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Abstract: Dzhuluite, Ca3SbSnFe3þ
3O12 (Ia�3d, a¼ 12.536(3) Å, V¼ 1970.05(9) Å3, Z¼ 8), a new antimony garnet of the bitikleite-

group, was discovered in a kumtyubeite zone in close proximity to the contact with unaltered ignimbrite in a skarn xenolith
from the Upper Chegem Caldera, Northern Caucasus, Russia. The empirical formula of the holotype dzhuluite is
(Ca2.954Fe2þ

0.043Mg0.003)P3.000 (Sn0.850Sb5þ
0.764Zr0.121U6þ

0.127Ti4þ0.070Sc0.009Nb5þ
0.058Hf0.001)P2.001(Fe3þ

2.051Al0.653Fe2þ
0.182

Ti4þ0.087Si0.028)P3.001O12. Associated minerals are kumtyubeite, cuspidine, fluorchegemite, larnite, fluorite, wadalite, rondorfite,
hydroxylellestadite, perovskite, lakargiite, kerimasite, elbrusite, srebrodolskite, bultfonteinite, ettringite group minerals, hillebrandite,
afwillite, tobermorite-like minerals, hydrocalumite and hydrogrossular. Dzhuluite forms poikilitic crystals , 50 mm in size that are light-
yellow to dark-brown and with a creamy streak. The lustre is strongly vitreous. The calculated density of dzhuluite ranges from 4.708 to
4.750 g/cm3. Raman spectra are analogous to those of kimzeyite, kerimasite and other bitikleite-group minerals. Dzhuluite formed at
high temperature during a retrograde stage of primary rock alteration in the larnite subfacies (sanidinite facies) as a result of fluorine
metasomatism.

Key-words: dzhuluite, new mineral, garnet, bitikleite-group, solid solution, Raman spectroscopy, EBSD, Upper Chegem Caldera,
skarn.

Introduction

Dzhuluite, a new antimony garnet with the end-member
formula Ca3SbSnFe3þ

3O12, was discovered in an altered
carbonate-silicate xenolith in ignimbrites of the Upper
Chegem caldera, Northern Caucasus, Kabardino-
Balkaria, Russia. Dzhuluite was approved by the IMA
Commission on New Minerals, Nomenclature and
Classification (CNMNC) under the name ‘‘bitikleite-
(SnFe)’’, IMA2010-064 (Galuskina et al., 2011a).
However, in 2011, a subcommittee elaborating a new
classification of the garnet supergroup, on which two of
the authors of this paper (I. G. and E. G.) served, recom-
mended not to use Levinson suffixes in naming minerals of
the garnet supergroup except for menzerite-(Y) (Grew

et al., 2013). In line with the recommendation, the garnet
subcommittee renamed four minerals of the garnet super-
group and the IMA CNMNC approved these changes. The
name changes relate to minerals of the bitikleite-group
discovered recently in skarn xenoliths of the Upper
Chegem Caldera. The name bitikleite-(SnAl) was changed
to bitikleite; bitikleite-(ZrFe) to usturite (after Ustur
Mountain in the field-work area); bitikleite-(SnFe) to
dzhuluite (after Dzhulu Mountain nearby near the field-
work area) and elbrusite-(Zr) to elbrusite (Grew et al.,
2013). In addition, the new end-member formula of elbru-
site, Ca3(U6þ

0.5 Zr1.5)Fe3þ
3O12, was accepted by the sub-

committee (Grew et al., 2013). The first description of
bitikleite and usturite using the old names bitikleite-
(SnAl) and bitikleite-(ZrFe), respectively, were published
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earlier (Galuskina et al., 2010 a). The name bitikleite-
(SnFe) was used only once in Newsletter 8 of the IMA
CNMNC (Williams et al., 2011). The old names of these
minerals should now be replaced by their new names in all
mineralogical databases.

Altered under sanidinite-facies conditions, carbonate-
silicate xenoliths of sedimentary rocks in ignimbrites of
the Upper Chegem Caldera are mineralogically unique;
more than 20 new minerals have been discovered in them
over the five last years. Interestingly, minerals of the garnet
supergroup and of the humite group prevail among these
new mineral species. Minerals of the garnet supergroup
are represented by bitikleite Ca3(Sb5þSn)Al3O12,
usturite Ca3(Sb5þZr)Fe3þ

3O12, dzhuluite Ca3(Sb5þSn)
Fe3þ

3O12, elbrusite Ca3(U6þ
0.5Zr1.5)Fe3þ

3O12, toturite
Ca3Sn2Fe2SiO12 and irinarassite Ca3Sn2Fe2AlO12

(Galuskina et al., 2010a–c; Galuskina et al., 2011b).
Minerals of the humite group are represented by the Ca-
humite minerals: kumtyubeite Ca5(SiO4)2F2 (Galuskina
et al., 2009), chegemite Ca7(SiO4)3(OH)2 (Galuskin
et al., 2009), fluorchegemite Ca7(SiO4)3F2 (Galuskina
et al., 2012), edgrewite Ca9(SiO4)4F2 and hydroxyledgre-
wite Ca9(SiO4)4(OH)2 (Galuskin et al., 2012).

Dzhuluite Ca3(Sb5þSn)Fe3þ
3O12 is the Fe3þ-analogue

of bitikleite Ca3(Sb5þSn)Al3O12, both of which were dis-
covered in the same xenolith (Galuskina et al., 2011a). The
synthetic analogue of dzhuluite Ca3SbSnFe3O12 (a ¼
12.634 Å) was synthesized about forty years ago
(Dodokin et al., 1972). A typical dzhuluite sample, under
the name bitikleite-(SnFe) and with the number 4025/1, is
deposited in the collection of the Fersman Mineralogical
Museum in Moscow, Russia.

Analytical methods

The morphology and composition of the Sb-garnet crystals
were investigated using a Philips/FEI ESEM XL30/EDAX
scanning electron microscope and a CAMECA SX100
electron-microprobe analyzer. Electron-microprobe ana-
lyses (EPMA) of the garnets were performed at 15 kV
and 40–50 nA using the following lines and standards:
MgKa - diopside, AlKa - orthoclase, SiKa, CaKa - wollas-
tonite, ScKa - Sc, TiKa - rutile, VKa - V2O5, CrKa - Cr2O3,
MnKa - rhodonite, FeKa - hematite, SrLa - SrTiO3, YLa -
YAG, ZrLa - zircon, NbLa - Nb, SnLa - cassiterite, SbLa -
InSb, HfMa - Hf, ThMa - ThO2, UMb - syn.UO2 and
vorlanite CaUO4.

Single-crystal X-ray studies were carried out using an
Xcalibur/CCD diffractometer (MoKa, l ¼ 0.71073 Å).
However, because of the small crystal size of the dzhuluite
and its marked inhomogeneity, only unit-cell parameters
were determined.

Because of the small size of the dzhuluite crystals,
electron backscatter diffraction (EBSD) analysis was
used for structural-parameters and symmetry determina-
tion. The EBSD images were recorded with a HKL
Nordlys II camera attached to a JSM-6480 scanning

electron microscope using 30 kV beam energy. The
microprobe thin section on which composition measure-
ments were performed was re-polished using an Al2O3

suspension of 20 nm particle size. Calibration of SEM
and EBSD geometry was carried out using a single Si
crystal for two detector distances: 177 mm (normal work-
ing position) and 150 mm (camera retracted position). The
program ‘‘Chanel5’’ (Oxford Instruments) was used for the
interpretation of the EBSD diffraction patterns. Structural
data were obtained using EBSD and fitting data according
to modeling on the basis of bitikleite (a ¼ 12.5240(2) Å)
and usturite (a ¼ 12.491 Å) structures (Galuskina et al.,
2010a). The cell constant of the dzhuluite was calculated
using the formula of Strocka et al. (1978), a¼ b1þ b2rXþ
b3rY þ b5rXrY þb6rXrZ þ b4rZ (Å), where b1 ¼ 7.02954,
b2¼ 3.31277, b3¼ 2.49398, b4¼ 3.34124, b5¼ –0.87758,
b6 ¼ –1.38777, and rX, rY, rZare weighted averages of
effective ionic radii of cations in the X, Y and Z sites,
respectively (Shannon, 1976).

Raman spectra of single dzhuluite crystals were
recorded using a Dilor XY spectrophotometer
(Bayerisches Geoinstitut, University of Bayreuth,
Germany) equipped with a 1800 line mm�1 grating mono-
chromator, a charge-coupled device, a Peltier-cooled
detector and an Olympus BX40 confocal microscope.
The incident laser excitation was provided by a water-
cooled argon laser source operating at 514.5 nm. The
power at the exit of a 100� objective lens varied from 30
to 50 mW. Raman spectra were recorded in backscattering
geometry in the range 100–4000 cm�1 and with a resolu-
tion of 2 cm�1. Collection times of 20 s and accumulations
of 5 scans were chosen. The monochromator was cali-
brated using the Raman scattering line of a silicon plate
(520.7 cm�1).

Occurrence

The dzhuluite was found in a kumtyubeite zone, 0.2–0.5 m
in thickness, at the northern end of xenolith No. 1 in close
proximity to the contact with unaltered ignimbrite (see
geological scheme in Galuskin et al., 2009). Xenolith
No. 1, about 20 m in longest dimension, is the largest
xenolith among those known in the ignimbrites of the
Upper Chegem Caldera. The xenoliths are characterized
by high-temperature mineral associations of the sanidinite
facies typical of pyrometamorphic rocks: larnite, spurrite,
galuskinite, rondorfite, fluor- and hydroxylellestadite,
srebrodolskite, magnesioferrite. Galuskinite, Ca7(SiO4)3

CO3, is a new mineral discovered recently in skarns of
the Birkhin Massif, Baikal, Russia (Lazic et al., 2011).
A full description of the geology of this area, and of the
skarn zonation of the xenolith No. 1, may be found in
Gazeev et al. (2006) and Galuskin et al. (2008, 2009).

Dzhuluite was detected in an altered inhomogeneous
kumtyubeite zone with abundant ettringite-taumasite,
katoite-hydrogrossular, bultfonteinite, hillebrandite,
awfillite, jennite and other unidentified calcium hydrosili-
cates (Fig. S1 in Supplementary material, freely available

232 I.O. Galuskina et al.
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online at the GSW website of the journal: http://
eurjmin.geoscienceworld.org/). Primary high-temperature
minerals are represented by larnite relics, spurrite, wada-
lite, As-bearing hydroxylellestadite, rondorfite and acces-
sory lakargiite, perovskite and magnesioferrite.

The kumtyubeite (Kmt) rocks, and the local development
of fluorchegemite and cuspidine in them, reflect the retro-
grade alteration of primary high-temperature rocks by fluor-
ine metasomatism of rocks fragments enriched in spurrite
(Spu) according to the reaction Ca5(SiO4)2CO3 (Spu) þ
2HF ¼ Ca5(SiO4)2F2 (Kmt) þ CO2 þH2O. Larnite (Lar)
was replaced by cuspidine (Cus) according to the reaction
Ca2SiO4 (Lar) þ 2HF ¼ Ca4(Si2O7)F2 (Cus) þ H2O
and, presumably, fluorchegemite (Fch) formed after
galuskinite (Gal) by the reaction Ca7(SiO4)3CO3 (Gal) þ
2HF ¼ Ca7(SiO4)3F2 (Fch) þ CO2 þH2O. Commonly, the
formation of fluorine silicates was accompanied by fluorite
crystallization. The high-fluorine environment influenced
the formation of garnets with exotic composition.
Simultaneous growth of cuspidine and bitikleite crystals is
observed (see Fig. 1d in Galuskina et al., 2010a).

Dzhuluite occurs as {211} crystals not exceeding 15 mm
in size with cores of the analogue of kerimasite with Ti . Si
at tetrahedral site (Table 1, analyses 3, 4; Fig. 1a). Dzhuluite
also forms later zones on granular pseudomorphs of

lakargiite after zircon (Fig. 1b). Less commonly, xeno-
morphic poikilitic crystals of dzhuluite are crowed by inclu-
sions of wadalite crystals or katoite-grossular
pseudomorphs after wadalite, in some cases substituted by
cuspidine (Fig. 1c, d). The size of poikilitic dzhuluite crys-
tals is typically less than 20 mm (Fig. 1c; Table 1, analyses 5,
6) though some may reach 50 mm (Fig. 1d; Table 1, analysis
7). The dzhuluite crystals are commonly inhomogeneous in
composition and display weak core-to-rim trends of increas-
ing contents of U, Nb and Sn; they belong to a complex
solid-solution series in which the Ca3SnSbFe3O12 end-
member content reaches up to 68.5 mol% (Table 1). U, Zr,
Ti, Al, Nb are the main impurities. The SiO2 content does
not exceed 0.5 wt% (Table 1). Some dzhuluite crystals are
overgrown by elbrusite (Fig. S2). Rare poikilitic crystals
with the elbrusite end-member prevailing were noted
(Table 1, analysis 8). High U contents are not characteristic
of the other Sb-garnets, bitikleite and usturite, known in
the skarn xenoliths of the Upper Chegem Caldera, whereas
U is commonly the main impurity in kerimasite
Ca3Zr2Fe3þ

2SiO12, forming a continuous isomorphic series
with elbrusite (Galuskina et al., 2010 a–c).

The dzhuluite crystals are light-yellow to dark-brown
with a creamy streak. The lustre is strongly vitreous. The
new garnet is optically isotropic (n ¼ 1.94, based on a

Fig. 1. A – dzhuluite crystal with kerimasite core; B – inhomogeneous pseudomorph of lakargiite after zircon with external rim composed by
kerimasite, dzhuluite and perovskite; C – xenomorphic poikilitic crystals of dzhuluite used for Raman spectroscopy analyses and (inset)
crystal used for EBSD study. Scale refers to both crystals; D – the largest poikilitic crystal of dzhuluite with trioctahedral wadalite inclusions
and (inset) magnified fragment. Blt bulfonteinite, Dzh – dzhuluite, Mfr – magnesioferrite, Krm – kerimasite, Hgr – grossular-katoite, Etr –
ettringite, Prv – perovskite. Numbers identify points where EPMA, Raman and EBSD analyses were performed (see text).

Dzhuluite, Ca3SbSnFe3þ
3O12, a new bitikleite-group garnet 233
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Gladstone-Dale calculation of analysis 1, Table 1). The
calculated density is 4.708 g/cm3 based on analysis 1
(Table 1) and 4.750 g/cm3 based on analysis 2 (Table 1).

Crystallography

The marked inhomogeneity of the dhuluite crystals, the
abundance of wadalite and hydrogarnet inclusions, and
also their small size and partial metamictization, did not
permit obtaining full structural data. The single-crystal X-
ray study of the U-bearing kimzeyite [UO3 � 10 wt%,
cumulative dose dpa (displacement per atom) ¼ 0.12]
showed that it has a partially metamict structure and that
uranium is concentrated in metamict domains (Galuskina
et al., 2010a). The calculated dpa fluctuates from 0.06 to
0.12 for dzhuluite (Table 1). Investigation of the kerima-
site-elbrusite series showed that the critical dose for meta-
mictization of these garnet is at dpa ¼ 0.25–0.30
(Galuskina et al., 2010a).

Only unit-cell parameters, Ia�3d, a ¼ 12.536(3) Å, V ¼
1970.05(9) Å3, Z ¼ 8, were obtained for the 15 mm {211}
dzhuluite crystal, the composition of which is close to
analysis 4 in Table 1 (dpa ¼ 0.1). This crystal has skeletal
overgrowths of elbrusite 1–2 mm in thickness (Fig. S3), as
revealed by the single-crystal X-ray diffraction study.

The EBSD patterns for the dzhuluite were obtained at
working distances of 150 mm and 177 mm. Fitting of the
EBSD data (WD 150 mm) of the crystals shown in Fig. 1A
(calculated a ¼ 12.56 Å) and in Fig. 1d (calculated a ¼
12.60 Å) to a garnet model with a ¼ 12.55 Å resulted in
excellent fitting parameters MAD ¼ 0.23� and 0.16�,
respectively (Fig. 2).

Due to the scarcity of dzhuluite, and the small size of
available crystals, powder X-ray diffraction data for the
natural material were not collected, but data for analysis 1
(Table 1) with a¼ 12.55 Å were calculated and are listed in
Table S1.

Raman spectroscopy

Raman spectra of dzhuluite (Fig. 3) are similar to those of
other minerals of the bitikleite group and to Zr-bearing
garnets of the schorlomite group (Galuskina et al.,
2011a). These spectra are characterized by the low inten-
sities and broadening of bands in the 850–650 cm�1 range
defined by symmetric stretching vibrations in tetrahedron
[ZO4] due to the fact that the tetrahedral site can be occu-
pied by different cations (Fe, Ti, Al, etc.). The broad band
between 850–650 cm�1 which is centred at about 750–770
cm�1 is mainly connected with vibrations in [Fe3þO4]5-

which are seen at 730–750 cm�1, and also with vibrations
in [AlO4]5- observed at the 800–780 cm�1. The broadening
of this band reflects vibrations in [TiO4]4-, bands from
which can fall between bands from [Fe3þO4]5- and
[AlO4]5- vibrations on the Raman spectrum. Most prob-
ably, the broadening of the band is accounted for by over-
lapping of vibrations in [Fe2þO4]6-, the frequency of which
is below the frequency of vibrations in [Fe3þO4]5-. TheT
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appearance of a well-defined band at about 600 cm�1 is
rather a manifestation of asymmetric stretching vibrations
in [Fe3þO4]5- (Rulmont et al., 1995).

The strong band at 490 cm�1 due to bending vibrations
in [Fe3þO4]5- is characterized by a large half-width, attrib-
uted to the contribution to this vibration type of tetrahedra
occupied by other cations. Bands near 300 cm�1 are related
to vibrations in [R(ZO4)], whereas bands below 300 cm�1

are assigned to translation motions of T(ZO4) and T(Ca).
A characteristic feature of garnets of the bitikleite group
with Fe3þ in tetrahedral site is a displacement of the bands
at 300 and 250 cm�1 towards lower frequencies in compar-
ison with their Al-analogues (Galuskina et al., 2010a). For
example, on the bitikleite spectrum (Al.Fe at Z), these
bands are at about 303 cm�1 and 252 cm�1 (Galuskina
et al., 2010a) and on the dzhuluite spectrum at 285 cm�1

and 235 cm�1, respectively (Fig. 3).
Increasing uranium content leads to a decrease in the

general intensity of the spectrum, especially for the bands
related the bending vibrations at about 490 cm�1; the
spectrum is also blurred (Fig. 3). A similar effect was
observed in the spectra of garnets of the elbrusite-
kerimasite series (Galuskina et al., 2010b).

Discussion

Four Ca-garnet members, namely, bitikleite {Ca3}
[Sb5þSn4þ](Al3þ3)O12, usturite {Ca3}[Sb5þZr4þ] (Fe3þ

3)
O12, dzhuluite {Ca3}[Sb5þSn4þ](Fe3þ

3)O12 and elbrusite
{Ca3}[U6þ

0.5Zr4þ
1.5](Fe3þ

3)O12 belong to the bitikleite
group with the common crystal chemical formula
{X3}[R5þR4þ](R3þ

3)O12 and double site occupation in
the Y site (Galuskina et al., 2010a–2010c; Grew et al.,
2013). The Nb-analogue of usturite {Ca3}[Nb5þZr4þ]
(Fe3þ

3)O12 (Zaitsev et al., 2011; Grew et al., 2013), the
Sn-analogue of elbrusite {Ca3}[U6þ

0.5Sn4þ
1.5](Fe3þ

3)O12

(Galuskina et al., 2010b; Grew et al., 2013) and the Al-
analogue of usturite {Ca3}[Sb5þZr4þ](Al3þ3)O12 (our

Fig. 2. EBSD patterns (A, C) and fitted result (B, D) obtained for crystals shown in Fig. 1D, point 7 (A, B) and in the inset on Fig. 1C, point
6 (C, D).

Fig. 3. Raman spectra of dzhuluite. Numbers correspond to the points
of analyses in Table 1 and on Fig. 1.
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unpublished data) are potential new mineral species of this
group.

Dzhuluite is represented by the complex solid solution
Ca3[Sb5þ,Sn4þZr,U6þ,Ti4þ. . .]2(Fe3þ,Al,Fe2þ,Ti4þ,
Si. . .)3O12, which significantly complicates its classifica-
tion in the context of the garnet supergroup nomenclature
(Grew et al., 2013). Even on the level of group crystal-
chemical formulas, the problem arises. If we assign all
tetravalent cations to the bitikleite {X3}[R5þR4þ]
(R3þ

3)O12 and schorlomite {X3}[R4þ
2](R3þ

2R4þ)O12

crystal-chemical formulas, a significant part of the ura-
nium must be accommodated in the {Ca3}[U6þ

2]
{Fe2þ

3}O12 yafsonite end-member (Table 1). If, alterna-
tively, all of the uranium is combined in the
{Ca3}[U6þ

0.5Zr1.5](Fe3þ
3)O12 elbrusite end-member, the

major part of the Sb5þ should be assigned to the
{Ca3}[Sb5þ

2](Fe3þ
2Fe2þ)O12 end-member – unknown

among natural garnets but corresponding to synthetic
Ca3Sb2ZnGa2O12 (Tolksdorf & Wolfmeier – Springer
Materials - The Landolt-Börnstein Database). With this
approach to its classification, the high-uranium analysis
no. 8 in Table 1 will belong to elbrusite, with a
{Ca3}[U6þ

0.5Zr1.5](Fe3þ
3)O12 end-member content of 57

mol%. In this case, calculation on the end-members (even
by grouping some) cannot be attempted because more than
three cations are simultaneously present at two sites [Y]
and (Z) (Table 1). As was shown by Grew et al. (2013),
classification of this type of garnet should be based on the
charge at the Z site and the dominant-valence rule, taking
double site occupation into consideration (Hatert & Burke,
2008). For the dzhuluite analyses, the charge at the Z site
varies in the range 8.75–8.97 and the proportion of the Z
site occupied by Fe3þ, defining the content of the dzhuluite

end-member, fluctuates between 58 and 68.5% (Table 1).
At the Y site Sb5þ and Sn are the predominant cations
(Table 1). The proportion of the Sb5þ, Sn4þ pair in dzhu-
luite, which determines double site occupation at the Y site,
is above 65% (Table 1). In summary, the ideal end-member
of these garnet analyses will be represented by the crystal-
chemical formula {Ca3}[Sb5þSn4þ](Fe3þ

3)O12.
The classification of the elbrusite that is associated with

dzhuluite, and which is characterized by a high content of
dzhuluite end-member, is still more complicated (Table 1,
analysis 8). The charge at the Z site of 8.7 allows it to be
classified in the bitikleite group (Grew et al., 2013). The
total occupancy at the Y site of R4þ ¼ 0.866 apfu, R5þ ¼
0.466 apfu and R6þ ¼ 0.531 apfu sums up to 1.863 apfu
(Table 1), a content of di- and trivalent cations that is
insignificant and that has no influence on the classification
problems. The charge of approximately 9, characteristic
for garnet in the bitikleite group, and the significant quan-
tity of penta- and hexavalent cations point to double-site
occupation at the Y site with marked predominance of
the {X3}[R6þ

0.5R4þ
1.5](R3þ

3)O12 end-member over
{X3}[R5þR4þ](R3þ

3)O12 as ½R5þ apfu ,, R6þ apfu. As
the U6þ content is . 0.5 apfu, it is necessary to consider
that part of the uranium will be grouped in the {Ca3}[U6þ

2]
{Fe2þ

3}O12 yafsonite end-member (Table 1). In the com-
position of this garnet, an increased content of Ca is char-
acteristic of partially metamict uranium-bearing garnet of
the bitikleite group (Galuskina et al., 2010a). The question
of the valence of the uranium and iron is still open; to date,
we have assumed all uranium to be hexavalent based on the
fact that, in the case of all high-uranium garnets associated
with vorlanite CaU6þO4 for which U valence has been
determined, it is so (Galuskin et al., 2011). Nevertheless,

Fig. 4. Analytical points and compositional trends of minerals of the schorlomite and bitikleite groups from different xenoliths of the Upper
Chegem Caldera.
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it is impossible to exclude the possibility that uranium in
the garnet structure is stabilized in the pentavalent state. If
so, then it would be related to the typical bitikleite
end-member with the crystal-chemical formula {X3}
[U5þR4þ](R3þ

3)O12.
This study and previous investigations of garnet minerals

from altered xenoliths of the Upper Chegem Caldera
(Galuskina et al., 2010a–c) reveal the sequence of high-
temperature garnet crystallization (Fig. 4). Firstly, zirconian
garnets of the schorlomite group (kerimasite, kimzeyite)
form. This is followed by stannian garnets of the schorlomite
group (toturite and irinarassite) and/or zirconian and stannian
garnets of the bitikleite group (bitikleite, dzhuluite, usturite).
Elbrusite usually crystallizes last. The latest garnets known
from altered xenoliths in the Upper Chegem Caldera are
represented by schorlomite, andradite, grossular, fluorine-
bearing katoite and its Fe3þ-analogue which are, as a rule,
developed near the contact with host ignimbrite.
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