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Abstract. Buergerite, a rare tourmaline, first described from Mexquitic, San Louis Potosi, Mexico, was found
in thin (3-10 cm) aplite-pegmatite veins, cutting quartz-monzodiorites of the Plana polyphase pluton. It forms
dark-brown, almost black grains, tiny prismatic crystals (2-3 mm) and aggregates, in association with quartz,
pale-pink K-feldspar, oligoclase, albite, biotite, magnetite, hematite, ilmenite, garnet, beryl, cyrtolite, allanite,
titanite, epidote, adularia, muscovite and stilbite. Buergerite is a relatively late mineral, crystallized after
feldspars, magnetite, biotite and garnet, and before the hydrothermal quartz, adularia, muscovite and stilbite.
EPMA analyses of a zonal buergerite grain (core-rim) and of a single prismatic crystal gave (wt. %): SiO,
33.10-32.98; 34.16, TiO, 1.39-1.09; 1.19, Al,05 24.49-25.15; 26.90, Cr,0; 0.00-0.11; 0.00, V,0; 0.00-0.15;
0.15, Fe,05 (total) 23.39-22.48; 20.57, MnO 1.23-1.10; 1.19, MgO 0.64-1.07; 1.07, CaO 0.38-0.39; 0.34,
Na,O 2.38-2.71; 2.59, K,0 0.12-0.00; 0.03. Wet chemical analysis for Fe of two mineral separates of
buergerite shows (wt. %): Fe,0; 20.75, FeO 0.58 and Fe,O; 20.57, FeO 0.36. The measured density is
respectively 3.30 and 3.25 g/cm’. It is supposed that the buergerite mineralization is related to the high Fe**
potential of the quartz-monzodiorites. The high content of magnetite and hematite in the aplite-pegmatites
supports this hypothesis.
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Pe3rome. Psixo cpemraHusT TypMainH, OIOPTepHT, YCTAaHOBEH 3a NPEHB BT B Mexquitic, San Louis Potosi,
Mekcuko, € HamepeH B ThHKH (3-10 cm) arumuT-nerMaTUTOBH JKWJIM, IPUCHYALH KBAPIIMOHIIOIUOPUTUTE Ha
Ilnanckust HacTaBeH ILTYTOH. BroprepurhT 0Opa3dyBa ThMHOKAa(SBU, MOYTH YEPHHU 3bPHA, APEOHH IpU3Ma-
TUYHU KpuCTaid (2-3 mm) u arperaTd, B acOLHalUs C KBapll, OJICOPO30B KalIHEB (EININAT, OJUTOKIIA3,
aI0ouT, OMOTHUT, MATHETUT, XEMaTHT, WIMCHHT, TPaHaT, OCpWI, IUPTOINUT, aTaHUT, TATAHUT, CIUJIOT, Ayap,
MYCKOBHT W CTWJIOHT. BIOPrepuThT € OTHOCHTEIHO KBCHO O0Opa3yBaH, ciiea (enmmmnaruTe, MarHeTUTa,
OWoTHTa M TpaHaTa, HO MPEIU XUAPOTEPMAITHHS KBapll, aayiiapa, MyCKOBUTa W cTWiIOHWTa. Pesynrarure oT
EPMA Ha 30HamHO 3bpHO OT Oropreputr (LEHTpalHAa YacT W Hepudeprs) M Ha OTIENCH NPU3MATHYCH
Kkpucrtai, nokaszeat (teri.%): SiO, 33,10-32,98; 34,16, TiO, 1,39-1,09; 1,19, Al,O; 24,49-25,15; 26,90,
Cr,0; 0,00-0,11; 0,00, V,05 0,00-0,15; 0,15, Fe,O;(total) 23,39-22,48; 20,57, MnO 1,23-1,10; 1,19, MgO
0,64-1,07; 1,07, CaO 0,38-0,39; 0,34; Na,0 2,38-2,71; 2,59, K,0 0,12-0,00; 0,03. MoKpusIT XUMHUYEH aHAIIU3
Ha Fe, Ha nmBe ornennm cOopHH mpoOH oT Oropreput, mokassa (tern.%): Fe,O; 20,75, FeO 0,58 u Fe,O3
20,57, FeO 0,36. 3MepeHOTO OTHOCUTENHO TETJI0 Ha Oroprepura B IBeTe Ipobu e cboTBeTHO 3,30 u 3,25
g/em®. TIpemmomara ce, de oOpa3yBaHETO Ha MHHEpala € CBBP3aHO C BHCOK moTeHmman Ha Fe’' B
KBapIIMOHIIOTUOPHUTHUTE. BUCOKUTE CHIbpKaHHUS HA MArHETUT U XEMATUT B AIUTUT-TIETMATUTHTE TTOJKPEIIST
TaKkaBa XHIIOTEe3a.
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Introduction

Buergerite, NaFe33+A16(BO3)3Si60lg(O,F)4, is
the Fe** analogue of schorl,
NaFe33+A16(BO3)3SiGO1g(OH)4. First it was
found in hydrothermally altered tuffs and
clayey rhyolites near Mexquitic, San Luis
Potosi, Mexico. It was initially described as a
Fe**-tourmaline (ferric tourmaline, Mason et
al., 1964) and two years later was specified as a
new mineral species of the tourmaline group
(Donay et al., 1966). In a study of tourmalines
from pegmatites of Plana Mountain, tourma-
line was found with a chemical composition
similar to those of the buergerite from Mexico.

Geological setting

The Plana pluton (~400 km?) is situated 30 km
to the south of Sofia in the Western Sredna
Gora. According to Boyadjiev (1971), it was
formed by two consecutive magma impulses.
During the first impulse, small bodies of gab-
bro-pyroxenites, gabbro and gabbro-diorites,
were emplaced into Paleozoic high-grade
metamorphic rocks. The second impulse, built-
up of diorites, quartz-diorites, quartz-monzo-
diorites, granodiorites and leucogranites, forms
the major part of the pluton. Related to the
second impulse are pegmatites of microcline,
oligoclase-microcline and oligoclase-albite-
microcline composition (Boyadjiev, Ivanov,
1975). Commonly the pegmatites are presented
as veins, more rarely as lenticular bodies, some
of them zonal and well differentiated. In the
western part of the pluton, aplite-pegmatite
veins prevail. The typomorphic accessory
minerals in most of pegmatites in the pluton are
magnetite, tourmaline and zircon. Apatite,
titanite, garnet and epidote are constantly
present.  Additionally were determined:
hematite, ilmenite, allanite, monazite, betafite,
pyrite, molybdenite (Boyadjiev, Ivanov, 1975),
uraninite and thorogummite (Hisina, 1966).

Preceding studies of Plana tourmalines

The presence of tourmaline in the Plana pluton
was mentioned for the first time by Bonchev
(1923). He described the morphology of black,
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prismatic tourmaline crystals (schorl) in quartz
and pegmatite veins near the villages of
Belchin, Shiroki dol, Gorni Okol and Dolni
Okol. Vergilov (1955) studied the mineral
composition of zonal pegmatite veins near the
village of Kalkovo. He related tourmaline
(schorl) formation to two high themperature
phases. He assumed that the second tourmaline
generation replaced the microcline in the
graphic quartz-feldspar zones. In the peg-
matites described by Vergilov (1955), tourma-
line was associated mainly with quartz, micro-
cline, oligoclase, albite, biotite and allanite.
Breskovska and Eshkenazy (1961) performed
the first chemical and X-ray diffraction study of
tourmaline from a pegmatite of the Plana
pluton. A black tourmaline from a pegmatite
vein near the village of Dolni Okol, as well as
all the tourmalines from Vitosha, Sredna Gora,
Rhodopes and Sakar Mountains, studied by
these authors, have been determined as mem-
bers of the schorl-dravite series.

Morphology and mineral composition of
buergerite-bearing pegmatites

Buergerite was found in several thin, 1.5-10 cm
up to 1.6-2 m long, aplite-pegmatite veins,
which intersect strongly weathered to gruss
quartz-monzodiorites in the western periphery
of the pluton. The deposit lies in the southern
outskirts of Kovachevtsi village, in the scarp of
the road to Samokov. Immediately to the north
of this place Neogene-Pliocene sediments out-
crop.

Similarly to the host quartz-monzodio-
rites, the pegmatite veins are heavily weathered
in places to gruss. They have an aplitoid
appearance. Fine-grained (0.15 mm to 1.5-2
mm) quartz-feldspar mass prevails, consisting
of potassium feldspar, oligoclase, quartz and
biotite. Isolated microcline crystals of pale-pink
colour, up to 3x1.5 mm long and up to 2-3 mm
thick, can be observed, as well as nests of
pegmatoid or micro-block texture consisting of
perthitic microcline (sized up to 2x2 cm), fine



grained albite (up to 3x3 mm), grey quartz
(0.5x1 mm) and biotite (1-5 mm). Aggregates
(up to 0.5x1 cm) of fine-grained, black
buergerite, are found often in these nests along
with quartz. In some veins, small cavities in the
central part of the pegmatite nests, are filled
with fine quartz crystals and nontransparent
adularia, growing on earlier crystallized
potassium feldspar. In such cavities also
rosette-shaped aggregates of pale-green, fine-
flaked muscovite and of stilbite occur. In the
contact zones of some aplite-pegmatite veins,
small micrographic quartz-feldspar complexes
are observed, which alternate with apographic
complexes towards the vein centre. A tarry-
black, very fine (1-2 mm) buergerite is found
replacing often the feldspars. It forms
characteristic graphic or apographic inter-
growths with quartz. The relationships of
buergerite to the other minerals in the aplite-
pegmatite veins attest its relatively later
formation, after magnetite, biotite, feldspars
and garnet, but before hydrothermal quartz,
adularia, stilbite and fine-flaked greenish
muscovite. In places, fine buergerite veinlets
intersect also quartz grains of the main aplite-
pegmatite mass. The most frequent accessory
mineral is magnetite, found in all zones of the
veins. It forms both fine (<0.1 to 2-3 mm)
irregular grains and octahedral crystals of same
size, usually strongly oxidized. In addition to
the uniformly presented zircon and apatite often
hematite, almandine, cyrtolite, allanite, titanite
and epidote occur. In a micro-block zone, in the
central part of a non-massive aplite-pegmatite
vein, an aquamarine grain, sized 3x3 mm, was
found at a boundary between quartz and
potassium feldspar. This is the first beryl
finding in pegmatites, related to a Cretaceous
intrusion of the Sredna Gora structural zone.
Buergerite was found also in a quartz-
tourmaline lens to the south of Dolni Okol
village.
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Chemical composition of buergerite

Microprobe analyses of a small grained (2x2
mm) tourmaline aggregate (sample 1, Table 1),
associated with quartz, plagioclase, potassium
feldspar and magnetite in a thin (~3 cm) aplite-
pegmatite vein near the Kovachevtsi village, as
well as of an elongated prismatic (0.7x0.2 mm)
tourmaline crystal (sample 2) from the quartz-
tourmaline lens near Dolni Okol village,
determine the samples studied as high-iron
varieties of iron-containing tourmalines. In
tourmaline from Kovachevtsi village a
zonation, perpendicular to the three-fold axis,
can be observed. The inner crystal part (1-core,
Table 1) shows higher Fe, Ti and Mn content,
whereas the outer part (1-rim) is characterised
by higher Al, Mg and Na content. In the
peripheral zone Cr and V are present too. The
chemical composition of the tourmaline from
the quartz-tourmaline lens near Dolni Okol
village is similar (Table 1).

The interpretation of the major compo-
nents data from the microprobe analyses for the
general formula of the tourmaline group
minerals, XY3Z4(B03);Sis0;3(OH),, places the
tourmaline from the two deposits in Plana close
to the Fe-tourmalines - schorl and buergerite.
Wet chemical phase analysis of Fe, performed
by B. Karaivanova in two mineral samples of
fine aggregate grains from neigh-bouring thin
aplite-pegmatite  veins near Kovachevtsi
village, determines the tourmaline as
buergerite. The first mineral separate of
buergerite includes that tourmaline aggregate,
on a grain of which the microprobe analyses 1-
core and 1-rim were performed. It contains
20.75 wt. % Fe,O; and 0.58 wt. % FeO. The
second sample contains 20.57 wt. % Fe,O3 and
0.36 wt. % FeO. The measured density of the
first sample is 3.30 g/cm’ and 3.25 g/cm3 of the



Table 1. Microprobe analyses of buergerite (wt. %): 1 and 2 - from Plana; 3 (a - range from 14 specimens
and b - mean values) - from Mexquitic, Mexico, after Dunn (1976); 4 - wet chemical analysis of buergerite

from Mexquitic, Mexico, after Donnay et al. (1966)

Tabmuna 1. Enexmponnomuxpoconoosu ananusu na 6ropeepum (mean. %): 1 u 2 om Ilnana; 3 (a — eapuayuu
Ha cvovpacanuama é 14 obpaseya, b — cpeona cmoiinocm) om Mexquitic, Mexico (Dunn, 1976); 4 — mokvp
Xumuuecku ananus na oropeepum om cvujomo Haxoouwe (Donnay et al., 1966)

Samples | 1-core | 1-rim | | 3a-range PBb-mean | 4

SiO, 33.10 32.98 34.16  32.99 - 35,15 34.22 33.86
TiO, 1.39 1.09 1.19 0.31-0.80 0.55 0.55
AlLO4 24.49 25.15 2690 29.33-31.46 30.30 30.79
Cr,04 - 0.11 - - - <0.01
V,0; - 0.15 0.15 - - <0.01
Fe,04 23.39 22.48 20.57 17.59-20.04 18.77 17.62
FeO 1.27
MnO 1.23 1.10 1.19 0.07 - 0.14 0.1 0.13
MgO 0.64 1.07 1.07 0.08 - 0.35 0.16 0.13
CaO 0.38 0.39 0.34 0.24-0.99 0.64 0.69
Na,O 2.38 2.71 2.59 2.32-247 2.38 2.46
K,0 0.12 - 0.03 - - 0.07
Total 87.12 87.23 88.19 87.12 87.57

Cations on the basis of 24.5 [O]

Si 5.68 5.64 5.71 5.69 5.61
Ti 0.18 0.14 0.15 0.07 0.07
Al 4.95 5.07 5.30 5.94 6.01
Cr - 0.01 - - -
\% - 0.02 0.02 - -
Fe 3.02 2.89 2.59 2.35 2.37
Mn 0.18 0.16 0.17 0.01 0.02
Mg 0.16 0.27 0.27 0.04 0.03
Ca 0.07 0.07 0.06 0.11 0.12
Na 0.79 0.90 0.84 0.77 0.79
K 0.03 - 0.01 - 0.01
Total 15.06 15.17 15.12 14.98 15.03

Wet analyses for Fe of two mineral separates of buergerite from pegmatites near Kovachevtsi (wt. %): Fe,O3

20.75, FeO 0.58 and Fe,05 20.57, FeO 0.36

Mokbp ¢a3zoB anamm3 Ha Fe B nBe cOopHHM mpobu ot Gropreput ot nermMarutu npu Kosauesmwm (teri. %):

Fe,05 20,75, FeO 0,58 u Fe,05 20, 57, FeO 0,36

second one; the density of the buergerite from
Mexquitic, Mexico, is 3.31 g/cm3 .

On the Al-Fe(tot)-Mg diagram after Henry
and Guidotti (1985) the investigated Plana
tourmalines plot near the point of tourmaline
end-members schorl and buergerite, into the
area of rich in Fe'" quatrz-tourmaline rocks
(Fig. 1). The Mexico buergerite lies slightly
above the Fe** tourmaline end-member, in the
area of Li-poor granitoids and associated with
them pegmatites and aplites.

This is due to the higher Al content of this
buergerite, compared to the theoretical
buergerite composition. The buergerite samples
near Kovachevtsi and Dolni Okol villages are
placed just below the end-member point, due to
their quite lower Al content.

Discussion

The microprobe analyses, toghether with wet
chemical determination for Fe,O; and FeO, are
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Fig.1 Al-Fe(tot)-Mg diagram (in molecular proportion) for tourmalines from various rock types (after Henry
and Guidotti, 1985): 1 - Li-rich granitoid pegmatites and aplites; 2 - Li-poor granitoids and their associated
pegmatites and aplites; 3 - Fe**-rich quartz-tourmaline rocks; 4 - metapelites and metapsammites coexisting
with an Al-saturating phase; 5 - metapelites and metapsammites not coexisting with an Al-saturating phase; 6
- Fe**-rich quartz-tourmaline rocks, calc-silicate rocks, and metapelites; 7 - low-Ca metaultramafics and Cr,
V-rich metasediments; 8 - metacarbonates and meta-pyroxenites; O - buergerites from Plana; ® - buergerite
from Mexquitic, Mexico (Donnay et al., 1966; Dunn, 1976)

@ur. 1. Al-Fe(tot)-Mg nuarpama (B MOJIEKYJSIDHH OTHOIICHUS) 32 TYPMAIMHH OT PA3INYHH THIIOBE CKAJIN
(mo Henry & Guidotti, 1985): 1 - Gorarn va Li rpannTomgHm nerMatuTd W ammrte; 2 - Oemam Ha Li
IPAHHTOMIM M ACOUMUPALIM C TAX NErMATHTH U AILIATH; 3 - Goratu Ha Fe'* ksapu-TypmanunoBu ckamu; 4 -
METaleNIUTH M METalCaMUTH, ChAbpXKAImM InpecuTeHa Ha Al ¢asa; 5 - MeTanmenuTH M METaNCaMHTH,
HechIbpyKaIM npecuTena Ha Al dasa; 6 - Goraru Ha Fe'* kBap-TypMAaIHHOBH M KaNLHEBOCHIHKATHY CKAJIH,
W METaleNHuTH; 7 - HUCKOKAJIIUEeBHM MeTaynrpameramopurn u Goratm Ha Cr m V wmeramcamury; § -
MerakapOoHatu u Meranupokcenut; O - Groopreputu ot Ilnana; © - Gropreput ot Mexquitic, MekcHko
(Donnay et al.,1966; Dunn, 1976)

the basis to consider the investigated tourma- have lower Al content and correspondingly
lines from the deposits near Kovachevtsi and  higher Fe content. The tourmaline from the
Dolni Okol villages as buergerite. Their quartz-tourmaline lens near Dolni Okol village
chemical composition is very similar to that of  has closer Al and Fe content, compared to the
buergerite from Mexquitic, Mexico (Donnay et  buergerite from Mexico. Other differences are
al., 1966), the only one deposit of the mineral the twice higher Ti content and almost one
we know from the literature. In addition to the  order of magnitude higher Mn content of the
wet chemical analysis of this buergerite, Dunn  Plana buergerite. The difference in the che-
(1976) published data of 14 microprobe analy- mical composition of the Plana and Mexican
ses of 14 separate tourmaline samples from the  buergerites can be explained by the
same deposit (Table 1). The variations in con- composition of the solutions from which they
tent of the major components are small. have crystallized, and respectively by the

The Plana buergerite samples have several — chemical composition of the embedding
substantial ~differences compared to the magmatic rocks. The rocks, including the Plana
composition of the Mexican buergerite. They  buergerite bearing pegmatites, have higher total
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alkaline content. To a grate extent, it
determines the higher Fe’* potential of the
rocks. This is attested by the pink-coloured
potassium feldspars, due to Fe’ presence, as
well as by high magnetite and hematite content
in the aplite-pegmatite veins near Kovachevtsi
village. The relatively high Mn content, char-
acteristic of the Plana buergerite samples, is
due to its high concentration in the pegmatite-
forming fluids. Magnetite, associated with
buergerite, has also increased Mn content
(1.36-1.62 wt. % MnO). Mn was not found in
magnetite samples from the other pegmatite
veins, outcropping to north and south of Dolni
Okol and Gorni Okol villages, where
tourmaline is presented by schorl-dravite,
dravite-schorl and an intermediate dravite-
feruvite composition (according to preliminary
data). These tourmalines have low Mn content,
usually below 0.2 wt. %.

A small number of buergerite findings are
also described by other authors (Stanek,
Schnorrer, 1993; Ertl, 1995; Betti et al., 1999).
However, they are characterised only by X-ray
diffraction data and refraction indexes, with no
information about the chemical composition,
which does not allow their precise classification
as buergerite.

It is possible, after correct determination
of their Fe’* content, some of the published Fe-
tourmalines to turn out to be buergerite.
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