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FEATURES OF PHENACITE MINERALIZATION FROM THE URAL

EMERALD MINES

M. P. Popov, A. G. Nikolaev

OCOBEHHOCTU dEHAKUTOBOU MMHEPAAMBALIMM C YPAALCKMX
M3YMPYAHLIX KOIEN

M. I1. Ionos, A. I. HukoAaeB

PaccmoTpeHbl BOMPOCh 0COBEHHOCTEN Pa3BUTUSI (DEHAKMTOBOM MMHEPAaAM3aLIMM HA VI3yMpyAHbIX KOMSIX YPaAd, KOTOPasi AOCTATOYHO XOPOLWO PasBuTa M OMMcaHa Ha
MapumHckom (MaabieBckom) u CpeteHckom (CBEPAAOBCKOM) M3YMPYAHO-BEPUAAMEBLIX MECTOPOXKAEHMSIX. (DEHAKUT WMPOKO PACIPOCTPAHEH HA MHOTVX 6EPUAAMEBLIX
MECTOPOXKAEHUSIX, HO KPUCTaAbl IOBEAUPHOTO KA4YeCTBA, Ad €Il TakuX KPYMHLIX PA3MEPOB, Kak Ha M3ympyaHbIX KOrsix, obpasyer peako. Hecmorpsi Ha AaBHOCTL
OTKpbITHS (1833) 1 MO NMPUYMHE PEAKOV BCTPEYAEMOCTH IOBEAUPHOTO KAYECTBA KPUCTAAAOB M HAAMUMSI B MECTOPOXKAEHMSIX VByMPYAHLIX KOTel GoAee AOPOTMX U LIEHHDIX
KAMHEM — M3YMPYAOB M AAEKCAHAPUTOB, (DEHAKUT OCTAETCSI AO CMX MOP MOYTY HEM3BECTHBIM HA PLIHKE APArOLIEHHBIX KAMHEN M 0COBeHHO 3a rpaHuueii. Hanboaee yacto
hbeHakMToBasi MMHEpaAM3aLmsl BCTPEYAETCS B CAIOAUTOBLIX JKMAAX, MPEACTABAEHHLIX CEPLIM M 3€A€HOBATO-CEPLIM (PAOrONMUTOM. XapakTep pacrnpeAeAeHust heHakuTa
B CAIOAMTOBbLIX XKMAAX KpaiiHe HepaBHOMEPHbI. OpyA€HEeHWe TUIMMYHO rHe3A0Boe. Brhicokoe coaepikaHue heHaKkuTa OTMEHAETCS B CAIOAUTOBBIX YKMAAX, MUHEPAAbHDIN
COCTaB KOTOPBIX OMPEAEASIETCSI HAAMYMEM B OCHOBHOM MAcce (PAOrOMNMTA, MPOXKMAKOB U JKEABAKOB BepUAAMIICOAEPIKaLEro MaprapuTta (Be-maprapur) u xaoputa. Huskoe
coaepykaHme (heHaKkMTa 3ahMKCMPOBAHO B CAIOAMTOBDIX JKMAAX, B COCTAB KOTOPBIX BXOASIT (PAOTOMMUT, NAArMOKAa3, 6epuaA, (hAIOOPHUT, AbiMuaTbii kBapu. Ha CpeTteHckom
MECTOPOXKAEHUM BCTPEYEHA XKMAQ, KOTOPAsi OTHOCUTCSI K HOBOMY TUIMY PYAHBIX TEA XPU306EPUAA-(PEHAKMTOBOTO COCTABA, 3AAETAIOWMX B YALTPAOCHOBHLIX MOpoAax. B
OTAMYME OT U3YMPYAOHOCHDIX CAIOAUTOBBIX JKMA, MMEIOWMX CEBEPO-3AMAAHOE MPOCTUPAHME, XPU30OEPUAA-(PEHAKUTOBLIE PYAHDIE TEAA OPUEHTUPOBAHBI B GAM3LMPOTHOM
HaNpaBAEHUM M UMEIOT CEBEPHOE MaAeHue MoA yraom 75°-80°. Hanboaee pacnpocTpaHeHHDbIi OBAMK KPUCTAAAOB (heHaKMTa Ha MI3yMPYAHBIX KOMSIX — POMBO3APMYECKUii
M KOPOTKOCTOABUATBIN. KPUCTaAAbI XapaKTePU3YIOTCSl GOABLMM YMCAOM rpaHei. OBbIYHbIE (POPMBI — FEKCArOHAALHAsI MPU3MA C POMOO3ApamMM. ABOMHUKM MPOPACTAHMSI
BCTPEYAIOTCS YaCTO, XaPAKTEPHBI APY3bl, WECTOBATLIE arperarbl U ccpepoAnTLl. [10 LUBETY (hEHAKUT MOXKET BbiTh GECLIBETHLIM MAM CAABO OKPALIEHHBIM B BUHHO-XKEATLIN,
MHOTAQ PO30BATLIM, CBETAO-CEPLIN, 6eAbli, peako Gypbiii uBeT. OKpacka B KPUCTAAAE MOXKET PACMPOCTPAHSTLCS HEPABHOMEPHO. BUHHO->KeATast okpacka HeycTonumsa,
Ha CBETY OHa MOAHOCTBLIO Uc4e3aeT. Hanboaee 4acto B peHaKMTE B KAYECTBE BKAIOYEHMIA BCTPEYAIOTCSI KAMHOXAOP, MALMEHUT M MUPPOTUH. B paBote nprBeAeHb criekTpb
VIH(hpaKpPaCHOM M ONTUYECKOM CMIEKTPOCKOMMU AASI (DEHAKUTOB PA3AMYHOM OKpacku. Kpome Toro, mokasaHo CXOACTBO FEMMOAOTMYECKMX CBOMCTB YPAALCKUX (heHaKUTOB

n kpuctaammamm u3 Llpu-Aanku.
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The authors consider the problems of development of phenacite mineralization
at the Ural Emerald Mines, which is rather well developed and described in the
Mariinsky (Malyshevsky) and Sretensky (Sverdlovsk) emerald-beryllium deposits.
Phenacite is widespread in many beryllium deposits, but crystals of jewelry quality,
with such large sizes as at the Emerald Mines, form rarely. Despite the prescription
of the discovery (1833), and because of the rare occurrence of jewelry quality of
crystals, and the presence of more expensive and valuable stones — emeralds and
alexandrites — in deposits of the Emerald mines, phenacite remains almost unknown
in the precious stones market, and especially abroad. Phenacite mineralization
mostly occurs in the micaceous veins represented by gray and greenish-gray
phlogopite. Distribution of phenacite in the micaceous veins is extremely uneven.
Mineralization is typically nesting. High content of phenacite appears in the
micaceous veins, mineral composition of which is mostly phlogopite, veins and
concretions of beryllium-containing margarite (B-margarite) and chlorite. Content of
phenacite is low in the micaceous veins that include phlogopite, plagioclase, beryl,
fluorite, smoky quartz. At the Sretensky deposit is located a vein that refers to a
new type of ore bodies of the chrysoberyl-phenacite composition lying in ultrabasic
rocks. Unlike emerald-bearing micaceous veins that have a northwestern spread,
the chrysoberyl-phenacite ore bodies are oriented in the near-latitudinal direction
and have a northern incidence at an angle of 75°-80°. The most common form
of phenacite crystals on the Emerald Mines is rhombohedral and short columned.
Crystals have a large number of faces. The usual shapes are a hexagonal prism
and rhombohedrons. Twin crystals are common, druses, columnar aggregates,
and spherulites are characteristic. Phenacite can be colorless or slightly colored
in wine yellow, sometimes pinkish, light gray, white, and rarely brown. The color
in the crystal can spread non-uniformly. Wine-yellow coloration is not stable; it
completely disappears in the light. Most common inclusions in phenacite are
clinochlor, ilmenite and pyrrhotite. The work presents spectra of infrared and optical
spectroscopy for phenacites of various colors. In addition, the authors show the
similarity of gemological properties of the Ural phenacites and crystals from Sri
Lanka.

Keywords: Ural; Emerald-beryllium deposits; phenacite; crystal; gemmological
characteristics; reflection and absorption spectra.

ntroduction

Phenacite is the least studied, known and demanded
stone, in comparison to its famous “brothers in the Emerald
Mines” - emerald and alexandrite. Meanwhile, the Ural phenacite is

now confidently making its way to the market of jewelry stones.
Phenacite is a beryllium mineral (Be,SiO,). Ya. V. Kokovin dis-
covered phenacite at the Emerald Mines at the Sretenskiy field of the
Emerald Mines, and N. Nordensheld chemically determined it in

M3BECTUA YPATIbCKOIro roCYAAPCTBEHHOIO FOPHOI0 YHMBEPCHUTETA

1833. It is widespread at beryllium deposits, but jewelry quality crys-
tals of such large sizes as at the Emerald Mines are rare. For this reason
phenacite as a gemstone is infamous in Europe. Despite the prescrip-
tion of the discovery, because of the rare occurrence of jewelry quality
of crystals, and due to the presence of more expensive and valuable
stones in emerald mines — emeralds and alexandrites, phenacite to this
day remains almost unknown on the jewel market, especially abroad.
A. E. Fersman was the first one who drew serious attention to this rare
stone, which undoubtedly has decorative properties — transparency
and a very delicate yellowish or pinkish hue. Due to its excellent shine,
it often passes off as topaz or even as a diamond. However, the col-
or of phenacite is very unstable, and often, beautifully colored during
mining, stone completely fades after a few months under the sunlight,
what is one of its disadvantages [1].

Geology and location conditions

On the territory of the Ural emerald mines, phenacite
mineralization is rather well developed and is described in the
Mariinsky (Malyshevsky) and Sretensky (Sverdlovsk) emerald-
beryllium deposits. According to the exploration results of the
Mariinsky deposit, phenacite is extremely rare there. Phenacite
mineralization mostly occurs in the micaceous veins represented by
gray and greenish-gray phlogopite. Distribution of phenacite in the
micaceous veins is extremely uneven. Mineralization is typically
nesting. High content of phenacite appears in the micaceous veins,
mineral composition of which is mostly phlogopite, veins and
concretions of beryllium-containing margarite (B-margarite) and
chlorite (Fig. 1). Content of phenacite is low in the micaceous veins
that include phlogopite, plagioclase, beryl, fluorite, smoky quartz.

Sometimes phenacite crystals form together with emerald
crystals (beryl) (Fig. 2).

One can observe both growth of emerald over phenacite and
overgrowth of phenacite around beryl crystals (Fig. 3). In all cases,
there are induction faces.

During exploration and development at the Sretensky deposit, a
few phenacite crystals in the mica complexes were among the find-
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Figure 1. Druse of phenacite crystals with chlorite from micaceous complexes.

Figure 2. Intergrowth of phenacite and emerald from mica complexes.
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Figure 3. Inclusion of phenacite (Ph) in beryl (Be). Nicols are crossed.
Scale x80.

ings. In 1994, in the “Yuzhny” quarry, in the lying (western) side of the
ore zone of the Sretensky deposit, researchers discovered a plagioclase
vein with thin phlogopite ridges, characterized by an exceptionally
high (not less than 30% of the volume) concentration of large-grained
(and intergrowths) phenacite. This vein belongs to a new type of ore
bodies of chrysoberyl-phenacite composition, bedded in ultrabasic
rocks. Unlike emerald-bearing micaceous veins that have a northwest-
ern spread, the chrysoberyl-phenacite ore bodies are oriented in the
near-latitudinal direction and have a northern incidence at an angle
of 75-80°. The length of the veins of the new type does not exceed
5-6 m, and their thickness varies from 20 to 50 cm [2]. In the vein,
there are two generations of phenacite. The first is a granular, fractured
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Figure 4. Crystals and splices of phenacite crystals from the Sretensky
deposit.

Figure 5. Phenacite crystal with rhombohedral appearance.

Figure 6. Crystal of wine-yellow phenacite in mica.

milk-white aggregate. The second grows on the first in the form of idi-
omorphic crystals (Fig. 4). The contact between them is clear smooth.

Shape of the crystals and properties of the mineral

The most common form of phenacite crystals on the Emerald
Mines is rhombohedral and short columned. Crystals have a large
number of faces. The usual shapes are a hexagonal prism and rhom-
bohedrons. Twin crystals are common, druses, columnar aggregates,
and spherulites are characteristic. The facets may be specular, covered
with growth bumps or dissolution pits [1]. Sometimes one can observe
hatching of joint growth on them (Fig. 5).

Phenacite usually is in the form of crystals grown into the rock,
sometimes in the form of druses in voids. The size of crystals varies
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Figure 7. Plates and small dissemination of ilmenite (IL) in phenacite (Ph).

from small (fractions of mm) to large (up to 10-15 cm). Individual
crystals can be up to 20 cm in length.

Phenacite can be colorless or slightly colored in wine yellow,
sometimes pinkish, light gray, white, rarely brown (Fig. 6). The col-
or in the crystal can spread non-uniformly. Wine-yellow coloration is
not stable; it completely disappears in the light.

Inclusions

Phenacite from the Ural emerald mines contains mineral,
gas-liquid and mechanical inclusions that affect the transparency of
the crystals.

The most frequent inclusion in phenacite is chlorite in the form
of singular scales (1-6 mm) or aggregates of idiomorphic crystals, 0.6
x 0.5 cm in size. The authors present chlorite compositions in Table
1 (analyzes 3 and 4). After converting (the content of H,O is 11.65%
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according to the data of wet chemistry), the authors obtained the fol-
lowing crystallochemical formulas:

(MgS.BBFe[).SlcrO.OlMn0.01)4,71AI [Si279AI ](OH an. 3

123 1,24010 7.76F0.21)7.97_

(Mg3.92Fe0.81Mn AIl.Zl[SiZ.SZAI1.20010](OH an. 4

0.01)4.75 7.76F0.21)7.97_

By results of the analysis, it is clear that chlorite belongs to the
clinochlore group.

A rather common mineral inclusion in phenacite is ilmenite,
which occurs in the form of thin plates of gray-black color (Fig. 7) or
small isometric inclusions. The size of the mineral is from 1-2 mm up
to 2 cm. One can see the compositions of the mineral in Table 1 (ana-
lyzes 1 and 2), and their recalculated crystallochemical formulas are:

(Fe, 3, Mg, ,Mn, Ti,,,0,-an. 1.

0.08) 1.01

(Fe, ,Mg, ,,Mn, Ti, ,,O, - an. 2.

0.08)1.00

Rarely, phenacite contains pyrrhotite grains (diagnosed by X-ray
diffraction), 1-2 mm in size. They have an irregular shape and a
bronze-yellow color.

Gas-liquid inclusions in the phenacite have a tubular, isometric
and elongated shape (Fig. 8). Tubular inclusions usually have sub-par-
allel orientation in the form of small clusters. Their dimensions do not
exceed a tenth of a millimeter.

Isometric and elongated inclusions occur together. They often
are oriented in the plane of healed cracks. The ratio between water
and gas in the inclusions is from 3 : 1 to 5 : 1. Composition of the
inclusions was mainly two-phase, with no detected three-phase in-
clusions.

Most phenacite crystals have numerous mechanical inclusions —
cracks. There are two types (Fig. 9):

- small cracks (type A) - have a strictly sustained strike, are
formed due to plastic deformations when crystals are formed in a plas-
tic medium (micaceous material);

Figure 8. Planar (a) and tubular (b) gas-liquid inclusions in the phenacite of the Mariinsky deposit. Scale x70.

Table 1. Results of electron probe microanalysis of ilmenite and chlorite.

Number SiO, TiO, ALO, Cr,0, FeO MnO MgO CaO Na,O K,0 F Total
1 0,01 52,07 0,00 0,02 42,38 3,74 0,74 0,01 0,00 0,00 - 98,96
2 0,00 52,20 0,01 0,01 42,05 3,68 0,76 0,01 0,04 0,01 - 98,77
3 27,97 0,02 21,00 0,12 9,71 0,11 26,10 0,02 0,01 0,02 0,68 85,76
4 28,27 0,02 20,47 0,03 9,64 0,12 26,36 0,00 0,00 0,01 0,66 85,58

Note. Analyst: V. V. Hiller. Device: Cameca SX 100. Analysis conditions: accelerating voltage U = 10 kV, probe current | = 100 nA, probe diameter 2 ym. 1, 2 — ilmen-

ites, 3, 4 — chlorites.
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Figure 9. Cracks in the phenacite crystal. Types A and B. Nicols are crossed.
Field of view 2 mm.
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Figure 10. Reflected IR spectrum of colorless phenacite
from the Mariinsky deposit.
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Figure 11. Optical absorption spectrum of yellow (light brown) phenacites.

- large cracks (type B) have different directions and much greater
power, are formed during the extraction of crystalline raw material
under the influence of impact loads.
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Figure 12. Optical absorption spectrum of colorless phenacites.

Formation of numerous cracks leads to a deterioration in the
transparency of the phenacite crystals and formation of “blockiness”.
In the center of the crystal there are large transparent blocks, about
15-30 mm in size, and closer to the periphery, the block size decreas-
es, leading to the decrease of transparency degree.

Infrared spectroscopy

The authors surveyed infrared spectra of phenacites from the
Mariinsky deposit using a spectrophotometer “Spectrum Two perkin-
elmelmer”, in the “reflection” mode. The shooting range was 450-4500
cm), the spectral resolution was 0.5 cm™. One can see the characteris-
tic infrared spectrum of colorless phenacite below (Fig. 10).

Weak vibrational bands of up to 660 cm™ relate to deformation
vibrations associated with BeO, and SiO, complexes in the phenacite
structure. Bands in the range of 690-800 cm™! relate to the valence
vibrations of BeO . complexes, and above 800 cm™” - to SiO A
structures in the mineral [3]. For the study authors by infrared
spectroscopy selected samples of colorless phenacites and phenacites
having different colors, from yellow to light brown. There were no
fundamental differences in the oscillation lines in infrared spectra of
colorless and colored phenacite samples. The main oscillation lines
of the structural complexes BeO, and SiO, in colorless and colored
phenacites have the same wavelengths and have minor differences in
the optical density. From this, we can draw the following conclusions:
the coloring of phenacites has an electron-hole nature, and, due to it,
the color appearance mechanism does not affect the symmetry of local
structural units in the crystal structure of the mineral.

Optical spectroscopy

The authors recorded optical absorption spectra on a specialized
SHIMADZU UV-3600 spectrophotometer in the wavelength range
of 185-3300 nm, at room temperature. The authors obtained optical
absorption spectra of colorless and light brown phenacite from the
Mariinsky deposit. On both spectra of the mineral in the range of
2900-3200 nm are oscillations associated with the presence of OH
group. There are peaks in the range of phenacites of yellow color in the
interval of 250-286 nm (Fig. 11).

In the transparent colorless phenacites, there was no absorp-
tion in ultraviolet range (Fig. 12). Other low-intensity absorption
bands in optical spectra are noises related to the survey condi-
tions.
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C. 39-43.D0110.21440/2307-2091-2017-3-39-43



M. P. Popov, A. G. Nikolaev / News of the Ural State Mining University 3 (2017) 39-43

Table 2. Comparison of gemmological characteristics of phenacite from
different countries.

Characteristics Brazil Sri Lanka RUSSIa.
(Emerald Mines)

Refractive index 1,650-1,665 1,651-1,668 1,651-1,668
Birefringence 0,015 0,17 0,017
Shine Vitreous Vitreous Vitreous
Density (g/cm?®) 2,97 2,97 2,97
Fluorescence: Very weak Very weak green,

LWuUvV No green, uniform uniform

SWuUvV No No No

The nature of the phenacites coloration currently is not
studied in detail in optical adsorption spectroscopy. Many authors
agree on only one thing, that the nature of coloration is associated
with electron-hole centers. Disappearance of color in phenacite
upon expose to either ultraviolet radiation or high temperatures
indicates it. According to one of the theories, these absorption lines
are associated with the oxygen vacancies that have captured an
electron [4]. Other researchers believe that these absorption lines
are associated with bridged electron centers of the AI**~O~—AP’* type
[4]. They are formed due to the isomorphic occurrence of aluminum
ions in the crystal lattice of phenacite, in an amount up to 0.5% [5].
In addition, the presence of paramagnetic centers affects the color in
phenacites, and many works were devoted to studying these para-
magnetic centers in the mineral [6-10]. Thus, during the study on
the EPR spectra of the impurity radical [PO,]* in the light brown
phenacite from the Volynsky deposit [7], researchers observed a dif-
ference in the intensity of the lines of three magnetically nonequiva-
lent centers. Dissymmetrization of crystals, as a result of the uneven
distribution of point defects in the process of crystal growth, is a
widespread phenomenon, for example, dissymmetrization of prop-
erties in barite [11].

Gemmology

Phenacite as a precious stone is quite rare in the modern jewelry
market. Color differences (pink and wine-yellow) are still popular, but
due to the rapid fading in the sunlight, do not have much demand in
jewelry stores. Due to a sufficiently high refractive index (higher than
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that of topaz, beryl, tourmaline) it was of interest in the Urals in a role
of an “Ural diamond”, before diamonds finding. Current works aim to
strengthen and fixate the color in the phenacite.

Currently, the world jewelry market receives phenacite mainly
from Brazil and Sri Lanka (see Table 2).

From the materials provided one can see that the gemmological
characteristics of the phenacites from the Ural Emerald Mines are
similar to the characteristics of the phenacites from Sri Lanka. They
have similar formation conditions.
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