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The chemical and SSRGS Proeperiies
il o colvnr-change beevl Troon Brazil are
given. The test sample reveals radiation
inilueed Maxixe-type colour centres s well
as iron- and |u:l||5|.'.'|||1'.--e'-r|1|||.!1'l.| absorption
bands. The phenomenal colour change
wins preababily voiteniionally prsiloeed by
irvad liation andd -|ih-|1|1||'||1 Ll hime of [rart
aof the radiation indouced colour cenires in
dlav lighn.

Phenomenal gemstones showing special
apiical properiies sueh as chatovamey
OF aslerism are .'||'n.'|:|.-| ol interest 1o
gemmalogists. Colour change heiween
davlight and incandeseent light is one of
these extraordinary optical feamres. It was
first deseribisd in clrvsobiers] [alexamdeiie) m

[ :
the 159, centiry. b later alao in other gem

minerals such as -:1||||||i|'|'. .-||ir|.|'|. garnel,
Muorite, wurmaline, diaspore, and kvanite
[see, e g, enbelin and Schmerzer, 1982,
Hammi. 1983}, 20 a facered Ilt'l"_'.l which
revenled o eolowr change Trom davlizhi o
incandeseent light was submited by a gem
vollector for examination o evaluaie the

cavvse of eoloar of this woesual gemstone,

The faceted bervl of .51 ot in weight |
tFig, 1 a.b)] was bought ar the Monich
mineral fair some vears ago and was thoughn
ios hwve come, originally, from Minss Cermis,
Brazil. The bervl showed a light vellowish
green colouration in doavlight with a distinet
colimr change 10 a somewhal more intense
pink in incandeseent light, Pleochmsizm  was
weak i davlight and meandescent lighi
[dlavlight: light vellowish green parallel o e
lighi green perpendicular e ineandeseent
lighn: light vellowish pink parallel w e ligh
pink perpendicolar o ¢). Is gemmaological
properties such as o spectbe graviy of 2,71
and refracvive indices of 1.572 - 1580 of
the optically uniaxial crystal were typical |
of bervl, Chemical examination by energy-
dispersive X-ray fluorescence (EDXRF)
abwiwed] trmees of transitom metal elemenis
sich as manganese and iron (0,02 wi. %
Mutd, 0,25 wi,% Feddy) 1w be present in the
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The stome's ||-|l|:1|'i..ﬂ'li :|||.=4|r||li|||| SECLELT
reveaed alsorprion maxine a1 555 amd 426
mann in 1l sppeatrumm prenllel e gl e-axis
ol sk wn GBS, 642, 025 555 ad 370
penmn i e sprecirmm paerpendicular o il
ceaxis [Figo 20 In adddivion, a |1'|r|||'|p|.|4||_|-.|:.
inereasing aleorption from abour 5000w
tor the whraviolenr was olserved for mve Lok
pavrallel and perpendicular 1o e

The weak absorpiion bands at 420 nm
[pavrudlel 1o o) and an 370 nm [ perpendicular
to el are frequently observed in bervl and
connmnanly assigned o ivivalent i (see, e,
Woaml amdd Npssgn, 19687, The .'||r-|||'|||i|.r||
Bavndds an 688, 042, and 625 nm in ihe
speetrum perpendicular v the c-axis are (e
sEPaEEeal |||:r-|||'_|||i||n licinil= afl :'|.|:|:-.i_1.|,--|3.||.|-
colour vemires [Massan et al,, 1976; Rink
et al., 1990 Mathew en al., 1908, 2000),
These eoloar centees ave vadintion indaeed
L0 ralicals, which can be prodaced Ly e
ircadiation of CO,7 -bearing matural leryls
from mumerous localivies. The Maxixe-rvpe
colour centres are unstable and Fade e

expa=nre 1o lislin,

The comtinmonsly inereasing absorprion from
abist SO0 o v the aleeayioler i= assigl
o raliagion induced vellow eolour centres,
which can be produced from iron-bearing
beryls, which are more or less coloorless,
These colour cemres reveal higher theemal
stability than Maxise-tvpe colour centres,
bant are Bleached upon heat treatment a
alsownr 4000 20 { Rink = al, 1990 Naliew e
al., 1908, 200MY),

Tl JIII‘-!.II'ElIiIIII Isatmal= ad 335 nm in 1l

=Wl IIIH'H”"I anil perpendicalar b

e-ikis are assigned o manganese-relaied
colenr centres. Manganese-lbearing natral
amil synibetic beryls including the new
mineral pezeotiaite. o cesiumerich member
of the bervl family. reveal two differem
s Pvpsie= ol alisorpiion sperira [Talwle I}
Wibough here are some varimiions in ihe
prostions of the absorption maxima given by
different anthors. 1w tvpes of manzanese-
el 4|_|hn|'4|liu|| spretra are elearly
distinguished, ie. the specira of the pink
or orange pink morganite and pereonaine
ainl the specten of natural and symhetic red
[l

ln the spectirum of our sample. the intense
4I|l-ll|'|r| ion masimmm ol marzanite i
the 480 nm range. with polarization
paerprendicalar do ihe ceopxis b= mm observed
annl s ihe spErerrn s closer g thae of red
bersl. There are, however. some differences
thae hve o e mentionsd, Inothe specirum

of the colour changing bervl From Brazil,

the absorption maximum in the specirm
pravrsllel i el e-axis is sleerved ar sl
355 nm which is elose w the provsivicen of
ihe 4I|HJI'|rIi|||I maxim of vl beervl, Chur
sampibe, Tooweser, did mor seveal the ivpreal |
shilt of the prevsatiom ol the ;|i|_-.|u'|||j|m
w0 absour 340 nm in the speetrom,
with polarization perpendicular 10 the
CeliRlE, f= J'l'|m|'||*1| b wovrtoens moilyors (mzain,
see labile 1), These differences mighi b
e 1o pclianion-toloesl srepz - e Laned
colonr eentres ws mentioned by Solnisey
CIO8T ) wha deserilied the production of
sprecifie JI|r-lrI'|rri|:tI. banads with maxima i
325 nm (polarieation || ¢ and ar 485 mn
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In swmmary, the specirnm of our sample
coiaists of theee different pvpes of absorpiion
bands which are assigoed 10oa) Maxise-iype
collor venires, B iroi-relaed, |-|'n1-n|-|:r
rindiation-imiluced yvellow colour centres
anil &) g relared teamsition wenetal
abesrption banads. Mot probablv, the sonpbe
i= an irvmiligiel], origioally colonrless or Ty
light pink bersl (morganive ). Afer bleaching
parrt of the radiation-induced colowr cenires,
r--;lu'q'inll:c pavrt ol ihe Maxise-1vpe ol
centres in davlight. the sample showed an
ab=orption specirnm with o manganese-
reluted absorprion maximmm in the greenish-
:.:-I!-m ol the visible romge amd 1wo areas
with higher transpareney in the ved and
blue-green range. This tvpe of alsorprion
specirum, p rabahly womintenvion all b
|1|'||||||.|:'1'1|. i= il 11_.p:i1'|I| Feature of ealonr-
clhange semsiones gl is olisers el im (THTTES
arenny mmpkerials which reveal o alisginet eoloar
change between davlight amd incandeseen
ligzhun.

Ar present. a high pereeniage of pink 1o
orange-pink bervls (morganites] in the
trade are treated by electron irrmdintion i
Brazil or elseadere i ooeider o bmprove il
wmtnral el |'=||1'|'i.'|||1_. i orcer e inerease
the colour intensity of originally very light
erdore] spiscinens, I alvonilil lee |Hl-|-|i|rll-' I
aleect an beast some of the treatel stones by
careful exmminaiion of podarized abssepiion
sprcirm in the visibile wmd wilvravioler ranee
[ selmeteer. unpublished data].

Veknow ledgement: The amhors are grareful
o Me. K. Fiselier of Starmnberg, Gecmany,
whin subsmivie] b cnlone-clinnge |1|'I'§| for
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Fig. 2 The polarized absorprion specirum (bslack
Il o Blue L o) of the colonr changing beryl
From Brazil showed nonmerons absorprion
miads which are assigoed i Maxixe-iyvpe
colour centres, o manganese d-d ransitions
pnil 1o iron-relaved vellow colonr centres
(obetails s pest ),

Table 1 Sumnary ol sprwineeopie properies ool g nese-learing matiiral

anicl =viihiie bryls,

Mineral name Absorpiion Polarization | Iniens=iiy Helerenees
(variety) maxima (nm)
Pink L oA e 2 Le Wood and Nassau [ 1968)
pink bery Sl Il Schmetzer et al, (1974a)
[morzanite). 540 1r S04 = 5400 | Platonow en al. [ 1989)
peEEaite +8i00 L e 4t = 5400 | Laurs ex al. [2000)
Natural red o) | e S0l = 340 [ Nazsan and Wood (19%08)
Iery ] L L« Selunetzer et al. (197 4h)
sviithenie DL Il « Solni=ey [ TR )
TR M) Lo shumililer Shighey ev al. [1984)
hearing red bervl | 485% le Plagonoy et al, [ 195%)
Shigley et al. (2001}
Lawurs et al, [200:3]

# paalimtion-indueed mangane=e-relais] colooe eentees
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