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Effects of chemical composition and temperature on
the formation of beryl varieties

Arunas KleiSmantas

KleiSmantas A. Effects of chemical composition and temperature on the formation
of beryl varieties. Geologija. Vilnius. 2003. No. 41. P. 3-13. ISSN 1392-110X. Che-
mical and physical properties of 116 beryl minerals from different localities over the
world have been investigated in order to determine the major factors influencing the
formation of beryl varieties, i.e. changes in colour. Vanadium, along with chromium,
was found to influence the green emerald colour in Colombian emeralds. Colourless
beryl is characterised by a low content of impure ions. The light blue colour of some
beryls appeared because of ferrous iron occurring in the void within the channel site.
The ferrous iron caused some high-chromium beryls to acquire slightly blue colour
and to look like aquamarines. The author suggests them to call chromium aquama-
rines. The ratio of ferric and ferrous iron is responsible for slight yellow, yellowish
brown and slight green colour of some beryl varieties. Golden beryls and heliodors
were found to have “colour memory”. The following range in colour was established
after heating of golden beryls and heliodors: yellowish brown - yellow (golden
beryl) — slight yellow (heliodor) — slight green (green beryl) — colourless (goshe-
nite) — slight blue (aquamarine). The Beryl Colour Cycle was compiled on the basis
of Goethe’s colour cycle.
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INTRODUCTION

ween six-membered radicals, and is normal to the
axis ¢. Beryl contains a considerable amount of im-

Beryl is allochromatic because of some chromopho-
ric impure elements occurring along with essential
constituents such as berylium. Their valency and
place in the crystal cell control the colour. Tempe-
rature is another important factor influencing the
colour. Many beryl varieties appeared because of
impure ions, changes of their valency and place in
the crystal cell.

Beryl (Be,AL[SiO ]) is a cyclosilicate with six-
-membered rings. Six-membered rings are connected
by AP+ and Be?* ions (Figs. 1 and 2; Karanth, 2000).
Within the large hexagonal rings there is an empty
place (Fig. 1). The structure itself is placed bet-
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purities. APP* is usually replaced with Fe®*, Fe?*,
Cr, V, Sc as well as small amounts of Mn, Se, Mg
and Li.

To a certain extent, Be may be replaced by Li
and Si by Al with a compensation of electronegati-
ve residual charge by alkaline and alkaline earth
elements (Na, K, Rb, Cs, Ca), entering the void
within the channel site in the crystalline structure.

Beryl colour depends on the presence and quan-
tity of impure ions, ie. Cr, V, Fe’*, Fe**, Mn, on
the position of Fe** and Fe®* ions in the crystal cell
(¢f. Fig. 1 and Table 1), and on NO,, CO, radi-
cals.
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Fig. 1. Structure of beryl crystal cell. Section perpendicular to long (c)

axis

1 pav. Berilo kristalo gardelés struktiira. Pjuvis statmenai ilgajai ¢ aSiai
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- METHODS

& ! For this study, chemical composition

and physical parameters were estima-
ted for 116 beryl minerals from Bra-
zil, Columbia, Zambia, Zimbabwe, Ni-
}‘ geria, Russia, India, Australia and un-

The content of chemical elements
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S was analysed by with a JXA-50A X-ray

™ raster microscope, using 25kV voltage
and 5-10 x 107 current. The analysis
was performed by V. Matulionis at the
Institute of Chemistry (Vilnius). The

}‘ contents of Cr, V, Mn and Fe in beryl

minerals are given per cent. The com-
position of essential constituents (Si, Al
Be and O) was excluded because of a
large analytical error. Minerals were he-
ated with incremental steps of 5 °C. Be-
ryl spectra were defined by means of a
two-ray Pye Unicam 8800 spectropho-
tometer at the Institute of Geological
Exploration in Moscow. The obtained
spectra were plotted in CIE (Commis-
sion International de I’Eclaire (Inter-
national Commission on Illumination))
colour graphs (1931) (Judd and Wys-
zecki, 1978).

e
INFLUENCE OF CHEMICAL
ELEMENTS ON BERYL COLOUR
B2 The content of Cr** and V3*, mostly

“greening” emeralds, ranges from
0.019 to 0.709 and from 0.002 to
0.279%, respectively (Fig. 3). Iron
(0.037-1.184%) has no influence on
colour if its content is low or it oc-

Fig. 2. Structure of beryl crystal cell. Section perpendicular to long (c) curs in the lattice structure. The

axis

greater amount of ferrous iron (Fe®*)

2 pav. Berilo kristalo gardelés struktiira. Pjuvis lygiagreciai ilgajai ¢ aSiai occurring in the void within the chan-

Table 1. Location of impure ions in a beryl crystal cell and their influence on beryl colour (according to Karanth,
1997, personal communication)
1 lentel¢. PriemaiSiniy cheminiy elementu, nuo kuriuy priklauso spalva, vieta berilo kristalo gardeléje (pagal Ka-
ranth Zodini praneSima, 1997)

No. Location of accessory chemical element Colour Varietes
in structure in channel
1 2 3 4 5
1 - - Colourless Goshenite
2 Fe?* - Colourless Goshenite
3 - Fe* Colourless Goshenite
4* Fe3* +Fe** Slight yellow, greenish yellow Heliodor
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Table 1 (continued)
1 lentelés tesinys
1| 2 3 4 5
5 Fe’t - Yellow, yellowish brown Golden beryl
6 - Fe** Blue, slight blue Aquamarine
7 Fe** Fe** Slight green, green Green beryl
8 Cr3* - Green, strong green Emerald
9 Cr**, (V3%), (xFe?) Fe?* Green, strong green Emerald
10 Mn - Pink Morganite
11 Mn - Red Biksbite
12 Mn, Fe’* - Orange Morganite
13 Mn, (xFe*) Fe?* Purple Morganite
14%* V3*, (£Fe?t) (£Fe*) Green, strong green Vanadium beryl
15* Cr** Fe?* Slight blue, greenish blue Chromiun aquamarine
*Added by the author.
** Some gemologists consider beryls containing only V3*, without Cr**, to be vanadium beryls.

nel site of the crystal cell changes the green eme-
rald colour to bluish green.

Among the emeralds from Colombia, Brazil,
Zambia, Zimbabwe and Australia, the Zimbabwe
emeralds had the highest (up to 0.225-0.709%) and
the Colombian ones the lowest (0.019-0.053%) con-
tent of Cr.

The most valuable emeralds come from Colom-
bia. Even though the Cr content in them is low,

they display a typical green emerald colour. A high
level of V3* (0.089-0.279%) considerably influences
the green colour of the Colombian emeralds. The
amount of Fe?* is relatively low (0.037-0.188%), the-
refore does not affect the colour at all.
Colourless beryls (goshenites) are poor in all im-
pure ions, with Cr ranging only from 0.001 to 0.006,
V from 0 to 0.001 and Mn from 0 to 0.002%
(Fig. 3). The iron content in goshenites varies from
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Fig. 3. Effects of vanadium, chromium and iron contents on the colour of known beryl varieties
3 pav. VanadZzio, chromo ir geleZies kiekio jtaka berilo atmainy spalvai
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0.035 to 0.084%, however, it has no influence on
the colour (Table 1).

In one aquamarine sample, the blue colour de-
pended on ferrous iron (Fe**) in the void within
the channel site. The yellowish brown, yellow and
greenish yellow colour of the other beryl varieties,
i.e. golden beryl and heliodor, depends on the con-
tent of ferric and ferrous iron (Table 1, Fig. 1).

In several light blue samples the content of
Cr, unusually high for aquamarines, was detected.
The latter were from the Zambian emerald depo-
sit. The results of investigations revealed the chro-
mium content to be much lower (0.027-0.146%)
than iron (0.475-1.11%). As a matter of fact, this
relatively high content of iron caused the blue
colour (Fig. 3).

The mixing of green and blue colours results in
greenish blue colour. Which colour will dominate,
depends on the intensity of this colour. However,
in order to get a blue beryl, the iron content has to
exceed the chromium content.

Beryls containing chromium are called emeralds
and belong to precious stones. However, the samp-
les studied resemble aquamarine because of their
light blue colour. The gemstones of such kind are
more precious than aquamarines, nevertheless, they
do not belong to emeralds because of this light
blue colour. We suggest to call them chromium
aquamarines.

INFLUENCE OF TEMPERATURE ON BERYL
COLOUR

Heliodor and golden beryl samples were heated in
an electrical stove. The temperature was incremented
by 5 °C. The colour was defined after each step
(Table. 2).

The yellowish brown and yellow (golden) beryl
started to change its colour at a temperature of
350-365 °C. The light yellow beryl (heliodor) star-
ted to change at 380 °C and transferred into light
blue beryl, i.e. aquamarine, at 430-475 °C.

Table 2. Heliodor, golden beryl and heliodor/golden beryl color changes due to heating
2 lentelé. Heloidoru, auksiniy berily ir dvispalvio heliodoro/auksinio berilo spalvy pokyciai kaitinant
No. Mineral and natural colour Temperature °C Colour of heated mineral
1 2 3 4
1 Heliodor 380 Light yellow- green
greenish yellow 415 Light green
430 Light green- blue
475 Light blue
2 Heliodor 380 Light yellow-green
greenish yellow 385 Light green
405 Light blue-green
420 Colourless, slightly blue-green
430 Light blue
3 Heliodor 380 Light yellow-green
greenish yellow 385 Light green
405 Light blue- green
420 Colourless, slightly blue- green
430 Light blue
4 Heliodor 380 Light yellow- green
greenish yellow 415 Light green
430 Light green- blue
475 Light blue
5 Heliodor 380 Light yellow-green
greenish yellow 400 Light green
405 Light green- blue
420 Colourless, slightly green- blue
430 Light blue
6 Heliodoras 380 Light yellow- green
greenish yellow 385 Light green
405 Light blue- green
420 Colourless, slightly green-blue
450 Colourless, slight blue
7 Golden beryl 365 Light green-yellow
yellowish 380 Light yellow-green
385 Light green
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Table 2 (continued)
2 lentelés tesinys
1| 2 3 4
405 Light blue- green
420 Colourless, slightly blue- green
430 Light blue
8 Golden beryl 350 Light yellow brown-patched
yellowish brown 360 Greenish yellow, brown-patched
375 Greenish yellow
380 Light yellow- green
385 Light green
395 Green
405 Light green-blue
420 Blue with greenish tone
475 Blue
9 Golden beryl 350 Light yellow
yellowish brown 360 Light green -yellow
380 Light yellow- green
385 Light green
395 Green
405 Light green-blue
420 Blue with greenish tone
450 Blue
10 Heliodor/golden beryl 350 Light yellow, greenish yellow
two-coloured: 365 Greenish yellow
greenish yellow and yellowish brown 380 Light yellow-green
385 Light green
395 Green
405 Light green-blue
420 Blue with greenish tone
450 Blue
11 Golden beryl, two-coloured: 350 Light yellow
Yellowish brown and brownish yellow 360 Light green-yellow
380 Light yellow-green
385 Light green
395 Green
405 Light green-blue
420 Blue with greenish tone
450 Blue

At the beginning, the golden beryl becomes yel-
lowish brown and yellow. With increasing the tempe-
rature, golden beryl loses its colour at 350 °C, acqui-
res a greenish yellow tone and transfers into heliodor

at 360-365 °C, finally be-
coming light green beryl at
380-415 °C. An important
conclusion can be drawn
that golden beryl crystallizes
at the lowest temperature
among beryls. The iron va-
lency is responsible for the
colour, because part of Fe3*
turns into Fe** due to heat-
ing. As this iron occurs in

the void within the channel site, the mineral will ac-
quire a light blue colour. Furthermore, the mixing of
blue and yellow colours will result in green colour
(Fig. 1, Table 1).

yellowish yellow light light colourless, lightly blue light colour
brown yellow green blue
<300 360 365 380 385 405 415\, 430 tC
| | | 420 | >
| | L s ICI Jess beryl ]
~olourless ber?
Golden beryl Heliodor gé:;n Aquamarine ’

Fig. 4. Changes in colour of golden beryls, heliodors, and bicolour heliodor/golden
beryl and variety sequence for beryls under heating

4 pav. Auksiniy berily, heliodory bei dvispalvio heliodoro/auksinio berilo spalvos
pasikeitimas ir berilo atmainy kitimo seka keliant temperattirg
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Fef* in structure site — colourless

3. .
Fe' in structure site — yellow
Y
i )
Fe' in channel site — colourless

Fe’'in channel site — blue Yellow beryls
Aquamarine  Goshenite Green beryl Heliodor Golden beryl
2+ t'c | | | | | .
Fe I I Fe
Light blue Colourless Light Light Yellow Yellowish
Green Yellow Brown

Fig. 5. Distribution of beryl varieties by colour. Their dependence on iron valency and position in a crystal cell under

heating.

5 pav. Berilo atmainy kitimo seka pagal spalvas. Jy priklausomybé nuo gelezies valentingumo ir uzimamos vietos

kristalo gardeleje keliant temperatiira
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Fig. 6. Distribution of beryl colours in Goethe’s co-
lour cycle (Judd and Wyszecki, 1978) according to
the author

6 pav. Berilo spalvy iSsidéstymo seka Getés spalvy
rate (Judd and Wyszecki, 1978) pagal autoriy

While the temperature increases, more ferric iron
(Fe’*) becomes ferrous (Fe®*). As a result, a light
blue colour appears along with a light green at a
temperature of 405-430 °C, and the green beryl
transfers into aquamarine. The light blue colour fi-
nally takes over the light green at 430-475 °C. This
means that at this temperature all ferric iron was
replaced by ferrous one. Furthermore, the results
show that aquamarines form at the highest tem-
perature among crystallizing beryls, where iron do-
minates the colour. Heliodor and green beryl are
intermediate varieties between the end-members,
golden beryl and aquamarine. With increasing the
temperature, the colour of beryl, in which iron is a
chromophoric element, ranges as follows: yellowish
brown - yellow - slight yellow - slight green —
colourless with green-blue tone - slight blue.

It was defined that the heliodors and green be-
ryls lost their colour at 420 °C. The colourless mi-
nerals are placed in the above-mentioned colour ran-
ge between slight green and slight blue beryls (Figs. 4
and 5).

To sum it up, the temperature that defines the ra-
tio between ferric and ferrous iron is one of the major
colour-defining factors during beryl crystallization.
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Fig. 7. Distribution of beryl varieties in Maxwell’s triangle
and Goethe’s colour cycle (Judd and Wyszecki, 1978) accor-
ding to the author

7 pav. Berilo atmainy is$sidéstymo seka Maksvelo trikampyje ir
Getés spalvy rate (Judd and Wyszecki, 1978) pagal autoriy
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Fig. 8. Distribution of beryl colours and varieties in the
CIE colour (1931) graph (Agoston, 1982) according to
the iron valency and its position in the crystal cell. The
distribution as in Fig. 9

8 pav. Berilo spalvy ir atmainy, lemianciy gelezies valetin-
gumg ir uzimama vietg kristalo gardeléje, iSsidéstymo seka
CIE (1931) spalvy grafike (Agoston, 1931) pagal 9 pav.
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9 pav. Berilo atmainy, kurias lemia gelezies valentingumas ir uzimama vieta kristalo gardeléje, iSsidéstymas CIE (1931)
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THE BERYL COLOUR CYCLE

The obtained colour range (Fig. 5) is an important
issue. The light green colour cannot be transferred
into light blue without passing the colourless zone.
This can be proved with the help of the Goethe’s
colour cycle (Fig. 6), Maxwell’s triangle (Fig. 7; Judd
and Wyszecki, 1978) and CIE (1931) colour graph
(Agoston, 1982; Judd and Wyszecki, 1978; Fig. 8).
We took photos of beryl spectras from the different
varieties with a spectrophotometer and plotted them
in the CIE (1931) colour graph. The following co-
lour range was obtained, coinciding with the known
varieties of beryl minerals: golden beryl — helio-
dor — green beryl - goshenite - aquamarine
(Fig. 9).

The trend from golden beryl, heliodor and gre-
en beryl passes the colourless zone before entering
the aquamarine zone. This means that the minerals
lose their colour before becaming aquamarines. No
uncoloured mineral appears if there is an excess of
Fe** in the channels of golden beryl, heliodor and
green beryl. The uncoloured mineral appears when
the level of Fe** in the channel is low. Golden be-
ryl, heliodor and green beryl usually lose their co-

lour when heated if iron is lacking in the channel
(Fig. 10).

A “Beryl Colour Cycle” was compiled on the
basis of Goethe’s colour cycle (Judd and Wyszecki,
1978), where the beryl varieties studied were plot-
ted (Fig. 11). Each variety was plotted according to
its element composition, their valency and place in
the crystal cell. It was also confirmed by the results
obtained by means of colorimetry (Fig. 12). Chro-
mium aquamarine (Cr**, Fe**) appears to be a new
isomorphic beryl variety, which differs from green
beryl and aquamarine by its chemical composition
and place in the Beryl Colour Cycle.

COLOUR MEMORY

After spectral photos of golden beryl and heliodor
had been taken, the minerals were heated again.
Photos of the newly formed aquamarine absorption
spectra were taken repeatedly. When we plotted the-
se spectra in the CIE (1931) graph, the light blue
colour plotted on the yellow colour side. The latter
fact can be explained by the so-called ‘colour me-
mory’, or ‘optical memory’ according to V. Chukova
(1988).

11
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Under heating, the yellowish brown colour of gol-
den beryl and heliodor changes subsequently into
yellow, light yellow, light green, colourless and light
blue (Figs. 4 and 5). However, the spectra after
heating remain in the field of yellow colour in the
CIE (1931) graph as if they had never crossed the
colourless zone (Fig. 13). Actually we observed the
colour to change gradually from light green through
colourless to light blue (Figs. 6, 7 and 10). In order
to explain the latter fact, psychophysics and human
physiology should be employed. As is known, hu-
man eye cannot distinguish the spectra of former
yellowish brown and yellow colours.

CONCLUSIONS

The highest chromium (Cr**) levels among emeralds
from the five emerald deposits studied is characte-
ristic of the Zimbabwe emeralds, while the lowest
of the Colombian ones. Colombian emeralds are fa-
mous for their special intense colour caused by the
highest content of vanadium (V3*).

Green colour of the light blue Zambian beryls is
controlled by chromium (up to 0.146%). The mine-
ral turns light blue because of a high level of iron
(from 0.475 to 1.1%). That is why the author sug-
gests to call this variety chromium aquamarine. The
following range in colour was established during the
incremental heating: yellowish brown - yellow -
slight yellow - slight green — colourless — slight
blue. The range is well established, what was con-
firmed also by the results of colorimetry plotted in
the CIE (1931) colour graph. In case the trend pas-
sed above the colourless zone, the colour might not
fade at all.

The Beryl Colour Cycle for all beryl varieties
was compiled on the basis of Goethe’s colour cycle
and Maxwell’s triangle. The colorimetry results plot-
ted in the CIE (1931) colour graphs have been also
used.

The colorimetrical results for yellow beryls have
shown the actual colour to remain the same after
heating, even though our eye fixes a change in the
colour. The latter phenomenon is called ‘colour
memory’ or ‘optical memory’.
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BERILO ATMAINU PRIKLAUSOMYBE NUO
CHEMINIU ELEMENTU PASISKIRSTYMO BEI
TEMPERATUROS POVEIKIO

Santrauka

Rengiant §j straipsnj, buvo tirta 116 berilo mineraly i$
jvairiy radimvieciy, atlikti jy kristaly cheminiai tyrimai,
nustatyti fiziniai parametrai, turintys jtakos berilo spalvai.

Mineralai buvo kaitinami krosneléje. Cheminiai ele-
mentai nustatyti rentgeno rastriniu mikroskopu JXA-50A,
berilo praleidimo spektrai — su dvispinduliniu spektrofo-
tometru Pye Unicam 8800. Gauty spektry duomenys per-
kelti i CIE (1931) spalvy grafikus (Judd and Wyszecki,
1978).

I8 tirty penkiy smaragdy radimvieciy daugiausiai chro-
mo yra Zimbabvés, o maziausiai — Kolumbijos smarag-
duose. Vertingiausi yra pastarieji. Nors chromo (Cr**) né-
ra daug, taciau smaragdai yra tipiskos zalios spalvos, ku-
rig nulemia didelis vanadzio (V3*) kiekis.

Bespalviuose beriluose (goSenituose) cheminiy elemen-
ty priemaiSa néra didele.

Vieno i§ akvamarino atmainy mélyna spalva priklauso
nuo dvivalentés gelezies (Fe?*), esancios kristalo tus¢iame
kanale. Kity berilo atmainy gelsvai ruda, gelsva ir zalsva
spalva lemia dvivalenté ir trivalente gelezis.

Keliuose melsvuose bandiniuose nustatytas palyginti di-
delis chromo kiekis, nebiidingas akvamarinams. Pastarieji
yra i§ Zambijos smaragdy telkinio. Tyrimais nustatyta, kad
juose chromo yra gerokai maziau (0,027-0,146%) nei ge-
lezies (0,475-1,11%) — santykinai didelis kiekis gelezies ir
leme melsva jy spalva.

Berilai, kuriy sudétyje yra chromo, yra vertingi ir va-
dinami smaragdais. Taciau tirti bandiniai, melsva spalva
panasis | akvamarinus. Tokio tipo mineralai vertingesni
uz akvamarinus, taciau del melsvos spalvos smaragdams
nepriskiriami, todel juos siilome vadinti chromo akvama-
rinais.

Pakaitinus gelsvai rudus ir gelsvus berilus — auksinius
berilus ir heliodorus, jie tampa melsvais — akvamarinais.
Kaitinami auksiniai berilai spalva pradeda keisti esant 350—
365°C temperatiirai, heliodorai — 380°C ir visai ja pakei-
Cia esant 430-475°C temperatirai, virsdami akvamarinais.
Kaitinami heliodorai ir auksiniai berilai gelsva spalva pa-
keicia zalsva ir virsta Zaliais berilais. Keliant temperatiira
iki 420°C, spalva gali iSblyksti, o mineralai tapti bespal-
viais berilais. Kaitinimo metu nustatyta tokia désninga auk-
siniy berily ir heliodory spalvos kitimo seka: gelsvai ru-
da - geltona (auksinis berilas) — gelsva (heliodoras) —
— zalsva (Zalias berilas) — bespalvé (goSenitas) — melsva
(akvamarinas). Tai patvirtina kolorimetriniai tyrimai ir gau-
ty duomeny CIE (1931) spalvy grafikas. Kylant tempera-
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tarai vis daugiau Fe’*, lemiancios geltong spalva strukti-
roje, virsta Fe?*, kuri kanale suteikia mélyna spalva.

Pasinaudoj¢ Getes spalvy ratu, Maksvelo trikampiu
(Judd and Wyszecki, 1978), galime sudaryti Berilo spalvy
rata, kuriame désningai i$sidésto berilo atmainos. UZima-
ma mineralo atmainos vieta priklauso nuo cheminiy ele-
menty, jy valentingumo, uzimamos vietos kristalo garde-
l¢je. Tai patvirtina kolorimetrijos metodu atlikti tyrimai.
Chromo akvamarinas (Cr**; Fe**) yra nauja berilo izo-
morfiné atmaina, kuri tieck chemine sudétimi, tiek berilo
spalvy rate uzimama vieta neatitinka zalio berilo ar akva-
marino atmainos.

Kolorimetriniais tyrimais nustatyta, kad po kaitinimo
geltoni berilai spalvos nepakeité, nors akis fiksuoja kita
spalva. Manoma, kad tai spalvos atmintis arba optiné at-
mintis.

Apynac Kaeiimmanrac

3ABUCUMOCTDH PASHOBUHOCTEN
BEPU/JIA OT PACIHHPEJEIEHUSA
XUMMNYECKUX 3JIEMEHTOB 1 BJIUSHUSA
TEMIIEPATYPbI

Pesome

Brio nccnemoBano 116 MuHepasaoB Oepwiura U3 pa3HbIX
MECTOPOXKACHUIA, TPOBEICHBl KPUCTAIUIOXUMUYECKHE HC-
CIeOBaHMS, OMpeneleHbl (GU3NUecKue IapaMeTpsl,
BJIMSIFOIIAEC Ha IIBET Oepuiuia.

XUMHUECKUE DJIEMEHTBI OIPENEIUTICh PACTPOBBIM
MuKpockornoM ,,JMA-50A". MuHepasbl pa3orpeBajivuch
B CIIEIIMAJIbHOM pa3orpesaTese. JBYXITydeBbIM CIIEKTPO-
dhotomerpoMm ,Pye unicam 8800“ ompeneneHbl MpoIry-
CcKaeMble CIeKTpbl Oepriuta. [JaHHbIe TTOTyYSHHBIX CITEK-
TPOB MpEACTaBIEeHbI B I[BETOBBIX rpadukax CIE(1931)
(Judd and Wyszecki, 1978).

B pesymbTaTe uccneqoBaHW 0OpPa3LOB U3 MATH
MeCTOpOXIeHHI Hambounbiee koimmdecTBo xpoma (Cr)
0o0HapyXeHO B M3yMpylax 3uMOa0Be, HaMMeHbIIee —
Komym6uu. N3ympyner u3 KomyMOuu 1ieHsTcst Goblie,
MTOCKOJIbKY OHHM HMMEIOT TUIUYHBIA 3eJICHBIH U3yMpPY/-
HBII LBET, ONpPENEIsEeMBbI BBICOKONW KOHIEHTpaluen
Ba"aaus (V).

B GecriBeTHBIX Oepminiax (TOMIEHUTAX) OMPEISIICHBI
MaJjiple KOJIMYECTBA MPUMECeH XUMHUYECKHX 3JIEMEHTOB.

T'onmyOoii 1BeT onHON U3 pa3sHOBUAHOCTEM akBama-
pUHA 3aBHCUT OT JBYXBaJleHTHOTO Xene3a (Fe), Haxo-
JSIIETOoCs] B IyCTOM KaHaje Kpucrauia. OTTeHKH XKel-
TO-KOPUYHEBOTO, JKEJITOTO U 3€JIEHOrO I[BETOB APYTUX
Pa3HOBHUAHOCTEH Oepmiia ompenensieT ABYX- M TpexBa-
JICHTHOE JKeJe30.

B HeckonmpKHX TOIyOOBAaTHIX 0Opa3Iax yCTaHOBIIEHO
OTHOCUTEIFHO OOIIBIIIOE KOJIMYECTBO XpOMa, UYTO HeE

CBOIicTBeHO akBaMapuHy. OHHM MPOUCXOMSIT M3 MECTO-
poxaeHuit u3ympynos B 3ambuu. MccriemoBaB ux co-
CTaB, yCTAHOBJIEHO, YTO T0JIyOOBATHIA IIBET OOYCIOB-
JeH OombiuM cooTHoueHueM xenesza (0,475-1,11%) u
xpoMma (0,027-0,14%).

Bepuyutel, B cocTaB KOTOPBIX BXOAWT XPOM, IIEHSIT-
cs1 ¥ Ha3bIBaroTCs M3yMpymaamu. OTHAKO HCCIIeIOBAHHEIC
00pasupl u3-3a roily0oBaTOro IBETa IIOXOXHM Ha aK-
BaMapuH. MUHepallbl 3TOTO THIA LIEHSTCS OOIBIIe, YeM
akBaMaprHbl. OHAKO Ha MPAKTHUKE HU3-32 TOIyOOBATOTO
[BETa OHM K H3YMPyAaM HE MIPUIHCISIOTCS, MO3TOMY
mpejyiaraeM HX HNMEHOBATh XPOMAKBAMApHHAMH.

ITomorpeTbie XKenTO-KOPUUHEBBIE U KEITOBAThIE Oe-
PWIIBI — 30JI0THCTbIE OEPUIUIBI U TEIHOJ0PBI — CTAHO-
BATCS TOJIyOOBATHIMH aKBaMapUHAMU.

Oxpac 30JT0THCTBIX OEPUIIIIOB U3MEHSIETCS TpHU
temmepatype 350-360°C, remmomopoB — mpu 380°C u
CTaHOBsATCA akBaMapuHaMu — npu 430-475°C. Ilpu
TIOBBIIIIEHUN TEMIIEPATYPBI TEIHOIOPHl M 30JIOTHCTHIC
OepUIUTBI CTAHOBSTCS 3eNleHbIMU OepriiaMu. [ToBwimas
temnepatypy 1o 420°C, okpac MOXET HCYE3HYTh U
KPHUCTAJUIBI MOTYT CTaTh OECIBETHBIMU OCpUILIaAMHU.
YcraHOBJIEHA Clenyiomas O4YepeTHOCTh H3MEHCHHS
OKPACKH 30JI0TUCTBIX OEPUIUIOB M T€JIMOJO0POB: XKEITO-
KOPUUYHEBBIH — JKENTHIH (30JI0THCTBHIH Oepuir) —
JKEJITOBATHIH (reIMoAg0p) — 3€JEHOBATHIN (3eJICHBIN
Oepuit) — OecuBETHBIH (TOMIEHUT) — TOJYOOBATHIN
(axBamapun). JJaHHasi O4YepPEeJHOCTh HOCHT 3aKO-
HOMEPHBI XapakTep. IDTO AOKA3aHO MPOBEACHHBIMU
KOJIOPUMETPUYECKIMH HCCIIEIOBAHMSIME, PEe3yIbTaTHI
KOTOpBIX OBUIM BBeIeHBI B HBeTOBOH rpaduk CIE
(1931). IIpu MOBBINICHUH TEMITEpaTypbl Bce OOJbIIee
KOJIMYECTBO TPEXBAJIEHTHOT'O JKelle3a, ONMpPEHessSIomero
JKEJITHIN IIBET CTPYKTYPBI, CTAHOBHUTCS JIBYXBAJICHTHBIM,
KOTOpOE, HaxoIsCh B KaHAaJle KpUCTAIUIA, OMpPEAeNsieT
€ro CHUHUM IIBET.

Hcnonp3ys uBetoBoir kpyr Gette, TpeyroibHHK
Makcgena (Judd and Wyszecki, 1978), MOXHO COCTaBUTH
LIBETOBOW Kpyr Oepwiuia, B KOTOPOM 3aKOHOMEPHO
pacmpenensoTcss pasHOBHAHOCTH MHHepaia. Mecro,
3aHUMAEMOE MUHEPAJIOM, 3aBUCHUT OT HAJIM4YUsi B HEM
XMMUYECKUX 3JIEMEHTOB, UX BAJIEHTHOCTH M MecTa B
KPUCTAJUIMYECKON pelieTke. DTO MOATBEPXKISHO KOJIO-
PUMETPUYECKUMH HCCIEIOBAaHUAMHU. XpoMaKBaMapuH
(Cr + Fe) — HoBas u3oMopduueckas pPa3HOBUIHOCTD
Oepmiia, KOTopas KaK XMMHUYECKUM COCTaBOM, TaK M
MECTOM B IIBETOBOM Kpyre Oepuiyia HEUIESHTHUYHA
Pa3HOBUAHOCTSIM 3€JIeHOTO Oepmiia M aKBaMapHHA.

Konopumerpuueckue uccienoBaHusi xentoro Oe-
pUWiIa TOKAa3alld, YTO TIIOCNe HarpeBaHUs MPEKHUN
OKpac COXpaHseTCs, XOTd Trja3 (UKCUPYET Opyrou
mBeT. Bo3MoxHO, 3TO ,maMsATh mBeTa“ (OmTHYECKas
MaMsITh).
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