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Abstract

The chemical and spectroscopic properties

of  a colour-change berv l  f rorn Brazi l  are

given.  The test  sample reveals radiat ion

induced Maxixe-tvpe colour centres as well

as iron- and rnanganese-related absorption

bands .  The  pheno rnena l  co lou r  change

was probablv unintentionallv produced bv

irradiation and subsequent bleaching of part

o{ the radiation induced colour centres in

davlight.

Phenomenal  gemstones sho*- ing specia l

op t i ca l  p rope r t i es  such  t r s  cha tovancy

o r  a s t e r i s m  a r e  a l w a v s  o f  i n t e r e s t  t o

gemmo log i s t s .  Co lou r  change  be tween

daylight and incandescent l ight is one of

these extraordinarv optical {'eatures. It was

first described in chrvsobervl (alexandrite) in

the 19'f century" but later also in other gem

minerals such as sapphire, spinel, garnet,

fluorite, tourmaline, diaspore, and kyanite

(see,  e.g.  Cübel in  and Schmetzer ,  1.982;

Hänn i ,  1983 ) .  So  a  f ace ted  be ry l  wh i ch

revealed a colour change from daylight to

incandescent light was submitted by a gem

collector for examination to evaluate the

cause of colour of this unusual gemstone.

T h e  f a c e t e d  b e r y l  o f  4 . 5 1  c t  i n  w e i g h t

(F ig .  1  a ,b )  was  bough t  a t  t he  Mun ich

mineral fair some years ago and was thought

to have corne, originally, from Minas Gerais,

Brazil. The beryl showed a light yellowish

green colouration in davlight with a distinct

colour change to a somewhat more intense

pink in incandescent light. Pleochroism was

ureak in  dayl ight  and incandescent  l ight

(da--vlight: light vellowish green parallel to c,

light green perpendicular to c; incandescent

light: light vellowish pink parallel to c, light

pink perpendicular to c). Its gemmological

properties such as a specific gravity of 2.71

and refractive indices of 1.572 - 1.580 of

the optically uniaxial crystal were typical

of bervl. Chemical examination by energy-

d ispers ive X-rav f luorescence (EDXRF)

showed traces of transition metal elements

such as manganese and i ron (0.02 wt .  %

MnO, 0.25 wt.% Fe2O") to be present in the

Sernstone.
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' l 'he 
slone's polarizecl al.rsorption speclr.um

revcalecl alrsorplion rnaxirna ar 555 ancl ; i26

nrn i r r  1hc specl r l rn  para l lc l  to  t l rc  c-ax is

and r r rax i rna at  688.  642. ,62;>"  555 ancl  l l70

nrn in  the specl rurn per l tcnt l icu lar .  to  the
c-axis  (F ig.  2) .  ln  at l l i t ion-  a cont inuorrs lv

irrcreasing ahsorption fi 'orn aborrt , ir00 nm

to the trltraviolct was observed for rar.s bolh

parallel arrd perpendicnlar 1o c.

' l ' J t e  
r . r ' eak  abso rp t i on  bands  a t : i 26  n rn

(parallel to c) ant{ al 370 rtrir (perpcndiculur.

Io c) arc frequcntlv obsorvccl irr berr-l arrcl

cornrnonlv assigned to trivalent iron (sec, c.g..

\ I /ood arrd Nassau.  1968).  Ihe absorpt iorr

b a n d s  a t  6 8 8 . 6 , 1 2 .  a r r d  6 2 i r  n n r  i l  I h e
spectlurn perperrdicula.r to lhLr c-uxis are drcr
strongcst absor'ption barrds o[' Maxixc-tvpc

col t i r r r  cerr t res (Nassatr  et  a l . .  
. l  

976;  l t ink

ct  a l . "  1990;  I la lheN. et  a l . .  
- |998.  

2000).
-fltesc 

colour centres are ludialir lrr irri l trcecl

CO,- raclicals, nrhich can bcr produced bv tlrc
irratl iation of (JO,,r -bcaring natrrr.al l.rerl ls
frorn nurncrous localit ies. The lfaxixc-tvpe

colclur contres are unstablc anrl { 'ade upon
exposure to l ight.

'f 
h cr conti rruo uslr,- i n c rcasing- absorptiorr from

about 500 nrn to thc rritlaviolet is assignecl

to ladiation irrduced vellon' colour centl 'es.

r.hir:h can Lrc prclclucccl frorrr iron-bcaring

bcrv ls"  u 'h ich a le n lore or  less colour . less.

Tlrese colour cerllr 'L's rcvcal higher thcnnal

stabil itv than N{axixe-typo colour' centles"

but  arc b leached r rpon heat  t r 'oatrnent  at

abotrt ri00 "C (l l irrk c1 al.. 
. l  990: N4atlrcn-et

a l . "  199{3,  2000).

The  abso rp l i o r r  ba r rds  a t  555  n rn  i n  t hc

spectlrrrn Jrarallel ancJ perpeuclicrrlar. 1o the

c-ar is  are assigned to lnangarrese-r 'e lated

colorrr cenlros. Nlangant:se-bearing natural

an t l  s l ' n thc l i c  be rv l s  i nc lud ing  the  new

nrinelal 1tezzo1tai1e. a ccsiurn-r.ich rnernber

ol '  thc bery l  farn i l l , ' "  reveal  two d i f ferent

basir: tvpes of absorptiorr spectra (Table 1).
Althorrgh thcre ale sorne variations in the

postions o['the absolpliorr rnaxima given bv
di{Tcrcnt tnrthols" tw-o types o{ rnarrganese-

r e l a t e c l  a b s o r p l i o n  s p e c t r a  a r e  c l e a r l v

d is t i r rgt r ishecl ,  i .e .  the spectr .a of  the p ink
or orango pink rnorganite and pezzottaite

and the spectla ol natural and synthetic red
bervl.

Irr thc speclrlrrn of our sarnplc" t lre irrtense

abso r l l t i on  rna rx i rnu rn  o f  r no r .gan i t e  i n
t h e  4 8 0  l r ] r  r a r r g e "  r ' i t h  p o l a r i z a t i o n

pcrpcntlicrrl:rr to tlrc c-axis. is not obserwed

art<l thrLs the spectrrrrn is closer to that of led

beryl. T'hele are" horvcvel'. sorne differences

lhat havc 1o l-re rncntioned. ln the spectr.um

ol t  thc colour  changing berv l  f rom Brazi l ,

the ahsorption rnaxirnurn in the spectrurn

paral le l  1o the c-ax is  is  observed at  about
555 nrn u.h ich is  c losc to the posi t ion of
1hc absoqll ion rnaximurn of red ber.vl. Our
sample" horvcver" dicl not revcal the tvpical

s h i l t  o f  t h e  p o s i t i o n  o f  t h e  t r t r s o r p t i o n

rnaxirrrurn to abotrt 5,10 rrrtr in the spectmrn"

u ' i t h  p o l a r i z a t i o n  p c r p e n d i c u l a r .  t o  t h e
t:-aris. as reportetl bv various authors (again,

sec Table 1) .  These d i f ferences rn ight  be
r [r r r: to radiali on-inducetl rrran p4anese -related

colour  centrcs as nrcrr t ioned by Solnt .sev
(19B1) .  l , ' ho  desc r i bcd  the  p roduc t i on  o f
speci f ic absorption bancls with rnaxirna at
525 rrrn (polarization l l c) and at 485 nrn
(polarization t c).
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In summarv, the spectrum of our sample

consists of three different types of absorption

bands which are assigned to a) Maxixe-tvpe

colour  centres,  b)  i ron-re lated,  probably

radiat ion- induced yel low colour  centres

and c) manganese-related transition metal

absorption bands. Most probablv, the sample

is an irradiated, originally colourless or very

light pink beryl (morganite). AfJer bleaching

part of the radiation-induced colour centres,

especially part of the Maxixe-tvpe colour

centres in daylight, the sample showed an

absorpt ion spectrum wi th a manganese-

related absorption maximum in the greenish-

yellow of the visible range and two areas

wi th h igher  t ransparency in  the red and

blue-green range. This tvpe of absorption

s p e c t r u m ?  p r o b a b l v  u n i n t e n t i o n a l l v

produced,  is  a tvp ical  feature of  co lour-

change gemstones and is observed in many

gem materials which reveal a distinct colour

change between davlight and incandescent

light.

At  present ,  a h igh percentage of  p ink to

o range -p ink  be ry l s  (morgan i t es )  i n  t he

trade ale treated by electron irradiation in

Brazil or elsewhere in order to irnprove the

natural colour, especially in order to increase

the colour intensity of originallv verv light

coloured specimens. It should be possible to

detect at least some of the treated stones bv

careful examination of polarized absorption

spectra in the visible and ultraviolet range

(Schmetzer, unpublished data).
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Fig.  1b

in weight, size 13.0 x 7.8 mm, showed a distinct
davlight (a) to a somewhat more intense pink in

Fig.  1a

Fig. 1 a, b This faceted bervl of 4.51
colour  change i rom l [ l r r  green
incandescent light (b).
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Fig.2 The polarized absorption spectrum (black

1; c. bluc I c) of the colour changing bervl
f i:om Brazil shon'ed nulnerous absorption
bands u'hich are assigned to Maxixe-type
colour centres, to manganese d-d transitions
and to iron-related vellow colour centres
(details see text).

Table 1 Summary of spectroscopic properties of manganese-bearing natural

and svnthetic beryls.

* radiation-induced manganese-related colour centres

Mineral name

(variety)

Absorption
maxima (nm)

Polarization lntensity References

Pink to orange

pink beryl

(morganite),

pezzotaite

820

560

540

480

t -

l l  .

I c

560 > 540

480 > 540

Wood and Nassau (1968)

Schmetzer et al. (1974a)

Platonov et al. (1989)

Laurs et al. (2003)

Natural red

beryl,

svnthetic

rnanganese-

bearing red bervl

560

540

525*

190

485*

l l  "
I c

l l  c

- L c

I c

560 = 540

shoulder

Nassau and Wood (1968)

Schmetzer et al. (1.974b)

Solntsev (1981)

Shigley et al. (1984)

Platonov et al. (1989)

Shigley et al. (2001)

Laurs et al. (2003)
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