nbol 
prisio lifted over the eye^piece of the inalrumcnE. It is 
lhui5 possible (though not too ea^) to determine wth 
file ri^iiu:t<nneter tlie llirre principal indices of refroe^ 
tioHj a, |Jp and y, on any chance ™tiou rf a crygtol. 

In the more olaiHirnte Abbe mrxid of refmetometer 
(Gg. 24), the erilica] angle is rrad on the gnulitatecl 
cinJc which moyiai with the tekaeoper and fmm this 
angle the refractive mdEuc Is readily odculntHL Or 
a reference groph may be made by jotting the 

for a few kuown snbiitaDces. Tim smaller 
B^rand mndd (flg :?5) ^ ^ coh^'enient pocket in^ 
itmment: and ihe refractive index b read directly 
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(m a scale in tiie eye-pwca. nmjfi'BS fro® I'^oo to 1790. 
la the Improved TtUly tnodd (%. atO refractive 
Index is also read ou a seated and the giasa hcmisphcrt 
con be rotated, The section (fig. of this Instnanent 
shows the path of the ray, It will be noticed that 

chattfiB ttf direction in the patii Is ^^ted by total 
reflection inside glass ptisms (so in iliia instniment full 
¥m ts made of tha principle of total reflection}. 

The convifiiient refraclometer method for the deter- 
minatioii of rEfmctlve fodfees luu certain linuiations. 
In the first place It can be used only on polished 
«nffer^ is of course given by tacelel genu, but 
not by eaboclHMl*ctrt ElOttea. Nattnnl crystal faces can 
often be used, but they an not alvrays penectiy smooth. 
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Hie precauiiou mentioned above that the stone must 
be jvnt/v' pressed on tlm ^lass hfimuphem is important. 
Tbia highly refractive n very soft and may very 
readUy get scnitehed. After use it should be carehtUy 
dean^ with blott trig-paper free from any dost. Jft 
lepoUshing is needed tfiis must be done by the maber 
and the instrument leadjusted. Another lisiFUtkin is 
that rtrfractm! indices higher titan that of the glam 

hembphere (j‘So-i-^} cannot be measured, and then 
ore a lew gent^stemes that come beyond its n^di 
the refenmeo table of lefcactive indi^). The idmclivo 
index of the liquid placed between the stone and the 
glass hemisphere has also to be coruideted. o-M(kk» 
bromofiaphthaleiio is often lecominmided, but the re* 
fnctive Index, 1‘66, of this conies ralbcr low in the 
scale. Even methyletie iodide with an index of 174 
cuts out several gem^UiilCs,. inrtnding the important 
corundum; but by the addition of cemuo substances 
its index can be laiacd to I'fts. What b really wanted is 
a hemixphuTe of diamond (m 2-43}. But oven that would 
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OJt out diamond itJdl, ami sIidhIJ have to ^^lll Iwck 
on sowt otlicr dttbic e.g. zinc-blonde {n 4 43). 

Even with these limitatipni> the nifrajdlmnetCTp lilm 
thi^ dkhfti!^ope> i$ an iiidis|»cnsiibLe instmmemi for the 
testing of Mrutbn hu already hesn inuide 
of tlte |:io]Ariimg micniKwpo, but IU lise r^uiro mof^ 
ftxpcritrijcc and some knowledge of sdeDtific mincralt^. 
But a simple test for double iitfractinn and dichroLiin 
can easily be made. A faceted stone should fif¥C be 
placed with the table faoct downwurda on a mkro^ope 

nit 14^—$4A4c4mp«Wd TkJlr mudil Pltr 
A,1M«W. «, Pi^g^iKSflVlWlL P, VilTK^^ 

HfM. F. H-wd J, Liim. O «od I, PlifBM. 

slide* when a direct view through the stone can be 
obtnJn*?d through the ctiTei facet. In other positions 
It » not always easy to get light thpweh the stone, and 
an inexpenenced nb^nw ma-y mistake stray side n> 
flections far the ejects of doubk rcfractinn^ A gwrf 
method is to immerse the stone In a snuiU batli of liquid 
of about the same rdmetive index as that of tlic stone. 

We conclude this ctmpter witb a reference table of 
refractive mdices. Tlie values are given for ydlcw 
light. In some specks these are fairJy cmistant for the 
one wa^'C-Icngtb, and they are then given to three 
places of decimals; bnt m other specks, especially 
Ihoa^ whkii show isnmorphous rtiplaccmfijil, there mRy 
be a fairly wide rangOr And h^^ the values are given 
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to only tifro pkc@ of d&dmAls, The Irbies lunilly 
gmn in books ckp predcrus atones are ratber 
iu tluki they give the imptession lliit refnicttv’e uMlioea 
have cofuttant valije^. Oikef iterru have been 
added to the tabk, Critkal angles of lotid nrdr^ettou vo 
easily calculated by tho formula §b\ R =« i/n frma the 
^ta given; and fbo velocity of light in mU^ par stemd 
in any oystal by dividiog id6.oao by the refractive 
index. A eotnparis™ of this table (pp. 64^5) with 
Uio refemice table of spffdfie gt^iitks (p. a*iU abow 
tiiat Uie several minerals in much the same 
soqtietice^ but with certain exceptions, TUere ffliiit 
therefore be some conDejdoii between refractive index 
and specific gravity^ 

DISPEBSION OF THE REFRACnVE IKDICES 
OF GEM-STONES * 

Flamite 
ApjiCitB 

l^lldcitB 
Beryl 
To|iu > ^ 
Ortbodase 
H&Oibcr^ite 
CiuysAb^t 
Phtn^Jdlfl 
Euiddye.. 
Tourmaliott 
StApoht* 
COidiftrlt^ 
DnnNHtt 
CofiLcuJum 

#•# * f 0-OO7 htcemao 4 * * ■ 
m 4 » * 0-OI3 S^iincl i ^ 0*030 
-- X ^ o-aiji UhvimJ ♦ * .i< * 

ri a . i 0014 IhiTOpfl A « *. 0^03 a 

o-ot^ Stauoilita n ■ 1 ■ ew5 

., # 1 Aliiiaothne . la « b o-ou 

0-035 # 1 ■ ¥ wij * , 

J X 0-0 rj WilkrMta X 1 « k 

^ - X i 0013 ! JTFDptajB- a 9- ■ » 

mfm ^fOiJU . . 1 p o*ojo 
froiO DiauiKnid -9 ■ . » 

■ a U 4 0*016 Bfsnfioito .■ a ■■ 1 0'CX|6 

f 4 h * 0-ot7 Sphene ■ a F « M51 

a « h 1 0-017 Andradila 1 # . . »Oj7 
r ■ % -a frori CmliTirite fl P * -9 0-071 

•■ 1 a fr 0^10 

0*01# 

Zinc-blonde V * M m frl36 

* The appfipjdmiit# vuJties Iwn talHildted gfva thu diffarraew 
b^ttiTeri the rcfoicttvff Indict lor 1I10 f'raiinbiofer lliui fl ami 
Q in tEe lolar ipeetrvEa {red u> bJuiih-vioJet, wiya-lengtbii 

and ^ jvS A.}* In hJntliiFHp^nl ajumlM n lUfterent vaZiM ii 
aaiodaM willi each Index a, y. C>v«r 3 dilfaTalit tanae 
of wiv^JenaUL't thir ilisjMTikai h ttf &4ifft? dUfnmt; tM 
valnoiFa6j; on piigv 117 it tot tiur extrmw nxi sinl 
vbJet 1 ws¥«4«rtigd]j 7634 and 5960 A.). 
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RElfRALTIVE INDICES OF GEM-ETONES 
f (or yeUow 

Ib&Ut/H Iniilna 

% Lmi CMHMt 
i iC 

idtcAifl- 

Ojwl t-40^1-46 6 0 1 
FTowto 1 434 0 0 I 

i SilicM-glui 9 0 1 
WtlklBVltA D 0 I 
SO<tCLtltti' V4& 6 0 1 

a 0 I 
FtiUudte 1-31 0 0 1 

OrtlmcLii^ is^ 1 *‘5S O-OOS — 0 
Amber 0 0 1 

1 Cotilierttv 1 aji-* w i-54-C‘0a 6-01 ¥ B 
ObSodtUB ^■54 0^1 — 1 B 

Quiuti i *‘544 **553 6HDD9 + V 
l’36-i-j7 — u 

BeryJlmiitit i-Sja i-jbr — B 

L^bnAtaiit Vi^ 1'5^ c-ot + B 
B«yt i-j6^j 59 i:hoo6 U 

KejAritf 1*63-1*65 6153 B 
Tunturite ihSi 1^5 €5*^14 B 

H5r-t*63 1 r-63-1.64 D*0[ B 
1 rmFnnMiifltt l-6|-l-65 6-Clt^-06j — U 

Diobitritii IH&JO I45^j6 0^606 B 
AndtiJiiiittt 1-634 1-645 •OrWO — B 
Apitiu &oe4 U 
TaJdbt J-63 1-67 0-01 -f B 
Eucluo 1-673 o-ot + B 
I^DiJnte 1.654 f-670 oKllb ^ i fj 
EnitAtitB I >€5-1^ T •66-1-67 601 + B 
Olivll^ i66-i"7a 6-04 ± B 
SpckdusieDA 1-67 6*015 + B 
wiptsiw , r^5 1-708 0653 + U 
FTbroiits i68a 6613 -f- B 
Diopdde 1*66-1-67 1-69-1^70 603 + ' B 
KomemplTii I 1 68 I MI3 — B 
Adiiite 1-69 — B 
HyTHnrttNrne ; i^-f-6a 

1-69 
i-68h^i-70 

i-fi 

6-01 

0-61 
± 1 B 

U 
IdocriM 1 i"7»-i"7r 

■w T J 

&«3 1 ± V 
Kymahm | 1-7111 6-016 1 B 
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HEFHACTTVK INDICES OF GEM ^STONES— 
(fot jcUd* mlJitBi-Ugbi) 

pjfcmliiM IimUx^i 
J |lftilkiio» 

M^gllr tJmrn 
f«p«-t* 

fnca 

Hbwfoviitv 1-71-17J -J- B 
Epiiiate 1 i'75-t-7fi — ft 
Spinel 1-7*-1*75 1 
GrcwniUr -t-76 0 0 I 
Pynjpo -1*75 D 0 t 
Suimfilto <'7f*»‘75 1 75^1-711 trot B 
Oay»b«fyt «*75 l-T^t 041 + P 
Benttutt^ U 
GxnDdum 1-7^ u 
AlinendLnf t-77^r§j 0 0 I 
Speisearttne 17^1*91 t> 0 1 1 
AnilTmilte 0 D £ 
Dwtrvite l-«4-i-S5 n 0 r 

f 0-444 t u i^ircoo f 
1*^193 13^5-400 4* u 

Sph6$m >-6$ 411 + & 
Cwiierttii z-oa (TlO -h u 

*^37 0 4 1 , 
DiutKEixd 1 3-i i»r 0 0 [ 
Eutik a*^ o-ifl + ti 
Hznutile 3-i3 1 

,, 

i^iil i 



PLEOCHEOKC COLOURS (HAV-CdLoaFSJ OF GEM-StONTS 

UjiiunAJ. CvriTAJj 

CnllifK:^ HJtir'tttl EiitMriitMri ftif (f) 

Red avmdttia 

Bia.* Cigcti;^ti39 
ifAtrp^T^} 

Vltfm ooniadmn 
Oren flUfundani 
Giwtk bearyJl 

(omiirAMI 
Blue tmy] 

(Maftmuliwy 
bciyl 

YdSow btryl 
Red |q?rajiliiiv 
Ctuti tourmaEiJi^ 
Kei totarmdJsQt | 
Red wksim 
B?ua drcon 

VcIItnt ijtivte 
(cltna#^ 

l/idet QUpirlv 
{jimrUiyiitl 

I>^qplaM 

IdcctHi 

t>eep rtd iilU!i TioJet 
Hum 

Dwp blu« 

Vlol^-nd 
V4lkjirid!i sthA 
Onss 

l^le tOuG iJiaaet 
c«knirhii 

Hih roH 
Pule ^eUowuih ^ma 
tmkjxd 
Dvk pfMa 
Dae le bfuQ 
CptunitkilM-fid 1 
UtoG 

Yellow 

Tialist 1 

Dark ^risaii 

Ydlowbh Qittea 1 

14^1 jvncnririit 

Paler gnzniili blue 

YedviHdl roil 
Gremleh yeUow 
B]4i4di pws 

RiUli-er dukof blu< 

Bjuiefa m* 
Blulill 
Ugbt ttil > 
Lipibt ^Ttm 
Li^^f bluD 
CltiK^-^brtwit 
VeiUomrlHb (fny to 

coltniHdi 
lUlW pder jellov 

GTt!^ii& violet 

El|fbt 

j *-tl(T e-nr 1 

Chtysoticryj 
Gma dnyvobefyl 

fpJmiidnie) 
Yelkw tofa^ 
Bloe topiii 
Gitm tdpu 
Ollview 
^mUioflte 
Conti oHi to 
StwumUto 
Rpidot* 
Pink BpodutiaetLe 

(kdUfJVBl 
Gnen epodimuae 

Rbodofttbe 

Auflite 

H«i to jE^knr 
J>vrpTtd 

CItftwvelfaw 
ma* 
Pale grera 
Cc^jufien 
VelW 
PaleydlDW 
VdloWnb nd 
PftK ydlow 
Ameu^ 

3hri*h STOP 

Psio TVrlftub 
yvUow 

wfe frees 

VdiiTfr ba |nAS 
OrAOffr-yieBow 

Hooer^yfeUow 
Pakrw 
DIukli gjHiu 
FiU p«m 
Omm 
Fall blue 
Vdlowldi red 
YdlowleH grooB 
l^p4iik 

Ra»-nnl 

Dark viDk>t- 1 
bin. 1 

Rod 
Grom 

Smir-jdJew 
Cokiairlitiii 

O^l-fTW 
R«a 
DatIe hlo« 

Gcwi 
Coloeri^ 

Yellowtifa 
|tiuii4 

Fak nddidi | 
yaUw 

Onnn-ttiQB- 

ttfowm 



CHAPTEK \1 

Chemical Composition: 
What Precious Stones are made of 

NTll, llic of dicmutry aa an exact science 
1-^ early En the ninctMEitii cisutury, it was mi p<is- 

siblfi to name and describe any gcni-stone correctly. 
Gemstones arc os mucli chank^^ oa dru^ poisons 
and all iht demtenta of a druggist's £hop or a dimiist's 
taboiatory. Hick true mxmn dcpetim primarily on 
Uidr ebenneal composition. Some sJigtit knowledge 
of chemistry is tbc«fone necemry ior the proper 
apjjrodiLijoo of the different kio^ of gem-stone^ 
whilst for their complete investigation, the aid of 
a skilled analytical chemist is tieed^ 

Nznety-Iwo diffirrent kinds of baric substances ftfo 
know^ to chemists. These are the chemical ckmcnia 
which either oione or tn cnmbjnatiofi with one smotlier 
make op aB the diflcrent kinds of matter that iu% 
known to tis. The metal alumiojiim and the gas 
oxygm are chemk^ ckmcnls known to evtrylwly- 
The combumtkui of these two, by buniiriig sJummiuin 
in oxygen^ gives a white powder of aJuiriuiiam oxide 
or aliimma^ which when oy^statlked is the mineral 
comndmn, and when this ia dyed with small amoonts 
of colouring nutrier yn* have ruby amt sapphire. 
Ndther duminium nor oxygen can be split tip into any 
other kinds of matter: but ruby can he split up into 
atnminium and oxygen. This, iiowovcr^ would not be 
an economical way o( rnaniifacturiiig olunibuiim pots 
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Aod pait», or of produdag cylmd^^ of oxygen for tiie 
mtoratioD of Hie. Another farnfliar ol a 
chcnucaj compound is given by commoii salt, which 
cofi^ists of a cofnbinatioii of tbe lights iTsidily com- 
bustibk meto] sodium and the heavy, jufTocadng gms 
chlorine, these being cbemtc4il dnnienli. Salt can be 
taken with impimity, but It would be laUI to tJuko its 
components squiratcly. 

lo the rcfrreiice table given beJow (p, 7^) are listed 
the chemical elements which enter into the composition 
of geto^tome^. As far as Uie e^ntkl constitucfita 
an coiimiied, these ore limited to quite a few of the 
mm couimou cimnents, Diamotiil is the only gem¬ 
stone which coDjiist^ of a sLrigJ& clemunl {carlxm}. 
others are chemical compoimdSp and all of them (except 
Auonte) coniabi oxygen. Other more important essen¬ 
tial elements are f^cofii aluimmum^ bcfylitnm, iron, 
magnedurn, Ac. By the essentia] constituents we nijean 
those that build np the bade material itselt apart from 
aradental Mnpiiritij(^ and traces of colouring matter^ 
whicli are always present in gemstones although in 
mftmte quantities. Even the purest diamond when 
btamt will leave a very small ammmt of nsli- tf we 
inidmlcd all tJie unessential constilnents present aa 
mere traceSp. our list would no doubt extend to the 
complete number of tunety-two elemcntSi for^ after adlp 
chemists h^ve to go to minerals for their crude mateiids. 
Spectroscopic nnalysis shows the presence of a surpriamg 
uciinber of rare elements m gem^onea. But thte n a 
fpedd study* whkh has some bearing on the probl^ 
of origin of tlie atones and the nature of Ihdr colouring 
matterS- 

In the tefereooe list of ekmenf^ given at the end of 
tilts diaptef arc also added their cbcmtCAl symbols and 
itofnic wnrights, Th^e require hotic explanation Two 
atoms of alummitmi eomhinr with three atoms of 
oa>^en to (unn alumina, cpnindiim, or ruby. The 
camposilinu of the rcsijlring ecmpouiid is briefly ei* 
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by thfclscrtiiod Cofmuisi AI^O|. wliidi rrpwsenbt 
«tnojAciiEc of Au i^tom Uie snmUttL posable 
iodividtiai ^oojit of eacEi Tfjc 
§ive the ^^:Iativp weights of the diffcrefil lUn^ of sitmiu 
cozcip^i^ widi tliat tif the Itydrogi^ci atom token aa 
nnlty* For exampb^ m ntum of dLuitinium ts ^7 timeit 
heavier tlmn ao atcmi 0! hydrogen. The actual weight 
of an atom of hydrogen Is of 001 ir^ mt eKtremtdy amal] 
amumit; it h given as 1^4 x lo"” gram, timt is^ 
tivetity-tlirecnDuights alter the dedmaJ pomt.n^,rt4 
fto r^uce to enrais muldply by five}. Fitrtlier, the 
atomic weightf the amoniits by weight of each 
eiemtnE pti^sent in a ccunpatmiL For example, 54 
(™ 1^7 X 3I air^ts or tons of abmminm and 48 

ifi X 3/ carm^ or tons of wilt yidd xoa 
carats or tons of niby; and conversely from 102 tons 
of ruby flterv could be manufactnmt S4 tons of du« 
miniira pola and pans. SiraUarly, 23 parts of ^odLum 
oombme with 35-5 parts by wtiglit of chjomc to 
give 3orfiimj chlonde (NaCJ} or n^lc^t In the rock- 
iak o^'stoJ^ the sodinm and chlorine atoms are situated 
allemately at equal dhtancea apart aJung the lines of 
a stmpk cubic bttioe fhg. 3). Sudj a stmefare b 
known ^ the "'rock-silt strnefufe Tliert are m 
separate NaCI molecules^ but tke whole flLructttfc 
e^eitded inddmlfdy cunlain^ equal numbers of sodium 
and chbrint atoms, 

The table (p, 74) Inia hern nude fairly complete^ and 
h intended merely for rcferencjtt. Some of dm dements 
lisiL'd are ol only rnlnnr irnportance so Far os the familiar 
gem-stones are conoem^d. T\vcnty-^ (of the qz) tle- 
nuints me E^ted—ju9t as many as there arc letters tn 
the dptmtiet By combming tliese detnents (nr tetters) 
in difLemnt ways to form compounds (or wcinb} we 
obtain on almost endfess variety, fn the first pkccp 
oxygen is capable ol ooinbiiiing witli any of the other 
ekmriiu in the Usl (except fiuorine), yielding 
For e^tamfdep pJnmmium oxide or ahmina (AI^OJ, 
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oadde or silica (SO*), cakipni oadde or Um^ 
(CaO|^, Du^^siam oxide ar (MgC>Jp the Iron 
oiddee, ferric oxide (Fe^OJ md ferrotjs oxide (FeO), 
pbosphoms pen^oxide [PiOa)! carbon dioxide (CO^, 
and hyd^T^§m oxide ur water Some of U^ese are 
bask oxkiim and others are acid oxides. Water is 
neutral and may combine with the basic oxides to 
gin Iiydroxides, t.g. CaO -h ^49 ” J 4^ calciimi 
hydroxide or skek^ lim& Or it may oombme with 
Ihe add oxides to gire acids^ c.g. CD^ + H,0 = llaCOi, 
carbonic add; Si(^ + H^O — HfSiQi or SiQ* + 
2EgQ = aibcic adds; + sHjO = 
phosphoric add. Now a ba^ oxide may combmo with 
an n^id oxidCi or an hydroxide with an acid^ to give 
what chemists call oxygen salts. For exampte^ 
CaO + COj = CaCO^ whkii is Ihe composition of 
pearb and coraJ: Al^O, + SiO, — Al^iOp, andoltmtc, 
kyanite. and fibrolite; MgO + SiO^ = MgSiO^, 
iite; aMgO + SiOj = Ug^iO^. divine: jHgO +■ 
MgOg + jSiOj = pyrope^ CaO + 
3A4O4 -h aF|0# -f gHjO = turquoise, 
a oompfex mol^-ub!! contaiiung 58 atoms and rather 
daubtfuL Tiusc saits are known as carbmi9itcs> sili^ 
cateSj and pbospbateSi 

Alumiua may act also as an add oxide (in the above 
example wken combined vnth silica it acted as a basic 
oxide); UgO + Aip, = MgAJ^O#, «pind; and 
BeO 4- AIjOb — BeAJjOj. chiysob^L These sdns are 
kiHiwTi as altuninatcs. TIictb Es still aitotlier doss ol 
salts, known m haloids, in which chlorine or nuorme 
may combine directly wiUi a metal; e,g. Ka 4- Q ^ 
NaQ, sodiitm rhlnrldfl or rcHik-saltp and Ca+ F|=^ 
CaFf, «tcium Ituoriile or fluorspar {flooritel. 

So we Cmt keep on building up utoms to form com* 
pkx mnleasl^, much the fame os with word building. 
WTisi we wmc to teurnulme, which may oantab a 
doten or man? diflerent elements, a very complex and 
tmci^rtaici lomuila is Arrived aL But our trouble does 
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not end All th<i forinulB given above only 
proiimately represent LLe cbenUi^ ccmiKisjtiiUii of the 
Siffertnt mxnema. For example^ olivine ooEitaiji^ 
a vormblo amoDjil of iron (in gem material aboerf 
of foTiDiiA oxide^ FeO), and os Ehis in amotint^ 
there ntay l« a from WgjSiOi to 
FE!|£iO^^ Tim h known as isomorphoim fcqiiaJ form) 
repliicenicntf and k is a principle of fuiuhimeiita] 
iinporUmoc in nunersJ dlCInist^^^ The " mixed crys-^ 
tals erf tht seriB all have the satne gecimetrical form 
with only very al%iit EllUerimcxs in the angles beiwccii 
comesponding laces. The reason far this rcpIaccnJCTl 
is tiiJi.t the iitdms of fcrroiis iron one of very nearly the 
5ame size ns those of magnedttm^ and they can ttiua 
lake their place as interlopers in the lattice stnictme 
built up primanly by the magnesium atoms together 
with jiSicmi and oxygm Tljura are several other iso- 
morphous replaDemcuts of tJiis kind in mm&mls: e g- 
fmic iron taking the place of ahunininm. Tlie gamet 
group aiTords a sinking example, as will be explained 
in more detail in a later diapter. Katund spine! 
usually contains some silica, whilst ailiAcia] spmcl 
often containj^ an excess of aiuntina over that required 
by Hie JormiiJfl MgAljO*. Such r^kcements of Al^O^ 
by SjO, and of MgAI^Oi by At^O^ are exphimed by 
reoejit X-ray work on the structure of crystaifi. 

A idcnthk classiScafion of gem^lones must 1« based 
on their chemical oompoaftion; since on this, togeiher 
with the crystaUiae strudure, ah Uidr other 
depend Any other dEi^lfcations Z>25cd on colour, 
importaiicc or rarity arc quite ajbitnjiy. Hifre it wdJ 
be canvenle!iit to introduce another reference tabJe 
giving ft list of gem-stonu tinder the fievemJ ebemteaj 
clivtsioiLSt and with the approximate chemical formula 
of each atone (p. 73). But this onli^ will not be followed 
in laicr desoiptivo chaptei:^ 

!t is ol some intcTest and importance to know what 
diBetmx Iduds Of gmi-Hones are composed of; but, 
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iti A role, this knowlci^ cannot be *ppB«J fw tlj* 
paipose of finding ml what kind of stone we “ 

Chemical teats Involve the dcslrurtion of tOe 
[patcnol and ore ihcieftrre of little of no practical ii« 
in the case of gem-stoua. A cfcemicd test for diam^j 
for instance, would mean tlie bnramg of the material 
and cjoilccting the Tvsulting carbon dioiodc. VVe must 
thurefora ratv on physical tests for puipose# oI 
tninatiem, if, however, we should meet an entity 
new land of gen^stmie, of which tough taateml is 
available, a complete chemkaJ anal>'S3S mtisl of coi^ 
be made for a thorough in\TStigation by mmemlogical 

'”w£at%m-4tones. by the very rtason of ^cir hand 
and duiable nature, ar« resistant to aetds. Pearls and 
coral, consisting of caldum oirboiiate. sliow a ^ 
effervBscence when touched with a drop w ^ ^ 
hydiochloflc {according to Cleopatra* with vinegar 
or acetic a^; but this ia a rislty test, as Uie aarfMO 
jwill«h is desrroyed. Tnrqootsc and apatite arc soluble 
Jnhvdrodiloric add, and a minute fnigmmt ™ a 
micfioope slide will give the reaction fur a phos|3ha4c* 
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CHEMICAL a^SStnCATtCm AKD 
rOJtMUL^ OF CEkL-STOSBS 

EurMttirn 
Diiumsiul C 

HAILCEUlf 

Flncnike C&P, 

Oxin» 
QeiuIz SIQj 
?^TIgiH;laJw ^ “ 
CcniDdum 
Hittilv «iM'4 
Ca^tiqiitcF SnO| 
HfnmcitHn Fe^Oi 

HyaKQ^iDiis 

OiiaJ SKV*H*0 

AummJLTE} 
SpLdfll MRAtjO^ 
ChiyaiAefyl IkAI^Oi 

CjItLkOTiJIfZ^ 

Pfeu-I CaCO^ 
Coral CaCO* 

BuiuitbM 

HeunbcrglLo Bc^{0IT)J30j 
HlkDdluW A!, CX ctC- 

Sjxjcatss 

Exnrtfltito M^Op 
Brosizils i^^reJiSIOt 
Hn^cntlianu (FvrMgjiuOt 

fcSiOp 
l>ia(KHJe CaMgfitOJi 
Spudwifitiii UAliSiOJt 

KaAltSidjt 
Kcpluita H,Cii^|[irSO|)i 
HoryJ 
Binitailv Eo^ipogi 
r^iUndte H^pAL|lAQ|}i 

^ OIlvIoB 
Phsoakitv Bc^iOp 

Sli.lCAf»—CtfFP/i a vid 

VVUktnito 
Dkptaif 
ZlrcuQ, 
topas 
C^liurita 
OtnwuUr 

AJou^ftna 
AiiitnuUiA 
Spetsearilnti 
tJimtic^irito 
SodalHc 
Lacujik 
Avtiut* 

K>^rta 
FlbnHiio 
Rot^OMf 
SphAtio 
Orthochm 

Labrndolte 

ZojSJOj 
H|CuS£a. 
ZrtsiOx 
AlfF/OFD^lDp 
ClUy^KiJp 
Ca^Ai-^SjOj^ 

Kn^^tSiol 

ALSiO. 
Ai^lO, 
AJ.SiO, 
flUoA&iO, 
CftTiaOi 
KAiSiA 
mNjlAISIA 

»»■»**» iiSiwIft 
Eptdofil 
Idocrate 
S^crpoiitfao 
Cor^rito H^V|jC|ALS|p^D^ 
StcorolitB H F{?|AlpSipuL 

TotunoaaiiQiT ^ ILH^FJji 
I Alp^^tAi 

£^[o?nuTam 
Tnrquoi** JfuCnAtpPiO^ 
ikiilkmite NnDcI^Op 
Apiititv CnsFI'tOit 

OncuKtc Hi-tsaociuiaiii 

Amlw C^tl„0? 
Jrf - 
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CHEMICAL EXEMElfTS PRESENT LV GEM-STONES 

Atuminima 

%tHipd 

AJ 

iLiiwWi 
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SAriiiin 
Ber^Uium 

fia 
& 

m-i 
9 

Bonm n ■O’® 

C«fiiJii Cm 

QikiuiD Ca to 

Carbon C IJ 
Chkmim ct 

Cf 

Copper (cuprum) Ca r^5H6 
flimriiiv F tg , 

Hjdnr^ H 

CoTiiiidttcj (ruby iml 
ffpiwjp chr^-vo^ 

Iwryt beryl (smerolil), 
tckpu, tocurmulnf. |:£a'- 
ftvE*, i4?lppzm^ ttJJiitih 

bte, aiidikJuwtet 
idirauw, ipo- 

dumoiM^ judoitc, ntiff 
loversl otJinf ■JUr****^ 

Bonita tv. 
Bcfyl (omcnild)^ cl)rvK> 

biryl, pbimakitA, eii* 
ddJo^ boTyllanitfi^ r^Evai* 

rbodizHit 
TauntKOitv^ Iboritv. iiambct^te, iIkp- 

ctk4ite^ kctfnrnjpifiv. 
X^llucit^ jjnidttTn * beryls 

' rlifTdizite. 
Pfearl* conJ^ vp*' 

4t3tv, fdocraAv, £[^ru«t 
{lieavoojtDj, ueplitite, 
lutudoritv. n^beiLr, Apa* 
tHa. 

pionKiAd, fximt 
Sodolltv, vdiipalHe^ 
UvKwftp, (CalmmQf 

U^lli itl fUby m-nim-- 
»fd.) 

Toix^uoi^ dioptaso 
Topar, HuAfttir. apAtlto; 

iRnaJJ MJZitnmt* ui ioour 

liUdM^ 
OpuJ; ttmoU aidmintx in 

tmrmakcur^ tofiat, usd 
otLjer 
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aiEMlCAL ELEMENTS PRESENT IN CRM STONES 

Wimnmii i| 

IiDfl (femwl Fs 55-H 1 Httmaljle; i^anurUt, 
oiJUr, And ifibiidiAry 
unotmti ia Mvtinl liu- 
caite% olivill*; tPunna- 
ijae, dtc. 

Llthitm] U 7 ' SpodiimiuttcixiuiU^iuiutiut* 
Htfccic tourmalhitt ajid 

Mii^nruum Ug 
betrl*. 

Spiudi, OIIVW, «|tTt»tlt4, 
pytOfie. dJopEiiiU^ wrpii- 
Titd, A&d aomfi gwr 

AfitftgBnciv Wn J5 Hhi3do>mi£, ^uvrt£ii«. 
0*J'KWi. O Ail geiii-itaiiE^eju»|rtdll^ 

1 mond and SttQrit«k; 
P 1 Totqncdde, ofULtit^^ b^iyK , 

loiiitc. 
Mooaii tou^ Amoun^fiU}^ ^ 1 34 

(bUiilm) 

SOioKi 

■malt juDciunta in yotne 
t«>irpu4ilin0i and heryli. 

Si ^8 QfUJtt^ opal;; nO isliciitin. | 
Sixliijm 

{oMtiium) 1 SodnliL^ dlin dclua. Jade- 
ite, bctyllonit#; aaiall 

Sti^plitir 

amcnata in acunit tcur* 
Uialine* and beiyla. 

s Lapia^lMtuli. i 
Tut (tuimazn) Hn IlS-T Cojiduitita, 
TltBiiiiuo Ti 4» bcfdtoitai, mtUe. 

wilkmtu, ainc-bkDds: i Zu 45^4 
ZxroDxiiafli Zf $11 ZlnxuL 1 



CHAPTER VII 

Geological Occurrence and Origin of* 
Precious Stones 

TflE conDoissFtjrwlift admires things antique i»ilJ find 
SQnxtthmg rtaJiy aid oi gem-stones. Many of tbem 

Wert fonniftl in the oldest ttafc^iliferotis roeks af the 
earth tiistoiy^ before theadFent of life. This was in the 
pre*CambriaJi w Anebzat] period af geology, da tjrtig back 
about a tbots^d mUJian years or tnofe. But it does 
not follour that gem-stones are always to be found in 
such rocks. Perhaps tlie largest area, of thdr cxjMiisuni 
on the earths surface h in ilie great pre-f^ibrum 
shield of Canada^ where much gold has been foundu 
but few minm^iib of gem vaJue» Nor inust it be supposed 
that they are found only in tliese iMtst rocks, Thiy 
are toimd ~m rocki of dl geological periods^ and no 
doubt they airc: itill being farmoii at the present day 
deep down in the earth's emst, Tlicy are certainly 
being formed at the pr^eut day in the diemot s 
laboratory and in gem Iftctartes. 

No bixm on the true history of predous stones;, from 
a ^logi^ point of view, or m thdr gimesis from a 
mmerabgical point nl view, have yet been writteaH 
There are many iatcresliug points and imsolvcd prob¬ 
lems—^lut this chapter must be kept wiihin limits. 
One Interesting period is that of the Cretaceous, a 
matter of only some sixty ttuOinit years ago (but quite 
sufEk^imi to satisfy any nntiqne dtakrjj. In racks of 
this age are found the Australian op^ and tTie ra- 
markable deposits in iiioealmie of in C^lon^bi^ 
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At this period Also likniwidt wne emprcd into the 
votca«i£: |Mp<s of SoutJi Africa, zJtlinti^ (1 ii evident 
timt ihc duunoitds tJicsnsclvcs belonged to some sUU 
earlier period. 

Tile niatiy difleroit ytids of nxfcs of which the 
earth's crust is eompoaed raay be convcnimtly grooped 
into three main dasscs-^gneous, sedimemtofy, and 
Tnetomorph^. Hiis grouping is based on thetf friwle 
of CRi^ williout any reference to tlieir age. Etqne* 
sctUutivts of end) class are to be found amongst the 
racks of ail geologfcol peno^ or ages. 

In our study of pmrious stone we are not cmicenKd 
will) dicoiiesof the origm of the earth, whidi is supposed 
at one time to have besn a blob of gits gradniilly 
to A drop of hiplHL With further cooling a thin cnist 
was fcosem on the snrfac& This was the first solid 
igneous nock, and It no doubt contained sotne precious 
stones. 8iit it was much too hot and the emst too 
unstable for anybody to be there to find them. 

Igneous rocks consist of silicate mineraht frorea from 
tlse tnntiej] stole, and th^ ore of many iliffesienl kmds, 
Tliay ahow wide ranges in their chemicaJ compoation, 
in the niinerals of which they are composed, and in 
Ihcii stmetures and lextunes. The detaikd study of 
these matters we must J(Si.vft to the pctrolegisi, thuugb 
they have important bearings on the origin of precious 
stones. Two main types of igneous rocks ore to bo 
^tfn^islicd—^voicantc and pJuttmic, or extnuive and 
intrusive, Tlie funner have conanlidatod from the 
molten la^ii pooned out on tlie earth's surfam by 
volcanoes; the latter from las-a that Itos bem intnuled 
aJung crevices in Umj earth's cnist, or cousolldatcd in 
the cisteni of molten rock ftnngmn) beieath a volcano 
or notentia] voIranoL 

Vdlcank rocks Itavc coejed ipiickly under ordinary 
presjiire, and ilie acid varieties (f.e. debtif in 
may sometimes consolidHte as a glass. This voTcank 
floss is called obsidian, and is sometimes cut as a gem* 
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stone. especudJy when it shows & colottred silky slieen. 
Usuaily^ however, muiuto ciystak have conumciiced to 
grow, aud iht r^nltictg rock h fine i^minied and stony, 
of which basalt b an tLxample. BesiutJfiiJ ^ky-falite 
oystols of holiyn* iifie somcikncs fonnd in such rocks; 
imd oocaaicamlly small ttysUb of sapphire and red 
thcon from whidi a few gems have been cut. The 
tatter, however, were probably not formed in this rods, 
btd caught up by the Uvn horn seine older rock. 

PlutoiiK rocks, having cooled much more slowly 
and under beneath the surface, are more 
csDOJsel^' framed; anil the different minerals of whkh 
they are composed can be readily distingubhetL Such 
rocks indude gnuiitc, sjrenite!, pendotire, and seveniJ 
otlier kintbi In gnmite we may find good crystals of 
tieryh topae, zirconp and other gem iiunerals; m syemlf, 
c^tob of corundum {mby and sappluroj i%n<\ 
tirconi while pcridqfite, as the name implies, b 
essentktly an ouraie-rock, and thb may ccnitdci 
conuidum. In such cases the mliieraJs have grown in 
the rock (the moLlier-rockjl and they ore disioribed as 
firt m^ mineral They ore, however, at the same time 
mcces&i^ry nr accEdentn] mincrab; for, os a rule, they 
are present In tmiy smaJJ amount cmuparcd with the 
rock^tonning niijicrals that mnke tip the btilk of the 
rock. Occasionally^ however, tliey may he present in 
larger amount, and we may have such a rock aa a 
comndum'^j^crUiCf in which corundum is an essentiaJ 
cimsttluimL Some bodb^ oi plutrmic rocks are of 
enonnoiis siue, their Outcrop at the earth's surftice 
covering hundreds of square mflds. The w*hDle of Dart* 
moon for example, is jtist the top of one large boss of 
gnmite; how far it CL^tends dovvnwards is not known. 
Gem imncrab found in the Dartmoor granite mclude 
corundum, topar, zircon, garnet, tourmaline, 
andalimte, cordktite, fibrolile, sphene; but unfor- 
tunottJy here only as cjrystals ol mkr^scopJe sire. 

During tlic later stages in die cousalldltiDit of the 
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rocJt m Ujese dsimis the naiiltial mmJicr-ltquw* 
tklj iu water (ujidcr grotl pre^sire of eoutM. huiI 
alKJVe tlw critical tempqraiimf), la squccjixl out along 
cr^jfxi In Uje rode already foitned or iu tbo ^uiTaujid* 
ing^ countty-focks. Tfiis maloiaj givea rise to a ruck 
more coarsely crystalLizeil tliim the riofma) rock, wid 
krlo^Tl as pegjaatite. It often has ibc fonn of huge 
sheets or which are well known pegmatite 
dikes or vebs. Kow, it b just in these pci^matite dikes 
that most pm minerals are Cot!i:id, together with a 
great variety of otlicr minerals of spiscSd intereat to 
raineraJogistii, including radkjajctive minerals from whfch 
niditiffl can be ojEtracti^. Ft seems that al] the materiali 
for the fDniiatio]| of gem-stones and other rare mbierab 
me conUined iii these rock juices^-ancl that the pavy 
ts the tliii^ to go for when ^eardimg for Ereason^ 
Cavitjefi ate olien met witli in pi^gmatjtes; they were 
no doubt fortnrd as steam cavitim, gnil they are some¬ 
times of considerable suw. Here crystals have been 
able to pow freely^ and sach cavities may be itned 
with fine ctyrisls of a variety of mjneiiiJSp LDcliKling 
beryl, Ufpaz^ quarttourmaline^ ajua^mn-ftonc^ 
Attackedof Ibis kind con readily be broken away 
whole (torn the supporting matrix. Olhcr cryslals are 
fmbfdd^ in the surroimiling soM toefe, and tlaosit are 
not So easily extracted. The embedded crystals of 
pegmatites may meh enormous dimensions. A crystal 
of fdspar in a N«rwr|^ p^iatite, eslhjiated to vreigh 
aoo toTLft and one of spodutmme wt?ighEng 90 tons m 
South Dakota, an? rocojtls for the ri3ce of cn-stflis; but 
these mte not of gem quality. Pegnmrites are exicn- 
rively quarried for lebpar and qmrtJCp wbkh are used 
in the manufiiclure of porcelain; and also for mia. 
A higli^iule CauAdku febpor knoiin os '"dcfiiiil 

spar gives an extra, fine poiyeLiJn for the manu^iure 
^ fake teeth. Gem miOTrols ore waiwtimcs collected 
in thioe febpor qitairie$; and at times the pegmaUtea 
have been quarriM iOlely for tliis imrpo^ 
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F^anJier awuy ftKnn the main igneous ma^ we may 
find tJie pcgmatice veins grading into qnaitx veias^ 
These often caxry gold (gold quartz} m wdl 4i3 some 
gem mincrak, Or we may have mineral veins rarrying 
ora of ronmis motaK aocompanied by another suite 
of gem mineniJs^ such os top^, CDuiTDaliae^ gamete and 
ameib^'BL 

Same of ihese bodies of plntnnk rocks, formed 
deep down in tlie eartir^ mist^ wc now And exposed at 
(be iuHkJce, and wc then have access to the predoua 
stones embecMid in tbem This k one of tJ^e fortunate 
results of (lie t^l tliat our earth is provided with an 
atEiuisphere and a bydrospheie, wbi^ under hi- 
Jiuence of the sunk rays axe in a state of contuiml 
oommutian, weaimg down tire solid rocks by a process 
known to geologists as denudailon. The wrarfiig and 
breaking down of rocks zs laitiiJiar to evifrybody* even 
if they are not gcologistSL This Is efftreted by min^ 
frosti ke. ohangi:^ of temperature* wiiid and waves^ 
chemical action in the presence of water* and the 
growtli of phmts. The brolun fragments am e$pcfiaJJy 
conspicuous when seen in screes and at the buse of 
clii^; while all the ioU on the surface is due in the 
same causes. This imgoientury utaterial is traxi^ported 
to lower levels by nmiting water^ and is eventually 
depo:^ted in the aeo. The process is of course a very 
slow one. Only the top of the Dartinoor gnmite mass 
is now exposed alter a period of about two hundied 
million yearn 

Sedimentary rocto arc those fomied by ihe sedimen- 
tatina in water of the debtis resulting from the denuda* 
tion of pre-existing rocks. They include clay^ ^ilc. 
sandstcaie« limestone and chalk, i^ngloincfiLtep 
which are rocks tainltiar to cverrybody (conglorruntei 
are cim»lidited pebble beds).. Only in a few exceptional 
cases do these rocks contain any gem materi^ that 
wa3 formed ctmlemporaneously witli the rocks theni^ 
selves. For example, fet in shkie of LJas^c age rnpie- 
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sentB iL fo9ssi]iced ytuod; mnd lutibcr m of Tcrt^^ 
agir ii a Ipssil rMd. Keverthcless, st^diuieiitary n>cJ^ 
do OTntatn a Lu^ vaHety of ftan mioonds of a^ldlaJ 
origdif and anoth^ KdeB of mmerals of ^condary 
ori^; iht former demoted at Uiko $s;mr. time as die 
rodcs tbemsd^'es and th;i! latter of later fonnatnm 
(p. 6a). 

Wien sedimentary rocks are crashed and powdered 
and their consttfnent mkienife sepduated by agitation 
m WTitef And with the aid of liea¥y liquids^ a stnaU 
conemtrate of heavy raiojcrab is obtaineti A micro¬ 
scopical ejcammafinn of this conerntrate wjJI reveal 
the presence of mlimte crystals and ftagments of pme- 
tkoUy aJ] gem minfiak. These have of course been 

with the other debris from nre-eaefating recka^ 
and they ore described as detriEiu tnincntls. The 
diiimomb of India and Bmil. and also the rare dia- 
tnemds of tile goid^bearing rocks of the Wtwatersnmd. 
are detritol min-enils found in Bedimcntary rocks icon- 
glameratcs) of prt^ambrian ago; and they oiuhi fiave 
been derived from still older rocks whkh mmld add 
Another era to our approximate esttmate of a thorusajul 
mLlliaa years ago. In Belgian Congo and Angola 
detrital diamond are IcKind lu congiouicnLtns of the 
much later Trias^ period of 

Klctamorphic reckk wesre orfguiaily either ign&oos or 
sedimentary rocks which have had their dmacters 
drastically changed by the effects of great pressure 
and heat while buried deep in tlie earth's crust, to be 

later at the surface by denudation. A fresh 
suite of minemlsj very often gem miuentk, has thereby 
been regenerated from the minemb that compis^ed the 
origmol rocks. Since most gam minerab (notabty 
cm^dum and garnets) are characterised by A high 
density, they occupy space than r^-fonukg 
roiacr^ of kswtir denrity. Uudo' (he influence of 
euormpus earth pnessures* with iu:^iupauying high 
temperatore and the presence of water^ the conditian* 

ifm T 
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are tlimfor* spceiaJJy favourable for the fonn^tbu af 
such mlncnb luinerab") by tJie r^wroring of 
tbe diemifLal ooiistitTiuitfa ol the rock. Id such rocks aa 
gtieks aufl schist wc often fiad gameta, Obrolite^ 
staamlite, canmdma, 1^1. in ijates we find 
ujdaJasitc and coidfcuntcL Uuder such circuiastanccs 
these mrnemb wilJoidy be met with asembeddedi ciyshifa 

rocks sure traverKd by cteviccs and contain 
cavitks of various kinds; and with the pexcofatfon of 
ground-water or tlic water of hot springs con taming 
various stibstanccs in solulka in small amounis, im- 
portiint secondary changes ^ brouglit abont with the 
production of Aecondary mmerafa TIic materials for 
the formation of tJiese secondary fnincrais may be 
leadied onl from thr rock itself, of they may bfe supplied 
fran some outside source; or the new mijnnTJiy may 
result from on interaetkm of tliew two sets of matcrml 
The exact nature of such processes is not yet wdl 
understood. Volcanic mcks arc usually of a porous 
tmtuic (as witntiss pumtcc stone) due to the presence 
of steam cavitieSi In ancienc tavus winch have been 
buried under a iwk cover we find that the caiitid 
have become filhxi with minetoJ matter* This is the 
sou ire of the best agates and amethysts. The Hungarian 
opal and the Persian turquoise arc secondary minerals 
in voteanic pdts of Terfiary age. On the other band, 
the Australian opab are of secon<lary formation in 
Sandstone and siliceous ironstone of Cretaceous age, and 
the turquoise of Sinai in sandstone of Lower Carhqni- 
ferous age. A very puziriing case Is the occonenoe ol 
t he best qnali ty of emeralds in limestone of Cretaceous 
age in Colofubio. The gneissk and schistose rock^ of 
the Alps, whkh have been much cmtnpJcd and dis- 
titrbcd by earth movements tn the procesc^of mountain 
btuldiftg, contain many trevics* liiteii with bcaiirifnlty 
iTj-staUiMd mmemis. This " Alpine typeof minc^ 
veins yields rixk^^rystal, SEnoby-quoite^ and the best 
gciUHiuality spbene. 
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W< tu^m ibc altuvc tbAi one and the same mmeta! 
may Ik ioTTEii&d in mtun^ by mor^ way$ i:liiiji oni;. 
Ccrundmn and bcryj, for example^ may bo deher of 
igneous or memmorphic origin, and tbe latter [im 
eojoralds) also of wiiih quitrU iLzid 
Its niany v^fetica may be formed tmdrr vciy varying 
conditions. A study hi the modes of iKcumcnco and 
origin of mbirnils wiU give smno dues for their artificbl 
reproduction. Bui, strange to say, the most sndCessfnJ 
process for the arttfidaj produciinn of pn^dmio stones 
(coninduni and spinrij fn^m a £ne spray of molten 
^umifut b not copied from nntuic. 

Now after taking tbe pains to write this discoimse 
upon focka anil tlK precious stones they iTUiy contain^ 
we muit nevertheless inform the patient iwilef that 
only exccptioziully aie gemstones obtained from sneh 
rocks. Any stoiu^ of ptod gem-quality am vtiry spur* 
ingly and spomdically distributixl through the solid 
rock+ It would not be worth white to puU down a 
whole mountain and cniiih the rock on thn chance of 
fimling a hani^nl of gems. Fortuoatdy, tbb work tiai 
already been done for us by nature, working slowly but 
surely through c^iantless ages by the proecsea of 
denu^lion, as already incniioned The diBintegnited 
matcniii is transportt^ by running water, £r$t aiong 
cZiannels and rills op tlm hillsklep and then into brooli^ 
and itrcams. Tlicm is much banging m\d rubbing, and 
the madfirutl is furilusT broken down: and an important 
wting action now comes into play. The smallest, 
lightest, and flaky partidfis arc carried farthest, and 
are cvcniuotly depikitoi in the quieter warm of a 
lake or in the sea os mud and clay. Maiedok of greater 
spediic gravity (se£ the rntemtce table ol the end of 
Chapter III) arc not carried so readily os Ihe bulk 
of thi: lighter matcrid, which consistt mainly of qnai'ca. 
In this way'tliett may be under ccrbdn dretunstances 
a concentration of the heavier tntnendsi sutli nf gold 
OJid getMtonns. T3ie« may be foond in pockets worn 
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in tbD bed'iock by the gnMUpi^ actioa of pebbles, in 
eie^KGS, M oil tile apsttbiun side of tock rifts p’o^ins 
the jsfpeani; or, s^m, in }>itches of coarser gmveL 
Deposits of tnud, sil(, saxtd, and ^vet forniDd by river 
action, and an-exins the whole of the Hood pLuin of 
Uis voJIey boUain, aie known as ailiiviai deposits. It 
is here that most ^em-stoxips are found; but. of ctnirse, 
only along those streams that have drained from areas 
where geni'^bearing rocks are cxposecL Gravels are 
abundant and well known ui the Thames valley, but 
A search here for gem-stones would be in vain, since 
all the materials have been derived Inm younger 
sefiifinjntary rocks. 

The gemTstoiies found tn these alluvial dcposfla 
usnally ^ow s^pis of wear, to an oxtent depending 
(Ml the distance they have been rolled in streams from 
their parent-rDck. If found quite near the sooite, the 
crystals may bo sharp and clear, as shown stnne 
crystals of spinel from Bunna. More often the cd^ 
of the crystals are rounded and the faces dnlW; and 
frequently they have the form of wdl-rounded pebbles. 
The wear and tear during tTansportation has made a 
further sclectiim in the quality of the material. Flawed 
and cracked material and aggregates of crystals have 
been broken up, and only the more perfoct crystalii 
have withstood the racket For tliis nfoeon the best 
quality gem material is iiraally that found in alluvial 
deposits, tliough often only as small crystals or pebbles. 
A water-woni cij^taJ wieigiitng 29 poun^ of dear colonr- 
less topaz from Brazil, end a weU-muided boultfor 
weighing ti56 pounds of bright grifca nephrite (jade) 
from Siberia, are exhibited in the mineral oolleetitm of 
the British Museum. 

In the majority of cases the gem^fones in aihivlol 
deposits have first found when panning the 
streams for gold. And by traemg the pchblss up the 
coom of the stream, the prospector has often been 
abb to locate the mulher-rock. Alhivia] gptd is of veiy 

1 
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wide dklributjonp but n^naUy onljr quile smaU m qoMw 
tity little nuggets have bcem fatrtid m Cornwall^ 

ScQihtkA, azul Irdaitd); and in the eagcf iind 
frantic seaitii for the predons m^lal il k qqite Ithdy 
that gem^lones h^ive often be«a ov^lool^fL When 
well worn and raunded with dui( sarfaces, gem^tmied 
often do not look very diffen^t from ordinary pebbles^ 
A person accioainted onJy with the appearance of cut 
gems would not recpgnise the stones in theif tough 
BlatcL Hence thr importance of soiiie knowledge of the 
minendogy and geology of gem mincraJs. 

The geogrwhi^ distiibution of gemstones is quite 
accidental. It is not limtted by political boundaries^ 
but depends aokJy on the kinds of nocks that are 
exposed at the surface^ Since they mor? often occur 
in tike older and harder rocks^ they are ccu^equently 
usually found in mountainous duthets. In fonuer 
times most gem-stones came from the East, and the 
tcTTn "Oriental'' ad]] survives for the finer quality 
ftones. It was once thought that they were generated 
otily in hot cilmatesH This is quite Lnie^ but it h the 
still hotter dimate deep down in the earth's crusty 
rather than at she surface, that [fi iavoiirable for the 
growth of cry^toK A booklet on the tKcurrence and 
production of getn-stanes in different countries is issued 
by the Imperial Institute, Lmdon, in the seri^ on the 
tninerol industry of the Britiih Empire and foreign 
countries. 



CHAPTER tin 

Mining of Precious Stones 

A S pointed ool in ih<i last ctaptcTi roost genMtone® 
obtained from aHuviai deposits. Thejr oner 

hottFtrvcr^ not found in tbe more cxiensm depoaits in 
tbe iowtsr midies of lar^ nveoF^ but on]y in those of 
Sroalicr eitent aiid vnlmne in the upper reaches^ wbidi 
are apaJJy in the deep vaJJeys of moiuitainiOiis districts 
This is beansc of tbe sorting action effected by running 
wafer, Aocordrog to the gnivity of the trans¬ 
ported nuLfjcriaJt tbe heavier stones beifig left riKrer 
their source in the mottier-fOclL On thk itcootint^ 
alluvial tnining can usuislly be carried on nnly by small 
gang^ workmg independently^ and tbe work k usually 
done by TiativE^ using very pirmittve nicthods^ 

>Vhcn TOfldng tn the stream itself, tbe only tool 
r^uired is a prospector's jsm. This b a sballow, 
circular dab, one or two leei in rliaineter, with gn^u- 
ally sloping sides miroduig in tbe bottom [tflte a slke 
cut from a sphere)^ and made of motal> woodp nr 
woven fibres. gem-wusbetp standing in the 
streain, acoops up grave] from the bottom with his 
(or often her) pM- Tltc pan, white still under water, 
is them given a circular up and down motion, being 
at the same tiroe slightly tiiled. Tbe finEr dirt and 
partidcs pass cjut over the e4p& of tb& puQi and the 
gold and itcavy (nincrab work their way to the bottom 
beneath the U^tef pebbles. Tlie latter ttmy be bdped 
awuy with the hand: or the whole panful is tonuM] out 
upside duwn on Jiie ground, when the gem^uno are 
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picked oxtt at the top^ ajid the foniEiieder ported ov^ 
by hand ^th a quick m. GOT*b«inrig f^vd dug 
fi^i Ali^loir pits On the tKinks of tJic fftneam U sianied 
clown to the iftrcAm and treated m the stune manoer. 

By a nujre advaucsed meihod* the gtavei h washed 
and sorted in wato" nmimig down an indmed trough 
w sJuicfi pnmdcd with rifUej, Better still is the 

''' W'hkh is in contmon use for 
sepaxattng ^uilhr orea ffxiim the gangue or rocky 

This coneusis of a strong bo*: open at the top 
jnd with a perforated bottom which is imntersed izt a 
deep tfongh of fiou-ing water. The box is violently 
jiggkl lip and down anci wrij^ted sideways; and there 
may be a long battery of these worked by nmohirEeiy— 
and raking a nteketing diru In larger mdiing plants, 
as at the EintberJey diamond tmnes, the material b 
first washed irom mud hi large ckcul^ pans provjiled 
with rotating arms, before it b pasied to the jigs. Whtn 
desiHng with large quantities of material, the bulk of 
wbkb has to be deUvered on the waste heap«3^ the feed 
lo ili#^ machine^ h automatk on tmvdlbg bdla, 

Th^ methods can, of oouraei only be used where a 
plentiful supply of water js available. In the early 
days of the ** dry diggings on the dry plnteaif where 
Khnberlcy now stands with the VaaJ rivia- twenty tnjli^ 
iittr^y, tiae dbmnnd-beaiTng ground had to be screened 
and winaowrd* jAt the present ttme^ the water for 
washkig is pumpeij from ihe deq^ mines. At bbUted 
E{Mt3 in desert re^c^nSp Uib method is still in use 
witli a smati witinowinp madiicie* and also the meiliod ol 
dty blowing by pouring the material from one dish to 
onolhcr, when the wind cairics away the dust and finer 
and lighter partictfs, leaving the coarser material to be 
sorted over by hancL 

The pits dug in altu\'id deposits art usaaJIy quite 
Btnolt With vety primitive arrangements for supporting 
ilie iidiss and bojliug oat water. Only occariunalJy^ os 
in the Biiima Ruby Mines, have more effickini njethraJsi, 
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dealing sj-stctnatically with large amaiiiits <il Tnaterifli, 
been in use. Washing tlown njatcrnil on a hillside witJj 
a ppwerlDT fel of vattr (hydraulkin^^ lias only tardy 
been ailopl^ l-arge nwdianHal ifroUso^, as used for 
dretlgitig cold and tin oto In rivers* Iibvk not been used 
for the tcoovery of gem-stones. The course of the Vaal 
riveria at limes divcficd into artificial chottnels and the 
whole of the gtavel excavated from the bed of the rivi^. 

Wordings m the sdid t«k are excepthtruU, save in 
a (ew spedal esaea. Pegmatite vews are ntensivly 
worked by the ordimuy methods of guartying for 
felspar, quart** and mica, but only occasionajly have 
tJiev been spccnilly worked for gent-stones. Gem 
tourmaline has been so obtained in Catifomla and 
Maine* the wystals being broken owi of cavities in the 
pegmatite; but the work b only on a sinsU sca!& and 
toaa abandoned. Pi^mutites have also been worked 
in situ for tourmaline and beryl in Bfadl and Sottfb- 
Wat AJrka. At some places these pegmatites are 
weathered to a soft matenal which can be more easily 
worked Tlie SBpphire-bearing pegnmtUe of Kashmir 
is, for esianiplc, weathered to a clayey materiiii, and 
die pegoitttltei in Ittadagoscar arc ultcrw to taterits to 
coosideraJile dcptlis. The emerald mines in CoIoiuWa 
are large open quarriM in limestone on a steep hillside. 
The o^-beornig byetg in sandstone in Austiaiia are 
worked in a series of small open pits. 

The ottly really (urtenrive mining operatitHis are 
those in the diamond mines in South Africa. The 
Praitiier muic near Pretoria is still wwked as an open 
quan5', and the cnonnotis pit is by for tJic biggest 
tnon-mode hde on earth. Tlie Kimberley mines, with 
a stoaUer snrface area, wen worked os open quarries 
down to a depth of 1300 feet, unlH this method of 
wwking became impracticable (Plate IIIJ. Wort was 
then cgrrinl mi by tlio ordinary metlioda of under* 
ground mining (fig 4^* P' ^^4)< ^ ^ cool-mintog and 
in metalliferous mines. Theae are the only undetgroiind 
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minii* that are wi>rfced for precknit 5toiie»« Tie 
of the rMh b bitnt^t lo the siirtajOCr aiti] b 

irrushnl, vrasLed, and dffliit wiUi j'uit lOa* an 
nrdinaiy ore. The ’'bluo pronnd" may, b (act. be 
if^ardiut as diamond ore. Further poxticnliiErs of ilie 
South African mines wiJJ be given in the chapter dcaUng 
with diiuntmd (pr 133), 

in the diamond fields nf Soulh-Wesl Africa, condi¬ 
tions are quite different. Here die diamonds are femid 
in the sand-dnnes along Uiie coastal strip o( the hfamib 
Desert. The conteat of dhtmaod averages only oin;- 
filth of a camt per cubic metre of sand a^ fine gravei 
an large quantities of tnalertal havn to be dealt with. 
The dunes are attndcnl with enonnons mechaiiicai 
excavators mounted on catiirpillar trucks and driven 
dectritittlly. At each scoop they pick up five tons of 
the loose tnateriol. One goliath that I saw there in 
tqaq was said to take up nine tons in one ahovelfitL 
The loose sandy material is dumped into trucks and 
conveyed by tailways to the separating plants at 
EUtahoth Bay and formerly also at Kolmnnskpp, 
wliich can deal with 10,000 tons a day. Here it is 
sieved and wasticd in pans and polsator jigs, and fram 
the finsi concentrate the smalt diamonds ore picked 
out one by one with a pair cf twieerets. 



CHAPTER DC 

Cutting and Polishing Gems: 
Forms of Cutting 

a crys^Jogtupher a d«ar and shaiply ckvtbped 
I bciunded by briUmril feet* w oi 

mucli more than one Umt hna been ent and 
p^ovidi^d with artifioLL] facets- In the latter state It 
shovf^ no mcfTG than a sparkling^ bit of cat gi^ss. The 
whole thing kos an air of artifickility and i$ therefore 
to a ^tndmt of nature obiectionnbkN Wlomever poadhie 
be strives to fescue a specially interesting or onique 
ayibil from this mutilatioo; but owing to the high 
value of the material for gem purposes Ihk is not 
always saccessful, Hr^wever* the materid produced by 
tbe gem miner usually qonsbts of water-wurp and 
damaged crystals witZi bruised edges and roughetied 
faces, or of well-rtiunrkd pebUlcs^ Such materia] may 
be readit}^ sacrihred to the art of tbs bpklary, [ndf^ed. 
it is often quire tmattraclm in appeinuloe, and the 
ordifiiiry person wuuld not susTwr it to be of any value. 
Tbe colour, lustre, and brilliancy of the stone ate 
bfought mi only when such tnatrrid is cat and paLbfaecL 

With transparent siQW^, dthiu^ caburks^^ or coloured, 
the object of the cutting h to produce a gem tb^i* 
wUl allow h^t follmg ou it to pass into the stone 
and then be reflected back to ttie observer. This is 
effected by cuttuig a number of ^a}] polished facets 
in c^rfaiu directioos ou all sides, Tim uptkal iHUfKirtks 
(Chapter VJ of tbe stone are then brought cnil to the 
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best iuhrantage. On Uio other liand. with opaque 
atsd those lahcfwifjg opeciaJ surface effects, aa oj^aJ, moon'* 
ston®, cal‘s-^e, Ac,, only the surJacc picsetikJ to the 
observer is fwlished^ timaJly with a roiioded convex form, 

Tiie brihiaiQt forni of cutting is the one trsoalty 
sdoptcfl for diamond nnd other oobtitless stones, but 
ifi 4Lto someltniw used with colouied stones. The 
ground-form of this h a truncated octalicdron {hg. 2B], 
WTtli a lariie upper tactit and a smaller lower one^ both 

a 
d.—OdkJwknii m. UH fmnd-fcii* ItimuMi 

CpI IVifeiwd onMFcj& £1:^ riH^wiFh 

poiuhei to a cube face of the diamond cryistaL This 
quite simple fentn w the oU! " table-otit and (ram it 
the brilliant-cut was evolved, eMlditional Eooet^ bdng 
added symmetrically to give a *' douhle^eut *** otid 
later a txipic-edtb^umt. Fig. ^ shows the old 
fomi of the Iripie-cnt brilliant, with thirty-three facers 
Gu the uppcjT portion ot crown, and twenty-five facets on 
the lower portion or pavilion. The edge beeween these 
twtJ portions is called the girdle^ and along this the gem 
is h^ to its setting. A cotnparisem of &g^ aS and aq 
will show that the (our larger Dcficl facets of the crnwi];, 
and tlte four lorgur pavilion facets below, correspood 
in position with the i^ces of the octahedron. It is to 
be noted, however, that the angle of slope o( the faces 
ts not the same in the two Coses. Tlio angle of slope 
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af 34* 44' tbc Euttm^ <»ctatii!!rlrmi h too staep 
to give tJie best rcsulLs oocordmg to Lbe Liw ol utterrtal 
tot^reiifictioJi (comparefigi t^and £9, pp. 44*^)- From 
the ariticaJ migle of 34!* in dimtiond it is possibJe to 
calculate the angles at which the facet$ i^hould be placed 
to give ilnf tiULxjjnimi re^L Ifi the drawing (fig. c) 
the bead facets an sloped at ^6’ and the pa^foo 
facets at 41*. These eicoct angles apply of cotirse only 
to diamond^ with stooes of oilier refractiFe mdioes and 

b 
Plf. 1^—afffflbntrCBl 

I'W" vMv «r aown. (I> Lwm i4dd w Indite. M Sy* 
tn c^vmm^ [il Tlfck. F^nt linri*<i 9f tart fwiW C3I Pta q4olu«i’ 

IM4«. <a> tkiU *-m.. 
Tcttl j] htfWi 

In 7« rvrillbM Itau (tyr^Mtrmmrn, bum butt 
(lot VicH lilU bMi*. fi ll Culjc ij IiHU. 

critical ajjgjes tlwy mil be slightly differeot. This 
scientific fffindple has not always been appieciafed by 
diamond enttors. The " Kohn^Kiir '' diamond (fig. 43. 
p, 136) mas cut loo sluUJaw, and iha " Regent" (fig. 44} 
too d^p. There iihonid a definite ratio between 
the *' spread " or area and tlie llikbies of a cot gem. 

There are ninny modiiieatioiis of the otl brilliant* 
cqt rqaesented in fig. 29. More often the benel and 
quoin facets in the crown are cut of equal size, and the 
pavilion and quoin facets below are also equal. The 
fonn then has a more circular oiUline. But this tmtlins 
may also be modified in the eiforta to pmcliice bisomi 
shapes, or to produce the larg^t posslhlii gem from the 
rough matenal available. In fig. 99 a beautiful fomfold 
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symniftEfy is displayed, fast ii& in 4. tetragonal oystol. 
By the omUsion or adcUtioji of sets of fooefa, genu with 
0. threefold or a sixfold synunctiy may be cut. 

Atiothfir forra of cutting ccnsnonly adopted for 
dbniiond » the rose-cul p}, hut only with smalt 
aud Bat atones. Here there is a single facet at the 
base of the gem froni whlrli the JJglit is tcQficted. 
With coloured stones a cotamou form is the step-cut 
or ttap-cut (%, ji), which has a series of parallel 

Flu. - IfirM nrt M FIc- Cb4HC,bn^«iii 
Sfauplt titeclKK. E>Hi4a¥* abtfi?(iqiL> <f]l ItdOn m^^eboA. 

VArim ftimn bt asttb^ 

strtfhlike facets increasing in steepness tomuds the 
girdle. The original siar-ctil consisted of a squaK or 
hexagonal table facet ^nroiinded by four or six tri- 
onguUr facets, with rhomb^aped facets in between and 
the girdle bordered by triangular facets; while the bock 
of the stone was fno^ed with a similar series of small 
triangukr and rbooib-shaped facets. In later star-cut 
stones the number of triangolar facets surrounding the 
table was tnemsed until the star-Uke efFect iw ob¬ 
scured- Very large cut stones may ihoir a profusion o| 
hundreds of small Iriangulor and cfuimb-shapod facets 
ptate VIII), lu a " mixed-cut '* tlie crown of tiie stone 
IS brillUot-cat or star-cat while the back is step-cut. 
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These are the firmdpal Ivpes of bucketed cut£iii^» btd 
thcrt h scope for imdlesavaiiety; and the kahiro m pea* 
daats and ear-ring drops aiiist not retn-iin $tatkjnaiy- 

Opaqtit stciiKS may l3e cot with a flat polished sur- 
faoet as in ^cais aird si^et-rings. More ofteo they are 
given a conTtr* carved stirface with ^ circuJar or oval 
oatlme^ Tht drgT«c uf convexity varies with the kind 
of sKooe. A cat'ancye or rtar-oonmdiiai shows the 
chatoyant eHect to better advantage when cut mtli a 
high domc-hkie fomj; while in an opal the play of 
colours is best seen on a Hatter surface of slight con- 
vejdty* TheuL cabadion-oil stones (fig. saj aiv nsnally 
givsn a fUt base whiidi ts covered in the setting.. Tlic 
hnllow cabochon [fig, 3;2 c) h nsually used for red 
garnet (oitiimjidiQHa^ and pyrope), and the stone is iben 
often cdlecf a carbunde. 

Tlie proofs of cutting b rather differEai with 
diamond than with other istoncs. As there b no harder 
materia! Imown, it is a case of diamond ent tliamond; 
the process is tedioirs and slow, and coGsequently 
cDStI>^ Fortunately tlie octaheclnd dcavage of dbnxond 
affords a means of saving both time and material A 
crystal can be cleaved into the more grornid- 
foim; incgnlar and infmor cjtiality porfions can Ive 
removed; and large ctystab can be divided^ In the 
rather drfeate operation ol doavmgp a notch is first 
scratched with a diamond point in tlie required place 
and direction: a blunt knife is then placed in the notdt 
and sttndc a smart blow. The eJeaver must have som 
knowledge of crystallogrEphyp to be aide to determine 
the c»iToc:t onentation of the crystal. After cleaving 
(if ihh be neccssitry) th« Imm of the gem b rouidicd 
<Kit by a process of bmtmg. Tliis oonstsis m robbing 
and scrubbuig two diamnncls together^ to produce a 
roimd top-hke form (fig. Sja) with a acilter tipper portion 
and a d^per Iowt!r portiofL This tedioni operation 
was formerly done by hand with the two djanMituis 
cementi^ cm the eiuls effort stk^ Now one diamond 
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Is motmt«d aa a latlie imd (he otlier naed as tlw toot 
AU th« abraded matensJ is eartifciUy collected lor use 
in the Dcxt operation oi ijrindiog, t 

In this proce^ of ttro thi^, when a Tegular rxiohedron 
is being [hjidl with, ilicie ts a waste of much materia] 
in Rnio vtng the huge top comer (hg . rS a), besides talcing 
mud) dme when done hy This lop poriioa cantiat 
be removed by cleavage,: since diomund does cot possess 
a cleava^ paialJcJ to the face of the cube. The new 
metiio<l is to saw it off, and the sat lUer piece con Uien 
be fashioned into another giiin, Tnis is done with a 

disk of pltoi^hor-bronze, 6 cm. in dbatetcr and mm. 
thick, duuged on tlir rd^ with diamond |)owiler and 
routing at 4000 revolutmtu per minute. A larger 
crystal Is sometimes sawn into two equal halves porJidlid 
to a cube Uce and is then ready for tlio bin ting opera*' 
tion. A oncH^arat stone cart be sawn through in about 
eight hours, but a larger crystal will take several day:;. 
Howrver, theniachiiuswnrkautomatkallv» and a whole 
battery of them wt require much iticutkitL 

Ttie next opefation ts that of griiidiag the priodpal 
facets at the correct angles with tlie aid of a gauge. 
This is done on a lap or skeif, which is a whed of cost 
iron revolving on a vertical ajthi. at about 2500 nvolu* 
tious a minute. J^iamoniJ dust mixed with oil is u$rd 
as the abcading agcnL The stone it Gnnly hsldl by 
being ejiibedded in an easily fusible solder niloy, from 
winch it musr be removed and reset for the grinding of 
each facet. A later lorm of holdLT or " dap " is a 
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Bm!w cbmp which ^w$ Mvend facets to be gro^d 
fiir cadi salting* Tiiu uibLc facet it first gniiuid [fig, 
33 A), then the four lacets (fig. 33 
tJie fom quoms (fig. 33 #). Xhi3 process is repeated 
vnth tlic nine principal beets on the lower poriton^ 
giving in »ill a totiJ of eighteen. The stone then 
passes from the kppor to tlic briUbJiteer'er, who 
grinds the remahiiiig forty foccu^ judging their portion 
merely hy eye. The of the ttop keeps the stone 
pf^ssfd Ckgainst tlac revolving wheel; and two or three 
dopa may be lelt on the same wht^i lot the grinding 
to proceed slowly. The slow grmding produces at the 
fiiarrte time Ihe polish on tiw (a^ts- 

Compored with diamond cuttings the process oI 
cutting other prectons fitfinca is much simpler. Thdr 
degree of hanfoess is very much Jess (see p. 
moro effective grbiding materials are now available* 
The rough stones may first be dividwi to a Rutahki 
aiM with a filitting disk, consisting of turned Iron dmigod 
with diamond powler at tlie edge. The atone is cemented 
at the end of a lipidary^s stick (much like a pert- 
bnlder} and b hold by hand against the surface of a 
rapidly revolving metal dlsk» or tap* chai^d with 
dtamond powder, carbomnduiit* or emery, mixed with 
oil or wnier. The angles ol inclinatinn of the several 
beets arc regulated by inserting the top end of the 
stick in a scries of notches in a jamb peg ** fixed to 
the working beneb^ Aiter the scv^ol foists have been 
finely ground* th^ are polished on another lap covered 
wi^ canvas or felt and charged with rntten*etoiief 
putty powder, or rouge. Differati kinds of storu:^ need 
rather different tiefttmeutp with laps of bar^r or 
softer mcUl, and with different polishing materials. 

Much of the work is now done on carijcrimduifi 
wheels. In the Idar district in Germany agate and 
other cpmrta varieties are cut on kige sandstone 
wbeds, five fwt in diainettr and eighteen mches tUick, 
nirtked by vratcr-powei in a number of $mall csmblisb- 
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mcots on the b^uiks of stusmu. Tlxt^ cutler face 
downwards in front of Hie grindstcnc and presses the 
siojic to cut the edge of the wheeh Oimru 
(mk-crystal, ritrine, mtd ^mothyst) and other softer 
stones ate Vi^ sitcce^fuUy faceted by tim metbodi 
the stone being iieJd merely by band; and the bjial 
polisiung is done on revolvntg wooden cj'Iindm- 
Fftceted senii-pocious sti:uiesi are so prmJiiced in vast 

mauily trom material of Bra^Eilian priguit to 
be sold JiU the world by "seaside bpidar^^' as 
pebbles [ram the local beach. The trick is to encourage 
visitors to collect pretty {when wet) pebble* IroTn the 
beach and leave iliem to be polkhciL After a sniuble 
interval of time one of ili^ German cut stones is 
produced, tbo originat " valuable " pebble having ip 
the ntranlimc been condgricd to the robbitb heap. 

Seaside visitors who collect pebbles tram the Wefa 
freqaE^iidy o&k how thr^ can bc^ poli3J;].eii This is an 
operation thjit can be perfortned by the amateur^ but 
ii requires a certain amount ol gear and a lo^ amount 
of p&tituice and timu, and nnlil the knack is acqubed 
there vriJl be nuiny f^ures, Cabocbon-cuts should bo 
first tried before attempting any dmple faceted (aims. 
The stone may be firat shaped on a ^s«bomndtl^l 
wheel wetted wifli water It tfi then ground with 
cillery pon der on n metid phtte. or better^ on a lapi- 
dmy s lap mnning at a high sx^ced from a small clratiic 
motor. Tile emery is mixed into a paste witli watei 
or oil, anc] ia successive opemiions finer grad^ of 
eomy are used. Care mtLst Ixs taken botweeu Bauch 
dpemtion ibat bath ibr slaue and tiier lap are perfectly 
cleaned, otherwise a simy gnuu of the coarser powd^ 
wtU produce scratches on the mon? finely grarnid surface. 
Wlien a pcrfccti>" smooth surface has beets prepared 
tlm stone will lie ready for paliidung. This b done on 
a wooden disk with pumice powder or ratteo-stoae, and 
finiahrd os a lcLt-K»vered lap with putty pow'der or 
mognesin. 

a 



CHAPTER X 

Imitation Gems and Artificial 
Gem-stones 

ON account of the rarity and eoglliness of predoui 
stone^ efforts have always heen nuulo to pi oilirco 

ittulatioris and couatofeits in otlusr matenais by 
artificial means. Even the ancient Egyptians were 
experts in these matters. Some of thdr scarabs were 
cot in genuine turejuoise anti lapis~lazulit but many 
more wae made of a blue pottery or faience, or of 
elared steatite. Coloured glass imlUtiona were ex- 
lenuveJy used by the Romans. At (!ie present rUy 

uro pnxluccd JH vast numbers. Tbc 
town of Jabloncc {= Gabtonx) in nortbem Hohemia is 
the centre of this industry, in which over 12.000 persoon 
ere engaged in the maiiiifactitre oi glass beads and 
imitatiaa gems. Many of the results are really <iuit<r 
pretty and effective, and they are displayed on the 
th«tiricjti stage witiiout a btu^—but hero the whole 
show is a pretence. 

The glas used for this purpose is called 
or '‘strasi*', and is rrwHe of different computrons, 
but always with silica as a base. The best quabtfes are 
identkaj with optical flint" ghisa, so called bocauso 
crushed flint wan origiitally hm in its manufaclure. 
Tlie sittea is now supplied in the form of quart* or a 
high-grade quartz sand (glass sand): but the material 
gi^nug the special qualities is lead oxide, and this glass 
would ^ more aji|)rDpfiaidy called a lead glass. Bucb 
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9 glass Is pi%parcd by liuii^ Jn a cnidble m a g!au 
(uniace a mixture of satul (3S-59%)r 
53%}« •“'d jxitassTiini ciirb<3tiAir- (3-14%) togclbef with 
a JirlJu boTiLX. white arsenic, sud saltpetre. A glass af 
this composition has a tefnictive bidex o( about t-6j, 
dispet^uti D'OS, aiid specific gtavti^ 5*6. With tnon 

up to 70% of Iffiul oxule, a still denser, but very 
suit, glass with refractive index fS-i'j. and 0 dis^ 
pcrsioii equal to that ol iliantund. am be obtained. It 
IS glass of this kind that is used in the constniction of 
the teiractomcief {p. 58). Sndi gkscsare very brilliant, 
and when cast in raniilds or cot in the brilliaAi fo^ 

are sold as imitation diamond (’' Parisan dia¬ 
monds'', &c.). By tlie addition of sidtablo meiallir 
oxides in .smidl amounts, imitation gems of any desired 
coluof are produced. 

Hiere is one imuoHant point in which all these 
glass imitiittoiis fail, that is in the haniness. Tli« 
mote lead the gloss eonUins, the more briiliant it b, 
iMit at the some tiine it is softer. Hie result b that 
these imitations, unless very carefully handled, bectmie 
dulled by scratches, and th^ edges ore easUy ahroikd- 
In the operation of mounting tluiy ore often diipiied 
at the edge of the ^nlJe, and a magnifying lens will 
usually s^w the biighL coaclioidal froctun* of gloss. 
A further examination with a tens uill also very fre¬ 
quently allow the preseuw of minute roand bubbles 
in the glass. Under the ptolaruing inicmseatie they are 
optics] botnq^ and not pleockrotc. But die quickest 
test of all is with a knife p^t; some can be cut aJntost 
like wry hard cbwse. 

In fotmer days tliis difficulty presented by the tow 
degree of hardness was ovenenme by facing the fraudu¬ 
lent gon with a harder natural stone of poor qitality, 
as ill the scKulted douliJets ", Tlia upptir inirfaco 
tlicu resisted wear, wJilIe the joltcr ittitcriiil givujg the 
oolbitr was protected la tlie scttuig. Many very in|^i- 
nus deceptions were formerly practised with those 



too A KEV TO EliBOOUS CTOKES 

do^ubleU aEd even iripteta. Bnt iritli the f ro- 
dttctinii cm A scalr ol ArtifiKkl emis Amsisimg of 
t]ie tt^ mattriaJ^ ihxn i* no tited for tliiit In antique 
kwdlery Uie <ajJotir mJ htsir^ of a goto tw 

improved " by moirntitig il on a (oil in a doacd ficttinfr 
Katurad stones arc often by suiiiloal meaiis. 

The pmcess of etainiog agate is said lo have been 
bicfWti to lilt RomiiiiSj and at the prjtmt day it ii 
dififiEitill enongti to buy iio agiite tliat lias not been so 
treated. ''Swiss bipk** or "German lapis'*, nerw 
extensively parsed on as lapb-Umlj^ is a pdfe-colouied 
jnsper or homstone stained blue with fertpcyiinide- 
Various cxdour chingcs can be produoi^ in topa^. 
beiyl^ quart!, aixon and oilier gem^toms by siib- 

them to a boat treatincnL Brown tkew. 
beetles coliiur]t?s5 and vciy hribiant. and has cben 
been sold as " Matxuia diairiond *'* Ametfiyst bocom^ 
yellow and is passed oil as topax. Pafc green beryl will 
mmetimjcs giw a rkh saptjhii^bJuc wbeii tJie steme h 
heated; rmd yellovv tojia! be^nmejs a beauitiful rosy red, 
and luts no doubt tbrn tnjutfjupmdgd as ruby^ Soms 
gem dealers are r<esjLny iiauglity poopkl 

It is didicult to decide how far one is justified in 
doctoring a stone. In any case a natural ttotw 

(las to be cut arid policed before it is of any use as a 
genu If at the same iime the colour can be improved 
without altering the tmtnre of tbe stoiio^ ihcn no harm 
is done, unless it is, fnmdulcnlly passed off as something 
ebe. 

Imitation gems made of materials diffcrenl frnm 
those of tilt sUmvs> nrt of necesftity artifidai or 
manufactured. Bnt it is also po^ble to produce the 
aciiud stones thtmisclvcs by artificial means. Moat 
of the mijienilti biown to occur in nature have, In 
fact, been produced in tbo laboratoiry, butj ns a nde. 
only AS quite small cr^'stals or only of microscopic 
site. Tlie cfj^aTftls are In every w-ay ul^tira] with th^ 
of tbe natural minerals, the same in diemical oatn^ 
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pCksition, a3'^UlHne fomu aiid in t)>droptkal and oUiw 
phygkal chkmctef:^ Tliej" diEcf wnly tii tltcif 
on^. TEic sjjse to wlikfi Uic^y are grown depends of 
coiiiTie on the dwnent ol lime. Sttch |:[rodncU are 
known arLiirdai tir isyriihittk. mineralju 

Un/orttmatelyi in this Donnexion, the word " acLl- 
ficiai ''is liabJc to ^ misimdai&toocL All that is artifidaJ 
in the process b in bringing togetlier the proper con¬ 
stituents under conditions of ternpcriiture^ pressure, 
humidity^ dec., favDonibk for the gtowdi of ciysiuls. 
Nature then does the rest i and in exactly the same way 
that CTystaU of natuial mineral have gromt^ The 
opemtium of the chemist are strictly oiuiiiignux to 
those of a gardener, bm nobody wciold suggest that 
products of the latter are artificial cabbages or 
roses. They may be ctdiivated, like cultarad 
peurls and gentlemciEi. Adjectives are apt to get a little 
mixed when applied to different npuns. We may talk 
of wiJil roses and tame mbbits, but not of wild rubies 
and tame mbjes; of artificiid rubiesy but not of artifidal 
babies. 'VArtificLdflowers and eyes are maile aiti- 
fitially, but they ore neither flowers eiot eyes. But 
rubles produced by the inti!rvcntJon of man are reah 
Just ^ mucli aji Jirc babies. Uke Topay they Itavc just 
growecL liven Top&y must have had a father to initiate 
UiD process^ 

Neither is the adlective '* ^thetk quite a happy 
onr to this connexion. The ortificioJ produetbn of 
ruby b not one trf syuthiisb by the comhinatton of 
aluminium and oxygen. Tlie material iised is atuizir 
and the pracesa is rather one of bcenldng dowti* or 
axtaJy^ifr. SjTithelic rubies are often mentioiied, but 
never analytic mbiesu xUthough gold is produced arti* 
ficblJy fmm gold ore« we do not talk of synthetic gold 
or ortificki goLd. lliiitralogists^ bowe^'cr, distmgunA 

native: goldand hi Ihk sense we may ^ipeok of 
native ruby. Tlicn the *' artificial" products could be 
caUed just gold or ntby- They coiUd even be odJed 
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nAtwrtl mblfls, /or they have actually grown according 
to tlie lawa ol nature. ll is not yet possible to take the 
indiviiiujU atmns ol alttminriim and oxygen and stick 
them into tbeic proper places in the oy^al-stnictore 
(fig 3) and so produce a niby unibcialty, to much the 
some way as the parts of an irtiboal watch or 
tbctic inotaf<ar wo assembled- 

Matty attempts have bees made to produce diamond 
by art^dal Minute crystals arc said to have 
been obtamed by some processes, but Ibis nM^oUes 
conbnnation (p. 138). Other gem minerals have been 
pmpajod os minute crystals, but il is only with conin- 
dum and spinel that imtciial suitable for ose as gems 
has been pcodoced, Mkroscopic rubies were first mode 
by M- A. Gaudin in 1S37; and in 1877 beautiful crystals 
with the form of thin stz^ided plates, from which a 
few mimite gems were cut, were preducaj by Friitiy 
and FifiL In 190s, another French chianisl, A. Vemeuil, 
by an enttidy new and nijexpected process, was able 
to control the growth ol largo crystals of gem quality 
and of various colours. His apparatus (fig. 34) consists 
of an mverted oxybydrogen blowpipe, oxygen bemg 
admitted at O and ait excess of bydrogen at Insde 
the mner oxygtm tube is a sieve 5 containuig finely 
powdered alumina (preparod hom altun), which is 
slowly 1^1 by a lapping hammer actuated by an 
electromagnet M. Ttie nozzle of the blowpipe is 
enclosed in a funoace box B containing a fireclay 
snpport carried on an adjnstabk stand C. Tbe fine 
particles of alumina passing through the Same at a 
temperature 0/ about aooo" C. are fus^ and tali on 
tiie fireclay snppoit, and as this is gradually lower^ a 
peoT'Shap^ mass ("boule") is built up by accretion- 
The mte of growth is about is carats per hoar and 
" ImuIcs ** up to 250 carats in weight may bt obtained. 
These pear-shaped drops liave smooth glassy sides, 
usually round, but occasttmaUy showing a rougb 
hexagonal ouilke, wliile the fiatter upper sturiaoe shows 
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& cfystaHiDe reiicubtksn of mioute Emrigk^. In Each 
a. |iroc#s& one would Hcpctii to find the |irodm:t lo bo 
an aJutnjmi ^h$s or at least an urrgiilar aggregate ol 
mlmjte crystals. But the really surpri^ng n^uJt b that 
cadi bouJe b a wangle tndivjdtiid cry^ifLl posse$$iQg 
all the chaiacteis of a crystal 
comndtiRL Wh™ the moebine b f-ed 
with pure alumma llie tcsuJtirg 

is dear and colourless; hut 
with the mldJtion of rariems metoJllc 

clear oystals of any desired 
colour can be produced. By the 
addihicsn of magnesia, ciystaJs of 
spind can be obtained by die same 
proces. VernetiiJ geueroiisly gave to 
the world th^ resiiilU of hb reseiuxh 
work exlendiog over many ycom in 
a %tmm ol papers published by the 
f^s Academy of Sdenccs. Th* 
process with $oine modifications mii] 
imprtrvtmietits b now worked oq n 
commemal scale in Ftanctt Germanyp 
Sw'jtaerlaiifl^ and Itajy^ and the out¬ 
put of gtm tmtoial of fine quality 
con amount to aa much as a too a 
day 

TJit result b that these artifiebiiy 
produced gtones are much too 
common to command a high price. 
Couiiitg into trade compeiitioo witli tti* rarer nativo 
stones^ they have been n^anded with suEpidon^ and 
many are the attempts made to oust thun and bring 
them into disrepute. The preteuce thai these artifrrbi 
products !iiT nof real can only be harboured for sellbh 
tcjiscus, U Vtmcuil had kept the |iroces$ ^ semi and 
]daced tlie gem^tuufis on the market m eirictly limited 
quantitie^jL th^ would witliaut doubt have been highly 
prized, ^d hb truly remarkable sdentific disoovory 

Fll M. — V«fiiltll> 

AljEtjJcrji^ bkrn^pa 
ill* 

of KBBfmaJjiw* 
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would havic been more lulJy ftpprectatcd. His (p&aenmi 
action was study a case of ^dng p^la before swine. 

We do itot find the same ridkuloua outcry agaiiist 
same other minerals QM are produced by manu- 
facttiring processes on a oommerciul scale. For example, 
epscmiie or Epscin-saJt T!ras ortgina^ obtained in 

lutlcr spring at Epsom m Surrey, flrhere 
At one there was a fashionkble Ttie native 
mineral, being readily soluble in water, is fottnd only 
sparingly in a lew places (jusi as ore nibws)^ usually 
as a fibrous efflorescence on the walls of caves 
oid mine workings. In the latter case the fonnatinn 
of the mineral is indErectly due to the interventton of 
man, and the question arises bow far is this an arti¬ 
ficial mineral The Jastidioua connoisseur who insists 
on having the tiative robicral^ liis epsnnute from Epsom 
and his rubies from BurmA, has of course to pay ea* 
urbitant prices, but he will find the mauulaclured 
products much purer and jizst as efficacious^ He would 
surely prefer an artificiaj or cultivated cabbage to a 
narive or wild cabbage. 

CoTUndma is afao produced on a large st^e by 
fusing baoxite tn the electric furnace at Niagara Folb. 
The crystalliaed product is crushed and sold as an 
abrasive in the form of powtl^^ coAted paper, fmd 
wheels under the names alundum* aloxite, and adamite^ 
No obfectioiis are rai^ by lapid^ies against this 
mateiM on the grounds that it is artifid^ 



CHAPTER XI 

NomonclaCurc of Gems: 
Names of Gcm-stoncs and Minerals 

HE IIIUI1C3 appU«} to i^em^toncs are often con- 
* fusing' auf] tnclced ddibemteif mfalfcadingi It [s 

well known that through the ages named have gi^italJy 
ponged Id their msaning. A striking esamiile of tii» 
!£ the name aloohol, wbi'cti was origLimllv* appUji^d tn ft 
nzini^ (see p. r^}. The name snpphtie wm <^r4:maily 
applied to lapis-ltumlip white oust ^pphir^ |bliii-i conm* 
durn) was die hyftdnthos (hyadnthiifc) of the Gttela 
and Raiujm5« tlie name liyndnili bemf now applied to 
tfreon. Carbunculus nf tim Urnnuns included ruby anti 
other fiery red stones, but this name b m:iw restricted 
to gaimct. T0pa% or topsuion and ebry^iiln have^eonii 
bad many favicmrites and have even chon^ied places. 
In the flldiui dsiy3, when colour was the onty nrit^zmn 
and hardness Uie only avaltabk tuat, stuneft 
noraeti only ocoonJlng to their colour: bat, w-n 
have alrijady $een^ this is a ^™y variable and un- 
rduLble eboraett^t Even at the present time popular 
names are based tnnrely on ^^lotir; and to meet the 
popular fancy many such names Imie been g^iVett 
delibemtcly for the puipcM^ of deceplinn. Such a temi 
33 Brmiiaji ^ppiiim ** has been Rpplird to both 
bhie topaz and blue toumudiuc from BrnJtil; and 

-Brarilian cmcraJct to green tcmrmaline, nlihough 
trm; rmeiald has more recently hem found m BtRciL 
** Sibeftan ruby '* is tourntahiiOp and Cape ruby ** h 
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gartiet: wlillr Bnizilian ruby'" is dmer ticipai ot 
totinu^lnt^ Spuiiah iop^ *\ ** Scotch topaz 'V aiid 

wddeutiil lopax nit quartz, ajicl " onentai top^tz 
Lsi eortindimi; wbile^ strange to sayp Siberiofii topaz " 
nfiUy is topaz^ We can otiJy ccuidudi; from sncii a 
set of thal ilvt jewfeUiTf^s coticcption of gciru h 
limited to sapphire, mby* eiuefaJd. and topaz. 

When vre come to cortmdt™ iiod a long attay 
oJ borrowed plajnes. Tlie prefix orientaJ is added 
to the more lamiiiar names emenUdp topaZg cbiysatitOi 
amethyst, ajquimariii^j and hyadntlri. with the idea of 
distinguishing dififerent colotir varieiiw of rtinmdiini- 
These ajre abo duplicated In a paroiiel seiies of names 
in which sapphire has to P^y the part of the villain 
through the whole number, green sapphire" being 
identical with " orieinaJ emerald " ydlow sapphinfi 
with “ onentaJ topaz", ifcc- Another alms of ysUow 
conmriiLm is toim-^'ipphlrt None of the mfneniis 
hero niitmed (except sapphire) has any curmexion with 
tlie minefaJ conmdum; and very often they are not of 
the colour they are supposed to represent While poor 
sapphire is robbed of its own true blue, even to the 
extent of bceozning " white sapphire ", 

'Hie Tiannes " spinel-ruby " and " ruby^inel "j both 
of whkh are applied to red nr reby-ficd spinch suggest 
iJjai this ^'steni of oamirg gem-stoncs by false ari^ogy 
is quite ilJtigical- It team to endless confusioii and 
misunderstandiiigp usually to the advantage of the 
dealer, but also adding nnn«?es^ly to llie inysteiy 
of gem^onoSw Tliost who still adlicre to thn^ antt^ 
quated system are rectHiMiicndc<l to wear on amethyst, 
which by its chami giveth good tmdrrsfamding to all 
tiutigs that tnay be mi^nderstood. 

Wliy all this absurd nonsense—relics trf the Dark 
DiomniM] shons just the sane range of coloura. 

yet it is aJways called simply dmmond, and there can 
be no ambiguity ot dBCcptkm wliifji one ays r«i 
dtainond. A dealer Is never ashamed to gcII ^ rrd 
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diiniiJiiil or a btno diamond ii it really is. a gonuiiiii 
diajnond^ but ho wtTiiiJ jnther pa$3 oif a ji^Uow corun* 
dtim luidor thw mare fandftd namei '' orienlaJ topai 
Of '* >»oU<jw lapphireBut wheJi artihnia) conicKlunia 
m sold under the oximes ayntiit-tic emerald*** 
** sjmthetic ok^urndhte then it Ia a case of pare 
ImncL 

The old REuaes ruby md sapphire, emeriild and 
oqtmmanncp and amethyst are oU quite simpTo; mtd 
at the pn&i^t dmo they lutve in dl couotrios the wne 
definite meaning',. Fmm them we have such si?dl- 
knovfn tenns as ruby-ral, sapphire-hlije, entendd-green 
mul amethystine. The^ are es^ntMly gem names, but 
tliey art also in oommciD use by mioer^^^gists for coJour 
varieties of Iho ^pedes conmdum, betyj^ and quartz 
rape^vdy. Each of tliese misiersil specks is dk- 
tmgmdicd and ddioed by ita chemical oiiniposition* 
ny^talUne fomir and opticaf and other phyaicaj rhar- 
aciexs^ Each one is a definite kind of nuLteml, and 
must be clktingui^ied by a speemJ oJuneH Difkrent 
specimens oi the samo feinej of mineral may. hnwevdr* 

very widely in Uuiir general appearance, and it 
is often convenient to have variety niiincs in. addition 
to the species namo. To tin? mmerologi^t ruby and 
sapphire are both oobur varieties ol ihc species comn* 
dum, and emery is nnothef variety. 

After all is said and dutie* gem-stotius art merely 
fninettdSi and they arc Jlmiiftl to only a few of tJw 
hu^ mtmbcr of knnwii mincnilik It is clearly \m^ 
necessary to have hro different and opposed sy^tem^ 
of nom^daturt. For the complete oiui decisive detcr- 
mmtiou of a gem^Atone the mclhuds of scfcniific 
tninmlogy must be cmpr<sji?d. If a particular gem of 
curiotr^ and unustLol coJour is i^xomineU and found to 
be coniE Jnm. then why not say so? Of counse thefv ti 
always a tendency and Lcinptafion to give a new name 
to a newly clbcovcrtii variety; and a kney trade nojuv 
tmdinibttdiy does hdp tJic ±i^ of a tlimg. Any old 
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thm^ if well advertised under a new cuune cin I3* 
made U> gc^ 

Evciy fcmde has its owa sepcdol tenaindogy.^ Ab 
tgg mercbmi, for in^lnnre, noli say bs 
talks of ' Dutdi brown Daniaii sekcfed ‘ frosh 
farmyard A diamond meTtiumt talks of " briJ- 
Hants "> " bfue-whitrs pale bywatcK " mades' p 
&C. There is a cmtimon parlance in eveiy language 
and tntdt Citm mincrt and Ijocal gem merchcmts have 
names of their own for the diflerent varieties and 
qualities ol stones. For ticample. La Ceylon* ruby is 
called ** rata ratugaior ratuketc "j sapphire " mla 
yellow corundum ” pnsparagaand sabnon-pink 
corundum is called ^ ting lopaa*** mr in Sinhalese, 
" padmaragaya The last name Ifrom pAdftm, totus^ 
and yaga, colonrl biis be«i adopted in CfiTtnany in the 
iziDonott fijnns padparadschah and “ paipanicbcha " 
as a trade name (or aitifidal comnduin of a sdimm-pint 
colour 

In this book the common and simple gem names wiU 
not be ignored, but Umy will be put into Uidr proper 
places ymler the different mineral species^ A list of 
mineral ipecies which have supplied gem material 
has been given vrith the chemical composition of each 
at the end of the chemical chapter (pp 73)- In clinp 
ters which now follow descriptions will be given of each 
of these mineral species, in very much the same order 
as ihown in the chemical dassifientimL This happens 
to fall in mom or less with a dasrificatinti of gem-stoncs 
according to their rank of importance oM rarity* 
Diamond as a chemical efemeat heads the list. Then 
the oxide coranduxm followed by the alnminates and 
silicatei. 
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CHAPTER XIT 

Diamond 

Diamond U uiu<]ue m its properties,^ not onl|r 
amongst gEm*sttmes, Imt also oniottgst tnidcraJs 

oml tdl known materiiils. Yet it k composed iia«rdy 
of the oorrunco] and atnuKbni dtmicni carbon, con-* 
abtiug of lh« same cbecnical matfiml as chamoiJ. soot, 
and graphite. Every man of devcii stone is cairytsg 
aboDt with him twenty pounds of carbon—enough to 
maka a far bigger diamond tbon ever recorded. Vet 
diamond is of very rare «uid spondic occurrence u 
quite sm^l crystals, and it lias defied all attempts to 
produce it by artificial means. 

The name diamoiid ts a coiroplioa of the Greek and 
Latin a^amas. origituilly wesning " tite invincible and 
afterwards npph'^ to bard metals and stones. The 
old form of the name is used ih tJie Engitsb transiation 
rA« ifirwot of Status (London, 1730) of the Scutum 
Laptdum (Fmirtia. 150a} by Caxnillns LcotiArdus; 

or l>iinn?ud* k a rRcvtt Stontp^* ol tbe 
CciWr €f polkii^d Inm^ idmt aa it were Ouktallifl?. Itft 
tity U EHrttET ionitd Utrgci: than tbv BignM of n FUbciti It 

pvB my to no Sort Mattrr. neilbof to Fm hot IfOii, 
out »i|ibaiq||; tt hfifl! itM NojrrititE^ tfn? Gwffk lntj:.q3rT3f?itkin, 
whictl riJM titwon^Vtr^d . SottlfE it ijsipJliififsj 

by th^ watju IHood of a whicS'L i# taJbfdiwip SEfnooi 
I hcLVj: Been imity “wiih tht Mgw of a 
k ATijr Thio^ BTi HehtI, but it n^ill inOcr by the Ad^fnarti, 
■ - . Tti Viirtitft fa to trpel INlUkhi, tho' o™ bo dfsa^y; 1m 4, 
I>koeo ■fM.Loitt thm Arti of Sontery^ Tsiti Feari; 
uutin to quifl] mJL QiiAj¥CLli uid Cuaimnikmak it m. Hdfi {jO 
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Lnruitkl^ 4imf such as ore paraest^d ivitb Um DsrJl^ bdn^ 
bouiki to th* ielt Ami* il rivcs Victufy over Enioniti: it tamos 
wild Busfii: it help* tliaifl ivba an troi^bli.d with P^aittaimi. 
Biidl the Night>-i3mc; sAul makof hhn that It bolU oad 

dariitff in his TfgrmeNona. 

In the old diys, when India was (hr only source o( 
supply, diamondi was exceedingly rare, ll was known 
to tJtc Ramans, who used it as on nngraving foul in 
the piroductiuiL of (.heir wonderful cameos and tnraglios 
in hard stones; but it was proInUy not iised by ihem 
as a gem. The early pico.’ss of diamond cutting, ititro- 
duevd from India into Europe tn the foiulecntli ccittiuy. 
did little mtwc than polish the natvrsl cr]?stiil faces 
and repLice irregular ansa by a numbtf of smoJ t facets 
The first regular fornis of cutting were done by Ludwjg 
Viui Benjuen at Bruges in 1476; whilst the bnllinut 
form of cutting, most suitable for bringing Out the 
optinaf characters of the staoe, was not developed until 
the sevenlerjith e«)ttiiy, 

Diamond has always been a mysterious and pujcsliag 
Stone, and it still presents many outstanding probJems. 
Sir Isaac Newton had suggested that it whs composed 
of some combustible substance: and in 1694 the Ach' 
demidans at Kircnne (Florence} showed that diamond 
was ennsmued when expored to the sun's rays at the 
focus of a largo burning-glass. A hundred years later 
it was proved that the product of combustion was the 
gas carbon dioxide, and Ifiat the ^nus amount of 
this gas wris produced by the bnruing of an equal 
weight of charcoal ffeated in oxygot to a temperature 
of 6^0" C,. diamonii bums with a small blue dame. 
Ac a much higher temperature in the absence of air 
it is cou verted into graphite. Diamond therefore 
consists of pure carbon, and it is the only geiD^stoas 
that is composed of a single chemical element. 

Graphite also conetsU of pure carbon. A more 
striking difienmee than thatbciween the two ton scarcely 
be imagtacd, Diomozid is the hardest of ail tninerals and 
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gtApLite the softest; one is tis^d as a cuttitig ajirt 
abm5fvc agent, and the other as a Jubriiauit. Dunnond 
is and a hfph degro of ej^tidty, 
Iff hi 1st gmphite is flexible and bdostie. One h coh^- 
lissa mx\d tninsparcnt amt a bad conductor of eiectridty; 
whilst the other is black and opaque and a gtood con- 
dactof- There is aiso a wide diflerwace in the deasiryp 
djAmond 3-52, graphite 2-35. DkmDitd crystallito in 
the cubic sy$tein and breaks along fqtir perfect 
clcava^ paralkl to tbe faces of the octohodftjn. 
Graphite cry^tab have the form of sbe^ded sodes with 
One petfect cleavage porallci to the large surface of the 
scales!^ iVliy Unsi; iimrked dtifennees betwetni inaicrtals 
that are chetniealJy identical? Tliey evidently bear 
some rdatiop to the way in whkh the atoms of carbon 
are anunged to baild tjp tlie ciystal structure. After 
dt the study of cr>i^tals (ciystalbgtaphy) b really of 
mter^ti if not of some huportaitce. Now we am get 
on with iJie crystaUiJgnipby cf dinmond^ but under 
restraint p as there ajc many other nuitt'ers to be con* 
Sidcred. 

The most usual form of diamond cirysEals b that of 
the octahedron, but only rarely do we see a regular 
And sharply developed form as in %. 4 (p. 32J. Usually 
the edges are founded (%, 35J or marked with V-shaped 
gfOTves (fig. 39). Tlie faces also are often rounded, 
and the form into that of the rfaoinbiCKlodec:a>^ 
hetlron^ a tetold^-hamhedron (four^faced cube-) (%. 36I 
or a hexokis-octotiedron {sbt-foiried octohedrori) [fig. 371. 
These rounded forms are especklly diaracter^tic of 
diamond^ and arc not fmind iu my ntlw mineral* 
Often alsOp a Crystal Is Hittentsd or elongiited in one 
direction due to iircguloTitks of growth; and it ia 
eomeiimcs ditlkoiit to dedph^T the forin. Hat fkees 
of the ociahedrpn are usually marked by platy grouthi 
and by mirtule trkngular pits (fig. 35), whidi^ 
Wb a mngnil>ing gloM. arc very ddicaie and beautiful. 
On the cube ficic^ stjnilar pits ore in outline. 

(i m « 
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l^iattifltid is usually found as iso'lflto<l siuffle ctystaU 
bounded on »U1 by faces. Titty did nul grow 
atEadtnl lt> a nuttrix. oytitAls of quJirU, beryl, 
itipaa, An inttr^fowtli of iwj crysbds is, bowtver, 
iMjl wicommoQ, but Ibt intefgrowth is oficn so iu- 
tiiuate tJiiit il Is not alft-ap easy to detect, Tbesc 
ar^ tenown as twins or t^dnned crystals. One type 
of twin may be illustrated by cutung a model of •m 
ucUbedmn into two equal bmvus pa^ld to one fuur 
of faces ajid turning one ludf through iSo* about an 

jil. — TrthU^* 
wHIi ntf'plil 

Cffuli ui nimml 

with iMT«d 

Axis pcipcndictilftf to the cut^ when the two parts 
lit together again. Tliis type ot contact hdn b spemtiy 
duaiacteristb of and is known an the $pind iwin 

38)- Here tiuptt h a in direction of the 
cl^vage across Ihu pknc of iwinulng, whidi is a pcMnl 
of imporiaiicc to the diiunund cutter. In diamond Lhese 

li^ally macti flattened paraheJ to the plane 
of ivniiiitag, and they often have the form of thin ti> 
ongiiLar pbtes. An interpenetration twin of tw teira* 
hrdra with the comers IniAcated gives an octahedron 
with grooved edg^ (%. 39). Jhh raises the question 
whether diamond has the full symmetry of the cobic 

or onJy Ictrahedral syrametryi a point which 
long been dbeussed. X'-ray amd^^ ^iuws tbal 

»3tiie of the atoms ara placed in tetrahedral |x^'Uoas 
with respect to others. Fig., |0 sliows atoim at the 
eight cornm of the main cube with one at the centre 
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of f^h face: this fg (,!« facc^eutn^ oiibc- ^ftdway 
tin the dJagemab (marked by doited linfisl of aJlcmattnc 
subtubea four atoms (marked aa double cirtles) are 
pkecd traklc tile cobc. With Ivra tiodi of iitoins. as 
imfjcated tn tlie dta^nun hr cleairwsa, this repnsents 
the Stnicrure of Jiinc-blcodc (a^c «iTphide). the nidt 
nroe containing four aioiiu of einc and futn* of sntpbur. 
If aJI ihe atoms are of the same kind, the atructwe b 
timt of djBinoiidt the unit ceU coiitainiiig eight carbon 

f ^ Jtn—TMioMd 

atoms. A bright boy a-ili count eighteen atoms in the 
picture- but each one at Ute corners is shared by tight 
adjacent cntH'^ meetn^ in tiic corner, making eight- 
eighths, or one* for this particulkir cube; and thusc iii 
the Kiitre of t'adj face are shared by two adlaceni allies. 
Duuatig three in ail; with the four atoms inside Uie 
eiOk! this gives a total of eight. This unit cube bis 
an edge of 3*56 AfigatrCm units cm.), 
and fldjaccat atoms ore at diaiottces of 3^53, and 
1*54 A. ^parL It will be seicti freun the dizigiuin ihM.t tlii» 
dcnible^iit^ed dfdcs iji tlic centre of tlic sub^itbes 

e^juwlisiitnt from fesw slngjf^riqi^ circles^, 'M 

the centre of tetrahedron witli thtse tmss at the 
coTnitra (cl- tJ» p, 35)^ Wlicn tlic sfnictiiinc b 
extended by T^pctiiicm, it will be thal each singlo- 
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Tinged etrcle also equidistant frntn four double* 
lingecl didcs. 

^ sue diamond cp'^lols ate always quite small. 
An octaliedron weighing one carat measures about a 
quarter of an. inch across, and this is well over the 
average ii®e. The largest nystaJ ertner found was the 
** CuUinait " diamond, which measured 4 x 3^ X a 
inches, and weighed 6U’2 grams = 3106 carats« 
i| Ib„ but this was quite cxce{iUuaal. Other cryaUls 
may be ^ milliiDctre down to microscopic dimensions. 
The average size of British Guiana diamonds is sbe 
to the carat. Sues are of course rdativc. If these 
amounts were eaimesscd in Angstcilm units, long rows 
of hgures would be tdiown. Compared witli ct^'stals 
of some otlmr gem minonUs, the» sues are insigni¬ 
ficant. Beryl crystals have been found in Maine, U.S.A., 
up to lH feet long and weighing 16 tons (Plate Vff}, 
and the lecord for a crystal of topai \$ 500 lb.; but 
these are not of gem quality. Felspar crystals in Nui- 
w^ian febipar quarries are said to weigh up to 3oa 
tons. li diamond were found on this srale it could be 
pul to many useful purposes, bui it would tlmn be too 
common to be valued as a gem. 

The crystals as found ore often quite clear and tions- 
ponmt with a brilliant lustre on the surface. The 
spectal type of lustre clioracteristir of diamond fs 
known as adamantine lustre. When the suriace is <tull 
and rougli the lustre often has a snb-CDctallic appear¬ 
ance, some opaque crystals looking almost bke metaUie 
tead. The ftiU briUi^cy, fire, and play of prismatic 
ookmrf for which tite dnunond is so much admired as 
a gem are only br^ht out fay the cutting and polishing. 
The form of cutting beat suited for this purp^ fs the 
brUliant-cul (fig. aq), and for ihia neasnii diamonds are 
often referred to by the trade as *' brilllanta Small 
flat atones can only be fasliioTin] as the nKc-mit (fig. 30}. 

A stone ti^ for cuttuij; as a gem must be a orngla 
homogeneous crystal Other atonies may, bowever, 
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conskt of an of crpitala. liicA^, 
togctiier with bsidiy coloun^ ajitl fliii^Td «toni^ are 
da5:^ AS ItwU Such mateniit has many proctkjd 
ttsffii bt^oiu^ of its eactrtme hondnassK It b ^ most 
iiflldant of abroittves, othl is hnjcod the oiiJy moicml 
with whidi dtajumd itsdf con be grouiKl iocl polished. 
It h ujiftL for ciittin^ and dfilling hard stimes ami rcicka; 
as on engravttijg and cutting looh and wImd pioroed 
irith s fine hole^ for drawing fine ww, mch as ihit used 
tn electric-light bulbs. Th& gbizierji dimnond, tiu- 
doubtetflly the mo^i used and useful of diamoiiik. b 
a small ciyi&fai or fragnient with a ctisped edge 
two cnrv'cd cfysLoJ faces- Sphurical bort (shot borl or 
balks) consists of a radial ^firegatioji of Hbrems 
cr^t^. and thb kind b cspccmlJy valimbJe for rock* 

Another form of oggregaiian is seen in arli^r^tda 
("carbon’* of die which coti^ts of a vast 
number of minute ciysiak rompacted togctltcr m a 
dull black moss, [f^farble consbts ot a siiiiiiar aggo^ale 
of minute crystals of caldte.) This material is os 
hard, but too^er atid less brittle than a single crystal 
of diamond* since it camtot be split aJtmg a dc^vage. 
It b bi great demand for rock-driUs and Cfimcrunds a 
high price. Not very lorig ago it fcidied a higluw' price 
per carat thaii did ninterkf of good gem quality. The 
stud crown of the drill atoddrf with three stones ia 
Inched A cmwn of jerwek, and ore iIulI is of rcallj 
practical use in driliing ttmoeii and deep sbaits through 
hard rocks. 

But to return to our gems. Apart from lunlii^ and* 
rarity^ the special i^ualfrics of diomtiijd depeud on its 
optioddiarocters- cj&mbmed with perica tranaparc^ 
it has very high reirattive and dispmjve powers. 
The refractive b 3'4M for fight at ihn rod end 
of tl^e spectrniti (u-ave-kngtb yfed AngstiOfn units), 
and 2'4bS at the violet end (trave-len^i 1969 A-), 
The difference, between these two values 
a measure of the dispersion. The reiractive mdez b 
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3-4I7 fnr ydiow soditrm'Jigbt, wfiich is a. ccmvciiieiit 
iiMtnucluonuitic fight for Ui>e as a standanl. Some 
TRtncrab have a refractive itidi'a greiitcr tiian thiO of 
diamoni:] (o«e of tliese fj mtilej, whilst deniiuitoid and 
sphene Imve higher dispontve powc^ Comsponding 
to the high mfractive vndex, the critical ajjglo of in- 
ternal total reflcctjon is only 241" in diamond (os 
eonipamt with aboot 40^ in ordinary glus). idore 
light hi tJitiRifeire mdocied oiU Irom the bs^ of the 
cut stoni-s Tim adaniantine Iiisfre and the brflHancy 
am also fimctirms of the Itigh tefrnctivR power. la 
oQinset[u«Tiee of its h^h dispersive power a properly 
cut diamond displays the well-known dashes of brilliant 
prisinatk 4^olaun. Being a cubic crystaL dkmmid b 
nonu^y optically isotropic, but some crystolit. when 
exomin^ under the polarixing mktuscopc, sliuw a 
feeble double Tchaction in patdies. espc<;i[illy around 
cttciored foreign partichts. This is due to a state of 
strain in rlie aystaJ; but stories of explosive trystals 
arc mythicai 

The purest diamomls are eofourless and water-clear 
Such stones aie described as of the " firal water " or 
'* blue-whites Many stoiieSj espechUly those from 
South Africot, show a alight yellowish dngc, and when 
Um is pnmnunced th^ are r^errod to as " off colour " 
stones. Apart from dirty grey and dingy hmwn, 
distmctly coloured diamonds are rare. They may be 
of any colour—^red, pink, otungc. ytdlow, gntn. hltie, 
violet, brawn, black. Examples of faraoua coloured 
diamonds (ue the " Hope Blue " Ihrcsdci] Green ", 
and "Tiffany Yellow". 

A lew Qilier diaracteis remain to be mentioned. 
The high degree of hanJnesa fo not well expn‘^‘d by 
No. xo on Molis's scatr- As shown by grinding tests, 
diamoTid is 140 times hanlcr than coniodum (Ku. 9 on 
ihe scale), and more than a thousand times tiardcr 
than quarta (No. 7), The degree of hoiduE^ diflen 
on difft’rani faces of tlie crystal, being greatest on an 
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octaliL^frou Jace and Icn^t dfi a cube face. On this 
ziccoimi it h akoost impo!&fbJc to grind a facet stricfJy 
pamllci to an uctahcidfon face CrystaJs are saw^u 
paraJld to a cube fjtcc^ and "whenever possible tfik b 
made tJie tabic facet. Also this Isardncss nn each twoa 
varies uiLlt tlw rlunctioii (a vectnriaJ pro|ieriy m 
crystals] Jtnd a ^ood cutter grinds alcmg the '^godn*\ 

T\isi specific ^vity of ckar diumoad shtnea only a 
^mol] range. but for tJje somewhat pc>r0Ui 
carboriMifto it is loMf, 3'T5-3‘J0- Some few timnicinds 
shew a iLtminc^ity iii tJie dark tiftcr exposure lo bright 
sunlight (pLaflpboiWiciiot?) or when mblied (hriboln^ 
mmesccnoe}. Some afiow a Jttmmcisity (lluutisicaeHCi!) 
when expo^ to idtm-viobt. oithodep or X-raj^s* or to 
the etnaimtlOTis from radjirm, Under the idtra-^iolet 

some coknrless dianiujich diow a romflower* 
blue ghm, and some greenirii dtamonds a giecnhsh- 
ydlow gtow. ljcpp?mre to ijltra*vioJct ntys prodiicia 
an electric citn^nt through some diamonds (plioip- 
electrfc effect). Diamond is much ranne transparent 
to Rtintg^n rays (X*ra]^) than other minetals^ and much 
mo^ io tlian mijUtiOfu. After long expctttire to 
radium a colourless diamomi becomra green. Dmmortd 
b a good conductor of lueal; and consequently it feds 
coMlt thp glass: also a film of mobture irom the 
EjTc^Lth wilt disappear more quickly off the snrfaca of 
diionond ihan oft glass. 

The oocurrmres of diamond are very ncstricted, 
It 1ms been fmanl in only few pLiccs in widely scattered 
parts of the w^ocld. Fiirtlscr. it Ims been found only 
in gecondoJT^^ deposiu and nevor tn the place where it 

ori^ally fanned. The arigiruil home q( the 
diamond ha5 yet to ^ ribcovered. Thb is dbappcinling 
Erom a sdentUic fx>int of view, but perhaps fortunate 
for the bnije, otherwise there might be a serious slump 
in prices, Mr. Alphcus T'. WillianB^ for many yt:ars 
tjic gimerat inanai^r of the De Beers Consolidaiet! 
idincs at Kimbcrky in South Ahicn, lm$ recently 
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WTitte*!) two luge volunia on ThffGttitsis tf/ihf 
(LwitU^t bill be Icavfs tbe prabki^i unsolved- 

hi Europe A few cmiab b^ve beesi fotmd iti gold- 
w^shmg$ in. tbo IJml MounUin^p and two small crptak 
ore said io Imve been found m Bcdiiemia^ Unm tlie 
discovery qf the BimiJian deposits tn X725 and tbe 
still mewe impottant depedts in Scnith Africa in TB67. 
tbr mly iomc^ were India and indisuj 
diamonds lia\T been knrrmi since remote tunes; littb 
mlonnation la availtlble itbout tb?: ^ly finds in Bumco^ 
but they were mentioned in the si^tt^jettth century, Tlys 
pnxhtctiori in India noti' aiujoimis to only a few hundned 
cmtkW a year. 

T7je fatmloos minci of Gokonda have often been 
mmtioned in books witii mach gfnmoitr, Tliis now 
mined dtyi a few miles from Hyderabad, was oeaily 
the trading centre for the diantonds found over a wide 
aim in Hie gravels of the Kistna, Pennar^f and GMa’i'ari 
rivers in Hyderabad and Madnts in souihem Indio, 
A jwlhtmti gxonp of workings was aJong and between 
tbe Ken and oon rivers in HundcJkhand; and on 
eastern group is in the Maiutniii and Bmtimani valleys 
in Bihar and QrLssa. The workings were not only 
m the ™™t graves in the beds and Imuks of the 
present-day rivos, but olsn in older high-level groveb 
deposited by earlkr rivm, Tfjo diamonds in the rac^t 
groveb had been partly ffcuived from tlie olckr gmveb; 
and in tum tb^e had been derived from still older 
rtK:ks in wiudi the gravel beds arc now ennsobdated 
aito oongbmeralos, Tlitee older rocks bebng lo the 
Vindbyan system of Indian geology and am supposed 
to be of pre^^kmbrmn age, a matter of about a thouaand 
miliioD yearn ago. Tlie rocks of the Vindbyan igF^fon 
are sedintentary rtxrks formed by the brenking down 
of pro-exkt^ rocks by the setbn of tlia weather and 
the depo^idoit of tlio tiebris in water^. Whenjco the 
Vindbyan rockfr got their diamonds is noi known. No 
trace Las been found of the originaJ deposits. natiw 
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mrrthocTs of turning have nlways b«n vety miniitiw, 
and the deposits are too poor and icaltt^ed fur any 
syiiteinaiic mining oo s to^ voile, to the hard ain- 
glomcretfl, fesburce mus made to Qre-setting, the rock 
faoo bdng heated wilh « bmahwood fire and then 
quenched with water, 

In BredI the stoiy it nmeh Uie Bame. The diamonds 
have been f<ntnd, oft™ olcmg witli gold, in recent gravels 
in the basifl of the JeqtutiiUtnnba b the State ol litiaaa 
Geiaes, and In that of the Funguasaii in the State of 
Bahia. Tliuy are also found in the older plateau gravels. 
I'll CSC greveb have been dutiviid from sdUrecn tar v rocks 
(conglomcretcs a^ sandstones) of the Itacolinny and 
Lavras series, whiefa are here also of jircXambrjan age. 
In certain softer po^tis of thi^ old neks dimnoarls 
hai^ been found in a highly deocnnpOMtt matm, 
which some auUiors have compared with the Idtriberlilo 
of South Africa, and beUeved to be t]ie origfnfti tnaijii 
of the diamond, but the ovidenoe is not concluaive!, 
Tlim is one iniportarti difference Wween the alluvial 
deposits of Brazil and those of India, and this may 
give a detective due to solve the mystery of the origin 
of tbo diamond. In ibe Brarlltan gravds diamond b 
foQDd with varioBS associates of strange chaiaelei: 
siul a wrutted man can often be traced through his 
fneiids. These assodated minerals, some of which are 
gein mlnenls, are indeed token by the minm as 
tDdications of the presence of the precious stone, 
Tlioy are usually found as small bean'shaped pebbls 
calW "favas ", and infdude pwovskite, auatase, rutile, 
chrysobetyt, tounnidine, kyaniti!^ i&c,, and xenotime 
and other oompkx phosphate minerals. The pebbla 
found with Indian diaiiuinds are cmjjy quarts and 
vaitouaty coJoured jaspors. TJie compact bladi duunond, 
carbonado, U jpeculiat to Bahia. 

In South Africa the story has been very diffcrwit, 
although Jiere tlio first diamonds were found in river 
gravvls; but soon afterwonls they were traced to a new 
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aiKl sniuxe* frt Uiu €ariy days s/^m^ 
g^Iograte hud dcrobted whetJicr SouLh Africa wocilii 
yield many diEuacz!id^. sncc Uie candiiiona 
are uiHemnt from Iho^ ImlLa and Bra^ Jhk h 
a w'ajtufii; that evan geologists mufli be on their guani 
when dealing with dkmotids. But they must also 
coo^der the possibility of ** salting **, which has been 
resorted to by some imscntpulous claim holdem In 
the year 1867 an inleLligent p^kr noticed n enrious 
^tufie amotigst Uie pebbles which & Boer diild had as 
pLiythings on a fairn near llopfitown on the Orange 
river. TliU be showed xmint!* finally mcettng a good 
mineralogist, who spotted it as a diamond. Thh ftoue 
of £^2i metric carats was shmvn at the Pans £xliibitioii 
of ifi67, and it led to the fii^t djamond niah in South 
Africa, The *' rivnr diggiags ■’ sooa extended to the 
Viud river, and in 1869 the Star of South Afnca " 
or " Ltudky ** dLamond fonnd on the Orange 
ri™- Tliis weighed in the rmigh Ssf metric carats 
and yielded a cut stone of 47} metric carats. These 
rivets have often been diverted into tempomry clumndb 
and the whole bod tom up in the intensive ard feverish 
search lor diimionds^ when tuclcy finders quickly made 
fortunes, but far the majori^' it wiis a (KKjr gom^ 
Later^ in 1869-71. further dikovuries were timde in 
sever^ stiallnw depressious or pans'' an the arid 
plateau between the Vaal and Slodder rivois. This 1(5<1 
to ■pnfhrf' diamoud rush aud the founding of tlic now 
important town of Kimberley. The workings hene were 
distinguialued os “dry dig^gs*'. ond included the 
famous mines Dc Beers. Kimberley, l>utoitstian^ and 
Hiiltfonkin. and Lalcr the Wcaschon mini! and some 
ottiere. Alxiut the same Umu similar deposti^ 
found at Jageri^fonteiii Koflyfuntcio in tho Orange 
Fra? State. 

The deposits in which these '‘dry diggings “ were 
worked soon proved to be of ,an entirely new typ*- 
Each occupied on approxintaldy dreutar or oval aira 
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about aoo-300 yards across, ajid more diamomts Wi'hi* 
found in depth. Down and down the mimiTs delv*cd 
into till* boa'iils of ihe earth after the precious stone, 
imtU open mining bc<mne ijuite tmjimctkablc. A 
mors foisurcly miner, working alone m his ciaim of 
thiriy-one feet square, was soon kft on the tup of a 
high tower somnindod b3' his raora cnergElic odgh' 
botirs, who liad auixllvid^ their cbinis. There was 
Inouble when the narrow rruirtways giving access to 
the several claims hcgam to colJajiss, and wiuui the ddm 
of the main pit begun to full in. rici?>n ^^5 
connected with the outer edge by wire isipcwa}*s, and 
the thousands of wires spteod out like a gigantic col^ 
web over the yawning pit Individual working become 
tmpossibjs, and omiUgBmation was necessary. FinaUv, 
in 1S6S, the master mind of Cedi Rhodes ejected the 
amalganiution of the whole group of Kuubcrley mmps 
as the Dc Beers Cousohdoted mines. PlateJV represents 
a spedmen from the oW open workings of the De Beers 
mine at Kimberley, which was given ly Rhodes to 
George Hudson, then Tnsuum'-Gciuan] of Grtqitaliutd 
West, to cemmeruorate tills event, and wliicft was 
presented in 1953 to the British Museum colleetiou of 
miucTals by the latter’s .wn, Mr. W, T. Hudson. 

Tlic op«i workings had to bo abandoned, but these 
now remain, soitu! suntrunded by houtes, as tmnresive 
s^bts in the town of Kimberley. TUc fimncf'ijianed 
pit of the Kiini>eflcy mine (riate 111) measunes 1500 feet 
across, mlh a depth of 1:300 feet, but with water 
standing In the bottom. Vertical shafts were then sunk 
with labour lliToti|di the hard rocks surrounding 
the mines, and horizontal tumtels were dri>*en fnan 
them to the diajiiond'bearing ground, Thti is exca- 
valed_ along galleries by toe ordinary methods nf mint 
stopping j), and millions of tons of the matoriol 
brought to thtsutfacc for fuTthertricatnHiit. TbaondGr- 
gitiuad workings in this Kimbtrliy mine now extend to 
a depth ol 3600 feet, and an! still iu the diarrwtni- 



ground **, the diaugi? in «okiur being due to surface 
wcatlimng and oxidation. This '*biue ground" 
been, and etiU b, the subject of tnudi study* It is 
known to pctrograpHcr^ (rode experts) as timber If Is# 
being ft rock of a sped^ type and peculiar lo thi» 
dbtiict after which it Ufces Its name. It is inscribed 
as tm igtiM^us rock of the peridotito family. Tills means 
that It shouid be compcMcd mamly ed the mint-nd 
olivine (or pendot)^ a silicate of magnesium* But 
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bearing grmmd^ which extends to sn unknown depth. 
The d^ond-bcsiring ground is Imt/ym to the minem 

«5 the ” bine ground ", and it forms the filling of enor-' 
uious Vi^ical pipes vyhlch fxnieiratft the hrmxoritally 
b^rd rocks ol the distrtd;. In the early workbgSi 
in the nppof part of the pipes^ it was CEiJIed the " \'cdof* 
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h^re the olivine has been lar^'ly olteird by hj-diation 
l« a hydrated silicile of rnngiiesiwn, ajul die rock has 
nKHiB of the character of a serpentmc-rock. But it 
ditfers coi^tlerahly /rum the usual type of serpaitine- 
rocks. It is much broken anti fra^mcntaiy, and contains 
embedded bfneks of fweigji rocks and odd fragninju 
of yarioiis imnerals. Some of these rocks in the fona 
of lri‘c;guku' fragments fiave been tom away from the 
waUs uf the ptpea. Others, such ns granite, mica- 
Khut, eclogite and eomet-roefc. liave the fenn of 
tminded boulden; as if ivom by vinlant attrition, Kecks 
of the latter land ore not known to outcrop in the 
district and they must have been brought up from great 
deptlis In tlie earth's cnist. The minentl frugnieots 
iriclude flnienite, pyropo, rircoii, emtiitite, chrome- 
diopside, iron-pyrites and many otheini; and Jasl but 
not least in iraportniaoe, tiiou^ least in amount, the 
diamond itself, which also is aumetimes found as 
bmlcen fragments. In the richest parts of the Kimberfey 
mises di^ond is present to the extent of one part in 
two millions of the bloc groimd, but the average is 
only one port in fourteen milUoD (0'ODoo8%}; whilst 
ilicn are hnndnids of other blue ground pipes in South 
Africa that are almuet or quite barren. 

This is aunily a strange place in wlikh to find dia¬ 
monds. WTiera have they come fmmf Here we have 
the materials for a really good detective story with 
plenty of mystery, sensation and tragedy. The mjitn 
drama appears to have happened some sixty tnilUon 
years ago. Thi! blue grauDd is reaily a volcanic ag- 
glcimcnite and die pipes iue the necks of voJcanms. 
But these again twra not of the ordiiury tj^pe. not 
tike tho well-behaved Vestivius on the slopes of which 
■ ta^ {M^idation can live in comparative safety. 
Tlicy WEfi^ of thf^ vjulently exp1f;^ivB tjrpc* brining up 
awl churning 4 tniaiiirr of mAtedais fmm the 
bojvtfa n| the cEUtli. ThcTt w no evidence that ti«c 
volc^iioea eruptud at the aurfoce of tho earth; and 
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it is cl&^ that the f<ip4 erf the pipes, Itjgethcr with the 
sunriuriding roelis, have been veiy went) 
down by sin^ thi^ erupt ions took pLaea 
Ln the Cetaceous epoch. Tlicsc pl\*^ at KimbMleyn 
and abo* no doubt p other undiscovifrod plpi^y must 
be the source of the dhunonds found in the neigh¬ 
bouring fiver But of the dkwumda m the 
pipes we can only say that they cami! fitnii some pkco 
(hip down in the cufUi's crtist, DMuusctd is (n-iOmtiy 
1 iiiinenkl of igneous origiii. U dianluiid-bcariiig 
pipcfi exist m India and Bm^U* th^y would birlojig to a 
much -curlier period of the earthhistoryj kxr these 
dhtmondb are lounc! in oonglomer^leA of pre^umhrkn 
nge; and Hm chance are that the eroded iop$, of the 
pipes ^ Efcow* hiddoii under a rock cover. 

The bhie ground lifter being huuled from the mine^ 
undergoes a special tmitmenl for separating the 
tlbrnonda^ These arc pr^^ent in sudi relktively snuiil 
amotmt tluii only rarely is one to be seen actually 
embediicd fn lb matrix. In the oW method Ihe mtliisr 
hard rock was $pri!^ oat on extensive floors for a 
year, whei^ by exposure to the weather and frequent 
harrowing and tiplhng {quite an agricultural opemticpa) 
it was brukcEi down, llte^c Hoo^ were sumoiuided by 
bari>ed-whe fences and carefully guarded day and 
night* Tlie present mcttiod b to pais the rock Uiitnagh 
crushers and rolls provided with spcN^tol springs to 
avoid brea-kiog any l^ge diamoiiids. The disintc^fated 
tnat^ial thon passes to the large dmihir wasiimK paas 
provided with foiatiog arms. All mud and H^ter 
niatatal are so washed away in a stream ol water. The 
licavitT’ cxmccntcate, amoTinrmg to aboitt ^%, so 
obtained then passes to putsator fig&, where in water 
a fuitlier ^pamtion Is mode according to specific 
gravityk dioinond, with a specific gravity of 3-53, 
remain big with the otlier heavy minerals {garnet, 
xireem, tron-p}T{teSf The final ctmeentTaie goes in 
a stream of water over vihratiug tables coated with cart 
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gnpas#. DJamond has Lho curhius pmpi^rty jtickfne 
to the greasy, whilst iheotlier tnincrak tiirii- over The 
average cJiiiJy output of blue ground from each of thp 
Kimberley mines a about 4000 tons. 

M^y (s^ 150) lifuc'giWft pipes, amilar to those 
. ****^^^'' fouad Over jt wide urea in South 

Afnea, a low cxtcndiiig also mto Smitli-West Africa 
Sautlient Rliotlesia, BelgiaLn Congo, imd Tanganyika 
Terntory; but Only ^ few of tbrm hive becii pravesi to 

prtKltu^iivTt, The most ramrlmble one b ivoiked a* 
the Premjcr mine. Iwcuty mili-i nurtb^t of Ptetcjrici 
tn Transvii^ It wits diseov^red m 19OJP Htste the 

measures 2900 by 1400 feet acnw. 
i( haa been worked only as. an open minep the depth 
now readied bdtJg 640 Thb surely b the bWest 
man-made hole on earth; and thu waste dumps look 
hke rntpun tains from thedlstanjce wtuen approaching the 
mine. Looking down into tlie enormoiui pit when the 
bl^tij:^ duuiges arc being fired is a most impressive 
si^t At the time of my visit in 1929 hundred 
shots fifKi; then? waa a regitLiJ btimbatrimcnt, 
and TOfc fragment fkw high mto the air. bui none 
outside tile deep pit; The must astotu^hUig part of (lie 
padormanre wiia to s€?e. after the last shot* tJiousamb 
of black men nisliing frem cimr like ants at ihe bottom 
of the pit, Tlioac wim filled tlnsir trucks first gained a 
rnialj reward- Some idea of the amount of work that 
has D^n done a£ the. Premier mine is ^vtn by the 
foUowmg total figures for tiie pcnotfl 190J to 1930: blue 
g^tmd wasliod 129,9 fOp4^7 loads* diamoiKls recovered 

cat^ts, vMJued at 10$ loJ. 
^e production of diamonds for the i?ho!^ of the 

Uoton of South Africa readied peak values in 1906-14 
ndth over five millbn eami^ foiw icml) in each 
the larger p^ tR-ing from the mines. In 1957-^ 
Similar values were agnin reached^ fotlowtog the dts* 
tovciy of the rich aJJuvtai ckpc&its in the Lichtenburo 
uistnct in the TmiuveiaL 
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Many mlcfestbig^ viina coulil be told of the conditiojii 
o( life in t)ie ciir|y days on ifae duunond £ddfl. illicit 
diamond biityin(j, me compoundi for the native wtrkctB, 
&e., but befOTT* we lifave South Africa there are stil] 
a few more pcilnta of Tninefmlogkai inferesL Sm^l 
green diamoDds are occasionally found in the gold- 
bearing banket ** of the WitwatersTand, especially at 
Moddcrfonteki on the eastern Rtmd. This rock is 4 
conglomerate of pre^Canibrtaji age, so these diamotida 
m very much earlier than those in tlie blue-grounc] 
pipes of Cretaceous Wltere they can liavc coma from 
1$ not kno^vu. The rich alluvia! ckposita dbcovoted in 
1926 in the Lkhtenburg distrUrl in scuth-westens 
Tmis™3J belong to the gravels of an andeni river 

and rich finds were made in large fiol-holea in 
the iitiderl>ing dolomitc-mck. These, ns well as the 
rich deposits found in 19:27 along the coast at the mouth 
of the Orange riv'er in Kmnaqimlandt were m doubt 
derived fttim the blue-groujid pipes. In Soutli-West 
Africa large numbers of small diamonds have been 
found ill the sand-dunes nf the cmstal desert. 

Within rc^icjjt years diamonds have been discover^ 
in other ports oX Africa* They have hctai found in 
considerable amounts but of poor average quoUtyp near 
the bordem of Belgian Congo and Portuguese Angola* 
and exiendifig northwards into French Ef|u4torEal 
Afrka. In West Africa a good many aniaU crystals 
have Iwn found iti the Gotl Coast; a few in Dberia 
and Sierra Leonr; and in 1934 a wangle fine eiy^tal of | 
ten carats in Kortliom Nigeria, Oflicr African locdities I 
are in Soiitlicm Rhodesia and Tanganyika Territory. 

Diamonds Jkiv( also been found in Bomeoj New South I 
Wales, and a few oLhtiT places; but the only other source 
of supply of any impommoc is in British Guhma^ ^ 
where man}' small stojjs are foiipd b the riwrs in the 
tntmor. In the northern parts of tise United States a 
few stones liave been ftmnd shigty in gfociu] dqwsits: | 
Ihesc have been transported from some unknown 



DMUOXD 1X9 

to Caiuula during the ice age. Finally, th! may mention 
that amniJ diamonids have been found in a tow 
met^ritcs, ahowtog that it may ilEao be of cosmic 
origin. 

ftjT a time South Africa was the only taige and 
important pnxtueer of diamotida, and the" Union sritl 
produces more than half of the world's output. J3ut 
now ihete are other competitors, and if is only with 
powerful combines and the liotdiug of lai^ stocks 
that prices can be kept up and. utdeed^ increased. 
As a result of the world’s present economic crisiSj 
thft larger nitocs are now all dosed dowjt. Tnie pnees 
of stoues vary widely aocordtog to tlieir quality and 
sue, a largfir stone selliiig for mxicb mure per carat 
(lian a smaller stone. River stones fetch a higher 
average pHoe than mine stones. Here a selectioa 
already been made 1^ hfnttn'c, flawed stones being more 
readily broken duri^ their tratuportation with tije 
gravdt of productiun b of course Rreat. and tlie 

is highly si^iUative. But inlddltniieh reap a 
ridi harvest. High prices are really ficfiiicHis antf 
depend la^Iy on the sellrr anti the buyer; and they 
have varied v^ry considerably at different periods. 
Before the foundarimL of tlie He Boeia ConsoUtlated 
Mine* iti iSfid the average {wice: of rough stonci at the 
mines was £\ per carat. Since then it has tanged from 
(fa to £5, and for river stones tip to £13 per carat 
“ttc pi'ioe of cut stones is of oourse cnnskler^y higher, 
since there is a loss of maierial in cutting, the yield 
var>TJig between 35 and 6a per cent of the weiglit of the 
rough atone; and there b anotlicr crowd of middlemen. 
In tliG year 1606 a cut brilliant of one carat fetched £22, 
and One 0/ two carats £S8. In 1S78 ihc cotrcapoitultog 

£•»! and £m: and to 1933 ^5 to /jo, aid 
£80 to £130 according to quality (and the purchaier). 
Comparing the present annual production of ubont 
jevCT and a haH nuhioa carats (about a ton and a half 
of tliamottdsl) with what must have been the very meagre 

trtu 
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productiOEn m 1646, there to be somediing viTORg 
with prices. 

The carat weight faa^ been inentjoncd so rrequE^nt^j 
ui thh chapter m djEunood^ ttiat it is necessary here 
to give soTiie explonatioii of its mforujig^ It is a most 
ejctrocrdijniai^' t^t that this miit of weight, wlilcli h 
used pccltisivdy for wdghnig the most predoua of 
materials, should have had siidi varyiiig vaJiies in 
diiferimt countries* and even in the same country at 
different periods. At least six diflerent Idnds ol carats 
have been used in England alone. The famousKoh-f* 
Nur^^ was weighed in 1852 against an EngUsli camt 
having a value of 205^{>9 milligrama; wtdlst the stiQ 
more famous "CtilJinan*' was weighed against an 
EngH^i carat with a value of ^05-304 mLHigtamj. tinii 
the cut stones agamat a Dutch carat of ^0571^ milll- 
grams. The *' Florcattne " diamond we^hed 
jnorenoe carats, 133! Pads carats, and 153I Vieiuu^ carats 
(the true weight is 27-454 grams); but Florence 
and Vtemu carats have not always steady. Ex- 
treme values of the carat tttitght at diHercnt plaetes 
have in modern times ranged from iSS* to ^3^5 
mUIigrams. Old Indian weigh b no doubt ^owed even 
wider vaiiaCions. Tlitre is a suggestion that the differ* 
enc« have btucn in part deitberarc!. 

This extraoidlximy state of affjiirs has bticn finally 
settled by iltc general adoption of the “ Metric Carat 
equal to one^fiflh of a gram or 2^ milhgToms. This 
was first adopted by the International Comiiutnse ol 
Weights and Measures in l^aris in r^oy, and it was 
soon followed in most comitnt^ Great Britain was the 
last to fall into litic^ the metric qonit here beooming 
the legaLl imit of weiglit for preejuus stoniiS m 1914. 
But the oonfurion will for ever remain wheii quoting 
from old books or when digesting old statistics. The 
metric carat is approxnitatdy 3|% less than tlin pretHous 
English carat. Tins means that the weight oi a particu¬ 
lar stone is ex|tres^ed by a sl%fitly higher tiumbef^—a 
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point of advantage to the dealcf when the price is so 
much per CArat. Foctiotts of a metric camf axe slated 
in decitmUs, insteaii of the aVkward fraettons of J — ^ 
as m the old system. Weights expressed in graiia are 
easily reduced to metric comts liy ntultiplving by five. 
Beware of grain mights. Tllere art" diamond grains ", 
"carat graina ”, and "petfl grains" of different 
values; and tliesc on: confused with " grains troy " and 
"gmins avoinSttpois " fwhidi are of courM iiientical}. 
Such am the pitfalls of the English system of weights and 
measures. 

The lilstoty and cnigui of the carat weiglit is of some 
intcitisL As an andeiit unit of might it was us^ for 
weighing gold as well os precious stones. But with 
gold the term carat is now used to express the degree 
of tinenes as a ratio, or so many parts in 24. For 
example, tSouul gold consists of iS parts of and 
6 parts of base metal TJie Greek weight 
(keratton) and the Rtdunn siliqua wem caily slightly 
greater than the present carat weight. The Gnsek 
name refers to the hom*iike shape of the fruit^pods 
(JocnsMiean or Si . Jnhn'o broad) of the comb nr locust 
tiro, which botanists call Cmitenid' StHquA. The seeds 
of this tree are remarkably cerutant in weiglit. and 
those taken from the ends of the pulpy pods are not 
smaller than those from the middle. Locust trees do 
not grow in FlngJand, so " Alter the statutes of ijigJande, 
the leasl portion of waight is comtoonly a Gmyne. 
meaning a grayiie of come or wheatc, drie, and gathered 
out of the midilli! of tlic cans" (Robert Rccorde, 154a}, 
The pretty scarlet and block seeds of the plant Abrvi 
pmatorius Ore used oa weights at tlw present day by 
Indian gotcLnntths as ait oqurvolent uf the litdlan rati. 

No b^k oti precious stones i» complete without 
some account of fumoits unJ historic rliomands- Tlicse 
accoiiitta ore usually copied blindly fhim book to book 
with Utile regard fui Uic rad facts, whilst on extra coat 
of varnish is given each Dme to sensational and stupid 
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atorira. Glass n1od(^I5 nf many af thesft diamonds hays 
b«n made for sale, but the dificrent sets show Mnie 
variations in sue, shape, and colottr of the modeh. 
In the following brief account of the iBijgcst and mote 
importiuit stones the weights qooteti tiavo been Uiins- 
laied whenever possible iuto metric carats. This has 
presented nuny difhcuJties, for there has always been 
a icrtdency towards inaccuracy and exaggeration. .V 
reoent example u given in the reported weights of the 
“ CaUinan *' diamoiul at Ilie tittie of its discovery, 
which ranged from ij to if ib. 

The *' Cidlinan'' was found in the Pfcimcr mine, near 
Pretoria, Transvaal, on 25th January, r<|05. less than 
two years after the mine itself had been discovered. 
A bright flash of light caught the eye of the surface 
manager ffeun the of yellow ground iS feet below 
the surface. The sioiiB (Plate I) had the shape 0/ a 
very irregular octahedron with one large deavage 
surface, and was therefore probably only a portion of 
a still larger crystal. It measured 4 x x a inches 
and weighed bxvxa grams =■3106 carats lb. 
avnitdupoiiL It was named after Sir Thomas Cnilinan, 
the chairman of the Premier Company, and was pur¬ 
chased by the Transvaal Covcnimeiit in 1907 for 
£150.000 as a generous gilt to King Edward VIL 
The perfectly dear and colonirless stone was cleaved 
and cut in Amsterdam into nine luigEr (Plate 1) qnd 9b 
small brUlunts, weighing 530*ao. 317-40. 94*45, 63*^3* 
i8'83. 11-55, 8*^. fl-So. 4'4SJ. and Ibe 96small bnliiMti 
together 7-55 caiatf, a total of carats, torre- 
tponding to a yield from the tougb stoue of 34j%> 
These are now with the crown jewels hr the Tower of 
London, where they «e on view to the public. The 
largoi g5*m. measuring x ijj inches, is s pen- 
deJoque brilliant, and is mt^ the largest diainimd ever 
cut. 

Other large stones, but of dunbtfid quality and pto- 
ntmably cloked as bort, have been rcconJod ittun the 
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PreDtwr miiiff, wundy. om: of 16S3I carats w lora. 
anotlicr of 1500 carat# in and anothtf of tiMl 
carats m 1924. Although On? '< CtUiiimn " is by far the 
largest ^gle oyataJ of gem quality on rwoni, its 
wight is exceeded by that of a mass of the black 
diamond, carbonado, wJiicJt wajs foimd in 1S95 n^ajr 
Leojot's iu Ikhia, BraiiJ. This weighed 63H) mams— 
31595 carats. 

The next largest diamond is the ” Rwj-ktfiif", which 
was found in (^3 tn the Jager&fcmtcin mine in Oninge 
Frc« Stats. It hail a fiaitcned form with iireimbir 
cu^ onllme aj 2 indies, and a thickness of about 
1 inch. At one end was a Jaige flat deavage surfitce 
shrmiftg that the crysial had been broluaj. Tlw 
weight was 19904 grams = 995*3 carats. Falling to 
find a fiurcboser, the strme was left intact until 1903^ 
when it WBS dcaved and cut into tmrnty-oae bril¬ 
liants with a total wtiglji of 373-73 carats {the largest 
weighing 69-68 carats}, coirespouding to a yicM from 
tiic rough stone of 37}%. 

The next largest gem diamond is the *\Jonker", 
found quite rectintly, to Jantuuy, 1934, by iatcobus 
Jonli^, who worketl h« own small rUim in the Eloods- 
fontein alluvia] diggings on a tributary of the PicuaBm 
nvftr near the Fretnicr mine. Tlik stone «!■« has an 
irregular toonil^ form with a cleavage surface, sug* 
gcstlng that it is a broken ciystoli and no doubt frac' 
tilled by tJie volcanic eruptions in the Pronriw pipe. 
The weight is ys6 carats. It was sold imiitttUaudy to 
the Diainuiid Corpomtioit for £75,000, and has snee 
passed to on Amcdcan lieoiur for olmoet double Una 
amount, 

Neatt we itome tn the ’’ Jubilee another large stone 
bom the J.-igerflfoniein mine in Orange Free State, 
found in 1895. and cut in 1S97, the year of (he diamond 
jubilee of Queen Victoria. Jt w-ru a flattened nod 
rounded rKtabedran meosimiig 5*5 x 4*8 x 3-1 cm 
end weighing fijo-S conUs; and was cut os a brilliant 
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%t5“3S (Plate IV), aod » ^nialJer pcntfdoqiie 
brilUiuil df I33j carats, A ^tonc of'' over too 
hail been isulier, in iBS$ or 1884^ in ihtt Jagers- 
fontein b[it nn uifnnnaticm of this Is avnUabk; 

The " Imperialalso known as the ** Vktoria'' or 
“Great White*'- appeared snmptitioiisJy 00 the 
Lemdon market in havkig presuiimbty been stofcin 
from the mmes and imwEgled from the Cape, In aH 
probability it came from the Jai^crsfontem mine. Ee 
was dimgnicd and rounded with a deavage at one end, 
and much ttke a gherkm in ^hape. The we^ht was 469 
caraU^ nod it yielded two bnhmnts of 184^5 anrj 20^5 
carats. 

The '* De Beers “ diaiitcnd^ found in 1SS8 in the De 
Bern mine at KlmberteVp diflered from the preceding 
atonefi ip being mone regular in its slmpt, having the 
form of an ocml^cdron with curved faces. It was a 
pde yellow Stone wcigJiiiig 440 i^nrats. and yiddid a 
brifliimt of Here the 3id,d was mti^ hightir 

than usnaJ, the regular octahedral fonn o( 
the *tonc being mere fa\icmrable for cutting, Anotiter 
similiLr stotic, found at Kimberley before 18^. weighed 
362 carats, and gave a brilliant of 205-1 camts, with a 
still higher yietd of 56]%, 

Tlie Stewart " was a river ^teme from South .Africa 
found in 1872 in the Vaul* It wdglicd 296 carats and 
yielded a bdilkiit of 123 canils. 

Many other larger stones have beim found in Soutli 
Africa, though sevcm! of these are not of fine gem 
quality, being oS<ohinr or soU ns bort. Sixteen stones 
of over 500 carats have been listed; those between 
400 and 300 carats nuuiba’ 49J bclwceri joo and 200 
aa many as 157; whilst the remaiuder each of ovef too 
Carats numb^ 1623^ rTirn.ui diimiondi^ a!boul whicli 
there lias been so much mystery amd rmuance^ sink into 
insa^ihaLnct 

Few dianioiid& of any siie have been found in India 
ifurtng recent times- Out of 69-7 conOs was found m 
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1881 at Wajra ICaror, Ticar Belbry in Aradiua, lUii! ?ms 
ait as a bnllLmt of 25 2 carats, Inforimiion of tiio 
UiT]^t Indki] diarnond ig based only cm tlic account 
given by the French travdlef J, B. Tavcniifir. This, 
the '' Ci^t Mogul", he saw in 1665 in the treasury 
«rf tint ensperw, Aurangieb, as a cut stone of 
’*^280 Carats It was said to have been cut by a 
Venetian lapidary from a stone of " 787 larata But 
rndion^nl stones do not tisuolly show such 3, great 
waste of material in the cutting. We do not Jaiow the 
Vttius of these " carats ", and there is no good cviiknco 
that the stone was really a dutninnd at all Aiiywny, 
it has disappearecl dtber lost or stolen; and if really a 
stolen dkmund it was no doubt recut as tim " Orlov " 
or perhajia the " Koh-i-Nur ", Another large diamotid, 
the Great Table * of ** carats inentioned by 
Tavenakf, bos likewise diaaiipcsared, or fuobably Emeu 
recut It is high tiim: that the stories of these mythitsil 
stones dbappear^ feoin the serious litHrature on 
di^ond. They might be forgotten, like the once famous 

Bfagania a supposed diamoiid (raore probably a 
colourless topaz or even ri)cl!'‘cr}uniil) ol carats 
from Brazil in the Fonuguse aonm jewels and valued 
at /22g,OO0,000f 

The "Koh'i'Nur" {" Motuitain of Light") w3Sappn>- 
piialcd m 1739 by Kodir Shah, tlic Penian conqueror 
of the Mogul Empire. In 1813 it came into the posses¬ 
sion ol the Rajah of Lahore, and wilh ttie annexation 
of the Punjab in 1649 into that of the East India 
Cornpiuiy. It was presented by the Company to Queen 
VartOfia ht tfiso, and was sbown at the Great Exhibitioa 

1S5** It thiar hod the fgtrn of on Indian-cut rosette 
wi«j irregular surfam at tlie back {fig. 42). The 
weight w^ 191*09 comts. The stone was then recui 
as a bnliiant (tig. 43), reducing the weight to 108*93 
carats. It is ni>w set tn the srate cruwn of Queen Mary, 
and may besecfl in the Towerof London. Unfortunately, 
when recutting tliis stone the proper proportums of a 
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txilliut wo-e not The spread wms timile ai 
tarKv as pofsslbfti but tlic depih too dialbvv^ lo 

out the full WJliiutcy of Uus iterrsfi, Pliisttr cas^ 
^ ibe stone iit its two forma of tnken at Bmk~ 
in^tiAjn P^laee in are pre=scrv^ iu the mmcral 
collection of the hnti^ Musctim, 

The "^Orlov^^ b an Indian-cut stone o! irre^Iar shape 
weighing 199 6 oumts. It was gErai by Prince Qrkiv 

mpTnl indltfl-tM aiHumO. lKillJ4af-4Bl n ^ 

(Md,nwi>hH) 1} 

in tTjz to the Em[]rre$s CatJmHnc 11 of RitssU, and 
until leci^tly was in tlie $c£^plr^ of tlie Russian crown 
fewdi The " Hnon of the Mnuntains '* and the 
“ Daiya-t-Nur " f' Sea of Light ") ore pmbaijJy' iden- 
ticat 'wiUi the Orlov, which itself was pcfliaps reent 
from the Great Mopit 

The "Shah ", aether Indian stone in the Russtan 
diamond treasure, ia one of the few engraved diamonds. 
It gives in Persian characters what may be taken a$ 
its true history. Tlio first inscription gives the name of 
Niiam Shah, year looo (f.n. a.n. 15^!; Uie second* 
the M<^d] emperor, Shalt Jafion, 1651; and the third, 
the PenUn ahnh, Path Alt, 1804. The stone i» an 

<1 
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elongated octalitttroji with a few poiialiecl iiuxu, and 
ivdgbs caivits. 

The ■■ Fioicnttne" Grand Duke of Toscany" or 
*' Aujtifftn Yelkiw ", Iiaa been known in Euirope since 
tl» fifteenth ceniuiy and is no doubt of Indian origin. 
It Iscutasabnolette, pmhabJy by Ludwig van Bentuea 
in for ChnrTrs the Bold. It is a ydlnw stone 
weighing 137-27 carati, and u now in Vienna, Tlie 
smaller S^cy " diamond {sj| carats) is of the snma 
tyM of cutting 

Tlis " Pitt * or " Kegciit " (fig, 44) is said to have 
been found on the luslna river in HvderaJwd in 1701. 
It was bought by Thomas Pilt f" I>kmoiid Htt"), 
Goretnor of Fort Sh George, Madras, for ^2o,ooo« 
and sold by him, stiJ) in the imigh, to the Duke of 
Orleans, liegent ol Franw, tn 1717. for two mlUion 
francs (acoonlii^ to anaiher account £i35;ocki). The 
rough stone weighed 410 carats, and it was, cut as an 
eitm deep briliiant of 135 carats, die wwk taking 
two ycj^ and costing ^000. Stolen with the French 
crown jewidt in 1753, it was tecovened, and is now 
exliibited in the Louvre in Paris. A teada mode) of the 
rough stone and a glass one ol the cut brilliant were in 
the collection of Sir lions Sloonc- These, together with 
toodcls of the "iTorentiae" and Green" 
Utaxnonds, came to the British liluseuin m 1753. 

Several otlicr Indian diamonds have been described 
as famous, but wc must now pass to the few from 
Brazil- Tfie '* Star of the South *' wa# found at Bagag^ 
in IVlinas Ccraes in 1853, and had the form of a riiombic- 
dodscahcdion with curved faces. It weighed 26i<5$ 
carats and was cat as a brilliant of xa£>5 carats. Both 
this and the smaller " Dresden " were aci]utrod by the 
Gaebwar of Itarodo. The "Star of Minas", weighing 
^79^ carats, was found at Bagdgem in 19XI- Other 
large diamonds Eiove more racently been found in the 
Bagsgi^ dislrictl the '' President V'suem " of 726-6 
carats itt 1938, and the " Darcy Vargas of 460 carats 
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JD 1939- Stin more recently iar^e stones of good quality 
hav<! beiin found in SJerni Leono, West Aldcci* ^vhere 
two fimoU stemes were first found in 1931^ two of 249I 
md 53^ carats in 1043* and one of 77U carats in 1945, 
which comes iigh In tte list of tlrt worM's fiimons 
dmmondii. 

Coloured diamondSp especLaJJy those of large size, are 
mre. The “ Hope BJu^ " {Piute IV), so named from a 
fonnor owner^ Hemy Philip Hope^ a London b.inker, 
was desmbed in tlie at^ogm of his collection in 1839. 
Its unf^mnmtrkal fomi suggests that tt had been recut 
from a laq^ pear-shaped briHlant stolen w^ith the 
French Crown jewels in lyga, which had been brought 
from India by Tavernier. It weighs 45I carats and is 
of a doll slaty-blue colour, though perfeetJy transparrat. 
Ll was sold in Paris in 1909 and is now tu America. 
Tfie ** Dresden Green " is a dear appJe^green brilliant nf 
41 carats, and no doubt also of Indian arfgini. It was 
purohosed in 1743 by August the Strong for the Saxon 
CTown^ and is still to be «en in the Gr«^n Vaults at 
Dresden. The Tifiany YdJaw*‘* the property of 
Tiflany & Ca of New York City* is a canary-ydbw 
brilliant of carats. It was found about 107S in 
the Kimberley mine at Kimberley, South Africa. 
Another yeUow diamond from South AJrica ta the 

Tennant ", a bnltiant of 65^o cants. The *' Golenso " 
diamond tn the mineral colkctiou of the British 
Museum is perhaps the laigesl uncut natural i:;iy»tal 
to be Silken in iiny public coJIfclion^ It is a pole yellowj 
widl-shaped octahedron slnniing tkh'cate truuigular 
markings on the faces- Ttie weight is 26-62:90 grains 
(133*145 carats)* It presented in by John 
Riz^in m memory of hfa friend Johu Wiiliam Cotenso, 

ibe loyal and palimtly adamantine hist Sbifu^ 
Natal A rose-coloured diamond, ihr CrtHS of tlie 
South weighing 118 enrabSi Is said to have been found 
in Brazil hi 1929, 

Numeroua attempts have naturally been mode to 
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produce by JwtifidaJ means the co&tly diamond irtm 
the ootninun aiid abunctmt materkl carbon. “Dili has 
of too bean asscrtod to bava bfhcrt accotttpiishrd, tlintigb 
mUy partides of pikitisccpfe siase- 'fhe results of ths 
expemnents are, borovicr^ «tmneJy doubtfuL The 
aUcfjal diamonds were so small Uiaf they could not be 
submitt^ to really dcdsiv& tests* The irsi of hurdneas 
WJ13 mainly relied upon; bat it is now know^ that 
various carbides (c.g* ailicon carbsde or carbomndiim) 
have a hardness of over 5 on the scale* and are capable 
of scraicljing wnindum- Tlie tnbnte ciystals obrained 

Ji* Hannay In iBBo have now been exainined 
the rigorous X^my melhod and proved to be imlly 
diamond: but his results have never been repeated. 
The dictator who can arrivE at the secret of morshallhig' 
bfack-shirfed carbon atoms into the correct portions 
to form a pure and colourless crystaJ of diamcmd will 
indeifti liccome notoricnis. 

KEY TO TffE ClEARACTEIlS OF DlAAfOKO 

C^TstoJa, rahtc; roundod fnniii commenn. Cbrapoeftlaai 
cubon. Specific gTaHtv, yy llardiina, (c. tfeOwUvv 
ind«u, j fyelfciw lish-t], 0^06 {red to v^dctl. 
Optically iMulropic (wmittmidu f^iblo blrEidsf^fUv lithr 

Wo CohmUm or vaHaiJUly cohnireiJ^ 
ura^ cryst&t the *' CtilltnaiidiunwHl. 31^ iniuk waifa 
V^iietSei: boft 3]jut carbcMuidn, LocoUtleti South Africa. 
BfWrjJ, OuittflUi ImliA. 



aiAPTER xm 

Corundum and its Colour Varieties— 
-Ruby and Sapphire 

Ruby, apphire, and emery were known to the 
ancients, but U w'as only ntili tbe tub of sdentilk 

mbemfogy that these wurc found to be really the some 
land of stone, dtfleiiog only in their cotonr (red, blue, 
black) and degree of trtmqwiency. As we have seen 
in a pnevfotts diopter, this difFernnce in colour b a 
matter of little fmportancBv A hat or a tie still rtimains 
a hat Of a tk whether jt b red, bhie, or bJaefe. The 
French crystallographer Rom4 die J“lslo found in 1783 
that oy^tals of ruby and sapphire had tile eamc an^es 

tween corresponding foc^, although the rdative 
sices of the faces, themselves may be variable. Tliis 
gives a difleronce in tlie " habit " of the crystak; and 
we tisuiiUy lind tall crystuls of sa^hlre and Mt crystals 
of ruby. Just aa there may be tull hate aovi flat iMts of 
all fiorta of funny slinp^ Tlie next Frcmdi crvstallo- 
gmpher, the Abb£ Baby, therefore brought ruby and 
sapphire together as 01% spedes to whidi in 17^ he 
gave the name t^k'sie or tdesia, meaning perfoctum. 
This name found httk fav-our and the spedes was 
tuually at that time called sapplure. ruby bdng dis¬ 
tinguished as "red sapphire” or “ruby sapphire'*. 
Aoootding to the rorly analyses of the Swedish chembt 
T. O. Bergman 100 puts of ruby centafaed 
40 of argiU, 59 of silex, 9 of mild cajeareous eatth. and 
ta of iron, whilst sopplilre was ocanposed of tlu! same 
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fiodatlliicnts in Ute proporltofti 58, 35, 5, *jni a. We 
ijtm* know tliat bath really ccnuiii of veiy nrorly 100% 
of his argUioceous earth (i.e. llie <»«iit^ptiii| eartli oJ einvl 
which U now called oJuminiiiia oxide or alumina. 
The Cenaan diemist it. H. Kkprotb hid alnady ui 
1795 foimd 9S*5% of aJtunina in sapphire. But It was 
Wit to an Ekigtisli mincmio^isi to didtr up tite matter 
finally, and it was be who first intruduced in the 
now weU-known name corundoRi for this ndnenj 
spedee. This was the Right HoncKintblc Cbarla I-'rancds 
GrevlUe, also notorious as one of the lovers of Lady 
Hamilton. The epeclmena of IndLui corundum w-hicb 
he (Jesenbed in lygd are still preserved in the Bhtisb 
Uiisenn} collection of minerals. 

In oldco times most corundum (apart from emwy), 
^tl no doubt all ruby and sanphtre, came from the. 
East Lidies. The rough material, uted for grinding and 
jmgraving, was Iuiohu as udanuuiUnc'spar becaufie of 
its great bnridries.<i. The name canmifnot itwif u 
of Bidian origin, kufutut in Hindij and AufuvituLt in 
^nskrit. The nunut bad been earlier mentioned in 

by John Woodward in Ills Caial«^g 0/ FarfJm 
Fos^li (1728). but on three jiages he spells it difCcrcniiy 
each time. His eairiefi are woftJi quntiag; 

AVKj CenntfuIwK i| found In FlrlJ* wbem the Rice BmwL 
It is ocnuBnoly ibrnwe up by ^elu Rale, and us'd m wu do 
Em«y, tn poiiih Iron. 

Th a Spu-, gs-y, with m Cast qI 
Creeit, it fe used to poUili Rohito and IHiuaood*. Fort St. 
Gwft [ptFur UidmB]. 

^ !■ fHintml bydl^Dg at tb» Foot nt Bottom 
of Hills about sw Mnm to the Switbimd of thh Pluoo IFort 
^ Etat-IndiaJ, they tor it, w Ehistt. to efoao Amo, 
«- It «rvw abo In piint Rutuu*. by Rulclac it Ube haid 
CeuMbi, Uy the tielp 0I gnek-Lac mix'd iHtii it 

nM!« specimens are still pt^rved tn the WondwartK 
^ coUection at Comhridgt Only tluj eeconj of them 
b wJtat we now know as corundum, the oilier two 
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being gianict- But even at the present day these two 
mmcTiiJs aie sometimqs corifiuscd; and what ts some¬ 
times ssM 45 mciy piper is really gimiei paper- 

The Harm conindimi is now uniirensaiiy tiscd by 
mmemlogbtSt with only slight variatiems in dillercnt 
laiiguagcs—^Fnennli and Spanish, coriiKlon: Gcnnan, 
Konind. The Engtisli forin with (he ending um (given 
at 4 period when new chemical eletnents were being 
discovered and {mmed) is perhaps Rther unfnrtnnole, 
and to most pedpJe appears to rathrr stt^ige: they 
tmrpiHli^dy suggeit conumln^ The guiin) in a foinouA 
collection of miiicrds. when askwJ by 4 visitor where 
ruby cxmld he pointed to the coireriBg iabej 
coTtmditrn-, apologeticaily expiaming that was where 
tiie curetor pnt tilings he did not onderstaiuh 

But we mmt now crinie to n more serious, though 
scarady exhaustive, study of the minenil under Ssr 
cussion. Comnduni aystalli^os in the rhombohcdral 
system (p, 36}, A aeiirctinii of crystals typical of the 
mby and sapjihire varieties b reprfe^nted in figs. 45-4?- 
Tlie£^ ore cDmhmxtibns of the following four crystal 
forms^ Basal pinakoid |e} conristing of a pair of mralkl 
faces» one face alone being spoken of as the basal \}lm^ 
Rliombohedrou (r) of six faces In tliree paroltd pairs. 
Hexogonat prism [a] of six faces in three pandkl pair^ 
4nd perpendictilaj to the basal plane. Hexagntud 
bipyramld (») o( twelve hem Itt six pAiallcf palp. 
The figures are drawn tn parallel perspectivew^th 
the vniushing point at inhnity. All paroUd edges tm 
ihe cr^^JitaU aie therefore represented by pnrdtcJ lins. 
It will be noticed that all lines formed by the inter- 1 
section of aTncspondlng faces are strictly parallel in 
the tliree figures, Althouglt the different laces slinw a 
variation in their relative sUrs, yet their directions * 
rctnom the same. Mrufuremeni of the angle bctwei^ 
Xht normals to the faces c and r gives n value 57* 
which k taken as the fundaoicntd constant lor iXirun- 
dum* liillerant Itoni that on imy other mmeraJL From 1 1 
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il all thi Otlicr atiflci ca i be calculated, e.g. at — 
xx*. If we xncusuiie eitlicr of thcAe on a 

doubtful cr^Tstal of thie typ* wo know for cet tain ibat 
we deiilji|^ with cOTiintiufn. 

Fig. 46 differj from 43 in the abseoce of iluf 
M faces ajid tbe smolliif aise of tbe a foces^ K ibe Intier 
are also absent, tiim we Iwve a solid j^nded by 
eight faces (sue rliotnboh :droii £ac^ and I wo basal 
pliinit3)i^ Such a oysta] of ruby luay be stHkingly 
sunikr in appearance to a flattened oaobcdion of red 

rei.«f ud fSaiArbiidt fk.«taiiwhin lk«Ui 

spinel, and the two may vciy readily be confused 
But in ruby wc find the iuigles ep » 57* 34' and tr = 
9i‘ 56'• ts'hllat in spinel all tlie angles between adjacent 
faces are 70* j2*, Or. again, if only rhomlwhedral 
faces are present the crystal will have very mneh the 
appearance of a cube, but with angles of 93^56' instead 
of 90*. 

The ilattef iiabit of crystals represented in figs, 45 
ajitl 46 is more typical of niby, whilst laUer crystals 
us tn fig* 47 ^ ^ Dite more tjrpicaJ of aappbire 
The latter often show a number of Mtfl steeper licxa* 
gonal pyramids with angles to e pnging op to S5* 30'. 
A eombrnaltun of these in a series nf steps gives rise 
to characteristic barrel-shaped mystabr; and the faces 
of sirch ctysUU are usually striated and grooved 
pandlcl to the hortrentaJ edges. The other faces on 
the crystals may also show characteristic surface 
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mArktpgs, €sp«ciall7 tdjjmguiar mar kings and pits on 
the plane, but these cannot be described hrre b 
deipUL Menlion must, lioWfver» be made of marldnp 
of anothier type which ar^ often to be seen on tlio 
fates ol the ciy&toJs as fine rulings pamllt] to faces t 
and r. Tlais is due to a lamellar twinning, and sonte- 
times the erj^st^ may be teadUy broken in thse 
directions, giving smooth surfaces- This is, however* 
not a true cleavage^ and b desertbed bs ^ parting " 
due to Ihe twinning. It b as if the emtd had berai 
tut up into excessively thin sUces paralki to the fojcea 
# and r* and alternate sibes tumed over^ and then 
the whole pile stuck together agaim This lamellar 
twimung has probably brought about by earth 
pressures during mounlain buildiog. It b the prhnaiy 
cause of the "sOk'* m mhy and the bright raj-s re¬ 
jected by " star-stonra *\ Although thh l^d of twin* 
nii^ is very frequent in corundum, simple contact 
tvfins are only rafdy found These conskt of two 
crystali grown Icsgether iu a certain regular munufir 
and With their jcuicipd iodlned to one another 
at an angle of 64* 5a' (i.e, twice our angle cr =* 57* 34'# 
subtract^ fioin 180®)- A smoUar crystal may somctiuies 
be wen branching out like a bud at tiiis angle from the 
side of a laiger aystoL 

Plate V represents an actual crystal of ruby of ex¬ 
ceptionally large iitc for one apprnarhirig gem quality* 
It wciglu 690 grams 3450 Carats) and mr^un^ 
4| incl^ across. It comes from the ruby mines at Mogok 
in Upp^ Burma, and lias recently a^uired for 
the iJritish Museum oollcctian of imnerals. 'Hie reader 
may w^ell say that this ciystnJ docs not look at ali like 
tJte drawings in 45 and 46, Only exociitkinally do 
crystals of any kmil display the tnodel-likc regularity 
flhowTs in the hgurt& But they aJwa>'s show the truff 
symmetricaJ deposition of tbi^ and witli the 
asfTtct ojigls between these This ruby crystal grew 
in solid marble^ and itt regular growth waa cramped 
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nnd crippled. The speciinEH was phcito^phcd in 
Ught reflt^eted {rum the Uasa] phme, &hoivii in the picture 
as a nunitwT of U^ht triajigiilar areas. Each portiem 
of the wliota crysUil independently formed its own 
basal phtne. but all in axmiy the same parallel poaition* 
tiioitgh not m the 5411)0 geutiu’liriod plane. Tuming the 
emti^ about an axis pamlld tp one or otlier of the 
three edges of tho$e triangics tlirotigh an angle of 
Syj^* {our angle cr ugainj, another series of small facets 
ahuie up by reflected li^t oror the whole ami ol the 

SMiarly, in oilier positicuis at Ct* from r the 
factst n (fig. ^5) become evident. 

Crj'Siili of gem comndum are smaller In siie than 
the one juBt mentioned* But opaque^ dull^olDiired 
crystals nmy be cortsidcnihly larger. Thn largest 
CTTOtd on record weighs 335 Ib., md measures a feet 
3 Indies high and i foot 3 inchei acrosa. It has flie 
foiTD of a hexagothal bipyrainW (fig, 47) and is opaque 
with a bluish-grey (scarify sapphire-blue} eobnr. It 
was found in. the qomniiiim mines near Lc^dadorp in 
noTThem Tmaavaal, and is now e^rhibited in the Geo- 
Ingioai Sur^ Miueum at Fretor^ Tlie Largest cofnn* 
dum ciystal in the British Hti.5eutn ooUcction of minerab 
is a rough hexagonal prism ro inches high aud 7 inehcf 
across, weighiiig 34 Ib. This shows a good oA cobur 
in parts, and from a point of ww it itiEght be 
described as a nifay. It came from Cbnindam llil] in 
Macon County* North Quollxta* a besdity that has 
yielded ruby of gem quality, 

Tliese two bige crystals, one with a btukh and the 
other with a rvddish tinge of colour* iilustxate the point 
previously menthmed M to the diffetenoc in habit of 
crystals of sapphire and ruby. In sappliire ihere is 
us^ly a de^Tbpmetit of a serto of st^ hexagoual 
pyramids: wlilUt in roby there b usually a hrge 
development of the hexfkgonal and planes* 
and in gem nifa^'' the cry-staJs ore oftm Hal with a 
short [^uiun. Thm must be some reason br such a 

fiOl) ft 
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diflenniBe, \l’]icn crystals of various kifitb are grovva 
artificiiUly from solution, it is known tkat thdr fiabit 
is infliienoed by tijp presence of vonoLES coJfturing 
nulter^ or other suhstaiires in the solution. It ia 
tlierafore probable tlml in contndtim then? is some 
miinexipa between the shape ol the crystals iin<J the 
ijnpnriitfs that gjive rise trv tlie coJoura of ruby anti 
sap^jhifE, This question is worthy of hirtber investigin* 
tlon. 

Till! csaetittal characters of corundum Itave alroudy 
been listed in the ceferiEntoe tabled prerioiisly givcRi 
ChraiicaJiy. the mineral cojisisls of aJtiminium omife 
or altunina When airnnonia is added to a 
solution of BJmn a wJiite jelly-like precipitate of alu¬ 
minum byilfcMdde b obtained This when 
dried yields a snow-white powder of alumina, which is 
the material used for the mmuifacture of artificial 
contndum gems. In the absence of any added colouring 
imticr thp oystoHine product b colourjiLisfi and water- 
cleiTp and sucJi ane also femnd in Rat urt- Analyses 
of native stones of gem quality nsuatty show the 
pi^nce of about one per cent uf iron oxide, together 
With Q snmJI amoimt of cbrotniLiin oxidti in rtiby and 
of titanium oside in sappliir^ 

In hjudjiess coriindiim ooroe^ React to diamond, 
being tile next b&rdest known miners. But it is qx- 
ceeded by cttrbomiidiun ju^d some otJier artificiAlJy 
productid carbides. Owing to tlib high degree oi liaij- 
ness ^nmdujn finds an intportant application ab an 
abrasive agoot for gruiding md polnddiig, when apptieHl 
in a powdered form to pajK^r (cmiery paper) or In the 
form of oj honcs> Tlie powder in diffcrrenl 
grades of fiiicne^ is cued by lapidartes for grinding 
stones^ Einct^\ u'litch Jias becti obtained inncc ancient 
timts from Grwece mid Minor^ is a black -'tnd granu¬ 
lar fonn, consisting oi a mixture of gniiiisof canjiiduni^ 
with xmignctjte, spinet, and ntber mmeraJs, When 
cxiimined undEx the tnicmscopo isamc ot tlm snsali 
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Sraim of coruiiiJutTi Arc seen tci bfl of a good sapphire 
blue colour, AnotliCT Important Lechnicil appli^tion 
of corundum, depefuUn^ on its tiorducs^, for pivot 
siipiwrts in ddicato insDumcjit^ for itxantplo, tljc jewtiJ 
txiaiing^ in walciits. Iler(t smaUcr atones of poorer 
geoi quality are madt' use of. 

llie specific giiivlty of coninditm varies only alightty 
from 4*0 (j qSH'OS for ckar o^rstala), and ibb variadot 
is no doubt accounted for by the prescucc of cavitls 
and impurities. Ttis high density is raLher surprinng 
wiii:n Wfl oousider that conindinn conluins only the light 
racial Aluminium (sp. gr. i-6) and Die gas Cttygen, 
wiiidi at nomud teraperaturc and prosurB tias a 
density of 0'00t4 compared with that of tmatcr (liquid 
oxygen ranges from o-t to 1-3 acconlmg to the very 
low luRpenatiirel, 

The optical charJCters are those typical of a uni’ 
AiiaJ, crystal of negative sign (p. 49)/ \^'hth cnfstals 
such as those shown in 43 and 46 are viewed 
througti the pnommctit basal plane {c) utider the micro> 
scope tu pai^lel li^ii yr with the dicbroscope, tJiey 
will behave like on bolrepic cubic crystal; and xuicter 
these conditions they are indistingubluble tqiticaJJy 
from spiueL tVe have already mtiarked on the simi¬ 
larity In form shown hi fig. 4IJ to a cry'shU of spinel. 
Bin in oonveigunt polarixed light, if tJje crystal is 
not too thick, a uniajdnJ intcrfcjortcedigure (folate ll) 
wilJ at cnee distingtiisli the two minerals. Tbtmigh 
all utlitf faws the crystals will he seen to bo birefiingatt 
and dlcliroic; though, as previousJy explained, these 
eflects are amn at their maximum when tb« ciysbil a 
viewed through the jHism faces (a||, The refractivt 
index (s I'Tfio, 01 1700]! and the dtepersion (o-oifi) are 
much Less than in diaiiiiotid. omisequinitly eomndurn 
genu ore Jess brilHont and do not ftaali prismatic 
flotours to tlie same extent. In coloured stones the 
a^rptkm lor the pidinary ray (w), travel ling in the 
direction of the optic axis or principal crystalJogTaphic 
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axis (set vertically in figs, h greatw tfann for 
the Bictraordinaiy ray {<), Con3e<]ueiitlv a deeper 
colour is seen in tiiis direction ilian when" the ctyslal 
is vicwhI thiciigb the prism fat:«. To bring out ttie 
colotir to the best advi!uit4igc a faceted gem should 
tliere/ore be nit in such a direction tliat the table 
facet is parallel to the ba^ plane (c) of the ciyytal. 
But a very dark stoue may mth advantage bo cut 
with the taJiIe &iKt pualJd to a prinn i-ir* The 
pair of dicbioic colours will of course dcfiend on ihi! 
colooT of the r^-staL In the. best rubies the ordinary 
ray-colottr («} is deep red with a violet tinge, and tiio 
ortiaordinary tay-coJottr (r) is a light ydlowish red; 
t^ iactscoJour seen through the ptitttt being a combina* 
don of these. In the best sapphires the correspoirding 
colours are to deep blue, son^times with a violet dage, 
and e paler grmnsh or yellowish blue. 

Now uio come to the question of colour, a nutter 
of prime tmportance from a gem point of view; but 
an neetdentaJ character of irivial iinpoftiuice front a 
mjjier^ogjciil pobt of view. In addition to pcrf^tly 
colourless and^black stones, the range of coloura shown 
by ooTUnctum is realty sur^irising. They range thmogb 
the whole spectrum—red. orange, yellow, green* blue, 
mdigo, violet, with varying ^ad^ and intensities. 
But beyond this visible spectnun selective absorption 
extends au'uy into the ultra-violet and the irifra-red, 
and for all we blow as far as X-mys and radio- 
waves, 

Red connidinii has Jong been known as ruby, from 
the Latin rubtr. ted. But by the Romans it was in¬ 
cluded (and confused} with other hard red atones 
^dnej and garnet} under the name tarbumHlus, and 

the Greeks unchu' tJie name anthriix, both of whkdt 
signify a glowing coal The name mby is more recent. 
The earhest reference Uial I have teen able to find 

dated t^io in the big Oxford Dictio/uoy. In 13^ 
v-haucer wrote " Jyfee ruby bw your efaekys rounde". 
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A» (ate as 1652 Tbomas NlcoU in bis ^ IjtAiJary: or 
ikr Histoiy 0/ Praiota Stoim (Cainliridgie. ^652) says^ 

*' Tlio iru# Corbmidt nr ftdiy Is ■ bainiiBfinit jimelJ qI th« 
^onT o( vrrmUion or Arimwo; by bow mnchi the iiuk« 
fiery ft doth appetir fo it* nxtreaity, «« mveh the better it 

. A Cartinricle ie n«thja{t else bat ■ j^rent Hubiiu, mil ■ 
gnat Jtuliini le tiicrtigbt wortby cal (be tiaAe ol ■ Co-lmmd* ’* 

The colotir may ranjie frtMii deep red thnmjgh Tarioua 
shjidcs to paJe pink, itoncs of a deeper colcrur usually 
ishflw a puTplisli tinge (expressed ns a Wiie line in tlie 
obecaptieij spectrum}; wtillst lighter ones ofiun have 
a yeUowiaii tinge. The coJutir of the lient mbits 1$ 
said to b« "pigeon's biewd red ", a staicoient slavishly 
copied poTTo^like book to book. It sccjitfi inevit* 
able that stnm^ ideas and stupid auperstitioiis must 
linger \n(h precious stones. 

Living the other colours for the time being and 
coming to the other end of the spectntn], we have tJic 
blue Of sapphire. Tills is a much oLhr ttante fhim 
mby. The namea si^pir in Hebrew* saflir in Peraiua, 
and irttvfnpor in Gr^k have always signified a bine 
stone; but this was tapis-lasuJj and not the sapphire 
(Trench and Getinaii, sapltir; llnlnn. uifliro; Russian, 
sabr) of the present day. The latto was known to the 
Greeks and Koiuans as CwtnOittt (lyacinthus. The colo^ 
ma3’ range from inky blue through aky.hbie to ^ pate 
greyish blue. Velvety blue and oomtlowcrdiluc are 
praised bj' connoisseurs. 

The nanus ruby and S^liire have at the present 
time 0. dtifitute meaning tu all i^guages, with only 
sl^ht Turiations iq their spelling. The terms ruby* 
red utd sapplitre^hlue also have a quite definite 
meaning, liut when wc come to enmndum of other 
colours there Is much unfortunate confusion in the 
names that have been appLbd. Beautiful shades of 
yellow an* met with, A fine pair of gems, orange- 
yellow and bmou-yellow iu colour, haa recently been 
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beqaeathed to tfie mincrtiF coLbctioi] of the BriCi!^ 
Musemti with the O^itke-ThomhtU ceiicction of 
Th£3« an^ labellini ydiow coniiiduiis, which truly 
dcStribCA thdr But such stones me very 
often CEilicd "’^ytUnw sapphitB*', which k surtily 4 
inisu umer. Tliey are also of ton called ^ ‘ oriental topaz 
whiirh k still worse- There k not the sii^tesr coniHUTCtoji 
or telifctio^ip between the mireTiab conmdam end 
ivpiUr, und yellow is n&i a chaiactertHtic or Typical 
colour of topaz; Name^ of a similar mklcading c^4r<^ 
acter imiro been iwjlfuJIy applied to green eonindunip 
Tiolct tonmdumx and colourli^ conindiim. I rehaii] 
m this place fremj propagating such naincs. 

Two other sTjcdiHf^s of gem cortmdonj in the 
British Museum collection of minemk may bo mentioned 
in this place, One is a deep blue sapphire t Plate V\ 
which came to the museum in 1753 with Sir Hans 
Sloane^s collection- It is a native Jndiun rose-cut 
stone with an octagonal outline | inch across and 
weighing 31-5 carats- Set in a hemisphere of rock- 
crystal inlaid wttli hande of gold and smal] rubies 
and emeralds^ It was evidsnily Intetided for wearing 
in a turban^ The second is an nnent oystnl of ruby 
wicigbijig 167 carats^ which was presetiied by John 
Kuskiit in iSSj in memory of Sir Herbort B. Edwardes 

SQldicr-statesman in Indian and is caUod the 
" Edwaidi^ ruby 

Very striking colour eficcts arc shown when ruby k 
expos^ to ultra-violet rays. The crystals or out stones 
aic seen to glow with a brilliant red light, as if they 
were on fire. They then fully justify the Crock and 
Bomon namea anthrax iuid whEch meant 
a glowing coal (cf. anthracite}. from the 
induonco nf the nltra-violci rays, the red cnloiir shown 
by the sioncs thcnwdv® k very poor in <^mpmson. 
This curliHB phenomenon is Imowu as Jiuoreacence. 
The crystal h here acting as a irajiJiformer ol tlie wave¬ 
length, The mvkibb rays of short wave-length are 
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SAPPtlJRK Itn* ts A lIRMISH^IiUtl^ flF RoCK-CRVaTlt 
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(Sp Jliiii ShiaM'i cuUniinfL, i jjj. Affmi tiu) 
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absorlml and given out a.'^ fonger v>'av^ wJtli a vrav«^ 
length cortesjMHiding to Uial of red li^hL Ladiiis who 
wish to display iheir rubies to tlic beat advoutago 
(hauid niovis' in cirdcs ol shorter wave-lengths, but 
anfortuiiatfily tite wctuix would tbai be invisibly. 
But wtttukdtU effects can be obtained by slightly 
greasing the face and bands, and wearing gamiciiu 
coloured W'itli special dyes- (A beauliiol bine gbw is 
given by a wliitc fabric wliich bas been dipped in a 
solution of quinine; and other coloms by aniline dyes.) 
Fuiger-njiil stains and polishes show up to pcdectioii 
in ultra-vioki ntys; and teeth gbvr Itiw pearb (with 
black gaps oorrespondirig to any that are false}. A 
really spectacular tody could c^Iy be built up on 
these lines. But we must return to the subject of ooran- 
dum. Different stones arc very capridbus in their 
behaviour in the i]Jtra.-vH)kt uys. Some rubies show 
only a dull red glow and oLhers a yellow; bur dear 
mi artiffda! gents am always depeadahle. YdJow 
gptn oorundum and some gapphires give a yoUcw glow. 
But tticm is no general rule: each stone milst be tested 
separately, and some may not respond at all, 

Thete are two special feiitures closely related to 
one aiioUicr which are often shown by native corun¬ 
dum, but whicb are not seen ia artificially produced 
gem cornt^uin. These are known os ''ailk" and 
"Mtcrisni Thera may be seen in the stone patches 
with a sill^ lustre, whidi are i^ally of a rather paler 
Colour. When tlieso are examinet] with a mjigittfytng 
lens a patalleJ series of fine fibres will bo «en.' In 
asterism llierc is a disptav of a aut-iuved, sometimes 
Iwdi'eHuyed, star of light' On tlie aur|;^c& of tbs stoiifr. 
This cun sofn£!limes be on tbe boss! phnii of a 
□atnnU oysriUt but it ia ^own to ijie be^ advantAgio 
when the Btyac is cut in a t^bodion m domc-^hoped 
form the base of whicli coincides witb the basal pUm 
of ibfi Suidt are known os afiteria^ star- 
ruby, and tlar-sapphin^ This also depends on hbtoits 
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ctJClCkEuree b ih^ stoae. but h^m Uiey are mtirh finer 
and are amui^ed in itirce diiectbni ac 6o^. Ttie fibrous 
enclosuxcs b the ciystal (oUow the dtna:tion$ of the 
Traill'S of lamellar twinning pT^vioualy mentioned. 
Thi!se are pknis of in the and along 
them the muteriat has suffered some alteration by the 
action of peicolutuig liuluiionis. Corttndum when pre¬ 
served in rudJeccions and worn as a gem may seem to 
be a lasting and peimmoit maierbl* and so It would 
be if the candiibns of jta envtmiimejit alw^'s remained 
the same- But wficn harii^l deep in the earth's enwt 
under difiiercnt condilious of tejnperature and pressure* 
and b Use pnesenoc of ruck joioes diUeretit from tiiOise 
from which ihe morals originally grvw^ than during 
long periods of time (not to tie measured oo the his¬ 
torical scale of kingfi and wan) even ODrundiim may 
stiectirob. In fcict, we often find crystals ul conmdum 
comple tely Changed into or her mmcralg* such os mica, 
gpineh kyiuiitOi &Cp One of thes^ has been named 
conmdophilitej rnnanmg triend of cciruttduni, because 
the two Are often bund in n^^odntbn; but it is really 
an enemy of oomiuium and kails Id iCs destmetion^ 

Now Kilk anil asterban are hidkatJons of the com¬ 
mencement ol this change; if it proceeds farther the 
stone is completely spoilt It proceeds dong the planes 
of weakrH!^ produced by ilie lamellar twinning* wliidi 
itseU was produi^d by earth pn^ssures in nionntaiii 

best iLar-mbies and fitar-sarahiies are 
from tDOuntoinons regions. The fine tubimr cavities 
at the inlerseciion of the diilerent sets of planes of 
tomeiliiT twinning may be filled wiili the altemtian pro¬ 
ducts or they may be eompkiely empty or fitted with 
liquid. In some casef the matciikt of Uie fihros con be 
identified as the tnincfal ftitile. This- may have been 
mtroduited by the solutionsi which hreruj^t abemt the 
ftlteratfou; or it may liavc been included by tlie crystal 
at the time uf tti growth; nr it may liave been thrown 
out frem " «nlid solution aa the crj^stal cooled down 
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to 4iitotltor ttimpcraturc. Then ha.i Leni coiviuletahle 
discussion as to Lfae origin, of in cnruniium 
and othtif mineroLUi; ainJ we must bear In mind tlint 
similar appeoiances aiu not always doc to tJia same 
causes. A nuttinU atone showing or astcruuu is at 
once distinguJftiird fram an artifickl oorundum. But 
it is quite iliady that il Ute lattur wem aulijected to 
an intense shearing stress, atul then ai:tcd upon by 
suitable chemical mgents, a «inil.tf result nnglit l)e 
obtained. 

Tlie oonsUtuents, aJuminhim and oxyg^, of corun¬ 
dum together IwUd up motv than iial/ ol the earth's 
cmsi (oxygen silicon a7'‘7, ijlttmlnium 8%). But 
^ny are usually combined wth siliotm to iomi the 
important atumino'silicales—clays, felspars, and other 
rock-forming minerds, Conmdum cannot therefore be 
formed in a cock that conuiiiui an excess ol silica 
qtmrU), but otily in oiifi ihixi DCintains ^ ^^xicss 
of tyv^r sHica* Tills acfounis inr tii<? limited 
dlstribuLiEin gf f-omudum^ which is really not a. common 
mmeraJ, though m a lew plricea n^h materkl has 
been mhicd itt cotisidmbb qiuijitjtii$$ fur a3 on 
abraii^'t^ The in which it is fmind indude tJie 
rarer types of sytuitCp peridotito. and as 
well AS some Cf3'5taiiiiie schists and cryst^hif! lime* 
^oncs (nuubli^). These rocks belong to two dAsses* 
igneous rockt and mcfomorphic rocks. In the Inmicr 
the Gqrundmn hiis cryjitiiUiied from a moUtm 
and i$ oi j^eous origin. In the Utter it is of rncta- 
morphk origin^ iMing formid by the r«riftft*n*riif>r|| of 
pr«jcistiiig Runcrals under tcmpirawture and 
muLxmr wJute the rock nnrnunod ia a soiul state. 
&mfiljiiu3 tl lias Ijecfi /armed in hl&cks of shale or 
dajMdaU: wlif^n these have tieen tom frotn Uic walls 
of rock crevic® hy tlio infrualozi of a mnltsn magma 
bofimih tin: carth^s surface- This fomign maicriai 
may liave bc^ii melted dcKwn^ 9# iitpptying the necessary 

of almuinn; or the hlixk? may have txxn baked 
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to such an extent that the aitiniijia recrystallizeil ^ 
coruiKfujjf in the thetnaeh-es. In this way, in 
the bknd nf MnU,. mre fonnect tho ooJy sapphires 
known la occitr tn the British Isles; hut they an: very 
small and of no iis^ as gem-stnnes. Quiy ttn-o or three 
other Aulhi^tic occtimuicea of carriDdiiiii as crystals of 
micmscopic ^ke have been recorded bom the Bi-itish 
bkft. 

Localities for gem comndirm ane few and between^ 
and cxct^pi in a few the ftoms can be coUccted 
only as watcr-wom crystals and pebbles from the 
river gravels of the dibirict. The stones found vary 
enomumsly in qimJi ty (and price). The best rubies 
aime Irciin Bunm: and the best sapphires, together 
witli gem comnduins of other cohoTs, htim Ceylon. 
Bui ti^ is not to be tutken to mean ilLit aU rubles from 
Hunna and all sapphires from G^ylon are better than 
tho^ from other localities. Some rabies from North 
C&rolitm are better than $cme rubies tmn Burma- 
Sapphires of good qualiiy are also foutid in Ketdimir. 
Both ruby mm sapphire, often rathui dork iit colour* 
come from Skm; dark blue and greenish blue stones from 
Atisltulia; and pakr fancy stones from Mcmtaaia. 

Id C^on the prindiial gemming distriecs are tn 
the miighbourhood of BoLngorla, Rakwana, and 
Ratnapura* to the south of Adam's Feakp in the south 
centmJ portiou of the Island. Rutnapura, which In 
Siuiiidese meam ” City of Gems*', h the Irailmg centre. 
In the deep hottot v^eys pits aresunk in tlic alluvial 
deposits at the sides of the iteams. After penetmting 

chiyp and sand to varying depths the gem-bcarbig 
gra\^J, caUed lUam is reached. This has a thidbieSo 
of five to thirty feet and rests on the iKd-roct The 
amalt pitu arc worked by small gongs of natives using 
very prixpitive methods for hading out water, support¬ 
ing the sides of the pits> and lumping bock the Hcur 
of mud. The excavate<[ illditt " h w^hfd free frofn 
mtid in the ndgfibouring atieaiu hi ifialJow baskets 
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miid« of d<K*!ly w/iven iFtrips of bamboo, Tlie clfKui 
gravel is then sort«^ over and any jifein^atonM piiiked 
Cali. Not only ^pphire^ but iibo |^e.ni carunduin ol 
^'-driou^ culcnira. ificliiding^me fotay, mtaily of a rather 
pale colour, Kiv^ral other kijitl$ of gem^stcmes, 
as wdJ as gold, are so coUected from these gravebu 
Tlie other gmi'Stox^es include zircoix, chrysobcryE 
(cat*s-eye and alexandrite), spinel of various shades of 
colntu-K btty\ (aquamiiriiie}^ top^, foutmaline, gamofs 
of various kinds, and quartx varieties (amethyst* cintpe. 
&c,), Grat-stone^ and gold are also ooUcctefl by 
dredging in tlie streams liscmselvcs; and the iugh-lovel 
gniveb on the sides of the valleys are sometimes 
workeal Tlie work is very haphazard and b done 
eutkcJy by the nutives Ihenaiielves, There could scarcely 
be any systematic working on a large scale. One pil 
rmxy arriic^ a lucky patch, whilst mother ck^ by may 
be almost barren. 

The rorjes of the district fwe ojidcnt pro-CambriAJi 
(Archnn) gneisses and schists with some bonds of 
white marble and Intcmccted by later dikes of white 
and red iJCgniatite. Opatjue corundum is knovm to 
occur ill some of the gueissic rocks, but it h only quite 
recently that the gem corundum has been traced to a 
white qmmz-free pcgimiite, aiid aquamarine has bcKi 
found tn situ in a quarts^bejuing p^^znatile. Jt appears 
that practically ah the gem minerals have been derived 
IronL thc^ wiilte pegmatites, but tliey are not workable 
prO|H>sirioTts. Tliere is no evidence that any have come 
from the wliite marble (as in Burma). 

In Upper Burma the principal mmmg district is 
aruimd Mpgok. Here we find tlie same complex of 
andeui rT3ntahine rocks as tn Ceylon. But {lere tlie 
home of fbc ruby and of nsd spinel h dcfiniidy in the 
extensive bonds and lentides of white crystalline Unue- 
sturie or marble- Spedmens showing crj'stob of ruby 
embedded in this rock may be seen in the best mineral 
colkctions. This is a rock of metamucpJue origin. 
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It was no doubt originally deported an ordinaiy 
limestone in sligbUy muddy, wsiter In snm& ancient sea. 
When ^LkseqiuaitJy lurried deep m the eartJ/s crust 
and subjected to mlen^ pressufiMitid high tcmpera+iire. 
tins ciUduai wbonate slowly rmyitaliited as 
and the alumina, from tlic madi as oorunditmp By 
a fortunate chance fust tJie correct pmportJotLs of iron 
and chremtum were also present to impart the best 
ruby-red colour. 

The niby mines of Burma must be very aTidenl. 
They seem to bave boim firsrt beard of in Ktjrope in 
tie fiftoimth century, and they uwe meniicmed by 
J. B. TavtmXeT m the seventeenth ccotury: but tlkey 
biul been rarely if ever visited by Emopeans before 
the amKXntion of tie country En 1886. Thousands of 
crudely cut rohtes set in the Bunufsse regalia, taken 
at tluii time from tie palace nf King Theebaw at Man- 
dalay> may now be seen m tite India Mnseuni in London^ 
At that date tlie mines wiore leaiMd to an English 
company, and mining condneted du an extensive 
scak with modem methods^ But since 1931 wort has 
been done only <m a small scale by the natives them* 
lelves, nsuig again theif old priimiive methods. 

Only very occasionally are rubies takim ^ut ul the 
solid reck^ since here they are very ^parbigiy and 
sporarlrcnlly distributed. Nature has* hawev«r^ kindly 
brnkeo dwm enotTnotis quantities of the rock, leaving 
the gem-stones in the more easily Vp^ked debm. 
Some of the workings are in mad-Siled crevics and 
caverns, such as arc wdl known in Umjeatone diltnctu, 
having been fomied by the solution, of the inck by 
furface walrre containing carbon dioxick. Similar 
letidual dep^its the Itmestone are also vnrrked 
on tlje hilkideo. But the prinapol workings ore in 
aUuv^ deposits in ibe valley bottoms, and here the 
condiiions are mudi the same as in Oyba These 
gem-bearuig graveb, locally edied " b>*aa ", ^ntain a 
varied assortment ni stones, denved not only from the 
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limestone but also from otbcr Toda in tlie district 
Tliey have, in fact, yielded an even greater variety 
than m Ceylon; induding niby, iapphtrc, ?pind, 
chiysobeiyl, toofmaline, gamet, rirccm, Iwiyl, quarts, 
s^pautc, a^tlte, dan barite—indeed, most getn^tones 
but dtammid. The stones of course vjity very widely 
in thM quality, and the bulk oj the cmicentmtes cai 
only be used for gmveHing roads and paths. It is said 
that some quite nice stones can be picked up on the 
roads anmnd Mogok. But even if not of gem quality 
tluf tliffeieiil kinds of stones have a mineralogicol in¬ 
terest, and a careful study ol them would no doubt 
tell ua more about thdr cnisin, and possibly also 
gt\« mdicaritms as to where to search for more. 

In Kashmir the conditions are again rather different 
Tlir ^pphke mines are aliimtcri near the vilLme uf 
Soornjom in the 2^s]^ Range at on altitt^ of 
^4>Wo fwt. The old mtac d^overed in iSSr became 
exhausted, but others were found close by tn lasy 
Here Uic sapphire, together with grey wrundiuii and 

of a pink colour, is found m pockets tu kaolin 
fclwa-ctay), and it can be ocwlily extracted from the 
sou ^yey matrix. This kaolin has r^oltiMi from the 
weathering in pJaw of pegmatite veins travelring 
schists crystail ine grticjt tO'Ur- 
nmline and bciyl also haen found in Hic 
dislncL In the moujiUmmita njgion farther to tins 
west I in the Afalutn pnivince of Badiikshan+ ihm 

r^hy tnuie^ near which were 
by Marco I\)lo m the tiiirteench century. Here tlie 
occuE^nce fa fhe same os in Quma. niby bein^ 
associated with red spinel in a ciystallme 
It wems more Ukely that in the olden days mbfas 
camo from liere nither than from Burma. 

In Siam, ruby and sapphire are found together and 
wth mcon m the province of Cltantabuii and Krat 
m ibo south-east. Biit they are imown only in alluvia] 
deposits. They axe oiten luthcr dttp in c^ur, 
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times idmost blade. In Auarr^ilta dark blue luid dark 
grci^ij ffLtn ^uEUfiduiti j& (uuiid, *xhu with dretm. ia 
river ai Auniue in ^E:?cnsl:Lttd, In till* 
bearing; gravtis in the New LngLind dktrii^t m Krw 
South Wales. 

Afrk^ not Appeiir w hnvr ykidid any gem 
conindimii a brw saiidl crystals ot varir^tis 
coWufs {locu Hit Suntabula dianiojjtl fidd in Southern 
Hiiodtsb. Tlie " Cape niby “ fcom the Scsiith African 
dianinnd miJic^s is realty gameC In the United States 
of America toiunduni has beoi mined to some extent 
at a ItTW places. And wiih the rough corauduttt some 
iTiiiterial oi gem qiuility has bttn found. A ftw' rubies 
oi good coluiir have been so produced at Comnduca 
tiiil and Co wee Cieek in Macon County^ North CaioIiniL 
In Mcrniana gem comndunis have b»n found in the 
streams around Ilntena, and for a rime they wen: mrued 
in a weatJicied andesite dike al Vogo Giili±. These 
aof of various attractive colours, but rather pale. 

Tlie p^ens corundum, now so skilfidly produced la 
large quantities (a ton a day) by tJic crystaJliji^tjon 
of ofamma under artificially controlled conditjuiLs, is 
more uniform tn character, clc^cti and show\‘i a much 
wider rangT; of wry attractive colours than the gem 
conilufum made by Dame Nature. For lecJifiicid ptir- 
piscs it is more releblc. The pretence that it t& inlerior 
as a gem is otdy l>ecaiise it can be produced so cheapiy, 
giving rise to trutle toiiipcrition. Tlie stones are iden* 
tfcal in all essential diameterSi the real differeoce Is 
ID their modfi of origin. But whether a native stone 
is of igneoas or of mctamorphic origin appears to be 
a matter of littb inferest. At one timL\ when the 
technique of ihu imUy mitrvdlous ptocesi had not 
been fully developed^ it possible tu detect artl- 
hcLUiy produced stones by tfw presence in them of 
rnund bubbles and curvid striae. But now these can 
he avoided, and the booi is rather on the other foot, 
ft is easier to detect a native stone by its iinpcricc- 
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tiom and lack of mitformity, Intcinal atrtae, siQc, or 
bands of colour are luoit simingixi in slraight lines at 
^les of 6o* OT 130“; and any wdlks haw angular 
boiunlanes. The reason /or this is tliat the crystals 
Imve grown extremely slowly and have been atik to 
d*:veh*i> their proper extenoaj crvstal fatis; juid 
further, during the long period of growth condilioas 
have not always neinauiiKl the same. It would be 
possiblo to write a wImiIp book on tlic unperfecticits of 
crystals, both natural and artiflcuil, Coinp*re, for 
example, the mntals of ruby represented ia 45 and 
Plate V, ^tfficiatly produced crystals have grown ro- 
Jatively quickly under quite uniforni oonditions. Tlie 
lawTs of aystaliixatioa have not (««n eJunged. The only 

diflj^ce 13 in the introduction 0/ the elcmem of 
tune. We have just been doing tie iame thing mcir* 
quickly. ^ 

KEY TO TIIE CHARACTERS OF CORCrNDtlSf 

t^mbn^tah cr = 5?* 34'. Compoeitim. sJuntltw, 
Alj^. Speofic jirartty* 4.0. Hard newt Optioilly 

e^B^Dily oulound. irtehralsiii vnrytuft with the CAhinr. 
VcriHiicv njby MpphlreUdiwh tmvy [htukj, lAciUitia: 
Burnu. Coyloq, Siwa. Ka.hmir Ac, 
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Spinel and Cluysobeiyl 

These two minemT species are lisled together aa 
alumuiates ia the table of chemical com posit tuns 

(p- 73)* they have about cqtoil rank as pTecioiis 
stones. They are some times dussihMl with the oxides, 
being figawod os dntibJe oxides of aJumuiiitm with 
magnesium or beryllium: bat otlterwnse there ia no 
relationship between them, and in the forma of tlieir 
crystals they are quite dbtnicL 

SpiNEt isa tnernwrof an important gronpof minerals 
known u the spinel group, alt of which cryatallize in 
the cobk system, and almost invariably in the form 
of the simple octalicffron ffig. 4, p. 32}.' Tlie grneraJ 
chemical fanniila for all mGinbcn uf the gmup may 
be written as MO-Eipi or MK|0«« where M stands for 
magntsium, femms iron, manganese, or xinc, and K 
for altunlniun], ferric iron, manganese, or chtbnvium. 
Such an assortment can yield quite a wide raj^e of 
minerals. When botli M and R are iron we have Fej^O, 
or magnetite, an important ore of ifoit. and alan well 
known as lodcstone, which in the old liooks was men¬ 
tioned with the precious stones. chnwnito, 
is the princip^ ore of cJiromiitm; ami ZhAljOt. zuic- 
spind or gabiiite, is one of the rarer ore* of euic. Cab* 
nite i* usually of a deep green cotoor. and quite likoty 
it nuty somo day be found as material of gem quality. 

Spinel proper a miigneria-spinei with the (ormok 
3IgU.Al,C^ or MgAlfO^, but small antount* of iron 
and chroDitiim arc usually present replacing mag* 
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nc^iuEii and alumtniumu mmof ccm^tiruimli 
provide itie colourhig matter, cokiiirk^? spinel bcftifi 
<|tdte a rarity. Wtli iocreasbi^ smeiuit ol tree tfie 
mineral grades tnto the blikdc variety knowa 
03 qeyknJle^ which is found with the gem Spiac! in 
(^ybn and lias oceasbnally betm cut as a hlaek 
stoni!. 

CJeflJ' spimd of quality may show a wide range 
oi colours—crimson, pink* yellow* brown, ({r<rcn* blue, 
purple* violet, &c.i of various shades. A good ^erie^ 
of oolouTcd spineb b exhibited in the Bitminghom Art 
GaQery. Tlie spine] found with ruby in Ceylon and 
likinim U often of n nihy-r«d colcttr and h often 
incorrectly coded " ruby-spiiiclor “ spiitel-rtihy 
both nnmra really meaning a mby-red ^indi for tlicre 
is nn relationship berwoen luby and spmul. 

Some other vague and mblisiding noinifa have been 
given to onlour varfeilcs of sptneh the^ ore better 
suppressed, but <me mny be mentioned on account of 
its inteiresung history. Tho name " balns^ruby b 
often applied to |KiIr red atjinei of inferior qimlity. Red 
spine! has Jimg been knowm to octmr with ruby in w'lnte 
marble near Jogdalak m Bitdakshim, the ancjcnf king- 
doni of BaJo^cia, mw in Afghanistan. Tlie old iiiioes 
^rete visited by Moroo Polo m the Udrteentb century 
and be brought back gem-stones {no doubl both niby 
and red splnd} under tlie name tah^cus. Camilim 
Leojiflidus in 1502 writes; 

B4l4uiui, k of a pujyit fir itay Colmir, Enim imd gUtfen.... 
Sotqe ibink it k tbu Cqr^vfrrf# [1 c. robyl chminiiiiii'd in iti 
CoJonr HiiU Virtujj: Jmt os the Vln^w gf the f^mule ittden 
fmm that fiJ the ^laJt, It ii miima found that the oTrtenuJ 
Pflrt of (mo and th« aame S^ooo njiitpedm ^ BMSmius, ftjul ib« 
brtrniftl 4 fmrri wlicnn fgirm* thif that the 

ii tJie llouie-. - - f t gbet (a UJjM^rden 
of tlw Liver; umi). what b itiil nuj^ luqirliEnK. vou touch 
t3m fijuT CQTfiftrj ot m.- Kuiue, Gude!!!. or VUteyjtfd. with the 

it will piTserv* tbfiiD trgm Lightsus^g. Tempevt and 

Sf«j a 
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Spinet b ugiiaJJy found as singie bab-ted ciynnis or 
uuter-wuTii graidA* ranely fts aggrrrgatts or dmsteis 

of dj'&taii; md tln.'^ octalitdraJ fonm h often devebped 
with inodrl-Ukc regtU^ty. TiHjy are iisyaliy quite 
ftniiLli, i or i indi across, crystals up to 2 indies across 
bdng rare. Twinning is very frc-qiimt^ two octdicdra 
bavli^ grownK os it were, to Isack m symmetrical 
pMtion (% 38. p. ns). Tliis type of tw mfiiog is met 
with la some uihcr cubk but it Is so typical 
of spind that it b caUed Uit dpuLej t%^'m-law. 

Being cubicj spiticl Is opticalty tsotiopir and not pleo* 
cbroic, ojid these cliarocters atone wtEI not dbtingmsh 
It from glas^ of the garnets. It ia readily diAtingu^ed 
fnmj tliL^ tiy superior hardness; and crystals of 
garnet very rawly siiow the form of the oct-UKdwiu 

As found til uaiure spiud Is a cotmiant aompanion 
of corundum. It occura in the same mcks and tjas 
been fontiod under the same Conditbns (p. 153), hut tn 
ilie pre^itfice of .v^me magnesia to ooumme with the 
aJixinuia. Geni spind b eqUrcted from graveb in C^lon^ 
Bunnu, Siaw, and AiL^lrdioH 

A notcwortiiy spedmen of spinel u tlio Slick 
Prince's niby “1 now in the imperial state crown of 
the British regaJia, and sold lo havo been worn by 
Edwards Ptmte of Wales^ at ilte battle of iZriey in the 
year IJ4& It is a polkji^ pebble siilJ showwg bdica- 
lions of the original octahedral form. Two large polished 
crystals of red spinel of ilic same type ore exhibited 
m die Bntisli Museum ooilectioii of minerals; thise 
were i^en fjoni the Emperor of Cbma'a Summer Palace 
in iSOi. 

Spind of fine gem quality and with a w ide range 
ci ridi ootouni. or perfectly colourless, Ivus been manu- 
(actciTcd in large aniounts during recent years hy tlie 
Vemeuil jirpccs^ (p. 102). This monufacimc has ltd to 
some very LDieresting and unexpected resultSL In the 
r^ly experimental work, to obuhi a blue colour in the 
artihdal comndunii, toholi was JuutiuuUy Brst tried^ 
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bin \t W3^ foiniri that to abtam ttm colour wilh cobalt 
muAt alio be added to thtt mixture- Tbe 

pmdjucrt was at first ihoiigbt to br sappbin?, but it wi4s 
afterwards foiuid to really spiDrL Some of thi*^ 
spmd is q( an entireJy new typCp differing from any 
spmoi yet known in nature, it Mas founil to contain 
an eurcess o! alutnizin ovtir lisa! tequifcd by the spinel 
formula ^IgO.Al^Oj: rjiiJ tbU excise nuy be present 
in j(paduaUy varying nmerunts up to MgO,jAbOi. 
that 13, five moJtcttlcs of aluinuia wiili only one of 3esia. Tills cmious anornaJy prescnied quite a 

tni. whkJt was only finally solved by tbe X-ray 
rrmtbod of examining cp^ialat By tfib niediod ii has 
been proved tbat aliimma does not alwayit cryntaJJlze 
in ihe rbomlioliedm] system as the common mineral 
corundump but tliat unefer certain ootiditions it may 
also ciystaliiae in thi^ cubic iq^tein. It am also crys¬ 
tallize m tile liexaguiioi sy^teiti; ai^d thett is not um: 
^timina, but three nJumimiSk Thii rJicmiix^hcflral farm 
Lfi distinguklied cts A-aJumina and the cubic form os 
y-olutuinti. Now tliC cfj'staJ^t-ructum of y^aJiimiim 
shows a close n^btiun to that oi spinel, and the two 
aK capable of growing tPfiether to form a single in- 
dividuaJ crystaK known as " mixed crystal(p. yi). 
The y-afmmnft is an tm5UhIe form at onjiitory tetn- 
peraturea and pressures, aiitl lor tfib mtsou It h not 
found as ii natural iduicrul. thoiigh it no doubt exists 
deep dovm in the earth's crust, in the mixed crystals 
it b held En coTtirul by the spinel. Bui when ^uch a 
crysiijJ is tempered for sinne hours at C-^ tlie excess 
ol aluiiufia begins to faJi out from the ftcliil solulion 
as a^^aiuUiina, and the atone then shows a mixmstotie 
fibcen and astenani. Tempered for longer periods, 
mocTt a-aiumitia separates and the stones become 
opqjque. 

A similar phenometmn is met with in the gem mineral 
fihrolite, the urlifirinlly pfoducciJ crysub of which 
usually exmeoin an excess of idiurufCL Socb ci^'isials of 
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£brclit« tmy he $c«ii wliro thm 9tctbns af porc^biii 
Are umkr the priljiHring mlcttK^pe, 

ClTttVsOB^RYt micient tmmt meajurigyellcnvtKTyl 
(xpTw* gold), which, like dfiy^hu, most have Ih*eii 
appUed to a of dlSetenl: scoTies. The inincral 
now kiKiwu by tlua naroe vm hrst tt^cogoi^ed as a 
distinct spedei by A. G. \^-emer in befote the 
disco\*er^~ of the chiankal ekment bctylliam. which b 
ikn esseothd eonsriiuciit of the nitneraL If b an Alumi- 
U2Ltc of bcfylUtim, or a comtxjinid ol the oddis of 
aluminiiLm oulI betyUjocn^ Be-O^ll^O, of BeyVl,Oj, 

W^th A hardness of 8| oo the scab* chiyHOberyl cames 
next to comndnm mid diomoiidi and iintU cjuite re^ 
caitly it was \ht tliifil hardest of oh known mioenils. 
The new mlneml bromeliite, consisto^ of beryUkuo 
o:dde, BtiO« and with n fiardness ol q, Iins been formed 
in Sweden ns a few smaLL and it may Inm up 
^JBE day as a geiri-stoiifi, 

Cry&t^ of chrysoberyJ are arthorhombic and thvy 
show a sitangc Likeness to crystals ol its nam^isake 
duysoltte (= oUvuie). Fig. 4^ Ji of a sunplc ersrstaJ of 
din-siiberyl rroresents equally w^il a crystal of olivine, 
the veiy slight diilcrence ki the a^tgics not being 
appreciable in the drdwing. In dnysoboryi the angle 
between the nomml to the faces a and f 1 at :=< 46" 46', 
and W ^ 59* 53'j the corresponding singles in dirtoe 
being 47* 2'' and 59" scsjcely enough to distin¬ 
guish tiie two cr>'3tai5 unless acorratc meoamements 
can be made. There must be some teoson for this, and 
abo for the stiango fact that while ctystab of chryso- 
bcryl ore olittoit ^ways those of olivine sire 
VEty rarely twinned* It will be noiiced tfial ttie tmglB 
bi is vay nearly 6o^ as betw^ii * lie pnsip faces of a 
hexagonal crystal fe,g- beryl). Between the phmes b 
and i there is a possible plaj^ at 20” 43' to A; and twin¬ 
ning on this plane givi^ to psen ^-hexagonal forms 
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(fig, 46^^, winch b n wry ctutmcleris^k katntn of 
cbjyKfberyl, In (ig, 48^ the secom] crystal k brought 
into p^tij7i) by a reflection of the first crystal across 
the twin'planfir or by a rotation anii-efocikivise through 
an angle of 59^** 46* (== a x 53*) about an axis 
pcipcndkuhir to tlie face a. tn %. 48c tbe third czyatol 
is btii^hl into pcsitum by a sbnilar rotation in the 
opposite direction. The tliree cr^talf arc then grovm 
togetJicr with intcrpeiietratiun. fare a grooved 
or striated punlkl to Its intorsectioa with the pinqu 

SuBoiU cnMut, 'PpjiHtpd (f) TMipim 

face »* and this gives (he t'-aliapcd markings to be 
seen on msaily jill cnrstols of chrysobery'L Many crystab 
ustiaily have Ujc form of quite thin plates parallel to 
a and with a hexagonal or trianguhir autlino. 

The colour of cluysoberyl is nsuaUy pole yellow, 
brown, or gnecn. Perfectly dear and colourcrystals 
have recently been loimd In tlie ruby tniius at Alcwok 
in Upper Dumut-and in tlio Gold Coast in West Afraa. 
^by-red and sapphire-blue crystals are not knoa^ii. 
but there is no reasou why they should not ojie day 
be fotuicl. An interesting colour snriety of cluyso 
beryl is called alexandrite. Tbb shows a djirk green 
^our by daylight and a deep red by srtifidal light, 
best SMI in ioouied stones that Irave been cut with the 
table facet paraJlcI to tbe ftica <1 of the crystal. The 
crystal is sUuiigly pleochrek, and a ray of while light 
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p^9$bg thmugh Lliis fcioe oiyr^go as a «i^niy luid 
a gr^^n y*ray fsec fig. 31* p. 5^). Further* tli* sp^mm 
of wliifc iigiit passing tbnoMgh tJm lace ahuws sticng 
alworpticm bunds In tfcc yciluH" and blue. In duylight 
which is rkher in blue rays, lh& pfedbminiLliiig cpIoiu 
will thim Ife giranr ’wdiibf in bmplight. which is richer 
in red and ydlnw mySj the pi^dnriiiatfng colonr a red, 

Aiwttier intcTcsring opLy:ial phcnoni^^ton is slipwti 
by the caF-^^ variftij^ ol diryiwbcryl- A iabodion 
stone cut wiiti its base pamJJel to tito vertical of 
the crystal (any plane mmlld to the edge between the 
faces a imd s in &g* 40 u) shows a silvery Itand of re- 
Dected light, wh^ os tlie^ stone is moved about, 
moves cm Ihn surface. Tl%h is due to the presents 
tn the crystal of vast pqtnbers (25,000 pw square ctmcK 
metre) of excessively minute Isollow channels parallel 
to the vertical axis. This “ chatoyancy " is an aod- 
detitaj duuuder and nmy be shown by any mmcnil 
possesdng a finely fibruiEs structure, with pamlld 
fibres in one direction, c.g. quarts, touirnalijic, asbearos* 
aud even a red of rilk Chrysob^l cat's-eye is often 
called cymophtinc, a name gi^%u by K- J. Hafiy ia 
^797. imm a wavc^ and still used by French 
muicrahigists m the tu^ for the specks chrysoberyJ 
railier Uian us a variety name {£lcitde^-cllat}, The 
differs t kinds oJ caiWyc are best ihstlngiiished by 
prefixing the aHme of the miuereJ, ^ quortx cat^a-cye^ 
itc. 

(Ihiyjobcryl oocnrH in pegmaiite, granite^ gneiss, and 
mica-idibi. Fin ciystak are fottnd m pnmte at 
-icverd places fn the New England states of North 
America mid in Uoinvia. With emendd ami phenakite 
it occurs til mica^dmt on the Toko vara streoni norLb- 
cast of Ekaterinburg in the Ural Sloiuitains: here 
M the akxrnidrite vmicty, oami,^ jiftcr the Cjnr of 

MoESt oi the gem quality maicruih indudirtg 
atexiuidritv and i;:at*s-cyCp now comes Irotn Ceylon, but 
it is known there only watcr-w^mi pebbles in the 



SPINEL AND CJIRVSOBEHYL 

Alltrrial depostcs. Pebbles of geoi quAlity ore aJ^ fcnjttd 
in Bfaxit. 

Tlie mmeml tias beat prepoK^ aftibcially^, but cmly 
aL» minute oyatals. The so-called ''syutbetic aldE^- 
drite^'bafraudtxknt suhstkution of commiam 
or fipuiel colwred with 'I'lUiadJiim oxide. 

KEY TO THE aUBAClBHS OF SPINEL 

cnbic^ OS oc±fcb«'<ira; uctalh^dnd attgle, to* 32^ 
.MgAiiOf. SpiTufic jsra^'ity* 3'6-2-7, Hijdnrs^ 

Qpticmly iAOtropit: uid not dIdacIitw. Rblrajctive ind^ 
VaricRMi^ cAlDmei rwUr ooAtmias. VkHaUk 

gaittv^pind (btuc; curtb^liibg ZnO tp. gi, 
« l-747h Loalkd&s^ C^kio^ Sim. 4c, 

_ 
KEY TO THE CHARACTERS OF CHRYSOBERYL 

Oyft^K ortbarborabJe (migta* gv 4^ 46^ W *-= je* 5ji^ 
^pMiyoti. BeAJ*0|. SfMcito gniTlty, 3 7, Sk 
Optically biunn.! and positive; itioiii^j ptmtimic, K^ftactiv* 
bilkiJ^ I'Tft ud 1*75. Vaiimdy eokjtimt yiUlo*, bniwii* 
p^: tftnjfy Vtaimm akundrita, cai^i'^a. 
leadities: Cey^ Bmdl, Utak 



CHAPTER XV 

Beryl and Topaz 

IN the last chapter wt dealt with twe d laminates; 
him -we have twD of ahtnit 

rank |ipccloU5 stancs- Tlieirc are severd ailier 
ftlitrnmi>^tticatefi to Ik mcationed later <m. The grass* 
green eoloar variety of beryl known a3 cuwridd is figlily 
priicd ^ a gtm-stooe beoutac of its rich colour and 
the rarity of fmn quality Toaterial; hut it is rathfir 
tower botli m hardness anri in refractivf^ index dian 
topu. Gtwd to{m is mtm raref, but tliis bas m>t yet 
been fcnnid of a rich wueRld^grten colour. Suppoatng 
tiiat tin explorer ixt^ sa)% Greenlkiid dine a£TOi&s a whole 
mountain of rsnerald-^reeii copaj.^ it wuuJeI be intcrestbig 
to speculate what would ho the reiictiuu of etnerold 
merchant. 

Both beryl and top« are micient fiamea tlua were 
nppUed to a variety of stonesp and it wa^ only at the 
end of Oie eigh teen ill centuiy that thoy were ddinitcly 
limited to tlie iniuend sipedes we now know by these 
names The chcnuca) el^imt beryUiam (or gincummp 
so named because of the weet taste of its salts) was 
not fibcoverwl until 179S and the meful itself was not 
Uotated until 1B28, It was first detected in fhe mineral 
beryl of which it 15 an oofisliiuent Eety^llium 
b a difliciill ekmeut to detect diemlcally^ amj it b 
stiU more difGcuk to atn^ct in the metallk; state. 
It h an lafiraicn^ilinarily light, y^t ImnJ and sltver-whflBi 
metalp wUh a s|)«dGc,gravity of only 1-93. Alloyed uiih 
lUuminhirn it gives a hai^h strong, and light Tnaterial 
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sdtAble hr Uic eonstnictitm of .\tid alr^htn, 
Wlwo rho process for its estraolibo aui be suttplifod 
then? wilj be » greater dcjuiuid fof beryl ns an ore oi 
beryUititn than fot orpaTnerirEiJ prirposca." 

Behvl.— rhe ciicmJcaJ formnli of tjciyl, gi^'^Ti in the 
textbooks 3ii is only apprdxwaiiEly correct. 
Ajialysea iistizdfy show Uic presence of lotiall amounts 
of water imd Uie dJoM mclAls lithium/soditim, polus^ 
siiim^ o^ruoir nibidimn^ The variety casiiim^ 
htryi (wliicii is usually pink and indiuk^ iJte cokiur 
irarrety motganlte} conuius up to 4*j6% of 
oxide CsjOx 

Beryl crystalli^^ in tlie Itcjm^Dua] sysfrtn, usujiJly 
as weJI-sliajxfd hexagonal prians tmiiiiated by Hie 
basal planes (dg, 15^ p, ^7), Frecjuiently only one basaj 
plane k to hr setm* smee the oystak have grown 
attndLcd at any end U> the moirix- The priim faces 
aitr always striated paraJlel to Hieir lerigtJiK Uiat 
to tiie vgtjpJ axis of the zty&\id. Thb ailoids an 
means of distingmshing a crystal of beryl from one o! 

whieJt also forms hexagouiiJ pngmSi but tnsra 
tlie mism faces arc striated perpendicular to their 
length. In beryl thk striatioi] ajjd grooviTig may be 
so ptonouiiiocil that the erj^taJ luis the form of a 
cylinder and the tiexagonaJ form k <ittitiSobsciircd_ Thk 
is due to tbo presence ol a second hexagonal prism 
set at jo* to Ibe first (one face a of sneb a prism is 
shown ui fig, 4pi) atud a repealed aJleimtiiin of ihe two 
Sets of facts. Iji tnosi cases the habit of tlw cryntuli ia 
biT^*prkmatic; but in samo ctyshib. putieulariy ol 
a^iun-bery'h. the habit b tobulax^ tlie prkni fates 
being short, and the basal planes then become the 
pfcd^imfnatfng pair of faces- In addUion to prism 
and btisal plane (lettered i» and c bi fig, 49)* there may 
also bo a series of 9wmll«* fam im tiue edgm end 

These arc hrxagoiinl pyramids, one series 
{p, u) of wlitch replaoes tlie edges r/m, and another 
icries ifc.j the oomers. O^x^onally there 
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may be ajiotlier ^^6^ of faces repladn); the ed^e^ 
ffijs (ruiiTow aukttercd faces in fig. 49)1 these are 
dihe;cagonal pyramid?, witli twelve faces above and 

twelve below. 'rise heMgoaal 
pyrnimd p IS taken as the tmit 
pyramid* andis mdiaetl to the basal 
plane at an angie ^ ^ 
which h thr ia^)-stalJeignip^ con¬ 
stant for bciyJ and (rom it all iJie 
Other Jingles on the ciystal can be 
calculated. The angle of 60® bet weeii 
the nomuils of adjacent prisni faces 
ia the same lor oil li4!j(;^onjd and 
rhombohedml crystals (connuiiun, 
qusriKH Ac.)^ ^ measurement 
ol the angle fp w ^ at once t^inhles 
us to deterttimc this crystal a? beryl 

Tlie fine crystal of 'bcryi (aqua- 
marinej represented in Plate VI is 
clear and of gcui iju^dily, uitifa a 
bluisJt-grccn colour (a colotir which 
diangeS to deep blue 011 heating) 
and weighs 2505 grams. It oilurds 
a good iiltistmtion of the actuiJ 
dcvelopmcDt of crystals. In Oic 
plan (tig- 49 A) only five s faces and 
only two u faces of the six jijquired 
for a hejrogonal pjTTiniid aro pre- 

correspundiitg 
(.tf;»riinita.iniwifih. oonsidi3Tab1y in itixe, Hiia 

axcidents of grow'thj more 
.iiimwai*t.i<9Rdiitia«MDi iiuiterioJ having suppli»! 

**—' (Ml on(} aide tban im onotber 
durijig the growth of the ciystaJ, IS the smaltr fates 
were planed down pantUel lo liicjn.'ielves the ideal 
form liiown in fig, 49c would ttstUi, It w'ill ho noticed 
that‘in figs & and e all «lg<s bftwwn oorreapoiidiitg 
faces OR' atrictly paraltcL Tlie airangement of tho 
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faces tm a crystal in itonts with a series of parallel edges 
an imporf^nt point to bear in mind. Id fig, for 

exanipffi, there arc only three sets of parnUel lia^ 
(ailditjonal ones in fig, 49 ^ arc due to incersections 
between the plm^ c and 

Gjitnnon beryl fe dtill and apaqne, and iisuitlty 
pale gramkh or yellowish la oolour. Clear gem varieties 
show a wide range of oolotirs or may be quite colonr- 
!es. Crystals of a vivid grasa-green colour are the 
wdJ-known emerald; paJa- greemi, yeUowisli greets* 
bluish green to deep blue are classe<t as aquamarine. 
Golden yeUow berjd liafi bwn caJlisd heJiodon and the 
pink from California and hfadaguscar was named mor^ 
gnnite sifler John Picrpont Morgan. 

Cmespondi^ with vadadotu m the chemicral com' 
position there b a mnge in th±j spedSo gravity of beryl 
from to 2-g, the higher va]u4s ^ing lor the varieties 
ricfi in alkalis. Conmion values are Tlie 
refractive indices also show some variattun ■ ^ ^■5T- 
1*60, t I-56-I'59, Didu7>isin is distinct, but not wry 
strong; in emerald the onJinAiT ray-coJotir is gnx.a 
and the cxtraonlituty ray btuish grwn. 

Crystals of beryl sometimea Attain an enormous size. 
Plate VIL shows a radi&liug grcHtp of large crystals, 
resembling tree tninbs, foond in 1928 in a fd^c 
quiury in pegmatite at Albonyi Maine. U.S,A< Tlie 
loi^st of thi^ nieastired 16 feet long :uid 4 feet across, 
and was estimated to weigh iS ums. The nuterial 
was cloudy to opaque and d! a pole appXc-giecn colour: 
but some clear pieces of aquaniaruie and golden beryl 
were foamL The largest recorded crystal of gem quality 
13 one of aqui^rine w^hing 3.13 lb.* whicb was fcFDnd 
in pegi^tite in Brasil in 1910. Tlie Ane firm’s to! repra-^ 
seated in Plate VI also came from a pegmatite In Brazil. 
Material of gem quality has also be^ obtained from 
pcgniAtites in C^tfornJa, Kladagiut^. South-West 
Africa, the Ural Mountains, Siberia and elsewhere. 
Soulier cry^itals of the same aquamarine varieties ore 
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ik\so fdiinrl m Tbe hmt eximiplc of a ^uh 
fftone found in Brittsh Utm is stiomi by tbo deep 
blue iKvyl froni the grjuute of Lhi^ Moumi' Mountnm^ il$ 
County tiown^ Ireiwd- 

In cmitr45t the occurmice of aquamarine in 
rock? of igneaux origin, ciTHjndd occurs in rocts of 
mctaJinpfphic urigiii. ?t haa been obtaixiod fraiti mlc'a- 
schist tn she eastern desert of Egypt (" Geopatjn^s 
cjns^ndd ^la the Tokovaya streonif nemh* 
east of Ekatcrinfanr^ in the Urals, in the Habacti vulky 
in SaUbuig, and fnote rtcetiUy in northern Trajisiaal. 
The fftinous crmjcndds Ihun ther region nround Mi™ 
in Colombia^ SotitJj America^ were mined by ibe Incas 
and Were seen by the SpiUiish Coi>querciES in i537- 
The mineral is here found in cakitc vrijiji m a nioi^ 
fofdedt bUdt carboiiacemt5 limcstnrw of Cretaiaoua 
ngit!, mtd bcUtxrtid to be due to njetotnorphic (|?nen- 
maLoJytk) action from pegmatite veins in the vicimty. 
A recent ^'scoveryof emeraJd at Bum jcsiis das Meiraa 
m Bahia, Brazil, ts also in ^ ntetaniorphic Imuestone or 
mitrbit. Tim occummee of emcmld (aa distinct from 
nciuamorine) in metamorphic wck\ may periinp account 
for the very often sliovm by Uicap stones; 
indeed, some jcwrilers regard a stone wldi suspidon 
if it slmws none of these 

Small ciysuB of beryl (inclodi^ emerald of gem 
quality) hnvtt beeu produced artiDdiallv. So-called 

3>mStustic; aquamarine &c.i are frauclulcnt substi¬ 
tutions of artdicial ccrnmJmn- ^\4i anemJd glass has 
been prodticcd by fusitig small fragments of ciy^coUi^^ed 
emerald. " Emerald " doublets and triplets are con- 
stmcied by emw^ing a thm plate of green glas^ 
tween quaria or bm-L 

In fareted stones Wyl md topajt ore very aindlar 
in ^peamnee md tn^y eaiiily be confused with ojie 
anotiier. TIi^ have tbe sanre vitiwus luitre and show 
very much the same riuige of They are most 
eas^ disfingukbed by the wide difference in their 
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BEKYL A.JfD TOPAZ '7S 

spe^ ffravity; tops* smfcs itt methylow! Jo4iile. ’ 
whik* lietyl floats- Eu cfacttiical curfipo^tkit} and Ed 
ciysraUine {orm the twa niiiierals ars quite disditct. 

Topaz Is a lluo-sEUeateoE aJuminiuTn wilh the dienticaJ 
fonaulH (AIF}gSiQ|. Sucli a formula cortesponds with 
3fO'6% of fiitotiiie, liut QiiJy rarely ts this amount 
found in topar. The ai:taaJ amount may be os tow as 
15-5%, and Uien water b also present- Tliis is explained 
hy the patttaJ npkceincnt of fluonne by bydraxyl 
(Oil), and tlifl formula is UTltten [/UlF.OHJjJSiQ*, 
Conesponcting with this vamtion in cticmiral cain» 
poeitbn, there is a slr^t range in nKcific gravity from 

5’52 ft* B‘57> ^ the retnutive mdJees, a t'di-i’5^ 

C^'Slaht of topas are orthorhombk with a pris¬ 
matic development- Hjc prism faees (f, m) ore striated 
paratlet to their mutual mtersections, i-e. pamUct to 
the vertical axis of tJie crystal. Oth(!r faces shown in 
fig, 50 are the basal plane c, the unit pyramid u, and 
the domes/and (suggesting the steep roof of doMui, 
a houae)- Variations in the relative sires of these faceit 
give quite a difieront uppeanuico to the crystals: hut 
tlic angles between the faces and the directicHts of the 
edg)^ remain the same. Fig. 30a rypresents the form of 
crystals (incmi hturzinka in the Ur^; and fig, sor ts 
opedally characteristic of the shem*-yclloW' crystals 
from Broril. 

An impoTliuit character of topeut is tiw perfect 
cleavage in one direction, parallel to the busol plane, 
Craclb and featbered flaws due to this deavage ore 
often to be seen heddo tlio aystoJs, and there may be 
rendered more cotBpjjdUOiss by the Iridesunt colours of 
thin films. Tile ciystok tisu^ly grtnv attoclicd at one 
end to the matrix, and when dctadied they sliow a 
Ktiooth and bfiglit clcava^ surface at the broken cjul 
The crystals reprerented in 5CP Ixiuoded bekrw 
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by this perfect Dol^bJ^^-ei!ldc<J ciy^tds o( 
topu are Tartly seen. 

Tcpitae b n^sudly clear mid coktirles^ but it may 
be vanDitsly ccloured^ u£4ialJy in %bt stimles. Pair 
bltic h cotumofi^ hlubb gtwu aud gmUp red smd pitilc 
are rarer. The pGpuJar idea rliat tbe diaracrerlstic 
EioIoTir of ^ yt\low is quite a myth and needs 
correctkiD. uy^vtab of a tkh abctry-yellcTW colour sxre 
feaown ditty from a single locality in Brazil, munrly 
along the moomtaiii rii%c eaimidmg tmm Capdo do 

Plrr vt Tn« 
n'*niinHi4d btlww br ibf bMHj climtO 

Lane to Ouro Piipto in ^tinofi Criraeg. This Is often 
coiled ” Brazilian topaz ", but tiic bulk ot topaz from 
Btasti is oolinirles or pole blue. SmoJl erWbUs of a 
%''viy poJe-yeltow colour hove long bti^t known from 
Schneckcostdn in Saxony, CrysuJs of a brownish* 
yellow colour are known from Siberia. Uioh, and 
CotoTuto; these fade oo exposure to light. Books on 
fnedous stones, copying one from another, stotc that 
yellow topu is found in Ceylon, a statement tiiat 
appca» to havn arisen from the tmfortuiinle cottfnsion 
in cnlliftg (he more common ytJinw corundum " onentd 
topaz ", in Ceylon tupnz is fcuijid os colourless umter- 
woro pebbles. TJjere is unfartnuatcly much laxity 
and cdttfusion in the statcimtmt id the exact localities 
of minerals when these are cui os getn^stones. Uost of 
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the matcHal sold as ** (opajc '* b ycUow qimrtz (cltiini^. 
‘"acdcIantaJ tops^'\ Spamiah topaz''Indian 
tow &c.). The Bndlkn y^fow irip£« changed to 
tt aright pink colour whco heated bitml tcrpa* 
Pink crystals art rardy iound with Uie ydlow m 
Bnidh magenta-colmired ^^als arc found hi gold 
washings m the Somrka river in the ^outhisni Urals. 

Topai Usually CKrur» in fjegmatite and granito and 
is often JtccompanieiJ by Mryh ctyrtab of thr two 
mihtrala iMing ottarlied to often in &afito 
ca^Tty, ^ Another cornmon a^^ccLotc la cas^lerite (Lhi- 
stone) in veins of tin ore a£ the margins of gmntte 
rrus&cs. It b here clearly of pnettmatoJyik origin. 
Vapours or elutions of tiji Buondei ernanating from 
thi‘. granite magma, by their actkin on felspar Ofid other 
rock-fornung inincnils rise to topiz (and other 
Sucrrine-bearitig injnerBls, such as fluorite and tour¬ 
maline) and cossiterite. AUimal deposits o( stream- 
tin very frequetUly contain water-worn pebbJfs of 
topaz. Sut^ miitrrid, iiminHy colotrrksfi or sometimes 
pde bine, is abundant in the tin mines of Nortbem 
Nigeria. Tasmania, and the New Eugiand district in 
New South Wale^ Numerous loc^ties could be 
mentkinrd for topaz, fn the Britbh Isles small colour^ 
Jess ciyitak occur iti the v<im of tin ore hi Comw'.di 
{too small, however, to be found os pebbles on the 
beacld; with, beiyl in the granite of the Moume Moua- 

in County Down, Ireland, and on Lundy Inland 
in Hie Bristol Otouneh and occosianaliy m Jorgfrr pale 
him, water-worn crystals tn Aberdeenshire. Fine 
crystals are found in pcgniatite vfims m the Urd 
Mouniaifis and in ^^strm Siberia- One locality in 
Trombaifcalia, where crystals up to 31 lb. in weight 
have been found, rejoice in the nanie Borehchovochnot 
^foimtoitis (UopmoBO^inaB xpt«<krr). The Bniisb 
Miacimi CDlJectiou of minerals cotitairu a rough opaque 
crystal weighing 137 lb. from a feL^por quarry to 
Setcraduli^n, Nm‘way" and a dear, colo^irle^, water- 
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wont crysUl wti|jhing 39 lb. htm Brs^L Another deaf 
and coloorlcss p«bbJe^ weeing 13 Jb,i was tiMsd years 
ago &a a tk>or-idap in a feasbop in Fleet Str^, LoiidDi?. 
and was mi doom thought to be a Juiop of gbsa luttii 
ioane bright mUiemlogiat noUced on It the perfect 
de&vage ^ topki^ 

KEY TO THE aUICACTERS OF BERYL 

Cryatat*. IvenvipcnuU; pdntiatJc (fUtiTy tahtitar) tmhlt; 
^ ^ 56t^ C0in|)OdCi^}O, spiuoxiiikirdi- |k-jAT^hO|p bet 
wyitihriTitf locea watEf mtsd jU^U mataJJi. SpMilk 

Itanlncfla. yji Oiitkany bbu?daK OESathrar-dlcbroj^ 
incOcH, ant! « CoUiutlf^a or 

vmHouvly oolemrod, Varifttie»: «noMi aoiumiftiin?,; boUt>d»^ 
mcn^iounte. LocjlUka: Bratit Cd«bisy ahutugaacar* Raaili^ 
Saibeda^ ^bc. 

KEY TO THE CHARACTERS OF TOPAZ 

Cryatalit ^tbwhoniNe; pn^matk brnMt; perfect bitaU 
elea^ ^ 3V1 "tm «- 55" 41^ CompodllWt 

Mbcidc HUttjDtm^k Opd* 
cAHy poiftfre: pAodit^ Fetracthrv lnUkB«« f-St- 
i^ajaad ColourkaaorvariniiiUy coloujr^ Lot^UaE 
Bnailf Huiatt. Smeria^ Notthsm te> 



CHAPTEK XVT 

The Garnet and Tourmaline Groups 

The Gar£p£uT£ form an toterastisg ajgrl Ifnpfirtattt 
gtotjp of rock-lonnlDg iniiieRLid. With Uieir 

bri^t coloiim and In^Lr^ they woold be more appreci¬ 
ated as g^m^stoncs it they wre not so coimDon (and 

cb^}- They aiionl an exc^eot exaniptc 
of isomorphii^iis i^ttures in mki^inds. Tlie geni^f^ 
lormub of aU gorziets may be written M^R^l^Otj, 
where M stands for the bivideot metuls, caldum* 
m^esium, Iotou^ iitm^ or mangimese; and R for the 
tiiviUiiiit metab, aiuminium^ ferric iron* cbxtimhtiit* or 
mangancifl. With th^ cDotnpoiients we ean build tip 
quite a riinnhet of coEDpotiudf* the mnrt important of 
whidi are as follows 

Calclizm^lummJTiiD-garDiqt GftmuUr 
Jr<^-tdujiiiidumpC&nijGt „ Fe|At,^lPp ,, Alnunitia^ 

*• Pyrop* 
, , Spourtlii* 

CakTQm'trrai-goriift *, * , Ca^Ft^iOn *. Andnidlta 
CaliiimB'ehiic^uiJum^fuiiet ,, .. Uvar^ila 

Only exceptionaUyj however, does the eompodtion 
of a garnet correspond with (hew simple! fonnnle. When 
analysed they ate found to be a mtxture tn tndefinite 
prof^lons of two or more (or even all) of these mole- 
ctih^. Gmsimlju' is rarely feniiid aa oolcmrless crystals^ 
and its compositum can then be represented by for- 
mub CajAl^iiOu,' but motie often it is ooloured owing 
to tile presence of the FejAicS^Ou tnotecuie. and 

Wfti irr IS 
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this increases in amntml find a passage to 
lurssortire (dtuMiaon^fciiie). imd fuiidly gr^ing lo al* 
mandiut, wJivie tJtera wIU aLso he an iiitni3t<Hi oi 
Hg,AJ^ljO|,, &3C, All Uicso couipoumli liave tJie same 
ciyfltalliiie form, fhat is^ they aro isomorpljotis (rr^^ 
equali farmh In the garnet structure the place 
of M or K can be occupieil by wy one of tbo equivalent 
ckroeuta 

The Engfiab name gamei is a variant nl tiie oider 
form gnmatc or greiiat. sdll tn use in other European 
languages. T. Nicols (165s) writesi 

The GnmtUt kfs ktedi of Cnf^&ticfrj; ft li a pclliiddr^ 
rtd, pretlDux gcnmi^ like iinLo tha Uorm-ent oC P^mt^rAnn^s. 

Ctyitals of garnet are cubic with the form of the 
diombic-dixleccJiedron or tiae icositetrahedron, or com- 
binaiJous of (htse {fig. 51). Faces of the octolicdron or 
cube arc very randy pre5^t. Tim rhotubic-dodeca- 
htdrem is botmiJed by twelve rhomb-sluiped faeas, and 
the jcositetrahedron by tviTJity-four liaiX^nhlal 
ITie icoiiLetrahedron (Greek, ic^siif^ra^ twenty-fonr, and 

seat or base) net to be confuted with the 
tetraliccfitm; it is alw called tlae trapezohedrmi. These 
two simple forms possess the fnll degnse ot symmetry 
of the cubic system (p. 33). and the rebtian between 
them IS iUu^fraicd in fig, By tmncattng thie 
twenty Tour edges of the rhwd^ic-diXlccahedrou we have 
n combination of this form with the icosttetralieciraa; 
azKl whvn this procc^eds as for os the total elimuiatjon 
of the d faces, we have the simple icgrftctrahedr^jft 
Or by nq)]adiig twelve comers of tiuf icositetniliedron 
w'tf pass hai:k to the rhumbic-dodrc^tedinji. Ciystaii 
of garnet of these forms have grown cmlicddcd in the 
mother-rock and theyarecquablydevclupedcHi all sides< 
often with modd-Iikc regutaxity. At tiincis crystals may 
be dosely crowded togctberi fonning n crust on a rock 
surface In a cruvics, Ulieu tlu? whole ruck consbts of 
garnet (gAmet-rock) we liavc a graouiar aggregate 

i 
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of crystals that Iiave inicrftri^d mill cadi other** 
development. 

Garnets are typicaHy miiicmk ol mclatpciiphi^; 
Ofigifl, but tliey occur tu ig^cciu rocks of vanoui 
kituis aiul iu mineral veins. Wlies an impute limestone 
b al*?iv|y Wkeicl imder ptessure by a liu^e intruilicd. 
ma^ of ipieow 
magma, the almni- 
QA aiid silica of th^ 
dayey irapurilles 
cotnhinc with tliu 
lime of the ihne- 
steme to form a 
caldujii-iiiummuim 
ganiet. If the tm- ^ 
purity is rich in 
iron (ImioniteJ then 
a eatdum • iix^n - 
garnet will result. 

Being a Oiblc 
minerah garnet 
should iiormolly be 
optically iso tropic; 
but it frequently 
shows fi^le btro- 
fnogenoe, Tlifa is ^ 
due iQ straiu and u ” 
Jtonal stme ture of the crystals^, the sft'ural Miicsor layers 
being of different clicmlcal composiiuiii. A crystal may 
have started its growth as gros^iari but with dianguig 
condjtbns of feiid, successive may be richer and 
rkhiT in iron until it ftnishes ofi as almondine. With 
these voriatkm in chemkal composition there h no 
sharp line bttwtxn diScrenl kind-^ m apedes ol gUTuct; 
mu], indfiod, it ts not always an easy matter to disiin- 
gniah the di&rent which grade [uto one another. 

GROSsniAn, or goosctKrrry-^iotiet is io csjltd because 
of the pak-grten oolaur by Wmn apedmems* 

■id 
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from Ritf^ gros^ariumt ttje grwMbeiryp Even hi aiiUe crtfclourkss cr>i^tiUs eotne irijn is present, And as 
Ills ma^sL^w in oJiiouril thr cokntr ^iidcis to puk 

gnm Of vdEn^^* rcddidi ydluw or Ijrowo, Tlic 
viirifily or cmnanimi-stoiio of ft worm roddkh^ 
yd low ctiloor eonliiins 3-4 % of iron oxidCn Tlie best 
of tim comes Imm {>yionp and smdlcf ay^t^b 
are found iu Picdmofit^ the UnUs, Gdifumift, Ac, A pale 
Toae-pink grossi^ as crystAb ewibcdded in while 
marble Ifdiu XoJosIfic, Morelos, AlexkOp lias been 
called xalostocite, A ccrapAct gAmel-rock^ closdy 
oesembljii^ jado in appeAnmee^ has raocnily be^ts found 
m the Transvaalp and lias been sold as Skmtb Afrirajt 

Its cduur is vniiox^ of greeb> creacdi md 
pink, 

Almsnpxnb b the Carbufu-utus itkbandicMt of Ptmf, 
£0 named from the locality Abbaiida in Asia Elinor, 
It is of a deep rich red colour, often with a tinge of 
violet. Most of the mMerid b, howovtsT* dark and 
opA<^iie, and h then used as an abrasive, often as a 
coating on paper or doth, AlmAmlme sJiuws three 
characteristic ahsotption bands In tiie yellow to gttien 
part of the spectrum^ these be easily seen with ^ 
pwket spectroscope, and at once dbtingubh this 
minemi from red spind. Stones are sometimes faceted; 
but more uoially they ai? cut in tlic hollow cnbochon 
fonit (fig. 32 c, p 93), th^ being produced in I.ut^ 
quantities at Jaipur and Ddhi hi India. AJmandLne is 
a mineraJ of wide distril^utian^ occurring nsu&Ely ui 
mica-schist and gneiss, and also in granite p^- 
matitc. Material of quality h found in India* 
Ceylon* at Linde in Tanganyika Territory, and many 
other locatitks^ " Adduidc ruby Jirom South An^tmlia 
betongs here. 

Pykope receives if* name (rom w^rdr, ftcry, on 
■cconnt of iu (kry-red colour. It b the best known 
of the gon garnet*, and has been extensively ml in a 
Caoeted form, and sold under a variety ot iiomes^— 
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"Ikjlicmfan garnet", "Cape ruby"* from tht diamond 
minct; in South Africa^ " lElie mby *" from Elio m Fife' 
ahire, Axkona niby ** md " CfttonuTo mby fcrom the? 
Umted Stilus Being it mogrieiEiurii-gamct: its home 
in uxks mh m wiiit s«di w pertdtititKi {olivine- 
rocks), serpeniioe, and in tlie kiinburUtc of Soulli 
Africa, Pyrope usually contains 2^% of chromic 
oxide, together with 10% csr mnre of iron oxidOj and 
to these it owes it^ colour. The Bohemiau goroet 
hkdu!itry« diLuig back to tlie fourteenth century, is 
«a3itred aroujid M^tdce (MisroftiU) and Tithivibo 
[TrebiiiLfJ in the Midland Mouiitaiiss of northern 
Bohemia. The miiicnil is found in ckyoy sands and 
graveb which have been dmvixJ from the weathering 
of a volcanic brtwia coninifiing blocks of gmoet- 
beariiig periLlotlte. The gamet-bSaritig ground. 11 dug 
hum pits^ waaljed^ and hand-aort^ for the best 
stones. Those of inferinr quality are itscd lor gravelling 
garden fUtfuL ModotUf is a beautiful rhod^mdron-^ 
pink variety^ btentiedktc in compostTion between 
pyrope and ohnandine, from Cow'w Creek* Macon 
County, NurUi CofOlma. 

ANDRAUtTF is ^ oiodom (iSbS) name tn honour of the 
Portiigueie mineralogist J, B, d'AndiadEi- It is a 
oomnioii garnet occiuriug m rocks of several kiuda, 
but is generally dull imtl opaque, A striking variety 
is that known as detimnioid, on account o( Its veiy 
brilliimt lustre, II lias a higli relmctive index of 
and a di£|k:ralc»i greater than that of diamond; a 
faceted stone consequently fiaslies briltumt priamiLlJc 
colouriL tinfortimatdy it is ratho' softp the hardness^ 

being than fJ^t of quartc; and* oa qnartx b 
present In all dust, the stone iw ILlIjIc to beemne scratched 
and the edge^ founded, especially when wtirn lU a 
ring-5lonc* It was first found about r86o os gricm 
pebbles tn guld^vYEislLin^ on the BobTwka stroam in 
the Niiifani-Xagiii^ district, Urals, and afterwards as 
nodules in the neighlxmmig setpentiiM^rod^ On 
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accciinL of its 3wllm%^i5b’gTCen colour aud its dcau^ 
rmoe in scrpentbs, it vas at first thoiEght to be obvine, 
and this imiorttiuati? nrfstoke (oft^^q misspelt oJivimo) 
still perskU in the Inde. Other names for thb stonn 
are Ekibrovka gimuti and " Urillati but il 
has no relatjon to the true oncrald (beryl) which is 
abo fottnd in the Urals. Oeimntoid has rwcutly been 
found in lb(! a^besins mines b serpeutine in the Val 
.Maienoo in Lombardy. A clear ydJnw variety of andra^ 

, diie known su '■ lopajmlite '* b fottnd with tiL-^nite 
In bimAs oj .ganut^iixk in serpentine in the Ala valley 
in PirdmoitL 

SrJEsSAJm^^^^ or manganesogamet.. takes its name 
1mm Spessart in Bavam. When occurring as iorge 
masses it has givuu rise to dcpoisits of manganese ort* 
Small cry'istal^ of gem quality are found in pegmatite 
in Ceylon, Madagasem" &c_. but these am quite lure. 
Tlie colour k a rich rcddkli yellow, very much like 
Uiat of liESsomto. 

UvABOrvm, or chrcuninm-ganiefi was named after 
thr Ruiisan &ujit S* S* Uvarov {S^mponh ^nd b tiie 
mixed Fteudi and German iransliteTatmns the 
shows a wide rungc in spellings; but here tlie stone 
shows no range hi cdourg, bdo^ always (rmcrald* 
greon due to chromiunL It is futnid ns small crysiolE 
with chromite (chrome iron-ore) in serpentine in the 
Units, OrforU in Qui^bec, smd a few oUicr berdities- 
Larger crystals linvc recently been fuvmd at Outokumpu 
ju dstciu Finland. 

TotrirEAtjtiB b a barci--d:uinino-silica.te of very com- 
p]ffx compnsitkint and no chcmicaj fnmiuta 
ftas yet been deduced. An approximate formuia 
b (Wg,Fe.Mn,Di.Ka*KXiJI)Al3fl^0s,^ vviUi iso* 
Ei3£irptmu5 repluccmcnu of the sevc™ eleuieiits 
bmekt^ted tOigLilnr. It has not been possible to tbfine 
suiHspedes, os in the of the garnet; but mm* 
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lotmualuie, mn^^^-totimutline, uk[ Uibii-toimitAljiiA 
tnigtil be dutiii^sficd if clicntt^*^ ajialy^ed could be 
mwe of crety crj'Btsl. Another set of oix'nea is based 
on colour—acJimito for coIonrJeBs, sdinrl for bbudc, 
nibellitc for ixy), and Indicolite for uuH/^blui:. Others 
again aru ''Brazilian "Bruaiiaii emtiiald'^ 
arjci ■“ BraidlLui sapphire *- Tlie t.erT» ^ Jjracilian 
emendd " dates back to Joannes de. I^t {rffj'jt long 
before the name tonnnaliiie come into iise, Tlic latter 

J4.I—Ojvtdi el 

h from the Sinhalese name toiumoJU* wbfcb mclnrfis* 
alao fcirroi) md no daube other £Unies. The cfystak 
fafoughl by Diiidhi mendinnis Jtom Ceylim in 1^3 
were fotmd to p^me^ ibc! curious pt^perty ol uttrsctiii^ 
warra wood^f^iis, and they wtire tlusa c^d ascheii- 
trekker ash-dmwti* or ash-sione- 

CiyitiLab of ttJorTTi4iLmi!i rhombohcdral and are 
remarkable in ilmwinf a hrmxmorphic development of 
ibeir feces* these being diflfcmit at the two pids of 
the crystal, which ore usually pdsinattc bx hsabiL The 
cr3^iaJs repre^mted m fig, 52 ore bounded by a htx^* 
gonal prism ti and a trigon:il {trkngukj) prism 
atuj tcrmiimted by the tr^onal pjnuaids r and 0 
and the ba^Al pfene c. Hie riiree r feoes at the top of 
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the tiystaJ are mdepeiident of tht ttrcc at the Ixsttom 
{log^tber they wouJd forai a rhmnbahedron^ aa in 
fig. 13J- The pmm faces are always deeply Htmted aad 

paralltd to thi; vertical a-tis m the crystal, 
iTAiiig 10 a slep-Hke tepetjtbn and alteniaiioii of the 
faces a and m. Totirtmliiie can usually be eojyJy 
reeoguizod by the chantctmstic furnru of a curved 
truuigular prkm (hg. 5:2i:)> wbidi la »een in no other 
tninetal* 

A wide range of is ^hnmt. Crptals may 
vaiy from perfectly clear and Drdouricss to jct-bkck 
and opaque; or tJiey may be of various hriglxl colcmrs 
—red* ycHow. brown, green of ind^o-hltae* Strikii:^ 
differences in colotir are edten shown in um and tJje 
same trysuh A lung colmii'3t:ss pism may b<i tipped 
with bUcic at one cad (' negro-henda or a prism 
may be bright gnstn h\m^ half itA JengtJip and bright 
red in tlie otlier hoU; or again, there may be a whole 
series of diflenmt ccilours along the length of the 
crystal In uiber crystals llie xonaJ urrangemeni of 
icoiours h psiralbl (instead of per|*cndicular) to the 
prism iaces^ and is then sliown on the bsm] pfaiie. 
I^lbiaed alkes cut from the crystal paralld to (be basal 
phine sIjow very cfiectivaly the afterti^ting bands of 
Golonr, which may be bright pwn and rtd^ 

Tommaline is remarlcaHe for its very strong dichTD* 
In darker coloured crysiol^ (espedally bmwn and 

black) tlie ordinaiv ray (vibraring perpendicular to tlie 
axis of the oystal) b WtpJetely whilst the 
fextraordinary ray (Vibratiiig along tlae axis} b aJIow^^d 
to pass. Such a cjyiitftl, when view^ through the priim 
(aces, win abow some tranamitt^ Eight and colgraXp but 
when view^ed thr^mgh the basal plane it wdi he quite 
op^cte. Two thin sUoss cut paLralkl to thn vertical 
axis of such a crystal provide a smiple poloming 
apparatus, well known as Uie old " tDtniualine tongs 

the alkfa ore hi pemikl position light is altowed 
to pass tluough. but when they iie in exosaed positioa 
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the light is cud mil. A sultabk csysu! ph^4^d between 
the cro^istfd sh'cea will shtnv bnIJbnT potanK^tj^n colmir^ 
» seen in tlie pidarizing microscope. On account of 
tliij strong alMuqitbn of the of^iuiry lay, barker 
eobund atones shcnild be cut with the table 
parallel to tlie pHam faces, while pakr stones will show 
« iMttcr cclpnr when cut with the tabic parallel to the 
basal plane. 

Another very curious property of tourmaline is its 
capability of developing a thai^ oi pyn^elcctiidty 
or of pfezo-dfctricity^ The hnmitoorphic cJcvcloppient 
of the cxy%t3hf previously mencbiicd^ is an outward 
expr^setoD of a polarity along the vertical uxisn It 
is easier to m one dtreetJou along thb axis in the 
crystal than in the oppoahe diresetifln--iike upldll and 
dowtiliill, \V]xm a oi tourmaJine is changing 
in temperature, dtliea- w-armijig cm- cooling, it dewJops 
a charge of positive elcctriciiy at one end a negative 

at the other: it Tmy then attract to itsdf vari¬ 
ous Tight objects, as was e^Jy nock^ when a crystal 
was acchkniolly dropped in wiimi wood-ashes, Ttd» 
effect nay ho strikingly shown by the simple experiment 
of ddsthig a mixture ol red leiad and flowers ol sulphur 
through a fEtie rieve over a c^xilhig crystal, when one 
end attracts the sulphur and the other the red kad« 
and I bey tlieii show yellw and red* When any crystal 
tbanges in tempmtun? it also change vtry sll|^t1y in 
voltifne^ expjuiding on Irvating and contractiug cm 
cooling, wiien pressure k applied in the direction of 
the poW axis of a of tcrnmmLjie (so producing 
a ooniiaciion la witii ooolmg) a charge of '' pieze^ 
rJ^drklty '* is devdnped. This propertj^ on 
impoffant fi^nlmtcal application in djctecting and 
registoring small %wiatioa:s in preftssure. In this direc¬ 
tion tOEUTuatiue is much more useful for depth snuuditig 
for sutuTiiUincis than as a preckrus stone 

Toiinnaline is a miii^ of Mide distribution In 
Igneous and metamorphic rodci c»f voritnis kinds and 
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In vdns of tin oi^ Ccystals gem qxmlity are cot- 
locttKi tom ca\4(jc:& m pegmatite in Br^uci), Maijaguscark 
Colifcimia, Iiral&> &c., and from gi^m gravels in 
Ceylon. 

KEV TO THE CHJiEACTERS OF THE 
GARNET GEOUF 

cubtCi CocnpcisitlDa^ H|H|SjPij« OpdcaJ^ ^ 
tfopfc, mimeftitoga wtoaprrtimloai hiicifiiq;<mDtt. RardvcD^or- 
k*r, ynWnm, lifwn, rvd, srees, V^nctm iiessonite, rbodoUte, 
dflmtntuU- Wldrly diamUuiwl. 

M*n« tiwiaHi 1 Rplk. Ip^ 

Granrlar 
AiinondiDo 
Pyrop<r* 
Speasurtiue 
AminuliCo 

CaAJ 
FsAl 
MrAI 
MnAI 
GiTa 
CaCf 

?i 
7*-7* 

7 
H 
1 

3'5-S'ft 
rM’l 
3'7-J« 
4*H'3 
S’J'-J’W 
33-17 

177-iai 
t'75-^‘73 
1-79-i‘ii 
t61-] 

* ^TUfiv lj*v^ ^stvLaiai cawik t^an la ^444tiQn u m^giufronij nknSWFl 

nllm £» ^uti Mit^Aif^iiiO^f an ip. gr. H t']n(|;- 

KET TO THE atARACTHHS OF TOXJRMAUNB 

QyftaiA^ YtKunbobiwtraJ bemimorpbki; fr «< ST* Ctni& 
peuittaa a cezDi^ t»rD-aimiiiiio-«ukata uf mmF^cainfflf boflj 
caJduEia, Uthiniq. &c.. witli tama water and Spednt 
gravity, Hanlnoas^ 7-7]. Optic^y tiMaxJaJL eeg^tliFxc 
atrnogiy <lichjoic. Hefractive tndJcei^ C4 t 
CeJottrioa ta blade and %^wmia3y coloured. VorivtiftL! rubollitn. 
indlrjdlitt, ochroitn^ acboiL t rOTilltiiir Braxtt^ MaHagaiOtrt 
CaHfcicnk, Umli. C^kui^ Ac. 



CHAPTER XVn 

Zircon and Olivine 

ZTRCOK Hiid olivine: aiu the Iwo ctysbiUiied 
stones of prime importance left over troin tlie 

preceding chapters, and they are htire de^t with before 
passing to ihe non-cryststUme opal suid the other 
stones of less importimce. 

ZiACoN fa the mystery stone* The mme itself is of 
obscure origin, and the mifieral presents manv ptii^ing 
and unsolved proUTeira. No other mineral sfiows soch 
3i wide range tn its pliydcaj propcrttics (density and 
refnictive index); yet no difierenoe in elwmknl com- 
pQ&itkm and crystalline form can be cblccted cotro- 
spending with these utnemes. Furtlier, wroe ory^tjifa 
when heated undergo renmrbahle changes in their 
physical properties and coJouc Two chmiical ■elemcnta 
were first dkeoveted in dreon, nanudy drconjimL tn 
ijS^ and the htest foitud efemenl Itafmum, 

Giber obscxire tumtes applied to xiicon are jargon 
or Jarguon inifl h^^acindi or jadnth. The Creek mime 
hyadnth was onguially applied to blue stoats, mcludtng 
sapphire, but now to curious t^ddkh-yellow stones. 
Ubclnding dreon, guritet, topaz, uloarade and ferru- 
^otis qinolz {Ei^kzcscl). Since this name is also 
ill cotnmoti use for a well-known plnnt, it might with 
advantage be discanled as a gKim tunne. 

Zircon is a dlicare of jimonium, or it may 
be regarded as a double oxidat 2rO|.SiOi. sincA its 
cry^lah ore isomorphems with caaiCentf; and 
miilo fTiOtJ, The cryitafa are tetragonnl with four- 

w 
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fold BymiTwtry. 'nw square tNp>'i^>d p (Cg. 53} 
wlit^n present «Uwie rc:$^bIeA s ratitixr octA* 
bedron. Usaally* it is ixtmbitied with ruur or other or 
boili ot tin: sqitamr prismi m and o, which are set at 
45* to one another. In the combkalion ap (fig. 536)* 
iJ the prism iaecs are shorter, so tliat tlie ootnois of the 
faces p meet in the middle, the crystal will then ciosafy 
rescmhle a rbomhic-dodecahedron (fig. 5f p. 179)* and 
with very nearly the same angles 4/i' =i 60' 40^ {instead 
of 60*), while the angle tut = 90* is the same. Such 
a crynial may easily be mUtiiken for gumcL 

Hie optical characters of sircoti are often aiiomalonSf 
t.c, not always what tli^ should he for a vreU-lwhiived 
tet.iagoTiai crystal. Some crystals are normally imK 
oxhd and show a good tiniaxlal optic picture (Plate H), 
(ml others are either bauds! or tsotropi^ These 
three duuacttis may even be shown by dilferent portions 
of one and the erne cry stub with sometimes a aepara- 
tion into distinct nines. Tlic nsfrociive indices Show 
a vide range (1*8 to 2'D)> but am alvays higher tjian 
that of oontndnm and less than that of diamond. 
Conespouding with lids high lefraclive powetf, tto 
mineral tUsplays a brilliant lustre, appcooehing ui 
ctuuaeter the atkntimtim; lustre of djumond. Tb* 
oolotiriiig ihow9 a wide range and is susceptible to 
changes when exposed to sunlight, heat. X-ray*. 
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n^ium cHiarmtiQns, Some hr^wu and yelbw 
zittxm& when belted diange to green or bright blue. 
Of they inay be oimplcicly decolorized. Much ol the 
cohiufleas xiTpQn Ufied m gems has » tneutodj; 
with iLs hrOlimil luttre 4ud high dbpersfon it 
re5«Tnblc2S dhimojtd in apperirniic^. anij 1$ known u 

MnCnni dinmDnd Irom Mntam in Ceylon^ The 
bcnuEiful sky-blue airron, which first come into th* 

in 1914, has {nobably ail been tieat trentech 
but there is s^mey about tlu- proem; and the 
exset locality m Siiim where thes^ stones ant foimdi 
is not made known. Some of thcsi^ blue zircons veiy 
quickiy turn brown on oxposnre to bright sunlighti but 
tlifi blue colour may l>e equally quickiy reston^ by 
slightly watnitfig the stone. Blue Jtireoni do, however, 
occur Uxictirally? they may have been heat-tieatcd by 
Nature hcr^dJ^ (Small crystals vviih a bhiisli tinge are 
found in Vesuvian lava.) Some very few rose-red and 
orange^olmrred rirrons also d)OW a rapfil cliange in 
t^our to dull grcyl^k-lirown on exposure to br^t sun¬ 
light; one i$ aistoniidied to ^ee the colour fade away in 
a few soconda, md equally astonbdied to see it resti^ed 
when the atone is wormed. All tl its hi very puzzling sunl 
is a mutter that rEquires further atudyp 

Anorlier interesti^ feature of ziriHin is seen m the 
Jtevwal dark bauds in ils absorption spectnuEL Thk 
gives an easy test for tlie quick E^ntificaJjoa of the 
mineral. TJiese absorption bandj arc due to the pre- 
scficc of mimite amounts of nranium and thofiuin^ 
The [msenoe of these radioartjve elements Is also shown 
by Uie pJcocl^rok haloes commonly seen around nucro- 
scwic ciy»iHls ol Eircon embedded in bbtite mien. 

The tsxtnuTLC nmgoa in spedik gravity (4'C-q'7)i 
refractive todies (i So-x-qq), and bhalrtngeticc fo-oi- 
cNJfi) shovTi by clear stijcons of gem quality have long 
pncicntcd a pudding probfirtm Tliis has now been 
solved by the ruw X-tny method of luvesrigatkio^ 
Those widi low values aie found to consists not of the 
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ch«;t!iical ctunfWKmd ZrSiOi, ttJt of a very fine^gndnrd 
mechAaicai mixtiire of ZfO| And SiOi- Wtitui &ucb a 
s(onc b bcatitl to a tnn])miture of 1450*C. the divorced 
paities mny be iniitmed to tsnietf again Into oheniioBji 
oniott—2rO| + SiO^ = ZrSiO^—in xane caac^k 
tboixgb tinliappliy cot in aU, the holier values. Tliis 
brrAk^own into a metamkt “ amorphous state is 
commern enossgh in iziony other minemls cnntujning 
radioB^tivr eluents, md h due to the iDce^iU bom- 
bardnimt during millions of years a-rays emitted 
at great speed from tins slcmly dmutegraliiig nulio* 
scltve elements. Tiiat sudi n-ray^ actually are emitted 
by thei5e mmenaJs, including zircon* is should by their 
action on a photisgraphic plate in the dark—th^ can 
take their own autopliDtograpb. With bydmttoti of 
the "metamict” material, diran suffers sUU furthest 
alteration and degrailation. bt^comiiif dull and opaque 
with the specific gravity sinking as low os 3-4; tbcEi 
being quite outside the pale of gem-^tonf!^ Minerolo 
gical tiierature is litter^ with rrmny special names 
(nutiitconr cyrtoUte, &c^) for such altered zircons. 

Zircon is a mineral of wide distribulioUt but only 
^ minute pystats. sparingiy disseminated as an acces¬ 
sory constituent in rucks of many different kinds.. 
Only rarely does it ooenr in lar^e amounts, e.g. iin 
rircon-sycnitt The taigest crysw on iword weighted 
ijlb.. tmt th^isqinte^ceptional, few crystals rcachiiig 
an indi acro^ Mierg^^opk ciyst^ are to be found Ed 
the heavy coneentrate of any sample of clay of sand. 
Being a heavy miners resistant to wtiatliering ageudes. 
it sofuctinies accumulates as cx^nisiderable deposits of 
a fine zitcum sandp wliich has certain economic u^es. 
Materiiil of gem quality k fmind as pebbles and watef^ 
worn cr3F3tat5 in alluvial depositf* prrindptilty in CcyloUp. 
Siain, j^eensland, &c. 
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Olivi:^*e is an impottant ixjck-fontim^ mtncrral of vejy 
widp ilktributbn. It is thf^ nmiB. conatituent of prri- 
dotitci$t And a pore olivine-rock cailtd dimito forms 
Mi,^ I>uo to Ncit ZcaJand. Ttic iruLSd^ of serpen-' 
tine-roda and iht itnportanl ckpgajts of difyaotllir- 
afbetitos havtbeen derived by OioalfemtiotE of pcniloiits. 
It la also an imponant cortstittnmt of tiii:>!it haaaJU. 
in cnntTnat with tliis abcmtliiijce of a cemmon p^irifTTi]^ 
tniitrriaJ of gem (quality is quite rsre. 

The name oJivuie^ given by A. G> Wemer in 1790 
on aocuuDt of the typical eiive-green colour of tlw 
mineral^ is used by ^glisb and German mineraJugiats 
for this mincnil spt.>des. French mmeralogtsts c;dl it 
peridot, and name is in congou uw for the gem- 
stORe. But this is not a word of t'tnich origin and thefir 
ia no need to pronounoe it oa French, Tluiie is a 
tcni idea that foreign words must be praaoTtneed ai 
French, in the same w-ay tjiat all foreigners are " nnjn- 
sieur The hum peridota 'wus in use m En^bh in the 
thirteenth century, and Later peiidote. whu^ is a 
better apching and conforruing wjih <^idutc. American 
miouralogists use the nxune ehiysoUfe, an okl name 
applied to any yellow stone, from tlie Greek 
gold, and XiO^, stono. These three aames arc now 
merely aynonyna. and it b a matter of dioice whidi u 
used. Any attempt to Hmtt them to olivine of di&rent 
shades of colour only means hirtlicr coofusitm. Tlie 
old muDc chrysolite, so readily confused with diiysoiile 

scjpentine^bestos). might now with ad^'ant^ be 
oUoiwcd to become obsolete. 

Olivine is a member of an isomorphous gnmp of 
minerals ranging from magnesium ortliwilicaie MgjStO^ 
to iron orthosUicatc Fc^O*, called lofstorite and 
fayjdite rospectlsiely. Intenncdiatc members con* 
taining ^ih ntn^esium and iron {Mg.Fe)|SiOj ore 
called olivine. VV'trfa little iron the coloor is pole green 
or yellow, and with more iitni it is brown to black. 
Ctyxtols of a rkli green or yellowish-green, colour aud 
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of ijcni qo^ity contaiu to% of ferrous oxide 
FeO. The crysials ar^ orthorhomljic with a forai vrry 
Einilbj totluii o( clttysoberyl 48^7, p. 165), but Utw 
at^ only rardy tvrftiiicd, Pfetiuctly ^vdo{^ oystiii 

iiowevtfT^ joxtily founds Ibo uiiQfdni tuualiy 
as embedded of iireguIiLr sliape, Wtih & iiarduess 
of only 6i fie® Utan that of quarts) faceted ohvLnr must 
be tpeat^ with sense cm and it is nal suitable for 
ftw lut ring^ton^v 

Most of the material of pm quality bait U^en ob^ 
tauHsl from the ®niqll i.^land of St. Jotin's (or Zcbeipd] 
off rho coast of Egypt in the Red Scs. It (xmirs th<ire 
m a vein, of zikket ore m aJfenHl peiidatite^ and was 
fonuerly collceted ttom zhe debns oit the hilliidc 
HecenUy a few large ciystaU of Bue qiuliiry Itavta 
come from tlue Beruardmyo vuUey msr Mc^k La 
Upper Burti^ An odd occuTteuce b iu ant-bths in 
nArixoiia; bright green grains of olime* topdicr with 
red pjropep both dcrivm from the wci^thcrjiig of peri- 
dotite* living been Lrtd LutnousJy eolkoed by an is. 
Oiime eols:? Imply into the oompeKitton of meteoric 
stones, and in some masss of melDaric iron ckar 
eryTtais are large enough to be cut as cciftstbl geroA 

KEY TO TtiE aiARACmitS OF ZIROON 

CrystalB^ tetf^gomU; ^ 47* 50** CoinpnftHhin. ZfSiOj. 
SpeetZk 4*0-47, Hardnem, 7I; C^’tically uniAi^ 

often ammuJbm diebtobun Refracilvti 
l^So-i-99; bircirinaenco, diiptaifuoo^ 0^59. YsDoui 
o^ikititm or ooknokHw loralirir*' Coyli», ELsm, 

KEY TO THE CHARACtEHS OF OLIVINE 

Crytt»l«, artharbomble- CompemiHos, 
About to% FeO, Spettrte gravity, 3:^3^^'5* HAmfUiis. ^ 
QptityiJJy liiaxLit pufutlyiukin le^bJfv E&Cnt^vo 1 
I'OS-iTi. Boi!fnJ3^vuot <^04. ColrTur^ or y^iiowirfi 
anaeu. Localities St, Jobn't ld«nd Sea}, Burei^ 



CHAPTER XVm 

The Qusirtz Group 

EXT to fdbpar. ffniurtt is the ahiinchuit laf 
X'S a!] iximerak, Tlu^ ^vrraL^ compositlmi of 
rocks of the eiarth's crust shorn 59% of silica, roore 
than imffidcat to coni bine with ^umiiia (^5%) 
oilier cockles to make the rock^forminif liheateSi. The 
excess is pre^ut as free silica in the form of quarts 
wiUdi with Its greater hanliiess ajid resislattce to 
weathermg Eb le^y more eormnofi and cot^picuotis 
Uum any other mineral on the earth's surface, ft aho 
shorn i nmeh gtenter VMi^iy in its forma than any 
other luincraL 

Tlic mui^e qaartz k an old German mining tenn 
mentioned by Q. Agricok in isag, Ejirlier names ta 
English were erj'^ta](from the Greek c^umAXoNf^ 
clear ice) and *' sifcx " {Latin)^ 

John do Trervisa in ligS wrote: 
Cryitall ia a bryglit itam and clere wrtti wntrj coftnir. M^n 

tiwrr that uiflwe or yie (s madp hud la ipaise ot maaf yots; 
iherfon ihv Grelryx ymue k^ve] tfui namo thoito* 

The poet Rohort Greene in 1593 wrote: 
The predcRis ttmvt Silex li fun ef mmt mofttu, 

Chemfcnlly^ quartz is silieem dioxklei or HxhcA, and 
is ccusfrinl In comiHjmTion, though it may contain 
acddcntally udniixea imptirities. It h also rofiitant 
in its physical properties, the specific |fntvity varying 
little froni 3-65, and the refractive tndke^ not far 
frotu (V 1*544, * ^'553- Crystals Jm Hmrhbohitdral with 
only axes of ^nunetry and no planes or omtre of 

ifni 



A KEY TO I^REaOttS S10>JES 

tymmutty. Snudi f^ces tiireiy present an tbe ccirners 
m lb* cryatah a iTapesobedml or lop-«i^ 
develupmmt; and some ctyntals are right-hanc^ and 
otliers are left'lLEijidi?d, one being a hjutot rddeeikm 
of the other. Prominent faces are those of two 
independent rhombohedm r and r^ which m combina¬ 
tion give a hoeagonal hipyitunid (% 54^); axid 
heseagofial pdnni m. Whuyi only one rhoml^hedtoct b 
pres-ent the erj^stii] has very rimch the ap^^arance of 
a cube, the angle rt being 63" 45". Often the faces t 
and r at tbc end of the cr3'st.^ are different in siie, 
thjw smaller faces altcrmting with three larger faces, 
Qnaris^ evcti as mmuie cryst^K always be x^cx3g~ 
nhjrti by the prestmcc of tmise foces^ The stnoll acatfi 
i3<w<!des triaiigles have plane angles ol 70* at the base 
and 40° at the apeXp and Ltie sides are iiaJf as long again 
as the base; altematiog with these are larger faces with 
sev^ edges (fig. 54^). OfWi^ however, the cryatab arc 
very irregnlarly ikvebpcd and sometimes very ptic^Iing; 
but Utcy can ^ways be orientaied and then dedphim^ 
with thft help of the homontal ^tnalions which are 
always shown by tlie prism focea {fig, 54^)- Qttarta 
crystals vary eniinnouky in sire* from tiny shining 
sipeclcs on a drtisy surface up to crj'stofa wei^ting 1400 
lb. Tliey tnay be aggregated together in various way^, 
often foniiing comp^ict aggr^tes of tnicrosccrpte 
crystals and so giving rise to Uie manifold varieties of 
tluB mmerah 

The varieties of quarta may well be compared with 
the i’ariciits of sugar* "Coffee crystals" arc ^le 
isolated cryotals of cane-sugar; these sure ostmlfy 
eok)uiIi:iss or whlfe* but sumetimi^? fbey are sUlned 
all titoiuicrof pretty colours—araetliyatme. citrine. ro», 
brown, ytliow, red, gri^eii, blue. Ag^gatea of crystals 
ore seen m candy (sugar-spar), whiem may be oolourle^ 
yellow or biwn* depending on the degree of refine- 
ment of the solution from which the cry^^tala gn^- 
Cooipact figgrcgates gf smalkr cryidais ini^mjag with 



THE QUARTZ Cm^ m 

one gro^^h are sef-n in Tdg^-^ugaj. Ciuoulated 
sugp corrc^pooils tQ quartz sand; aiid mEixiy other 
varieti^ of both sugar and quarte couki be mentioned. 
TlLE!re U anoLher mtemiing conmixtcn between qnarlE 
Biid sugar- Poi^hed slices of quarts crystals are used 
in the constnictjuii of saccharuneters for measuring the 
strength of solutions in the manafiietare of smgar and 
in ijrewing. TWa depends on the property possessed 
by both quEirtz and sugar of rotating the plani; of 
polamed lighL 

bed 
QmFCM. 

The rotatory polariiatlon of quarn depends on a 
Sfnnil aiTungtiaiejii along the verti^ [Iriad} axis in the 
minute stcuctucc of the aystal. The ciystab arc 
polar in the dirteotjon of the three dyad axes Qom^ 
itig opposite prism edges) and ar« consequently pyro¬ 
electric and piew-electric in these directions^ llie use 
of quartx as resanators and oscUhttors in radJo^teleptiony 
and radio-tekgmphy and in tli« depth somtekin for 
submarines depends on this picstHdcctrlc |)ropmy, 

QtiartK is an kteresting mineral and it has many 
important technicaJ applicatiODS* But we must not 
hirget to mention its use as a gemstone- With a 
Imrdness of 7 it withstands wear. \Vit}i the same 
vitreous lustre and only shgbtly lower refnudive 
indktesi it dosely rc^mbJes beryl and tnpat in appe^^ 

and in cut stones it can only be surely dktki* 



A KEY TO TOECJOUS STONES 

fuishtd ftOTD tiiese by a|]p^^ the tsool teste for 
spcdtk gravity and refractive index. 

The imny gun vadeties nf quartx faU intc> thfte 
groups—^trampaivut, tmnslucait, and opaque. The 
dear and transparent varieties art! single tridividiiuJ 
cmtals and may be either colourless or variously 
coloured, tu in tock-oystaL ametliyst. citrine, smoky- 
quarts. and rasoKiuarta- These have grown in fvi^ 
cavities from solutions of alka in hot water under 
pressure. Trunslueent varieties con^si of an aggregate 
of nccdle-ahaped ct3^stal5 of nucfuscopk sits witli a 
parallel onangement in layers. These include the varioia 
forms of chalcedony, whrdi again may be colourless or 
varioudly coloured, including agate, carnelian, s^, 
chrysopra^, plasma, &c. Qial^ouy was deposited 
from solution originally as a jelly (a cbrnucal procipitats 
of hydrated sibca), which in tiic course of tiiDo crys¬ 
tallized out as qimrte. Opaque varieties consist of a 
compact Imcly granular aggn^te of minute oystata 
and coloured vritli intermixed impurities, as in the 
variously coloured jaspers. The many varieties of 
ijuarti grade so impereeptihly into one another that it 
is not always easy to give n rkfinite varietal namie. 

Rock-ClrifSTAL is dear colourless quartz with a 
bright glassy appearance, and b the purest form of 
the miiieiaL It is cut as vases, crystal bulb, faceted 
stones and iKads. foirgo crystals arc found in veins in 
mctiunorpliic rocks and in pegmatite in the Alptt and 
many other places. Tlie main snpply of material for 
optii^ptirpo^ oonios from Brazil {“ Brazilian pebble ") 
and Madagascar. Small brilliant crystals have been 
given the fandfu! itiunes " Combit diaiiionda " Irish 
diamonds ", dec. Ttie dear oystals sometinus contsia: 
visible enclosures of other minerals. KodE-crystai 
enclosi^ fine silky needles and thread-like crystals of 
rutile is called " V'enus's hairstone Cnvtdes con* 
taining liquid with a movable bubble oie sranetimrs 
present.and when these are cxtrenidy minute and present- | 



THE QVAtiTZ GROUP Ifl? 

in ntitdbem thctrc fs a gradation to mUky t{iiarrx. 
AitEtirt^ b wijic iiofpqrt^d. The Greet woeiJ 

for wine b bocroiml in the naitiE: methyl »i|ctihnl (wnod-^ 
apint^i and m^thylatiNi fpirit b ei£yl aicnliot (tlic 
poiat^Je $fnt) cicnitaniipateil with methyl alsrohol. In 
Greek, tti&ifrtof nuciina soakecl witli ** tnctlm", iicd 
iu^fwrriir (anicthiistos) fncans fwf dnuikeiL With 
stidi a dicTh'aliftn for the mime jimcthy^t, the gem 
tuu always been it;garded aa aclnirm for Iht prevention 
(liot tJie am) of intoKkatfon. For Ibis hulwpa, 
who^ dirties tak® thecn to pnbb‘c functions of all sortSj 
wetr M amcihy^t m the ejsbospail ring. WTiile fedtiiging 
in alcnhoi and the dcovnUon of miDenil riMTiea^ we 
may perhnps aJkw ^tili anoibisr lUtk Tlie name 
akohol w^ onginally upplkd to the niiueml which 
we now cidl flflmiticr {anumony sulphide)* In Arahk 
3^£]1 (ol-kohlj, manning '"the oolmxring’^ (a/ being the 
dcfiuitie nrtkleh b the black powder used to druken 
the eyelids* This is pwdef^ stibnite. ^lod h slUl 
oJIed kohl In thr? Ihcatrieal profession. GrudualJy the 
name alcohol came to be- applied to any hne Impalpable 
powder* audi as can be obtained by cliiFtiUation; and 
as late t&U Sir llumphiy Davy used liifi terra 
'* alcohol of sulphur ” for what b now callfd “ flowers 
of lulphtir ", An essence or spirit h also obumed by 
distiJlattonr and so we get to ''alcohol of wine*' or 
" Bjnrit of wine ", ant! fiualty to aloohoL 

A (xautiiied surfajce of amettivsl osually showi a 
flcrics of small rfppJes suggestive of finger-printSv 
Tills h due to a repeated lamellar Cwimimg. but ft does 
BDt ^vc rise to a parting, as in corundum. Amethyst 
ajually occurs, together with agate* lining the amyg* 
didnk^ (almDud-sliaprd) w^ties tn undent volcanic 
rodEB, poitktikrly hasslL U also occurs in prfmatile 
and Id mttirml veins. At one thno It was coDocted 
in tim amygdaloidaJ rocks tiL>ar Obinstein on the NaJie, 
a tributary of the Rhine, but now the balk of the maiem) 
cut at Obbitem corner frem stmilar rods in the uuib 
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of Bravii 4tid norlhem Uragiiay. Materm] of ^qod 
quaik^v in du? gem gmvebol Ceylon. 

ClTKllt^ b a cittar ytiUow quarte vari^UA iliaik? 
from paJt* lioney-ydlo'kv to a ridi goldi^ii yellow* It 
iMually gem tn the trade under the name topat* tlioagh, 
of cotirsct thm; b no relation between quartz and tcijxLEv 
and the two are reatliJy dbtinguished when testedp 
SupjiUes came mainly frtun Goyaz m Bi'oziJ and from 
Madagascar, Some ol the yellow" quartz sold as " topaz 
b **bunit" (Le. heated} amethyst, btit tins b of a 
deeper ch^tnut'brown cofour* With increasing depth 
of coToiu- dtrino grades into: 

SMOay-guAiiTZ of a smoky hrtrwn or gney coloitri 
and this grades to mmm, whi^ b quite 
bladL Tills is nmeh mom Inequcnt than quetrtz of a 
good yellow colour. Large watyr^wom cry^^tals and 
blncks aie ffiimd in the streams from the granite 
ntouiitain of CiUnigonn on the borders of Banfifshirei 
InverncsMhire and Abctdeciislitre^ Bui the j'eilow 
quartz usually passed off as “ Cairngorm or ** Scoldi 
topaz ** b toaMy of Bri^zilku origiiL Here we have a 
double error, for true topaz of a p^e blue colour is also 
found in the Cairngorm distiictp □nd this surely uifijitfl 
tilt designation of Scotch topaz. 

Roan-ouABr; bof a paJe nose-rod or pink colour and 
very rafuly quite clcisar* being usually only irauatuceitC 
and witii an almost greasy lustre and mijky appearance. 
It is found latge masses (up to d feet across) hi pq;- 
raatite at fiDdeiinmb in Bavaria^ m the Urals, South* 
West African Manitoba, Brazil, U.S.A., Madagasc^, 
&c^ Crj^taJs are exct^vnly mne ^lara- tlum crynab ol 
diamond!), A viyy btauifful spedmen in ilic Uuatoii 
(J^lass ] Mitseum of Natural History sliows a wncath of 
small clear crystals of rose-qtiarU ajound a lajp^f prism 
of smoky-quartz, 

Pmase b a leek-griMJ^ mostly opaque variety with a 
gireozy Itulie, Brighter greens arc seen in quart* with 
cncloUd malachite or xhrysocolM ^coppei' carbonate 
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and copper silicate). Bhje quartt Is rai*. Hcd qmrU 
cotitatn^ ciicJoscij tuEmatiic, A crude imitation: is m^e 
by dtoppLiiig heated qiuirtx into red mk, whan the colour 
penetmtis along i^ada. 

Cat‘s-e¥E QitAKTZ IS & gnuiukr aggitegate oi quarti 
ptdosing pamlld fibres oi asbe^toa, or hollow ch^uids 
if the asbestos has. been later remos'ecL When cut 
in a cabochnn fonn it shows a chatoyant baud of 
rclLsctetl lijjht on the sttrface (compare ehiysobcryl, 
p. j6^. "T(ger’s-iye'* of a goJdcn-ydlow colour ia 
of the same chuncter, and is found only tn the Asbesios 
Moon tains in Gnquatand West ia South Africa, but 
tiiere fa huge amounts. This is somuthnos called crod- 
ilolite^ but it is really dccoinpoeed oxicidolito OjIu* 
asbestos) replaced by quarts. Asjsocialed with it is 
found *'bttw'k'a-t^’eof a dork hltw colour; ben* tiie 
blue caocidoUto ^ siUcified witliout previous oxidaibn 
and d^ontpoatJoa. These Soutli African stones are 
ofteo stained with aiuhtie dyes, which qq exposore 
to light. 

Av'aktuSwe QtJAKTa is also a graiiukr quartz or a 
quarts-iichlst containing small dak.es ol auf^, whkh 
give it a spMglcd effect, Tl« artificial avanturlne is 
glass oohtafaing smoit bright cTysials of copper. 

OtAUCEDONV fontts masses witli smooth rounded 
(tn.nininiitcd) surfaces uid is usually uf a white, light 
grey, ^ creamy euluur with a waxy lustre. 11 lias been 
deported from solution as successive ooucontric kyera. 
and is nsooliy found in the steam cavities in ancient 
volcanic locks. It may also bo seen lining cavities of 
hullow dints. DupcrKlfag on the impiuities present in 
the solution fauin which it was deposiled, the minafal 
may ba variously coloured; m it may have been stoinod 
by inter percolating solutions. Stones of a yellow, 
yeUuvruih-Tcd, or red coloiir, due to iron h3rdrDiadr or 
oxnle, are cantelian: brown is sard; bright green, due 
to cirkcl, is dirysopriuic; t)ark green, due to dilntite, 
is plasma; and dork gr«n with red spots is ''hlood^ 
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ftjone " or tdiotxope Other colours airc pile bh^ 
™!<t, and mauve, ttljcn the socxesst^'o layers of the 
stone are btoughC into prominence by hemg diHerently 
colDtixed (due to chrui^o in feed during grnwtli)i tbcfl 
we have the well-known Bens the bancU of 
colour Ate curved^ conforming to the shai>e of the entity 
in whkii tlie ^itotie grew. \\Tiefl the bonds are stnight 
)Uid alteniAtdy black and white we have ony^c; or 
when brown and white, sardonyx, £ndo?ures of variotis. 
kinds in chalcedony give moa^agate and tuoclEa^stone- 

Since chalcedony consists of an aggregation of 
minute crystals^ the materiaJ b slightly porora^ the 
degree of porosity varymg tn the different layers, and 
colourmg rnattet in sofurioti can he soaked up between 
the individual crystals. It b thetEforc an ea^ matter 
to coioor chalcedony and agate artifidaJJy^ and, ita 
factp most of the agate offerk] for sale been so 
treated^ since the bulk erf the cotitmeridal materid 
b vfiy pale in coJemr. The colour of camdi^ can abq 
be caimy iroproved by heating the stone, the yellnw 
iron hydroxi^ being so converted into the red oxide, 
The Severn! vaxietics of cliaJcedony oi^ common and 
ubimdant semi-precious stoncs- 

Jaspea consists of a compact aggregate of finely 
granukr quartz mixed with impurities rn large amotiuf 
wliich act as the cuZniuing matter. Tlierc may be a 
wide rauji^ of bnghi ooloun^ and the malcnjil takes a 
good poil^. It b often tather of the nature of a roetar 
moqDhic nock fonned by the baking of mudstone and 
shale. 

KET TO THR CHARACTERS OF QUARTS 

Crytultp HjomlKhKtrmt tmpetDhednil: rr » S$‘ 
cryctah & mgsK^^ia of cryitalgL Compofitkni^ ■iJkciK 
SpecjEcKTHvity^a-n^i 7. OpticallT immiiJal, povHil^ 
refneUva IniJiCM, i* 4 1*355: litdutuin] ftBbifv Tram- 
pWMit, ^luiucAnt, <it Qpaqoe. Viiil^tleir n?ck-ciyiial. ami- 
tbyst, diiitiAp oiraiUbn, lucilftiK 
fthfEtidtaoB, 



cHAmyi xrx 

Opai and Silica-glass 

Like <^itartz. opsU ooflsiiits of silica, but with Iht 
Addition of water in ^uriaiJle Aiaoufif, 3-10%. 

It 19 a dried-up siika JeTly, and is oue of tiie very few 
tnijuniiJs that show no truce of ciystalheation. It ts 
amorphom and optically isotropic (hut sonuitimcs bife> 
Iriugent due to strain). Id mode of or%iQ and occur¬ 
rence if is very rrimijar to chalcedony, wjtJi which U is 
often associated as a filling in ruck cavities and crevkea. 
But it difidS fium cliotcedony in that the silica felly 
drift] up without crystailtzing. That silica is slightly 
soluble ID hot water under pressun* is dtowit hy the CK- 
lonsive deposits of silkcattfsijUtsr—a form of opal—fnnn 
fhe ge^'sors of Iceland.h^ow Zealand, and the VeUowatona 
Naiioiiaj Pork in Wyoming. Opal takes on many 
other forms. A dear colourless glossy opal called hyalite 
is fotutd 05 small spheres in Japan, Opaque comman 
opal includes fniUc-opql. rose-opaJ of a &ie pink colour, 
wax-opal witli a waxy lustre, wootl-iipil repfadiig 
fo^ wt^, prase-opul. Ac. Tltu-opal is transparent 
with a rich orangc-yuUow to ted colour. Tlita variety 
comes mostly from Moxko, but it bos also been found 
nf good quality in Asia Minor. 

J^eciovs OTAt is diftinguished from other varieiks 
by its play of vivid colours, or optkscencs. Tliese 
cotcoirs iuo not in the stone ftsidr find are only to bo seen 
in reflected white light. An opa! wlicn vleW'rf by irons- 
■tutted light, by holding it up in £r<mt of a window, 
shows only a pole yeliowish or milky colour,. The 
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prianatic or rainbow coloiirs seen ure m opticaJ effect 
ffne to tfU! breikbig up of white light tijr LOKedtrenire. 
The tnierfemtci; is hen! prodticetl by tiic rtifiticttoo of 
light from thi^ two surfaces of a. SJm^ the thkknese 
of which U eomptnxble to tltc wavL^lengttis of JighL 
The pol^uiziiijcpu colours of oystaia mentioned cm 
p. 31 are %ho due to irit^erenc^, produced m 
anorber way. The jlashrs of prismatic coJeruz? shown 
by dlcuimiid are due to quite another causa (p. 46). 
The vivid oolcmrs of thin falm-s arc weII known tu soap^ 
bubbles^ bh;mi:i dijvitrificd Komaji oil 
patches on a wet pavementi iridescent tomkhes on 
metalii ainl oertaui minerulsj and m bathered ctwoks 
and dcavagcA in crystals. ''Ncwton*s fmm a 
film of air may usiudJy be seen when thu table facet 
(winch is often very slightly curved) of a cut gt«m is 
prc$«d against a sheot of gts^ All these are due to the 
Wne cdu^- 

A ray AB of light striking the surface of the film 
at B (fign 55) is partly reflected and pardy refracted 
along BC. At tile fecund surface part of this ray 
passes through and part is relicdcci at C aknig CD to 
ernerge from tbt film along DE. Another parallel ray> 
from Ac same donree^ with the same wave-length and 
wirli its wave motion in the same phase, strikes the 
top siuface sit D ajtd Is partly rvfi^ied along Uie same 
jmA D£. Tlie two waves travclluig atoug this same 
path arc now opposed in tAasc. and m tliek endeavours 
to v-ibratc in opposite directions they clltuiiuitc on* 
tinolhi^, ff this is the wave-length of lod %ltt. then 
rrf win be mt ont and the comploucntaiy colour 
will be seen- ITie difforciice in path bctwi^eu BCD 
and GDf from the wave-front BC^ amounts in ii^ 
diagram to one whole wave-lMigth; but tJic sauitt 
interference tvill result if tJie diilcraice amounts to a 
BTimll mimber of whole wa^e-lcngAs* Tltfi tengtli oJ 
A* diffcfiuicc in path dopemds on the indmation of tbe 
indtli^tit ray and on Uit thJclaiess of Ac film {and also 



opal and shjca^ctlass tot 

on the refractive Endkes of ilie two itiediA}; and with 
a dUTerence mcHoation or tUkknesa other 
or cubiiTB wiU be cut out. It wUJ be ootbed in the 
diagram tliAt there is a lo^ uf hiilf a wave-lecigth in 
tile reHcetbn at tlie aurf^ 
from tlie iighlor and ijooser 
media. 

This vivid and varied 
colours shown by precious 
opal with thdi ^kmsi^cimsxi 
in patches and spki^esoVi^r 
the surface of the stone 
oriMt clearly be due to tkb 
iuteiierenc^ of light m thin 
films. Many explihnatbiifl ttiwmn 
oi the mtture of these films have boen oJJercst but ilMiir 
tme nature still rcfaiains unknown. Here k an interesting 
problem for some been admirer of op^Us- The films 
cannot be open cracks filkd witli uir {of a vacuum)^ 
as hi the iridc^ceiit cracki 1^cen m rock-crystal and tj4 
ckavage ctnrJs in topa^, otherwise the sioivs would 
surely fall to pieces. A Jelly on diym^ out develops 
a complex of crucks* and in oj^ may 
have Wii filled with a second deposition of silica 
with a slightly different mdex of Hydro- 
phane is a variety which allows a play of 
cobnm only when the sicnic h inanra'sed in water. 

To sljdw the pby of colours to tlic best advantage 
the btoiie mnst be cut with a fiat cnbochon form and 
immited in a dosed setting* so that it cm Ise viewed 
only by re&cted light* Thin slices of opoJ *ris often 

on a backing. A driid-np sifiem fdJy b ci^y 
obLained by ptecipitatiou Irom a solutiaEi of sodium 
silicate (" walcr-giaaa'")> but it lias not yet been pos¬ 
sible to control by artificial means the prexfuction of 
anything rtsembling pnedem^ opal Fhe-npid, being a 
tranvpareiit siont! of aUTacljve cotom, but willHUil 
pky of colour^^ is cut in a faceted form* 
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Opal 19 9 nuMml of widt di^trilmliont but it 13 cmljr 
SI a fe« ioealitin that prcdcrus opail is found- The 
atstcuuitil in Uie old book? that it came from India b 
probably a myth. The opal Itnown to the Romana no 
doubt came &{>m llutiguiy, whjdi, uuld the discovery 
ii> t&77 ol the tnneh rkhcr Australian deposit, vnts the 
only SQTircc. This Huagariiin lc>cafity is pow in the pro¬ 
vince cf Slovakia in |ho new OzechnsJovnlcum Repablin 
Tlie mines are near Cerveniea (the more usual spelling 
CzcnmiiUa ta Polish and Gennan). wtikb in Hun- 
Earian wi& called VorC^vogis, a trtmslAtion of the 
Slovak name meaning " red town .Another Slovak 
villa® near the opJ mines is Dobnlkj which was colled 
Opdibdnya {Le. mine) in Htnignrian. Here the opal 
Ja found in cavitks and cnvicea In a volcanic rode 
(onde^tc) of Tertiary age, and hot spring still cast in 
the ne]gblx)uibood- The aadent minea are now almost 
abondofled. 

In Atrstnilia the mode of occurrence is qiiite difler-* 
ent. Here the predmu ofol in found as thhi bands 
along the bndding planes and as seams in the joint- 
planes in sjuidsioocs and etudes of Crelaoaous a®. 
Hie age of the beds is definitely fbeed by the lofisils 
they contain, wood, shells, and homte of roptiJes being 
often replocod by precioiis opal. Small open workings 
have mode at many plo^ in eauthein Queensland 
and in nortiiem New Souift Wales In Quecnshuid the 
rocks are usually Itard and dark brown and of the 
naiiiro of a silkxous ijtmstone or femiginous jasprr. 
At White CtlfEs and Ligiitning Ridge in New South 
Woles the rocks are softer and lighter in colour. The 
*' black opal^' from Lightning Ridge thaws the play 
of cokmrs on a dork background, Mom leoentJy, opals of 
lino quality have come from Coober Pedy in Stuart 
Range in the centre of South Australia. 
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SiLtCA^JiAss 19 stin anc^thcr form of tulica, similar 
to ofisil tn bolti^ atnvirTphous anrt optimally isocrapiCt 
but ilMenrig /rotn Uiu in cotifaining no staler. This 
has b(:i!ra disctjvKTifcd only quite TT««[itiy under wiy 
rcmnrktiblo cirtmnslaiities, and Lhr ortgia of the loateiiaJ 
remains a complete mystery, tbuugh cleariy it is a 
fused pr^luct, *rhe meltin^^pouit of silica (qttartz) 
is very hteb^i7»*C jno* F,—and It is difficult to 
understand liow, wiiero, and whim it could have been 
fused as a natural prodocL It Was found by Mr. P. A, 
Clayton of the De^i Survey of Egypt when mapping 
Ml unfSpJored rei^on of die Sind Sea in the Libyan 
Besert, at a 500 miles beyond the last water 
hole and never mlbre insitcd by man dnea Pahtotitbk 
liitiejL The Libyan U^ert beyond the oasesof HaharQ’a, 
Fara/ra, and D^hhi is a land of mystery. Here tn the 
Sand Sea wus lost the mny of 50d>00 PeniaiiB sent 
tq? King Cambyses in 535 H.& to conquer Libya, and 
no troocr of it since been fnunil Somewhere here fs 
perhaps the loet oasis of Zerzura of Arab Kmge 
upon mnge of sand-dunes up to 300 feet to iuright and 
With on rmfife of slojw of jo* fi in 3} on the eastern, 
leeward aidos erctend iwnth to south for over 300 miles, 
forming an tmpassable belt from east to wust 150 
aiilm In wiililu The district can be approadied only 
from nortfi where the valleys or " streets ” between 
the higii created dunes are partly HIM with*’ whoie-^ 
bach " dunes; or from tfio south where die dunes itun 
out. Tliere is no water, and not a living tiling is to 
be seen in this Sand Seu. The matorial uid accoants 
btouglit back by Mr, Clayton were so ostonlshbig and 
perptexing IhiLt I woa glad to Juiw the privilege of 
joining a spcdal eapediliou of the Survey of Egypt to 
investigato this remarkahlc and unique occnmnioe of 
Ihe silica-ghifs. 

Wif*-Uiiee white men and nine Anibs^tarted froin 
Cairo on 3fdh KovemW, 193^, with four Ford motor* 
cars, fitted with truck bodies and ni»e-mcb tyret. 
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fully lofltfed with petrol, water, and camp equipment 
A inui&ptnt «f thirty-two ewnds with 8oo gulluns d Srtnil and oil liml been ^nl ui advance from rati at 

mi Mofiir to 'Ain Dalia. t]ie spring in tJw desert, 
j6o [Tiiles soutb-wxst of Colrt), tiiis double journey 
takini; a month. A dump of water and petrol waa 
miicle, with doable mDior-car jonrneya, 9tilJ f^hcr into 
the d^rt, A hundred tttilH west of 'Ain iMIo. The 
position uf thu dump was carefully fixed to two KConds 
of arc by star obscrvalicms lor latitude oad wtmlesa 
time signals for longitude, for if it could not be fuujid 
again or wYire covert by a sandstorm we should never 
have rcrtnucd. Thence we prixeeded soath'West, steer¬ 
ing !fy ownpitss, but on. a algaag cuttrsc, chaining the 
hi^i dunc» al lop speed wbeiiuvcf a passage seemed 
po^k to the ptlot car and sliding down the otW 
side—(1 really aJamiing but very exhilaratuig expefi- 
eiicc. \V1ien the cars got stuck in patches of loose sand 
they kul to be hauled out on rope ladders: and in sand- 
stonns we had to seek protection against the cars. 
TIjb lemperature ranged from 33” F. at night to no* F. 
at midday. Titen, proctioding southwara, we raced 
along the gravelled “ streets" betwetro tfie high crested 
dunes, avoidh^ occasional rooky outcrops of Subiaa 
sondstane. Fmaily, on 8th December, Camp 7 was 
pitdied in tlie centre of tJie aiUca-gtoss area at iat, 
*5* 17' 54' N".. long, as’ 34' o' E., after travdUqg 
iwaily a tlicusaod miles. Several nilrcr camps were 
pitched in this district, and in the moaiitinu! cars 
went T>ack to the dump fui supplies of water and 
petrol. To pass from one "street'* to the next, 
only a couple of miles away, it was necessary to 
run to the suuthem end of ihe dunes—twenty miles 
or more down one street and the sumo diatance up (he 
next. The sUica-gLias was found over on area of 85 
miles N.-S. by 35 miles E.-VV., but only a.s wind-worn 
lumps lying here and thereon the eurhlco of the gravdJed 
streets between (he dunes. All attempts to trace the 
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nmterid to any aoum^ or to arrive at any idea as to 
ita origin wen: unfoTtanmteiy not succe^sftitp It 
siniply JiflVe falJen ^rom the sky: but llie mat cmj is 
qnztc different in compcsitioii fr^ any meteoHtei that 
have been observed to lalL Ko tta^e d ken Tneteorite* 
or of meteorite craters could be founds os at Wabar 
in Arabiat wtene the dissert sand was mdted by the 
bdl of enormoiis metcoiite, ^ing Hse to the teginid 
of the city deatioyed by fim iicnti Itcarai* Silka-giass 

also found os fuJgunte^ or ii^tning-'tul^, (orined 
by tilt fusion of sand when lightning strikes the dimes; 
but these are only paper-thin tubes md con have no 
relation to the soM runip^ of sitica-gluiss. 

Ulu silJea-gLass from the Libyan Desert h pole 
gneenUh yellow in colour and varies loom quite dear 
to doudy. It was found as uregukr lumps, wind- 
worn by die enotting action of bJiista, and usuoliy 
not tnnre than a few aunoes in weight. Thti kigest 
mim found weight f6 lb. and severd hundredw'dghb 
of die material could have been colkcLed. Spedmens 
one ejdiibited in the Gook^caJ Museum at Calm and in 
die mineral ooLkcttoit of the BrilLsb Museum of J^aiural 
Hkinry at South Kensington. When cut (Piatc Vni)* 
themato'ial has much the sppcanmceof a pole olivkie, 
but it kebs brillbmeyowhig to die mdejc 
(1*4624 for yellnw sodimn'-ligbl)^ As a gem-stune pos* 
sibly oi edestiai origin it appeals to the ImaginatifML A 
point of special in merest h tha t Lhi^ material was worked 
by Paheoiiiliic man: but later it was not known to the 
ondent Egyptians, hurnefnifl wind-worn flaki^ of die 
gkiS4 were found tugetlier with slonc Implcnienis, 
queni^ and quartzite liakeSi The dimate there mual 
have been very difiiiroit ij.ooo years ago to wliat tl is 
nqw^ 

Goedy siljed to the Libyan Desert siika-glass Is the 
nuitdavite frnmd on plonked fluids in two restricted 
areas tn souiIiciti Boljemia and western ilijravk. wliich, 
aini;!* before 17S7. lias been cui ageEn-atooe under the 
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nances/* obsidian '' or wat??r tirysolib?Tliis glstJH^ 
bowe vcf»cofitaios only 75-^% of ailicA ai o^iiist 9^% 
in the Libyan Dcserl tujd cofiJaiiiiiifc' more frbn it 
£liDws a d^per gr^Mn colour. SimiUr of a d^k 
brown to bbick -colour are found in Australia (au^traliti^ 
or " bJaiJtfellnw'a bnttorts'% Dutch Ea^t Indii^^ Miday. 
and Freadt Indo-Cfairia. llioy arc dii:$^ 
and the cnmnt khcorj^ ii that they have faJltsEi from 
the sky nml are of nmtcorJtid ori^ui. Oli^idkin is a 
volcanic glas^ dififetitii; in comp^iion from these, 

The fu^t atomic bcmib expEodad in Ne^ Mexico in 
ig4$ formed SI saucer-^iapd crater lidf a miJe in 
diametirr covtifi^ with " jade^and ttincjuiii^eHajlnurcd " 
silica-^asa^ produced hy the mdiiogp builii^ and 
bubbhng "" of the d^ert satid: but thk material can 
scajody be of gem quality* 

KEY TO THE CHARACTERS OF OPAL 

Amorpltomi. CompCi^ItJcftu b:vdraM Bilkm. SpccUlc gravity^ 
9^3^t. HanSaen, Oytkally in^ti^c ^mmclJmu bi- 
refiriiijcent^ Kefraetivo jintcx^ VadetJe#: predoai 
<Fp«lp fire-opKi, miUe-opai, dc. Loealiba: AtatroUa, 

KEY TO THE CEAHACTHJIS OF SILICA GLASS 

AmcirpbnnsL Compodtkip, v)hc;^SiO|,,9S%. SpwJC&cp^vHty* 
Hajtl0e»v 6- Oj^ticdly kotf^pic^ Roliaclivie huMnc 

1-4*. Cahisr^ jale >-ipfl£Mrli2i giwi. Lo^^hty: Libyiui D^rL 

KEY TO THE CHAIUCTERB OF MOLOAVITE 

Amvcrdmis, Compcitidafl, SiO, 75-^0%, with alumoia^ 
imn. Ctticiimw Spectre ifravity. j«3-3«4, HArUnccn, 3!- 
(?ptlf!alJy licATuptc» Refnictivt Cdotlt, 
darkgrttZL Locaiitm; Boiiemia ami 
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CSAFTER XX 

Jade (Nephrite and Jadcite) 

SEVERAL ccptiipwt of a greenish colour 
Imve bcen^ and still aret coniuBed under the tenii 

jade, wtiicb should now be restricted to ib^ two miuepb 
nejihrite aiid jadeite. The tianie Jade is u cofruplkm 
of ihe SpanisJi "piedca dc ijada'^ or Btcrtie of the 
flank or lidui because if wont there it believed to 
be & Cure for the oollc. Anotliei old name vrith the 
sanjo idea wa^ "lapis nephriticus*'* kj^ey*stme, 
from which the present namt nephrite b derived. 
Sir Walter Rakigh in Tki 0/ mjyrs o/ 
Gviana (1596) wrote: 

A Wadff of ffreeno stones, which tbs Spsniards ^ Pu^a^ 
mid we vie for iWiA 

Nephrite and jadrifo are MtirinrtlinarDy alike in 
tlieir externa] appearance, and often tliey can only be 
distinguished by an examinatjon of tfi«r essential 
dioracCera, Yet chemically they are very rlLficiwt; 
nephrite being a sOknle of tuagn«iutn and cakduin 
with often x little iron, whik Jadelle is a ailfcate of 
sodiitm and alammfuni. Botfi consist of a compact 
aggre^^te of crystub of mkroacopic sire, often inter- 
nd3ced witb otbirr nuncrals, eo tliat they partake rather 
of the nature of rocks- In tfun sections under thepolar- 
iidng microscope they arc at once dbtingo^ed, but 
this b not a pmcticiible method of de^^ ^th a valu- 
able Jade urnaniflui- The easicsl test ia given by tte 
ililfcmiDe ib specific gm^vity, tlie value for ncphnle^ 

(PH) •« “ 
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3-0 or tip to 3* I in darker varieties richer in iron, 
hcimg appreriality lower than that for jaddte^ i-j. It 
is a cornpamtivelT eas>' matter to weigh even a Jai^ish 
iiTTtajiieiU in air nod in water lor the purpose of det^ 
mining the fpedhc gravity. The raeth^ of doterminieg 
tlic refractive index wiili the refractometcr is not avail¬ 
able, aa the stone h not poltshcd with perfectly flat 
surfaces, Tl a mimite fragment can be detached, the 
refractive tmlei out be determined under the fiikro- 
scope. 

NETfiarTE is a member of the amphibole group of 
roek-furmiog rnmerals, differing from tremoihe and 
the iron-bearing variety actinolite only m the hahit 
and state of agp^gation of its ci^tals. If the erysta^ 
ate very fong and thin, like hoirs^ and aggregated in 
parallt^l bund^ then we have the ivdJ-knowa asbeiton; 
but if they arc short and dosdy felted and matted 
together in a solid compact nmsa, then we have ncplirilt 
It is this pc^riiliarity ol structure that accounts lor the 
extremis toughness of nephrite. It 15 not a really hard 
minera! by the scratching test (handaess 6^ on the scale)i 
but it b a very diflkaJt miiitcr to hre^ a pebble of 
nephrite wiLb a blow fmoi a hJimmer. (Diainotid. though 
very much Itarder^ breakis quite easily compared with 
nephrite,) The fractured surface is siplintery. The 
stone ta kes a very good and on tht polished sttr- 
face thii lustre is somewhat grtBsy m charact^, e^ped- 
sily bk fitouLS of paler colnur. The cnluut is usually 
various shades of green, light to dark^ and may some* 
times be quite wliite, Otticr colours^ yellovr. rrddi^ 
or blniili, nre nire. In Uie mass ii b opaque, bus thin 
c^irvings display a certain amount of tronslucency. 

Nephrite occurt in siclustose rocks^ espcckdly ta 
hamblende-^ufts, and bos lieen formed intcnsivo 
rtxk pressure in areas of mooiilain building. Lar^u 
deposits are worked ui China and sevend places in 
Eastern Turkestan* principally So the south of YarkaJid 
towartb the bo^er o{ Kashmir and in the Kuoi-Lcin 
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mouritiur^. ft b worked m open by tlie 
prmiilivf! mcUiod ol whidi b^dly ti^isure tlie 

and IS coUeck-d as on^ilar blocks from gko^l 
di^bris or as bouldars ia the streaitm. Larg« bouidere 
&re found in ^iteuiiis njenj the graphite itiiuc3 n^r 
Batapil in ihc Saynn range w&t of Lake Baikal in 
Sibtrria,. A polidted bouWer of a rich grcftn colour lor 
thfa district is shown in the piiueiai coUtetion of the 
British Museum. It wciglis 1156 lb. or Only fust over 
half a ton. Here we have a striking of how 
facts get fiujjcopied and eacaggerak'd in books on 
prions stones. In the latest Gmitatt vwk the weight 
of this block b given as 2140 kikjgrams, or wdl ovfsr 
twoloasl 

The Notv Zf^ahmd granatoncis wpU k^ow^l, but 
tbb h not iQ bo confusSd with the greeftstone of gcplo- 
gtsUp which b an clastic field tenti embracing a variety 
of rocksu Thb ticpbiite is mnally ot a iliuksr green 
colour* It is colbxled as Ijoukkra and pebbles at 
several places in the rivers alon^ tiic we^t coast of 
South Island, and lias bc^n much used by the Maods 
for stone ajrea and carving as " Jiltis ", the flat pchbles 
of the rather schistose inatf?rifll bdag well adapted for 
thc^ shapes. It has also been found in situ a^odatad 
wiih talc and ^rpuniine rocksj and was fomcKl by 
metaiiiorpliic processes at ihc tunc ol the building of 
the Nfw i^calanrl Alps. Stone implemenia ol nephrite 
arc found in Europe, 09|5ccially tis prchisfmic Swis^ 
lake dwellings, but only comparatively wently Itfls the 
mateml found in situ near JoixloiissnjlhJ m 
Sili^iat Ui Xtguiiaf and in the Uaris Mountaius- A 
loTgo block weighing 4704 lb. of greyteh^grecn nephrite 
fmni Silem ia exhibited in the Ajuerican Sfiweum of 
Natural libtoo^ in New Vork City. Tlie source of tlie 
prehistoric carred objects ol nephrite (and jaddtej 
ftmnd In Mexico and Central America bos king been 
an ethnograp^col probJejn, A spoedmea from Guiana 
(the locality menfioned by Sir Walter Raleigh in I59®b 
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carved a ctnioof cylindmrol peitdanlr come to tbo 
Bdii;di Mtu£u»i w 1753 witii iLe colkciioo of Sir 
HaiiA Sioonc. 

Jadjute'Is a member of the pyroxene group of 
loiminif mineralSi Tl'ib* vrns not recognised as a distinct 
mmeiul sx«d^ twrti* tale as i4t6», having previously 
been itKlnded, as it dill is in the trade, tmder the 
gmieral temi Jade* A luither i^^nfoston is introductaJ 
when the lorm jade b Umlted to iiephrite* Besi^ 
the diHercmCfhs betw^een jackite and nephrite in diemh;^ 
comfioskition, crj’Btalline struct itre (detfsrminable ofily 
in Jhin sections lindtff the mkrof<ci:^ and wtih X-ray 
photographs), mwi optical characters, thiaie is an iia- 
pnrtaat difTEfcncc m the rsoaisw (though stJJI imcri> 
acopfc) stn>ciurfl or texture of this two mincnib Kepli* 
rite, wv have seen, is a malted aggregate of dbm; whiM 
jatblte b an of mmll grants—a grufiuhr 
aggregate, and in addirion ui ttie graiuf ol jaddlt there 
aft always present also grahis of albile (soda-fpbpar) 
and of diopsltlo- This graiitilnr texture is 
M>Ttielimes evident when a Mlislifsd surlocn b c^Lamined 
with a magnifying lens- hurthet, owing to the dighi 
difference m between the faudtc and Ute 

the polished snrfacsf usually slmwa a fine dia* 
gruent'd appeanmre. Tile polhilied mjfiace of jadeile hiis 
a raitusT more greasy appeanoiee dian (m nephriteii 
and the mineral shows a wider range of cotours. It 
may be pure white, pal« grwn lo emcftiJcl-grecii, psde 
bhie or mauve to lilac, or pint to a devp red; and the 
difiin-efil colocira often fihow us s^jibiihes in a groimd of 
a paler colour These colours are highly prbed by the 
Chinese, ami liulctie is the more valuable kind of fade- 
Cut a serioLia ertut h tavoriiably mwdc in the tittdo in 
d^orbing thb material as Chinese JadtL Tlie few 
asserted occtmeneei of jadrile in Chuia are extremely 
doruhtfuh but this wide region has not yet been 
properly predpected* though good woric^ is now Iseing 
dune by the new GcoJogieaJ Sur^'ey of Chiniiu All th& 
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Jadcite so t:!]ftctisivi!ty can’ctl and used tQ Cfdn* hu 
been iniported from Upjitr l^urraa; and ot fcrtrfrt 
many of the Oiinese jade carvings arc also itono in the 
neplirite from Eastern Tothslarij 

AJt^ugh prdiistork, objects of Jadeitc have be«i 
(nund in Brittany, Switstitlojid, Egypt, Asia Minor. 
Mexico, Central America, itt., the miners] ts Imown 
to occur in sttn at veiy few places, and Oppsr Buima 
IK the only commerciid souiw of stipply. It is hem 
obtained from the Uni valtcy in Hit Myitkyina distal, 
where it occurs in rUk^ of a tnetamorntM^iJ rock in a 
coiiTttty'rock of wrppfitme. The clijaf dike is that at 
Taw'inaw, and others liave been worked at Meinmnw, 
Pungmaw, and Nmnshsunaw. Matetild is also qilttirisd 
from a boalder congtometatc of Tertiary age, mnl soro 
is collected as pebfdM from the Uru river. The qtiamis 
here liavif been wwked for coaturiea, liul mote exten¬ 
sively dnee 1744, the tnateriai being taken ovEfland into 
Chius: but now it is shipped through Bangooa, and 
some is cut in Msadalsy. 

Several other kinds of itiinerab may fono compact 
aggregntes of a greeiiisli colour, and be misialsen and 
sold for jade. Scrpentiiu* (hydrated ailicato of mag¬ 
nesium with fionw iron. il4MgjSj,tJ't) do^ not alt^yt 
sliDu* iJie duLTsicteriitic niottllng flufl \neuiiiigi m 
the bowenite variety it is vay similar to » 
appearenoc. Another minaal often used for (Jiuicse 
carvingi^ is Ii3ftlri3t>pd silicate 
minium} gr fi^w^tohc. called in Jiip«n«se 
serpetitifie agaJjuAtoUtc (im toidily when 
touched wiiii a fcnife [^hit, aitd can so 
imgiihhcd fronj jadc^ Still otiicr 
garnet (” Sdu«‘ African jade", p, tSoj, idoenifle ( Caii- 
fotttian jade fibfulitt, Ac. ^ 

Bliidi more could be wtittcii on iade (u>d ree tnar- 
vellous Ctiineso carvings; indeed, perhaps the 
remarkable book ever produced deals with tius^uiw. 
It 19 entitled ImtstigeHens uitd Sivdits « y*» l^cw 
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York, 1906}, and is diacriptJve of ihe Behcr R. Btsiiop 
coUcotton ^ jinie, whkh was presented to the U«it^ 
{Nditno Uttsetun of Art in New York. The two frfio 
votomes wei^ 125 Ib. tn«T were piodnc^ reg^udless of 
CTrwmBP jMidthe nimierous odoured pl?.tes aio vieri- 
tabde works of art. The edition, liinited Ici 100 cept^, 

distriimted to enswned heads and amongst die 
principal libraries of tile world, a do*en copies coming 
to the British TftW (a copy is to be sccti in the art 
library ol the Victoria and Albert Museum at South 
Kcuaiogton). 

KEY TO THE CHARACTERS OF NEPHRITE 

Cmtahr, miKieiellitid, Ini ndtr u tokreeamie fibm Jonnltte 
a fniud aiopegate. Cdoipcnittea, H|Ca^SI|b[SiO|J«, anuui 
variable iuR(Tuet» of butt. Specific (fiavlty. 3-u-3*J. H«i'ib«cHi 
dl; Mttntncly toiigb. OptkuU/ buixiii], negadve. Retractiv* 
laifm, t'6o-i-65, Id tmuluceub Cutuur. wlute to 
gtoco. tcciilitiet: Eactora Turkneton. SUnrio. New Zealand, 
ftc. 

KEY TO THE CHAKACTERS OF JADEITE 

Cryictals, dhrukUiiIc, but cut/ a* tukiwccmfc^^tolM farnilog 
a campAct uE^TBsntn. ConipOAitioo, NaAlpbOJi; ttniult/ 
niKeil eritti ailMto. SpecJfie gmwtt/, 3-j- bLudnen, Of' 
ticsill/biaiial, pDaiifw Refractive Lodicsavi ■^^1*617. fttaijw 
to tmadtimb GaLwr, wblto to gnen, Aa Locajit/; upper 
Biuiua, 
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Lapis-lazuli and Tunjuoisc 

These are botli opaque stones whose face colour 
b tlietr fortune, for ilicy arr two of the very few 

gem-stones that really show a colour pi their own. 
LAPts-tAzmJ {stone of the blue) is tbe only gent- 

stone tliai has retained a mt'diievai lAtin form of its 
name, no doubt because it was more important as u 
source of the pigment tittmiuarina. For thb purpose 
it was worth its weight in gold, and one can well imagine 
tiw outcry of tlie lapis-laauli merchants when the 
arttfidal product was first introduced in 1828. The 
reteiitiun of lapis " is appiopmle, tor the atone b 
not z simple rrtin&nJ, but ^ nurture tit uibicfaii- 
15 tlma tefiUy n rock. The ess^^niial blue mitwyral has 
bee« mlbL-d loiitrile (also and hL6ulite)p and 
ibeiK J5 still much cotsJuaoii between the^ ii&ioos and 
ftzmite, wbkh at different times Imve been 
ics dlileieni blue mlneraK AIJ are derived froui ^ 

Peisiaii word lazh’Wiixtli meaniisg blue colour and also 
applied to the stone. Tlw Greda used the nanie sap- 
IMieiros, and sipplurus was used by Agncola as late as 

The colour of laacurite h deep blue* and Uie mmyral 
is oocasiotialJy foDnet as weU^ihaped rhombk-dodeca- 
besbn! cry^als embedded in ft cryst^diuje iimestot^ 
with associated pyritesj diopskkp &c- tlit cp^tals 
themselves contuin mmute partidcs ol these minCT^ 
as enclosuna. Tlie stooe lapisriajEulj is this ctystalbi^ 
limcstoctc coacainmg varying amounts of tba mkuMJ 
Eajturite. Wlien this pr™oiTiniates we have tfa* best 

m 
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quality matena], and wlica it m prts^i in mmlief 
aittOEmts the stone is only a pale bfn^. Tlia rode has 
been producied by the bakuig of an impnre Kaiestone near 
its cemuoC with an mass of molten granite. 
Soch contact mciamorpHo^ limestone or marHe stre 
el contmoji occarreno!, hut only rarely do they contaui 
just tht right amotmls of chvey matter, sodiim, md 
solphtir for tic framufion of fapiSrhusulL Ultnunarine 
is produced artificially by baking in a cmriblc a mixture 
<pf china-day, sodium carbonate, charooaJt mid snJphttr- 
In the pRxIiuriiQn of the naturaJ sicmt an of 
sulphur was tisui^y present ^ and iliis sepamted 
out 0$ iron ^Iphide in the tonn oi prjTites (iron- 
pyrites). This is oHen seen as l^right yeitow brassy 
splits embedded in tlio blue gn^und, suggesting a 
Dofnparison with tlte deep blue sky bededted with £ftai5. 
The atoiic is also often splashed and t^eined with caldte 
which may be yellow from iron staining^ Owing to the 
prescjioe of Lbo% imptnttiesr the specific gravity of 
the stuns is very variable, mngitrg hum 2*5 to a-a 
For the pure xninenii ln;ciirite the specific gravity is 
about La^uritc m a complex dummo^^sUicaie and 
sulphide of sodium. It is re^iy decomposed by hydro¬ 
chloric acid, giving oil a jjaatj' smdJ oI sulphuretted 
hydrogen. 

The quality of lapisriazuit comes from Badak- 
shan in the north-east corrtcr of Afghanistan, in the 
same regiori as die mby and red spiud^ whkb also 
occur in a cryjtalline hmestone. The mines wisre 
visited by Marco Polo md described by him in 1^. 
.Mamrial of a paler coZunr comes from the smith-west 
shore of Lake Baikal in Siberia; and paler stiJh from 
the Andes in Cliile^ Tlie stone is occosionaDy used aa 
a ring-stone and beaebp bat i$ more often used for small 
ornaments and cross^ Thin slices arc used for inlaying 
in boxes and table-topSp Comraon imitafloM of iapia- 
lazxih aro now mttch sold mider the names " Swiss 
Upii"' imd ''Gannon lapis"'. This k horastuoe^ 
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» or chdiaHiciay ^rtliidall^ £iiamf*d a Beriin-bloe 
oobnr with ftmc fejtcu}ranidi&. Thew steles usttaU^ 
show sTTialJ glassy of quorti^ imtf ad of the brassy 
specks of pyrit<^. 

Otber minerals cdosdy rekitetl to la^orite arid be- 
fongii^g Co tbs same group of rock-fomlog minerals are 
habytte and sodalite, Hatlync* wMch contains wfiinni 
stjjplmte in pbcc o! bodnim frulphidOi is found as 
bright blue in Vesuvmn la^’ifL Sodahte^ with 
sodium chlurick in place of sulphide, occurs as large 

of a bright blue colour in |ll!pll«llIH^syc]tite. 
especially in Canada^ imd biy$ been os au oim-^ 
mental stone. 

Turquoise Ls snipped Co derive Its name from tlie 
fact that t_Ue stones wene exported from Persia thmugli 
Turkev: but the materud has also from Turkes¬ 
tan- ^pmas Nicols, in 1652* has the teren " Turkey 
stone The colour rang^ from sky-blue and pale blue 
to grcenbli blue am! sett^rcKi; and the lustra 
is vitreous to vmxy^ In American books the best 
coJniir m deKTibcil m a jiDbui''s-ei5S2' blue?, tfie Ameri™? 
robin liemg a tlimsh. The colour of eoma materbil 
is Liable to fade on cjcposm; to light* and may bn 
affected graase. peispiraticm, and aoivp. In 
appexnmce the material seems to be juncirphcms, but 
when *fpm sectlmis are tsmniiied tmilfT the mi 
it is seen to eonrisl of aggregate of minute coyHiik^ 
Very smull single crystals tmve reroitly been found in 
Virginia, ^^4 these nu mcasuramfsnt [imvod lo be 
tridinic. ChemioiUy^ turquisise 11 a hydrated phessp^te 
erf aluminitun with vuriiible ammmU of copper (CuQ 
^%) and iron (Fe,0;i J^%h wid no satisfactory for- 
muhV can be The blue colcjur is due to copper 
and tiu! green to iron. Sternest are ent in a mbochim 
form, and when monjilcd ane often act round with 
small diauumds- 
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The h&i tufquoiM has lotsg dome from wear Ntshapur 
In the prw^iacc of Kborasan, north-eajJt PerEia^ where 
it occurs in trevioea in a weaihered votcatik rock 
(trachyte) of Tertiary 9^. F^akr stores, whkh often 
fade when takM bom the rock, occur w tcims in sand* 
stone at scvcriil plaiw along the west co^i of the 
Sinai pcaiiiaula, the mines here uTfc ^ked by the 
ancient Egyptians, and used for carving as scarabs 
and other oruaments, UateruU of good quality is also 
found in New i^lexico, Arizona, Califomia, and Colorado, 
and worked artklcs are often to be found with pte^ 
historic remains in Meidcp and C«tral America* 

Imitations^ of turquabe are easily made and have 
been rampant even siuc^ the time of the ondeut 
JE^3fptiaiis. Thomas Niuols (r652) writes; 

Th* hav^ 1 vrffy pfBtty wmy by whlob they wl» 
tmUy tbia lemm, aujJ tliit is with Vmivx prv* 
parej wiilt ■ convffoi^st Unetun 

Imitations in materia] of the same chemical ocim|^* 
tion are maclt: by subjecting predpitafed aiuruimuiti 
^ospl^ate coloured with copper umler a high presaurie. 
But iKoduct does not show' under the microsoopc 
the saute stmetttrei br natural turquoise- 

Odontolite or hoi^turquobe is fo:^ bone or ivtuy 
stained naturally by copper solutions farmed by the 
weathering of copper ores- 

Variadte ifl anotlicr Jiydrated aJummiura phosphate 
which is of an apple-green colour. It is found mostly 
in Utafi and lias been used aa a gem-stone. La^ulitc 
(not to be confused with hiJurite) is a hytlratcd phos¬ 
phate of altuntniumt magrusium. and iron whid^ fotrm 
mouodinbC crystals of a good blur wlouTp and when 
cut often somewbat resembles turquoise^ 
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KEY TO THE aiAltACTERS OF LAnS<IJUUU 

CryHiftlt,, culHc. bttt UBnaHy €cun|ncl cnQivc^ 
tioQ, Nn^AIfS^SiO^)^ with uLmiJtturt «f Dlbft ucilMidl. 

^pedhc |(T4vity* g <fi3r jitiTe littrortle, j-4). H«rdticN^ 
R«fracdir« hidvjc oJ pure Luuhie^ i^jol C|Mk(|aB. I nralitlea: 

L^LkiT Olllflp 

KEY TO TIfE COKRACtEBS OB TURQUOfSB 

Cmftfilft, tricHnlc^ bet »J«yi sd ei^jQpeei nrnMti Ccuo* 
MitioUg hydrated gJuna^fiiinia jdioiptiai* wtth cijpp^kt mid Iraiu 
tf^tiAi^iOiv. Specific cmvuy^ Hurdofiidk 6. ftefn^ 
tw imtke^ QP^vo. LcAUtsCic Sattl 
Arimnii, Ac. 



CHAPTER XXn 

M isccllaneous Gem- ston es 

There are many mincrsi't Bintablc for nsc as ge^ 
Stones. Some are so lare (mndt rarer tiuui 'iia- 

tnontlO that they are quite tinknavni in the je^eUcry 
tt^e; and olliere arc so common tliat they are re- 
gardoil ss of UtUe value. The foliowti^ suminary list 
of minerals tliat (mve been so need ^ves their main 
features; other detalk will be found in the reference 

lists at the ends of chafters of the general 
{>ottkJin of this volunie. 

PHE.'SAKlTE {fig. 56) is boryilhun orthn- 
silicntc. Bc-SiOj. the colourless rh omho" 
licdnU crystals much resemble those of 
qiiorU, bat here the rhomhobedrun faces 
(x) an set askew over the hexagonal prtam 
(<i). and the ptisai faces are strialed 
vt^kalJy, It is on accotint of its 
resemblance to quiirte that the mhieral 
receives its name, firan a cheat. 
Qcar cTjstnIs, which have b^ cut as 

fine gemsi ue from the eme^d mines in the Urals, and 
merr* recently from the gnid mine of San Miguel de 
Hrackaba In ftnuD, 

EiurtJLttg is also n bcryTlium mtnerah HBcAlSiOi, iraiii 
(lie Unis and Brazil, where it is found as small morro' 
clinic crystals, which possess a womierfulty purftret 
cleavage in one dlractton, lierice the name. It is usually 
pale grcMi, Tartly emerald-green or sapphirit*blue, A 
single large crystal of this rare rniuem has recently 
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been foand in the rnian. min^ in Tanjir^^nka Tcrritwy, 
DiorTASE, copper $ilk;ite» HiCaSiO*. h fc\md u 

biihiunL eineizM^gmni crystab ifi copper mins in 
Siberia and in Frcndi and Bclffian Congo, biit thijse 
^ usually doudy and loured (e^-en mote so tlim 
emerald itself). 

Wittrarrni due ^Uicale^ 2n^iO|« h on abundant oinc 
ore ai a few bcaHt bui <mlv at Fofikliti FiinuMse in 
New Jersey !i-iw cl^ar pale jvIIdw oTstnb been found. 

ENirrAtrn. fJfiOl^s^TE. and form on iso* 
morpJiotis mr\f^ of curlhorhcmibic pyioxena ol import- 
ance us rock-forminff mineraibi They art mctiisilicntes 
(Mg.Fe)SiO:g with vutyiug proportions of nmgR«iiiin 
and iron* ihe member^ of the nlhitu: group being the 
cormpotitUng orthusUkutes. Enstatlte, it Uie mag*' 
nsmum end ol Uie sufics with only little tron, bos been 
found 03 d^ crystals of i brigfit gi^en colour in 
{dmberlltc of the diamond mines in South Africa. 
^\Ticd cut it much resembles oliv^ Bronzileg tte 
nest itiiiiiiber in the series containing more iron^ is 
brOTisHr-yrrUtiw hi colour with a snb-mebdiic sliMi or 
lustre. Hype rstti Erne, containing still more iron, is dark 
brown in cohiuf with a nteJ^ pronounced metnUk 
Itmtro. The last two arc somiflinis ad>g^ixn cnt. 

Dio?S10£, anatber rocKorming mineral of tli« 
pyrDOECxie grotipi but tnotmcltntc in tryst^hxatuuir 
occasionally foorKi as clear cry^tids ol a lighl or djtrk green coloixr- Crystals suitable for cutting ba^** come 

nm ZHJerlbAl. Tyrol. 
SroDUJUEJfHn so named on accormt of it» nsnsU 

grey cokmr, is a rilicatc of lithinm oimI alufoliuutn, 
and laj^e crystals up in ninety tons m weight have 
been inhiett from pegmatite iii Sontti Dukota as a source 
of yildmtt Cltiur oystals of a ri^ cmmiJd'gTeen 
eolrjiir, Olid as5#ciat«l with emcraJdt are known only 
from Ale3tander County. Krath CarolitiA. Hiis vanety 
ia called hidcfcnite, and is much mresr and mcme valuable 
than emerald. The nearest post office to where it is 



A KEY TO PRBCtOUS STOfiES 

found U now lioncninx! witb the luiint! of HidclcRite. 
A bcaulifiiJ viotet or UlaC-COtourKt vuricty Called 
ktindle b femnd in pegmatite in Sun DiEf^ County, 
Califu^ia, and Madii^^aT, and shows a striking pteo- 
chioian. Ydlqw and blue crystaJa of gem quality liave 
cvme from Brazil. The crystals have perfect cleavages 
in two diiecttmis. and musi ned be dropped. 

Rhodonite lias its name frotti ^o&u*. a rose, hecaitse 
of iU cliaiaeterwtir pink colour duo to the presence of 
manganese, it being a silicate of numganeac, MoSiO'ii. 
It is usually found as compact granulnr lUEtsses veined 
with black oxide of manganese cmd is used mainly as 
an omamentaJ stone. A blfw^t weighing fort y-sc von tons 
has been cut at Ekaterinburg in tlm Umb. Smaller 
dear crystals of a pink or hrownlsh-TOi colour aic 
found in SwrcNlen. 

OitTHOCiiisE. or potash-felspar, is an important 
member of the felspar gtoup of rode-fooning minerals. 
Usually it b dull and opaque; but in the Alps it is 
found as clear and ctilouriess crystals called adularia. 
Clear ciystab of nhmwii-ycllow colour from Madagascar 
give attractive gems when cut. Moonstone is a well- 
known ^’ariety ol this sfwcies. These crystals clear 
or slightty cUmdy, but when vkw^ on otm duvetlou 
they display on tlie surface a htuuh milky reilcetion. 
or sluo]. which has been tuicUnUy compart with Uie 
light fDfw^R. This fiflerciioa is from a certaiii 
plane Id ti5c crystal, and ibt cabochcm-cut sttiocs nrn^t 
iiave this plane os tlie ti«se. Prattically all mociMtOd^^ 
come from Ceylpr^H hui a few of dark bluif cotinir conwr 
rrom Burrn.-L Ainaxofi-stoiir is a visrcllgiis-gnCT v-oricty 
of aTiotlurr potash-Wspar known as nuaociinit^ 
4liffoT3 from the jjiano<diiiiC orthoclirsc in b^ing trieiinic 

Oligoclasm, a soda-linie-fcbpir, is somctini<i$ Ipudii 
as clear j^olourless crystals which have been faoeicds 
Sunsfone, or avantitrid* felspar* is a variety unckistog 
tniniite of tiEiimtitc giiidtig tt a siwi^lcd 

Lahradoiute t$ another foda-liiMe-I^por ccmtaiiuDg 
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more iime and less soda than otigudafic- H Is » 
dbtributod rodt-fonnmg mbicm], bat spcriniem hum 
Labrudcir and % few otlier pUces, thoush np^ently 
diiU Md iioB-ttEactivt in appearance* when turned aniand 
in the light suddenly ftash np with vivfd cutuMti— 
yellow, gTeeUi or blue- This is due tu thb laterfefcisoe 
of light waves from tlstn films (as in opal), the iilms 
here bdng rnttmte scales of some other nimeral etidascd 
in the felspar cryatsiJ parallel to a cert^ ptmie. 

AJfDALtJSiTS, one of the three sdinrdntuJTt silicates with 
the fornmlu AltSiO*. b occasionally futtml as green or 
brown pebbles in the gem gravels of BraidL These arc 
rexncirkable for ihc strong pleociliroiMn (fig. p- 54b 
An opaque greyish audaluHtc eootainkig regabrly 
arranged black endosum shows a ^ll-mark^ black 
cross wben the crystal is cut into slices^ and b known 
as diiastnltte or cnHS-stone. 'Fb^ polbhcd sUcea are 
wtjm as channa, _ ^ . 

KvA^ms, also AljSiOg, (onus tndmic cry^als of 
hladed habit, and its name has reference to 
cidour. The crystals srer remarkable for the wide mifer'^ 

in hardness on (iifienmt facc^ and in ditummt 
directions on tlie same face (p. 25); 

FruHOLrtx, also Al^O|,, crystailizing, hke andalusite* 
io the oftliorbombjc system but with differenf angleit 
usually fonns compact fibrous masses and some- 

been mistaken for Clear crystais nl a pale- 
blue colour are of tare occwrrtfK* in Burma and Ceyton. 

SwtJIEOLiTE^ a coinpkx alumino-slucate 01 tfoii ana 
mugncsitim crjTitallmmg m the orthorhombto sys^ 
It is occasionally found as dear redd^-brown cryst^ 
The crystals are usually twirmed, giving CTossHdiaped 
forms^ and are BonKitmes worn as charms^ 

CoRDirairnE, ii wmpleat alummu-^ilicateof 
and mm as arthorbrnnWe crystals. It » usuailyrf a 
di«p blue cnlutrr and is nmiarkabie fm' its very stniiqj 

dimibo-filicate of ealdmn, 
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forms good tctragonfl] crystals; those from Vesuvma 
(vcsuvisTiite) art- a rich brofWn colour, while those (rom 
Ala in Pfcdmont arc bright gTeco:._ Massive itlocrpe 
louuri as large blocics in Califoriua is caUl'tI califonutef 
and resembles jade. ^ t - 

ErtDOtE, n complex alununa^icate of caJaum and 
iron fomilng monodhiic crystals of a brown or dark 
green colour with strong plcocliroism, kJatcriai suit¬ 
able for cutting is found in Unteisnlsbachthttl. Salshurg, 

ScAPOUTE, a complex ahiramo-silicate and chloride of 
caldum and aoiliiini formbig tcltagonal crystuls. Cluar 
crystals of ti bancy^yellow colour have recently been 
found in Madagascar, Drnril, and Swiixerland. wd 
liave yiekifid dlL'cdve faceted stones. A jdnk variety 
with opalescent sbeen from Burma bos be^ caboebon 
cut. 

PetiuertB, alumino-silicatc of ilic fare alkali mem 
ccsttini, as ctlbk dystaii. Clear colourless material 
fnnn Oxford County, Maine, has yielded a Jew faceted 
siouea. 

SERPEifTtKB, liydrated ^cate of magnesium »vitii 
some iron. never as distinct crjrstali, It is 
much used as on OTnameiital stouc, and is somethnes 
translucent with a ycdlowish-groeti or green coTonr, then 

DAN^URrm. boro-dlkate ol calcium, CaB^i^Oj, as 
orthorhnmbie crystals very aimtlar in form to those of 
topr. but without tilt perfect basal ckavage. Clear 
colourless erystaU are found in Japan, and reccuitly 
gutdcu-ydlow luaiefial rescmblitig topax luis come from 
Madagascar, oDil pale yellow and colourless matefial 
from Burma. 

Aximtb, boro-sXIicate of caldutn and hydrogen, u 
tiidiaic crystals witli a characleruitic axe-like form 
and strong pjeochTOtsmi Clove-brown ery'stols from 
Daupldii^ liavr been cut as gems. 

KoRysRirEtirE, boroF-sliicate of aluiiuniuin and mag' 
ntidum, ortborhambic in ciystailization. OliTC-gToe® 
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iTuiterial of gem quality has come- from Madaguscar 
aiift Ceybn» 

Dt'uOBTtltHiTftr bofo-^iicatc of alumuiiumj ortIM>‘ 
rhoitibic, as coaipsurt masses of bleie or violet cdoor 
and taking a good polish, (nun CalifaraiO- 

Sfuene. idlicate and tituiKite of calcium. CaSmOj, 
The name, from o^Jk. a wedge, has ^cien^ to the 
chsnwtBriitiii wcdge-sliipcd habit of tliL- rnonocliniccrys* 
tals. Grectusb-yellow ctTstals are founil in cmvices in 
tiia jtockfl o! tho Swiss Alps, and when thoe ore 
sufficiently dear and lo^ enough they cut Oii magiu- 
heent gems with a liritliint lustre and a pJay of prj^ 
tnoiic cubtirs exceeding that of diamond; hut unfor- 
tiinatdy the stntic ia loo ftjft for wear unless ticaled 
with enre. The mincrul is known as brgo brown crystals 
at soTTie othiiT localities, and there is a good diance tbai 
more gem-quolity material renuutis tn be found* 

Behitoitb,silicate and titonateof barium,^BaTi(SiOjJ|, 
as rliombohcdr^ crystaU of peculiar habit (p, 43). » 
Itunwn only from San Benito County. Califomut It 
yields a hn" aapphirK-bliiB gem, fmi rather too soil for 
rough wiiar. . , * 

HASiUEUCtTE, a rare beryllium borate, mcenUy fowd 
os large crystals in Madagascar, from whidi colourless 

Kwns have been cot. . - i.- 
RHODtzrrii. a ram borate mineial oontinnihg ojtt- 

rniniani. beryllitim,caesium. Ac., bund os pawgltwish 
Aud vellowi^ cubit in Jladstg^scttr* ,, ^ biRb 
decTte of (8 on Die icsje) b rormil^b^^ 

BE^TXXD^rrtt phcfspbaie bcryUiittii wwninii 
fm octutmw coLuurkfis urtboihombic crysUis in 

MainOk U.&A. , _ 
AFATiTE. phoflpJittte and flocfridi: uf eakiHm. a cojnmoci 

miitcrai of tmportance a- sflfUioc of phpi*p 
tilircrs, is Bometitnes teuiul as dear cry-stii^ of vanouji 
bright colours. Blue crystals tlic rnhymmam 
Bumu show a remarkable didimiam—aky-biue and 
pale yellow. The hardness is only 5 on the scale 

(p«t) 
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FttiORtTE or Fluorspak, calduin Bunride. CaF,. as 
cubic oy^lals, sliflwlm; a wiilc ranfic of coloore which 
cut as attiUJCtivc stones hut with iv low degree of iiurd- 

(^). The " blne-joLn “ variety, peculiar to IJcrby- 
is carved as vases and various pmatneuts. 

CASsrTZxns, tia oxide, SnO,, as letiagonai erystab, 
tbo most iroportuni me of tin. b rarely fomid as dear 
cfystab of a yetton. btown. Of red eokmr whidi cut 
as very lirniiont gems. 

HAUATiTn, Iron oxide. Fc,0|. as rijamboh«inii 
crystals, an important ore of itmi, A ooinpact form of 
fcidney-iron-are b cut to reoenibk bindc pfsarb, 

hlimLE, titaniiun oxide, TtO|i as tetragonal ccystab, 
is usually dark brown or blade, but b vray briliiant 
when cut. the refrartive index bein® conaderablv highm 
lima tliat of diamond, SpcctoculiU' gems (" titania ") 
of a faint yellowish tint have receody been produced 
artifidoUy l>y the Vcrncuil ptoces, 

Zurr-EiLExne or Blexdx, xinc suJphidi*. ^S, the 
comninn can of rine, is found at Santander. Spain, as 
dear ydlow deavage masses which have been cut as 
lustrous gems with an nptical dispeisJott greater than 
that of diamond, but the hardness {3I-4) b vpry^ low. 
Small Tuhy-red mystab are found at smne otliw Jocali- 
tiea. 



CHAPTER XXHI 

Gem Materials of Organic Origin: 
Ambcf^ Jet, Pearls, Coral 

The materinia remaining few Uiis lust ctapTcr at 
nfliUiui* Btoaes twr jaiueraJs, but are w organic 

origin' and they ate nO! taken veiy scrifnuJy hy 
mineraJogistfl. They ane plant and animal prodmili, 
and should be studied by botanirts and wotoputi 

Ahuek ia a lot^ It h louad bs pc^ics or 
ntiiA-,^ of imgulor shape, rarely as tcar'Shajped drops, 
in beds of lanH and clay that wiere deposited dtiring 
tite Tertiary period of gcolt^.. Compared wiiJi the 
matority of the gennstoncs previoualy ctmaidcird, atnlw 
is oJ compujativnly tecent orrgmi not coileclors, vrho 
like to liavt ihiar amber really old, may rest asaured 
tliat it is (if gtaiuiiw) at least t™ nttUion years old. or 
perhaps rather motei. From a si^y of the lemiihs 
of plants and animals, principally insects, idien to be 
seen embedded in amber, paljeoniologisu ate ablo to 
tcU something about ibe life at that peried- TTjo resin, 
which in a soil and sticky sUte ano^ped the ms«ts. 
was exuded liy a pine tree, now exttni^, which paia& 
botanists call' Pinus jareinr/m, suednum being the 
Latin name for ointier. 

Amljer varies ccmsidemlily m appearance and aualit)^ 
and lor this reasoji it la not alwa>'s ca^ to disttngm^ 
It from other fornu of resin and the many artinctaJ 
imitations, U may range from pak yellow or alinoat 
coltTurle^ throusii " arrstH2r-ydlli?w to dark 

nf 
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brovn, and almo$t bUck; and greenish and btimh 
tingtis afc sometimes shown. It may range from dear 
and transparent to cloudy, and opaqiie^ The cbcmical 
composition is also variable, approidmating to the 
formula CiaHjjO, iHit some sulphur is also present, 
and it is not a simpk chemical compmind. When 
heated it givis off oil of amber and succinic acid, and 
with different solvents at least four different kinds of 
resin can be extracted. To be really suit that a imt^iai 
is amber it must be tested chcmiKilly, A popular Idea 
of a reliable test for amber is that it becomes doctrificd 
when nibbed, then attracting bits of paper. AH things, 
even one's Imuds, develop electricity when rubbed, but 
unless thn material is a bad conductor, the charge 
iminediateSy escapes. Bad cundurtoia most be us^ 
in off dectrical fittings, tbinigh amber b not used lot 
tbb purpose; and these as well os all imitation amber 
will answer to the same test. However, this property 
waa first observed in amber, the uxird electricity being 
derived from the Greek norne, dectroo, for 
ombef- 

Tbfi most important source of amber a In East 
Prussia along the Baltic coast, the centre of (he ambor 
Industty being at Kdnigsbeig; and material from tfiere 
is usually dbtinguishjed os l^tk amber. The amber* 
beaziDg beds are worked in open pits and also by ondcr' 
ground ouning at PaininickeiL The beds also extend 
under the sea, and niter storms much amber Is collected 
on the beach and drodged from the sea. Pieces may be 
occosiotially ooUected along tlie beach aw'ay to the east, 
even as far as th** English coast between Essex and 
Yorksbire. Other amber localities of lessw inmortance 
are in Upper Burma, Sicily, and Romania. The Bur¬ 
mese amber, or bunniie, is mined in the Hnkawng 
valley in the Myitkvina district, not far from the jadeite 
mines. It is pf a ‘darker reddi^brown colour and is 
laigefy exported to China. 

Cd^ is a fossil resin of more recent origin than 



amber, jet, pearls, corae 

Amber, and it is usnolly ligiiJer in colour on«i clearer. 
This inclttdea Ihe Zanzibar copal and the Kaufi*j:uni 
o( Kew Zealand, whkh are dwg iram ihe surface soil 
Imitations of u/abct are very frequently made, Vel^ 
gljiffl is al once distingubhed by its weight; ^wlmd 
by tlie way it cun ^ pared ytith tmilc; anil baiwiUte 
by its silghtty higher specific gravity. In saU water 
ftfijoe or toir tiasiWJiifols of salt in a tmnbkiT of water) 
amber (specific gravity T'05"i i) ^ 
bakelitc (J-35) will atnk. In ultra*’idolct raj^ amber 
displays a g^uish flunresccnce, which is twl shnwa 
by artificial imitatiops- t ¥* 

JjiT is a foisil wood, and really a fbnn of It 
is foond as logs representing tree mmto m sIiuIm « 
I agn on the Yorksliire coast in the nei^bourhood 
of Whitby, Host of the jd now cut Uiere is, howvci, 
imported from Astmia in Sp^n. The « 
“jet-black" and takes a good polish. The bcotch 
cannel-coai is not a bad tubstitute, , . , 

Peahls. a quaint account, worth quotmg. is givai 
by Camiliiis Leonardos in his Speadum ^piJum 
fVenetia, 130a). Enehah tranilaticHi The Mirror of 

StofKS (London, 175®)= 

MarmtkrilA. at Pb*rL bu tlw fiat amoiw white <J«im 

S^Aittiior^'n-* jawiLFi^.if STsS: 
a/ * emsdu Seaw# «f tie Y«u. I«vs the iKittiBn tJw ^ 
todniw ht ti» Air, oC wbkJi 
to the Ocemwi of the Air Isikefl m, tht 
or intiildy. The Pteerl ti to the wunJ. hj mim 
il COilcHl AD Ojt149S. 

Pearls are maWonnations of the external skeleton of 
the pearl*byslcT [Mektigrtn* mfrsariiiffra), and mth 
the shell itrelf they are secreted by the n^oe pf fb* 
tnollus:. Tbry consist of the sanw ttuio^ and ^ 
the same stnicture as the mniliw-of-p^l tiiat fc^ 
the imief aide of the slic^ When they are found 
attached to the sJieh they have the nregnto shape of 
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''button" or "blister" pearls: wiilto (hose fount! 
isolated snd embedded in Uic tissue of tbe mEuitle are 
spherrail. Some foreign matter—-a grain of sand or 
even a small crab or fisb^-bas ftccidentally gut inside 
between (be mantle and the shell; and to allay the 
irritution the moUusc bos encased tlie object in nacreous 
material. The isolated pearls in the mioitlc arc due to 
tlic mtrusioD of paraiitk worms. Ihe tomb of a papsitic 
worm Is not a really plcasjiot object with wbicti to 
bedeck a fair neck. 

The nacreous manaial of pearls and also of motliet- 
of-pearl consists of alternate layers of caldum 
boEtote (about 8fl%) and horay substance (coBichiolin} 
arranged pajalld to the surface. A sptiEjricd pearl is 
tberefore built up like uu odibu. As sceu in thin, sect ions 
nnder the tmcro$cope» tire caldum citrExitiitte foims a 
series of little overlapping plates or scales, eaeli buiU 
up of a mulritude of minutE nccdle-lltc erystala ar¬ 
ranged pcrpeudicular to the mirface. Tliesc are c^stals 
of onigoiute, a mineral differing frmn catchc in tbe 
orthorlionibiic foim of ita crystals.. Tliis finely laminated 
structure is the cause of the Ediaracteristic pearly lustre 
(wbich is also sliown by crystals ]iOSSci?sing a very 
perfect cleavage in one direction); and abo for the 
play of rather confused prismatic colours produced by 
the interference of light at the surfaces of the lamiiue* 

The prmcipol pearl hsheries are In several pnrt* bl 
the InElian Ocean, off the cnasts of Ceyfon and Wesbem 
Australia, Persian Gulf, &c. Pearis are aLso obtained 
off the Central American coast and in the Wiist Indies, 
and in the Pacihe Ocean, but not in all ca.<!e3 from the 
typical pearl-oyster. Pearls are also found in the frisb- 
vrater mollusc Unio in Scotland and North Ameri^ 

Since pearls ore the result of a morbid curulition 
of the mottusc, it is postuble to atimubile the^ fonmtion 
and growth by aitihdal mtnnA Tire result b tiic some, 
aud it matters little whetlicr the source of the iiriution 
has been acddeumlly swallowed by the oyster itself. 
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poked in by a misciievoios boy. or stdlfulJy in^odiu^ 
py an ingecuDOs jap. This has Keep practtaed Srt China 
PH fresh'Water ptussels since the Uiirteentli centuty. 
Budtlha Jinagas on the ntuicte of ahtilb being wU tawTi 
M<»fe receally. n* a result of loologieal nis<rjiich, it 
has bMP possible by a sorgicol nperatkin (o mtnidnce 
the foreign object within a fold in the tnunlle of the 
moJlnsc. Since itp\ tJiest wwaUed " culfmwl ** pearls 
have been produced io huge quantillesj much to the 
dismay of pearl mcrduuiia, 

Pearl-oystecs have a life of ii-ia jrean Tlie op^- 
tioD is p^ormed on young iadivuduab, the object 

nu-J.'- T>n*" lirriiBiii if |it i nmtif *mJC4J i “ euirafeiJ *• p»ri 

tfitrodiicoil beiji^ a cut splvcn? cd moUKr^oi^p^arJ^ and 
tlicy liTi them kept in baskets finspcuded in the sea 
fcir ubout seveft when a nacr^oiis layer aberut one 
millimetre in tbicknjess b fonnt?d Siicb a “* cultured 
pearl bas the structure shown in cfi&ss-secticm in fig. 
57 white u wliully imtuiaJ pearl (fig. 5?^} ^ ^ 
citittric siructuf^ up lo the eeiitre- To urdmary in- 
spccticti ilie two are indisiingmshable. Witl* a t>e^ 
they can lie distinguisbed by in^crtteg a pair of tiny 
mirrorsaloi3g tbe bore, WiJb an tm1>or™ [kiuIi ^ X-fay 
Lauc photograph will show a distinctIot. the 
minute amgoOile prisms ore airaagcd perpaidiculor 
to ilw conceatifc layecs, A wll sliow the same pattern 
as 4 only in o single direction. If the foreign objort 
is a smalt or seed pearh then both tiuse tncthodfi fwL 
Imitation pearls coflsifiting of luilkiw gUsa beails with 
a special ^littg: we easily recogniasJ—oteept at a dis¬ 
tance. 
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Coral* Her* Leotiardus {i5“) ^ instmetivs: 
Ci^4/ Etowi iii the wka Ot* ^ Tfeev fcwt wltlaifiil Ltfiva, lo 

H^jpritttSe ncFt tvoeedilt^ tm Fwt Of *"1^2!^ 
Sd^. tbe R«J and VVliite; Uio* Avtcsn Jwld» thrift ii a 
SMiA vh\th U Black. 1 tmw ww thts While and Rfld loui <1 

rhti indeed iA mm ^ ^ 
good for ootblDfi; bttt thow whlcb mto 
St «d«l*8t *» tb® belt Tbfltr Vlrtina, Iwt cHkfly el Uw 
R«L is to itep every Flti* of Blood. BetOR cairioct stout om. 
or wherever ft be in » Hooie W Ship, it dny« sw»y Ch»B, 
Hobgohliia. Drouiii, Llghtnljise. Wuidi sod Tem- 
pMto 

This is tlic o¥iel skeleton of a colony of coral polyps, 
CcraJiiunt rubrum, belonging to the samo gtwp of 
animals as the common sesi'anemoiie. It coosista ol 
cakimn carbonate (about 85%) bi the form of the 
mtneral coktte, tegethw with some magncsiiim car¬ 
bonate, iron ojtide, Ac. IliifoundintheMcditcmtiicaB, 
and the wwrk^ of coral is entirely an Italian indUirtW* 
UateriaJ of the best Bose-pink <^our fctchei a high 
price. 
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£^(y, efi^iWT^ k 
So^jr^tai^ idA. 
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TopU, fbtl OBCRraitim, 9f^ 
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«Hour^ 1741 «4Ciixr«tK«i. iffi 

1I9. 
Tm idbctk^44p 

TiKomaiam^ riif imMpmkAm, iht 
^rtvala^ ttlj rt4f di- 
WObPW Jll^ illd l»«- 
■kctridlYp ill. 

Tfibia|iijpMrMi^gnr«, ii^ 
Tnctlrw ci?PlaK fy 
Tridinw vrwtrm^ 3.^, 41. 
Tull^ rcfnetamHu^ u 
TutgikiiiM, It?- 

twjm, Vw 14^ 
Univril^ rlL 

Vchm ud priw. T, ifV- 
V#tw ttfiwmii 1J7. 
Vvwcv, 
Vnnittil pneamt 149^ 
Vfiuviiiun^ uv 
Vitfwyt Ih^I% 14* 
VokilHc: roekn, TJh 

Wm4ffi^ffai d Ufibt^ L 
W*£-4>aiL,xtA 
WvKj Ivtuty If. 
White lifts,*. 
WillHnk*, ui^ 
WoiMl-Op«1f »f. 

XdlMHte, 1*4. 
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ZiiTO, iIt; crWktif llli 
e8I{ Goiw ataaatm* llw w** 
li«. 1^4. 

ZpMi o| oiitel imik ^ 1TI« 
Zolitef dl MlWy l*4> 
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