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Abstract

The paragenesis and composition of bavenite–bohseite were investigated in fifteen granitic pegmatites from the Bohemian Massif, Czech
Republic. Three types distinct in their relation to primary Be precursors, mineral assemblages, morphology and origin were recognised:
(1) primary hydrothermal bavenite–bohseite crystallised in miarolitic pockets from residual pegmatite fluids; and secondary bavenite–
bohseite in two distinct types: (2) a proximal type restricted spatially to pseudomorphs after a primary Be mineral (beryl > phenakite,
helvine–danalite); and (3) a distal type on brittle fractures and fissures of host pegmatite. The mineral assemblages are highly variable: (1)
axinite-(Mn), smectite, calcite and pyrite; (2) bertrandite, milarite, secondary beryl, bazzite, K-feldspar, muscovite–illite, scolecite, gis-
mondine-Ca, analcime, chlorite; and (3) muscovite, albite, quartz, epidote, pumpellyite-(Mg), pumpellyite-(Fe3+), titanite and chlorite.
Electron microprobe analyses showed, in addition to major constituents (Si, Ca and Al), minor concentrations (in apfu) of Na (≤0.24),
Fe (≤0.10), Mn (≤0.10) and F (≤0.36). The type 1 hydrothermal miarolitic bavenite–bohseite is mostly Al-rich (2.00–0.67 apfu) relative
to type 2 proximal bavenite–bohseite and bohseite after beryl, phenakite and helvine–danalite (1.56–0.46, 0.70–0.05, 1.02–0.35 apfu,
respectively); and type 3 distal bavenite–bohseite typically after beryl (1.63–0.09 apfu). Raman spectroscopy revealed that the distance
between the OH– vibrational modes decreases with increasing bohseite component. The Al content of secondary type 2 proximal
bavenite–bohseite is controlled by the composition of the Be precursor whereas type 3 distal bavenite–bohseite with beryl as the Be precursor
is more variable and the composition is governed mainly by the composition of fluids. Calcium, a crucial component for bavenite–
bohseite origins, was derived from residual pegmatite fluids (Vlastějovice, Vepice IV or Třebíč Plutons) or external sources (e.g. Drahonín
IV, Věžná I or Maršíkov). Primary type 1 hydrothermal bavenite–bohseite from miarolitic pockets might have crystallised at T ≈ 300–
400°C and P ≈ 200 MPa, whereas the secondary type 2 and 3 bavenite–bohseite formed at T ≈ 300–100°C and P ≈ 200–20 MPa.

Keywords: bavenite, bohseite, mineral assemblages, composition, granitic pegmatite, Bohemian Massif

(Received 8 August 2022; accepted 7 March 2023; Accepted Manuscript published online: 17 March 2023; Associate Editor:
Edward Sturgis Grew)

Introduction

Bavenite is a common secondary mineral formed typically after
altered beryl in granitic pegmatites, though it is also commonly
found as tabular crystals or coatings on crystals of feldspar and
quartz in miarolitic pockets with no apparent relation to an
altered primary Be mineral (Černý, 2002). An exceptional occur-
rence has been described from a Ca-skarn (Manning et al., 1983).
The composition and crystal structure of bavenite has been dis-
cussed in several papers (Hawthorne and Huminicki, 2002;
Černý, 2002; Lussier and Hawthorne, 2011 and references therein)
demonstrating variable concentrations of Be and Al via the substi-
tution T(3)Be T(4)Si O(2)OH = T(3)Si T(4)Al O(2)O (Černý, 2002).

Friis et al. (2010) originally formulated the bohseite end-member
as Ca4Be3AlSi9O25(OH)3 on the basis of a sample from the
Ilímaussaq complex, Greenland. However, subsequent analyses
revealed that this formula did not represent the maximum Be con-
tent possible, and consequently end-member bohseite was redefined
as Ca4Be4Si9O24(OH)4 (Hålenius et al.; 2015; Szełęg et al., 2017).

A very high incompatibility with major and most minor and
accessory minerals, with the notable exception of cordierite, sap-
phirine, staurolite and margarite (Grew et al., 2006) is caused by
the relatively small ionic size and low charge of Be2+ cations. In
addition, the compositional variability of fluids, particularly
those associated with granitic pegmatites, results in a diverse
suite of Be minerals (Hawthorne and Huminicki, 2002; Grew,
2002; Grew and Hazen, 2014). Because externally imposed chem-
ical potentials govern the stability of Be minerals together with
P–T-conditions (e.g. Barton, 1986; Grew, 2002; Wang and Li,
2020), the individual Be minerals and their mineral assemblages
can serve as useful geochemical mineral indicators (Burt, 1978;
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Wood, 1992; Markl and Schumacher, 1997; Markl, 2001; Černý,
2002; Barton and Young, 2002; Franz and Morteani, 2002; Rao
et al., 2011; Palinkaš et al., 2014; Uher et al., 2022). Bavenite–boh-
seite has not been studied experimentally or treated in thermo-
dynamic studies which have been performed solely in the BeO–
Al2O3–SiO2–H2O (BASH) system (e.g. Hsu, 1983; Franz and
Morteani, 1984; Barton, 1986) and in the Na–BASH system
(Markl, 2001). Černý (2002) assumed an alkaline rather than an
acidic environment for the origin of bavenite.

Beryllium minerals are typical accessory phases in the granitic
pegmatites classified by Černý and Ercit (2005). Beryl is by far
the most abundant primary Be mineral (Černý, 2002; London,
2008; Grew and Hazen, 2014) and only sporadically minor to
very rare primary phenakite, chrysoberyl, gadolinite- and
helvine-group minerals, rhodizite, londonite, hurlbutite, beryllo-
nite, hambergite (Černý, 2002) and milarite-group minerals
(Novák et al., 2017a) also occur in granitic pegmatites. Bavenite–
bohseite is one of the most abundant secondary Be minerals in
LCT (Li–Cs–Ta) and NYF (Nb–Y–F) pegmatites together with ber-
trandite and less common milarite-group minerals, bityite, phena-
kite and several rare species (Černý, 2002; Grew and Hazen, 2014).
Bavenite–bohseite also occurs in alkaline pegmatites (Grice et al.,
2009; Friis et al., 2010).

We examined textural and paragenetic position, mineral
assemblages, composition, and Raman spectra of bavenite–
bohseite from a variety of granitic pegmatites in the Bohemian
Massif, Czech Republic to determine paragenetic and morphological
types, and compositional variability of the bavenite–bohseite series.
These were utilised as indicators of fluid composition and mobility
of elements (Ca, Be and Al) in hydrothermal conditions, as well
as potential sources of fluids. In addition, the mineral assemblages
of bavenite–bohseite samples were studied in detail and used
below to discuss the stability field of bavenite–bohseite compared
to Be minerals in the BASH system.

Brief description of the examined granitic pegmatites

Internal structure

Bavenite–bohseite was examined from granitic pegmatites in vari-
ous geological regions of the Bohemian Massif, Czech Republic:
Moldanubian Zone (11 sites); Silesicum (2 sites); and Lugicum
(2 sites) (Fig. 1; Table 1). Intragranitic NYF pegmatite dykes
from Vepice IV and several dykes from the Třebíč durbachite plu-
ton (Table 1) evolved from parental melagranite via transitional
contacts inwards: a thin granitic unit; a graphic unit; a blocky
K-feldspar; and a central miarolitic pocket (Qz+Ab+Kfs) devel-
oped at the Vepice IV pegmatite. Nests of albite, typically adjacent
to quartz core, occur locally in the Třebíč pegmatites. The pegma-
tites Kracovice, Vlastějovice, Dražice, Drahonín IV and Věžná I
(Table 1) exhibit, from the contact inwards, an outer medium-
grained granitic unit, a coarse-grained inner unit with abundant
graphic intergrowths (Qz+Kfs, Qz+Ab, rarely Qz+Tur, Qz
+Crd), and blocky K-feldspar. Irregular aggregates of albite as
well as a well-defined albite unit commonly replace blocky
K-feldspar. Miarolitic pockets (Qz+Ab+Kfs) occur in
Vlastějovice (rare) and Drahonín IV (common) pegmatites. At
the Kracovice, Drahonín IV and Věžná I pegmatites, a quartz
core is also developed (Table 1). The Ruprechtice pegmatite is
known from only a single large fragment of massive quartz
from the quartz core and adjacent coarse-grained unit (Kfs+Qz
+Ab+Ms). The pegmatite dyke at Nýznerov is composed of a fine-
grained border unit, a dominant coarse-grained unit with biotite
in the outer portion and muscovite + beryl in the inner portions,
and a small quartz core with rare primary phenakite. Two pegma-
tites from Maršíkov near Šumperk differ in size and degree of
tectonic/metamorphic overprint (Table 1). The Schinderhübel
I pegmatite forms a thin zoned dyke evolving from a strongly
deformed medium-grained wall unit into a coarse-grained inter-
mediate unit locally with saccharoidal albite and ultimately into

Figure 1. Schematic geological map of the Bohemian Massif with the locations of the investigated pegmatites: 1 – Ruprechtice; 2 – Vepice IV; 3 – Číměř I and III,
Klučov III, Kožichovice I and II; 4 – Kracovice; 5 – Vlastějovice; 6 – Dražice; 7 – Drahonín IV; 8 – Věžná I; 9 – Maršíkov Schinderhübel I, Scheibengraben; and
10 – Nýznerov.
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Table 1. Characteristics of the pegmatites investigated.

Family Type /subtype Locality
Thickness of dyke
in m/host rock

Primary Be minerals (in bold) and typical
accessory minerals in a semiquantitative

order*

Primary
muscovite/
apatite

Pegmatite
alterations Selected subsolidus alterations* Source**

Sample
code

NYF miarolitic Ruprechtice 1/I-type Liberec
granite

beryl common/
absent

strong this work Rup

NYF euxenite Vepice IV 0.3/I-type Milevsko
durbachite

Zrn, Py, Clb, Ilm, Rt-Nb, Urn, Cof absent/rare weak this work Vep

NYF euxenite Číměř I 1.2/I-type Třebíč
durbachite

helvine > phenakite, Srl, Apy, Ax-Fe, Ax-Mn,
Aes-Ce, Eux-Y, Clb, Zrn, Cst, Hzb

absent/very
rare

weak Apy → Pmsd; Cst → Sks; Clb →
Fsm, Kse, Ttn, Mic

1 Cima,
Cimb

NYF euxenite Číměř III 0.5/I-type Třebíč
durbachite

phenakite, Drv, Pcl, Clb, Aln-Ce, Act, Zrn absent/absent weak Col → Fsm, Ttn, Dr → Chl 1 Cimc

NYF euxenite Klučov III 0.5/I-type Třebíč
durbachite

helvine > phenakite, Srl, Cst, Zrn, Clb, Pcl absent/absent weak Cst → Sks 1, 2, 3 Klua, Klub

NYF euxenite Kožichovice I 0.3/I-type Třebíč
durbachite

beryl, Ilm absent/absent weak Kozb

NYF euxenite Kožichovice II 1/I-type Třebíč
durbachite

beryl > phenakite, Aes-Ce, Eux-Y, Ttn,
Aln-Ce, Drv, Rt-Nb, Py

absent/absent weak Ilm → Ttn, Col → Fsm, Kse 1, 2, 3, 4, 5 Koza

Mixed
NYF–LCT

lepidolite Kracovice 1/graphitic gneiss hambergite, beryl, Srl, Elb, Tpz, Sps, Pln,
Fgs-Y, Mnz-Ce

rare/rare weak 6, 7, 8, 9 Krc

LCT elbaite Vlastějovice 2/Fe-skarn Srl, Elb, Flr, Dbu, Py, Mag, Clb, Cst absent/rare weak Fcpcl → Bi-rich Pcl 10 Vla
LCT elbaite Dražice 2/I-type Tábor

durbachite
beryl, Srl, Elb, Sps, Lpd, Clb, Cst absent/absent strong to

weak
dissolved Qz and Tur → Kfs, Non,

Ttn
this work Drza, Drzb

LCT beryl–columbite Drahonín IV 1.5/gneiss,
amphibolite

beryl, Srl, Sps absent/rare strong Kfs → Ab, Kfs → Ms, Sps → Ms,
Chl

11 Draa,
Drab

LCT beryl–columbite Věžná I 3–4/serpentinite Be-rich cordierite > beryl, Phl, Drv, Srl,
Rt-Nb, Clb, Zrn, Mnz-Ce, Xtm-Y, Elb, Lpd,
Trl, Tpz, Pol, Hrm, Cbz-Ca

rare/common strong Qz → Krl; Phl → Vrm; Crd → Ms,
Chl, Phl, Brl, Prg; Dr, Crd → Ms,

Aeg, Arf, Epm, Prg

12, 13, 14, 15,
16, 17, 18, 19,

20

Vez

LCT beryl–columbite Nýznerov 2/gneiss beryl > phenakite, Ap, Clb, Ilm, Alm, Trl,
Cst, Rt-Nb, Zrn, Mnz-Ce, Xtm-Y

common/
common

moderate Clb → Mic, Fsm; Ilm → Ttn, Rt this work Nyza,
Nyzb

LCT beryl–columbite Maršíkov
Schinderhübel I

0.5/hornblende
gneiss

beryl > chrysoberyl, Sps, Ghn, Clb, Zrn abundant/rare moderate Clb → Fsm, Pcl, Alpine vein - Ep,
Pmp, Qz

21, 22, 23 Maa, Mab,
Mac

LCT beryl–columbite Maršíkov
Scheibengraben

10/hornblende
gneiss

beryl, Sps, Ghn, Srl, Trl, Tpz, Clb, Mic,
Tap-Fe, Zrn

abundant/
common

weak Kfs → Ab, Kfs → Ms, Clb → Fsm,
Mic

24 Mae

* Symbols according to Warr (2021).
** Sources: 1 – Zachař et al. (2020); 2 – Škoda et al. (2006); 3 – Novák et al. (2011); 4 – Novák and Filip (2010); 5 – Výravský et al. (2019); 6 – Němec (1990); 7 – Čopjaková et al. (2015); 8 – Novák et al. (2012); 9 – Novák et al. (1998); 10 – Novák et al. (2013);
11 – Sojka (1969); 12 – Černý (1960); 13 – Černý 1963); 14 – Černý (1965); 15 – Novák et al. (2015b); 16 – Dosbaba and Novák (2012); 17 – Toman and Novák (2018); 18 – Toman and Novák (2020); 19 – Gadas et al. (2020); 20 – Čopjaková et al. (2021); 21 –
Černý et al. (1992); 22 – Chládek et al. (2021); 23 – Dolníček et al. (2020); and 24 – Novák et al. (2003).
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a small quartz core (Černý et al., 1992; Chládek et al., 2020, 2021).
In the Scheibengraben pegmatite dyke, up to ∼10 m thick, indi-
vidual pegmatite units (coarse-grained, graphic, blocky
K-feldspar) are rather irregularly distributed; late saccharoidal alb-
ite extensively replaced the other pegmatite units (Novák et al.,
2003) and the tectonic overprint is weak to moderate.

Primary Be minerals, their mineral assemblages and
compositions

Primary Be minerals as precursors of secondary bavenite–bohseite
have been described from numerous localities (e.g. Třebíč Pluton
– Zachař, 2021). At the Třebíč euxenite-type pegmatites, two dis-
tinct assemblages of primary Be minerals were recognised by
Zachař et al. (2020); the assemblage B (beryl ± phenakite) and
the assemblage HD (helvine–danalite ± phenakite). Beryl and
helvine–danalite typically do not occur within the same pegmatite
body (Table 1). Beryl forms prismatic greenish crystals, up to 5 cm
in length, in albite and quartz (Novák and Filip, 2010;
Zachař et al., 2020). Strongly-altered equidimensional grains to
subhedral crystals of reddish brown (fresh) to dark brown
(altered) helvine–danalite, up to 5 cm in size, occur in
tourmaline-bearing pegmatites from a graphic unit, a blocky
unit, and albite-rich portions. Rare prismatic colourless crystals
of phenakite, up to 3 cm in length, typically from massive quartz,
are usually fresh (Zachař et al., 2020). No primary Be mineral has
been identified at the Vlastějovice (Novák et al., 2013) and Vepice
IV pegmatites. Beryl is the sole primary Be mineral at the Dražice,
Drahonín IV, Ruprechtice and Scheibengraben pegmatites
(Table 1). Rare hambergite (Němec, 1990; Novák et al., 1998),
chrysoberyl (Černý et al., 1992) and phenakite were identified
together with dominant beryl in the Kracovice, Schinderhübel I
and Nýznerov pegmatites, respectively; however, typically these
minerals were not altered (Table 1). Phenakite and hambergite
are evidently primary minerals, whereas chrysoberyl is a product

of tectono-metamorphic overprinting (Černý et al., 1992). Beryl
forms short to long prismatic subhedral to euhedral crystals, 1–
10 cm in diameter. Secondary pockets formed from dissolved
prismatic crystals of beryl at the Drahonín IV pegmatite were
up to ∼40 cm in length (Sojka, 1969). A radial aggregate of
strongly altered beryl from Ruprechtice, up to ∼10 cm in diam-
eter, is located at the contact of massive quartz and a coarse-
grained unit. Beryl- and Be-enriched cordierite occur in the
Věžná I pegmatite (Table 1). Less commonly beryl forms greyish
prismatic crystals, up to 20 cm in length, typically strongly altered.
Primary Be minerals at all examined localities are enclosed mostly
in albite, in albitised K-feldspar, or in massive quartz of the quartz
core typically adjacent to an albite-rich unit.

Representative compositions of primary beryl and
helvine–danalite from some localities are given in Tables 2 and
3. Contents of Na, Mg and Fe are relatively elevated in beryl
from pegmatites of the Třebíč Pluton and in Nýznerov, whereas
beryl from Kracovice and Dražice pegmatites is close to the
ideal composition, or is only slightly enriched in Na.
Compositons of of helvine–danalite are close to the midpoint
between both end-members with negligible Zn contents.
Phenakite compostions are very close to the ideal formula
(Zachař et al., 2020).

Samples and analytical methods

The samples of bavenite–bohseite were obtained from several
sources including the mineralogical collections of the Moravian
Museum, Brno (8) and the National Museum, Prague (4), and
the research collections of A. Zachař (5), M. Nepejchal (2) and
M. Novák (2). The abbreviations for the minerals used in the
text and figures are after Warr (2021).

Analyses of the samples were performed using Cameca SX-100
electron microprobes operating in the wavelength-dispersive
(WDS) mode at the National Museum, Prague (1), and the

Table 2. Representative compositions of primary beryl (see Table 1 for sample codes).

Sample Rup Kozb Koza Krc Drza Drab Nyzb Maa

Wt.%
SiO2 67.74 64.92 65.40 66.71 66.98 68.69 65.51 68.26
Al2O3 18.64 14.63 14.34 18.91 19.10 18.50 13.74 18.88
Sc2O3 n.d. 0.20 0.15 b.d.l. b.d.l. 0.02 b.d.l. b.d.l.
BeO 14.15 13.43 13.47 13.90 13.99 14.21 13.57 14.19
MgO 0.08 2.17 2.15 b.d.l. b.d.l. b.d.l. 2.30 b.d.l.
FeO 0.88 0.54 0.75 0.08 0.09 0.30 2.05 0.43
ZnO 0.10 n.d. n.d. n.d. n.d. 0.38 0.11 b.d.l.
Na2O 0.31 1.73 1.59 0.12 0.15 0.12 1.91 0.19
K2O b.d.l. 0.14 0.25 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
Cs2O 0.07 0.08 0.23 0.14 0.07 n.d. b.d.l. n.d.
Total 102.04 97.86 98.37 99.88 100.43 101.89 99.23 102.05
Apfu*
Si4+ 5.977 6.036 6.065 5.992 5.980 6.034 6.029 6.006
Al3+ 1.939 1.604 1.568 2.002 2.010 1.916 1.491 1.958
Sc3+ 0.016 0.012 0.000 0.000 0.001 0.000
Be2+ 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Mg2+ 0.011 0.301 0.297 0.001 0.001 0.001 0.315 0.001
Fe2+ 0.065 0.042 0.058 0.006 0.007 0.022 0.157 0.032
Zn2+ 0.007 0.025 0.008
Na+ 0.053 0.312 0.286 0.021 0.026 0.021 0.341 0.032
K+ 0.017 0.030
Cs+ 0.003 0.003 0.009 0.005 0.003
Σcations 11.060 11.333 11.328 11.028 11.031 10.999 11.344 11.036

*The formulae were calculated on the basis of T + M = 8 apfu and stoichiometric Be = 3 apfu.
b.d.l. – below detection limit; n.d. – not detected
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Department of Geological Sciences, Masaryk University Brno,
Czech Republic (2). Bavenite–bohseite was analysed using an
acceleration voltage of 15 kV, beam current of 10 nA (1) or 15 nA
(2), and 2–5 μm beam diameter (1, 2). The following analytical
lines and standards were used: apatite (PKα); wollastonite
(SiKα, CaKα); sanidine (AlKα); (1) hematite or (2) andradite
(FeKα); (1) diopside or (2) Mg2SiO4 (MgKα); (1) rhodonite or
(2) spessartine (MnKα); albite (NaKα); (1) LiF or (2) topaz
(FKα); and halite (ClKα). The peak counting times were usually
between 20 and 30 s, those of both backgrounds were between
10 and 15 s. Raw intensities were converted to the concentrations
of oxides using the automatic ‘PAP’ matrix-correction procedure
(Pouchou and Pichoir, 1985), including model calculation of BeO
to the analytical sum of 100 wt.% and correction of overlaps for P/Ca
and Rb/Si. Contents of other elements measured, which are not
included in the tables (Ti, Sb, V, Cr, Pb, Zn, Ba, Sr, Cu, Co,
Ni, Cs, Rb, K and N), were analysed quantitatively, however the
values were below the detection limit (0.04–0.08 wt.% for most
elements). Calculation of empirical formula in atoms per formula
unit (apfu) was modified according to Lussier and Hawthorne
(2011) and Szełęg et al. (2017) due to the presence of additional
minor cations. The calculation was normalised to a sum of
13 cations except for Na and Ca. The Be content was then iterated
until Na+Ca = Al+Be+Mg+Fe+Mn. The water content is based
on charge balance, assuming 28 anions. The mol.% of the bave-
nite component was calculated from the ivbAl value, which is
total Al (apfu) minus ivaAl, the latter substituting for Si (assuming
Si+ivaAl = 9 apfu).

Raman spectra of all the samples were obtained with a LabRam
HR Evolution Raman spectrometer system by HORIBA (Horiba
Jobin Yvon) with a Peltier-cooled CCD detector and Olympus
BX–41 microscope at room temperature, at the Department of
Geological Sciences, Masaryk University, Brno. Spectra were cali-
brated using the Rayleigh line with the 532 nm emission of a
Nd:YAG laser. Excitations at 473 nm and 633 nm were chosen
to verify the measurements and to eliminate possible analytical
artefacts caused by laser-induced photoluminescence. We have

recorded the full Raman spectra by scanning the entire range of
interest 100–4000 cm−1 using a diffraction grating with 600 grooves
per mm, an entrance slit of 100 μm, a confocal hole at 200 μm or
100 μm and a 50 × objective lens. The diameter of the spot for the
measurement is ∼1 μm. Acquisition time was set to 20 or 40 s and
four accumulations. Data were processed with Seasolve PeakFit
4.1.12 and LabSpec 6 software. Band fitting was done after appro-
priate background correction, assuming Lorentzian–Gaussian
band shapes.

Results

Textures and mineral assemblages

We recognised several types of bavenite–bohseite distinct in their
relation to an obvious or potential primary Be precursors, overall
mineral assemblage and morphology (Table 4): type 1 primary
hydrothermal bavenite–bohseite from miarolitic pockets; and
two types of secondary bavenite–bohseite i.e. – type 2 proximal
in pseudomorphs after a primary Be mineral and type 3 distal
on brittle tectonic fractures and fissures of a host pegmatite gen-
erally close to altered beryl (Figs 2, 3; see also Novák et al., 2015a).

Radial aggregates of tabular or fibrous crystals of bavenite,
up to 1.5 cm in size, overgrowing crystals of primary
K-feldspar, albite, or quartz in miarolitic pockets, up to 5 cm in
size, from the Vlastějovice and Vepice IV pegmatites represent
the hydrothermal miarolitic type. The hydrothermal minerals
associated with bavenite–bohseite in miarolitic pockets include,
at Vlastějovice, zoned, Sn-enriched (≤4.67 wt.% SnO2) axinite-
(Mn) + late smectite (Fig. 3a), and at Vepice IV, abundant calcite
+ pyrite (Table 4).

Proximal secondary Be minerals directly replacing a primary
Be mineral in pseudomorphs are typical in pegmatites of the
Třebíč Pluton (Table 4; Fig. 2a–e). Bavenite–bohseite in thin vein-
lets cutting primary Be minerals and as rare masses in helvine–
danalite, is the most widespread mineral and predominates
over minor to rare milarite, agakhanovite, bazzite, secondary
beryl, secondary phenakite, secondary danalite, bertrandite and
gismondine-Ca (Table 4; see also Novák and Filip, 2010; Zachař
et al., 2020). Rare chalk-like coatings of secondary bavenite–
bohseite also are developed on the surface of crystals or very
close (<∼1–2 mm) to the crystals of altered beryl (Fig. 2d;
Kožichovice II – Novák and Filip, 2010; Zachař et al., 2020).
Typical distal fissure-filling assemblages of secondary Be minerals
developed on brittle tectonic fractures and fissures have not been
found in this pegmatite region.

The following pegmatites contain only proximal bavenite–
bohseite. At Ruprechtice, radial aggregates after beryl consist of
proximal white bavenite–bohseite and colourless crystals of ber-
trandite in a mass of dominant secondary fine-grained greenish
muscovite–illite + K-feldspar, and rare zeunerite. Bavenite–
bohseite and bertrandite are not associated spatially and beryl is pre-
sent in large relics. At the Kracovice pegmatite, rare grains of beryl
are replaced by radial aggregates of bavenite + euhedral bertran-
dite; rare aggregates of K-feldspar and gismondine-Ca are
enclosed in bavenite (Fig. 2f). At the Drahonín IV pegmatite,
two distinct proximal secondary bavenite–bohseite assemblages
were recognised: (1) rare bavenite–bohseite + euhedral bertran-
dite in thin veinlets replacing beryl are associated typically
with abundant analcime, rare scolecite, laumontite and
gismondine-Ca (Fig. 3b), and very rare fluorapatite + chlorite
(Table 4); (2) abundant massive aggregates of bavenite–bohseite

Table 3. Representative compositions of primary helvine–danalite (see Table 1
for sample codes).

Sample Cima Cima Cima Klub

Wt.%
SiO2 33.41 33.45 33.50 32.43
BeO 13.90 13.92 13.94 13.50
MgO 0.09 b.d.l. b.d.l. b.d.l.
MnO 18.55 24.59 29.46 23.51
FeO 28.65 24.63 19.68 26.22
ZnO 4.07 1.51 1.84 1.68
S 5.09 5.11 5.31 5.65
O=S –2.54 –2.55 –2.65 –2.82
Total 101.21 100.65 101.08 100.16
Apfu*
Si4+ 3.000 3.000 3.000 3.000
Be2+ 3.000 3.000 3.000 3.000
Mg2+ 0.012
Mn2+ 1.411 1.868 2.235 1.842
Fe2+ 2.152 1.847 1.474 2.029
Zn2+ 0.270 0.100 0.121 0.114
Σcations 9.844 9.816 9.830 9.985
S2– 0.856 0.859 0.890 0.979
O2– 11.988 11.957 11.940 12.006

*The formulae were calculated on the basis of Si = 3 apfu and stoichiometric Be = 3 apfu.
b.d.l. – below detection limit.
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with euhedral crystals of bertrandite occur in secondary pockets
after almost completely dissolved large crystals of beryl
(Fig. 3c). Beryl is almost exclusively directly replaced by
bavenite–bohseite (Kracovice, Drahonín IV) (Figs 2f, 3b) and
bertrandite was only found exceptionally in a direct contact
with the replaced beryl.

At the pegmatite outcrops from Dražice, beryl is mostly
fresh. It is strongly altered or replaced completely by proximal
bavenite–bohseite only if the beryl crystal is cut by or located
close (<∼5 cm) to brittle tectonic fractures which continue to
the host rock. Distal bavenite is developed exclusively on such
fractures and is associated with abundant late K-feldspar (adula-
ria). Proximal bavenite–bohseite replaces beryl, whereas euhedral
crystals of bertrandite are enclosed in a bavenite matrix. Very rare
milarite was found in a small vug close to a distal bavenite +
K-feldspar aggregate. In the Věžná I pegmatite, rare crystals and
aggregates, <2 mm in size, and fine-grained coatings of bohseite
are associated with titanite and chlorite on fractures of blocky
K-feldspar + quartz and have no apparent relationship to a pos-
sible primary Be-rich precursor (see also Černý, 1965).

Rare radial and chalk-like aggregates of proximal bavenite–
bohseite are developed after altered crystals of beryl, relics of
which are abundant in the Nýznerov pegmatite (Table 4).
Volumetrically dominant bavenite–bohseite was observed only
locally in the assemblage bertrandite + K-feldspar ± chlorite. In
the Maršíkov pegmatites, proximal bavenite–bohseite in pseudo-
morphs after beryl was found at the Schinderhübel I pegmatite
(Fig. 3d). Radial aggregates of chalky white distal bavenite–
bohseite on tectonic fractures apparently not associated with other
secondary minerals is the most common type (Table 4). They
commonly occur between large flakes of primary muscovite at

the Schinderhübel I pegmatite (Fig. 3f), whereas the textural rela-
tions of bavenite–bohseite with associated albite, muscovite and
quartz on fractures are not clear. They are probably fragments of
the fracture surface where late bavenite–bohseite crystallised (see
also Dolníček et al., 2020); however, the euhedral habit of quartz
grains (see Fig. 3e) indicates that it recrystallised during or slightly
before the formation of bavenite–bohseite. Only scarcely, is bavenite–
bohseite associated closely with Sr-enriched epidote (≤1.75 wt.%
SrO) + F-enriched (≤0.45 wt.% F) pumpellyite-(Mg) to
pumpellyite-(Fe3+) on Alpine-type hydrothermal veins, ∼3 mm
thick, cutting a small quartz core at the Schinderhübel I pegmatite
(Fig. 3e). Bavenite–bohseite is developed mostly at the external
part of the breccia as a matrix of euhedral grains of recrystallised
quartz (Fig. 3e) coeval with epidote and pumpellyite.

We also explored the abundance of primary muscovite in the
pegmatites as an indicator of the peraluminous nature and acidic
conditions in granitic pegmatites (e.g. London, 2008). Primary
muscovite is absent in all NYF pegmatites, both elbaite-subtype
pegmatites Dražice and Vlastějovice, and it is rare at the Věžná
I and Kracovice pegmatites (Table 1). In contrast, it is very abun-
dant at the pegmatites from Maršíkov and it is associated locally
with distal bavenite–bohseite (Fig. 3f; Table 4). Primary muscovite
is common at Ruprechtice and Nýznerov. Further, the abundance
of fluorapatite, a sink for Ca in late stages of pegmatite evolution
(Martin and de Vito, 2014), was investigated. Primary apatite is
mostly absent in NYF pegmatites and very rare in a majority of
the examined LCT pegmatites; it is common only at the
Nýznerov, Věžná I and Scheibengraben pegmatites (Table 1).
Very rare, thin veinlets of late fluorapatite associated with prox-
imal bavenite–bohseite + bertrandite were found in the
Drahonín IV and Dražice pegmatites (Table 4).

Table 4. Mineral assemblages of bavenite–bohseite.

Be mineral(s)

Associated hydrothermal or
secondary minerals

Position/
sample

Replaced/altered
primary magmatic

Hydrothermal in
miarolitic pocket Secondary – proximal Secondary – distal

Rup beryl bohseite > bavenite,
bertrandite

muscovite–illite, zeunerite

Vep absent bavenite >> bohseite calcite, pyrite
Cima helvine bohseite > bavenite
Klub helvine bohseite >> bavenite
Klua phenakite bohseite, milarite
Cimb phenakite bohseite
Cimc phenakite bohseite titanite
Kozb beryl bohseite > bavenite, milarite
Koza beryl bohseite > bavenite, beryl,

milarite, bazzite
smectite, gismondine-Ca

Krc beryl bavenite, bertrandite adularia, gismondine-Ca
Vla absent bavenite axinite-(Mn), smectite
Drza beryl bavenite
Drzb beryl bavenite > bohseite,

milarite
adularia

Draa beryl bohseite > bavenite,
bertrandite

analcime, scolecite, pyrite,
gismondine-Ca

Drab beryl bohseite > bavenite,
bertrandite

chlorite, fluorapatite, sphalerite

Vez beryl, Be-rich cordierite bohseite titanite, chlorite
Nyza beryl bohseite > bavenite titanite
Nyzb beryl bavenite > bohseite
Maa beryl bohseite > bavenite
Mab beryl bohseite > bavenite albite, muscovite, quartz
Mac beryl bohseite > bavenite epidote, pumpellyite-(Mg),

pumpellyite-(Fe3+), quartz
Mae beryl bohseite
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Composition of bavenite–bohseite

Compositions were obtained using electron probe micro-analyses
(EPMA), hence, the contents of Be and H2O were calculated from
stoichiometry according to the modified procedure of Lussier and
Hawthorne (2011). The measured concentrations of Al are critical
for the discussion, whereas Na, Fe, Mn, P and F are of secondary
importance as only trace amounts are usually present (Table 5).
Data obtained during our study and from the published papers
of Novák and Filip (2010), Dolníček et al. (2020) and Zachař
et al. (2020) revealed high variability in Al (and Be) and
significant heterogeneity of some samples (Fig. 4).
Unfortunately, the similar atomic numbers of the elements in
bavenite–bohseite minerals make standard back-scattered electron
(BSE) images less useful for the study of zoned structures of
bavenite–bohseite crystals.

Two samples of type 1, hydrothermal bavenite and bave-
nite–bohseite from miarolitic pockets, yielded the highest Al
concentrations (all data in this paragraph given in apfu) –
Vlastějovice (2.00–1.12) and Vepice IV (2.00–0.67) (Fig. 4).
Type 2 proximal bavenite–bohseite is more variable in Al con-
centrations (1.56–0.05). Solid solutions with dominant bohseite
having very low to moderate Al (1.02–0.05) are typical in the
pseudomorphs after Al-free precursors phenakite and
helvine–danalite whereas in the beryl pseudomorphs bavenite–
bohseite has higher Al (1.56–0.69). Type 3, distal bavenite–bohseite,
yielded high variability in Al contents (1.63–0.09). Elevated
Al (1.63–0.58) is typical for the Schinderhübel I pegmatite
associated with muscovite and for bavenite–bohseite from
Dražice (1.63–0.96) whereas bohseite from Věžná I is Al-poor
(0.34–0.09).

Figure 2. BSE images of primary and secondary Be minerals from pegmatites of the Třebíč Pluton. (a) Helvine enclosed in albite replaced by a fine-grained aggre-
gate of proximal bohseite from Číměř I. (b) Phenakite replaced by proximal bohseite, note inclusions of pyrochlore, Číměř III. (c) and (d) Proximal and ‘near-distal’
bavenite–bohseite overgrowing and replacing zoned beryl, Kožichovice II. (e) Secondary proximal milarite and bohseite after helvine, Číměř I. (f) Complex proximal
secondary assemblage after beryl with common bavenite–bohseite, bertrandite, K-feldspar and rare gismondine, Kracovice.
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We also focused our study on minor to trace elements, which
have not been reported in the majority of the literature cited. Low
concentrations of Na (∼0.2 wt.% Na2O) are typical in most data
(Table 5); however, higher concentrations were found in the distal
bohseite from Věžná I (≤0.71 wt.% Na2O; ≤0.20 apfu Na).
Proximal bavenite–bohseite from the Třebíč pegmatites also con-
tains minor concentrations of Fe (≤0.59 wt.% FeO, ≤0.07 apfu Fe)
in bavenite–bohseite after beryl (Kožichovice I) and in bohseite
after helvine–danalite from Číměř I (≤0.74 wt.% FeO,
≤0.10 apfu Fe) and Mn (≤0.81 wt.% MnO, ≤0.10 apfu Mn) in
the latter. Concentrations of P close to the detection limit were
obtained in the Věžná I (≤0.10 apfu P) and Maršíkov
Schinderhübel I (≤0.13 apfu P) pegmatites. Concentrations of
F are mostly low (≤0.2 wt.% F); the highest concentration

(≤0.74 wt.% F) was found in the proximal bavenite–bohseite
from the Nýznerov pegmatite.

The zoned composition of a single crystal within a radial
aggregate was examined at several localities where samples suit-
able for such study were available. Zoning was found in the
hydrothermal miarolitic bavenite from Vlastějovice; from 1.30 apfu
Al in the base to 1.96 apfu Al in the top of a single platelet.
In contrast, at the Ruprechtice and Nýznerov pegmatites, single
platelets are almost homogeneous, and no apparent compos-
itional evolution was observed. Hence, the individual crystals of
bavenite–bohseite vary from almost homogeneous to highly het-
erogeneous. The highest variability within the examined sample
(several fragments were studied) was observed for the hydrother-
mal bavenite–bohseite from the miarolitic pocket at Vepice IV

Figure 3. BSE images of primary and secondary Be minerals from the pegmatites Vlastějovice, Drahonín and Maršíkov Schinderhübel I. (a) Hydrothermal bavenite
from a miarolitic pocket associated with heterogeneous grains of axinite-Mn from Vlastějovice. (b) Beryl replaced by proximal bavenite–bohseite with small euhe-
dral grains of bertrandite, gismondine and analcime, Drahonín IV. (c) Aggregate of proximal bavenite–bohseite with euhedral crystals of bertrandite, Drahonín IV. (d)
Proximal bavenite–bohseite after beryl, Maršíkov Schinderhübel I. (e) Distal bavenite–bohseite in fracture from massive quartz, note associated epidote and pum-
pellyite and euhedral quartz, Maršíkov Schinderhübel I. (f ) Distal bavenite–bohseite associated with muscovite and albite, Maršíkov Schinderhübel I.
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(2.00–0.67 Al apfu). Evident zoning is developed in the
Alpine-type vein from Schinderhübel I (Fig. 3e) where mono-
mineral aggregates of bohseite in quartz are Al-poor (≥0.58

apfu) whereas bavenite–bohseite associated with epidote and
pumpellyite in central part of the veinlet is Al enriched (≤1.25
apfu). Also, distal bavenite–bohseite associated with muscovite

Table 5. Representative compositions of bavenite–bohseite.

An. No. 1 2 3 4 5 6 7 8 9 10 11 12
Sample Rup Rup Cima Klub Klua Cimb Cimc Kozb Koza Koza Krc Krc
Type Brl Brl Hlv Hlv Phk Phk Phk Brl Brl Brl Brl Brl

Wt.%
SiO2 59.24 58.67 59.63 59.79 58.88 59.48 59.73 58.24 58.56 58.26 58.30 59.59
Al2O3 6.22 4.95 4.54 4.20 0.85 2.50 5.06 6.22 4.31 5.86 8.54 5.95
BeO* 7.86 8.36 8.34 8.20 10.86 9.82 8.43 7.73 8.73 8.07 6.77 8.05
MnO b.d.l. b.d.l. 0.81 0.39 0.11 b.d.l. b.d.l. b.d.l. 0.08 b.d.l. b.d.l. 0.09
FeO b.d.l. b.d.l. 0.31 0.32 b.d.l. b.d.l. b.d.l. 0.32 0.09 b.d.l. b.d.l. b.d.l.
CaO 23.90 23.91 24.13 23.02 25.16 24.58 24.16 24.43 23.94 24.41 24.30 24.34
Na2O 0.31 0.15 0.25 0.30 0.12 0.11 0.17 b.d.l. 0.28 0.07 0.16 0.18
H2O* 2.93 2.96 3.15 3.17 3.60 3.45 3.00 2.69 3.13 2.89 2.36 2.87
F b.d.l. 0.23 0.18 0.19 0.54 0.22 0.26 0.22 0.21 b.d.l. 0.18 0.22
O=F 0.00 –0.10 –0.08 –0.08 –0.23 –0.09 –0.11 –0.09 –0.09 0.00 –0.08 –0.09
Total 100.46 99.13 101.25 99.51 99.90 100.07 100.69 99.75 99.23 99.56 100.52 101.19
Atoms per formula unit
Si4+ 9.013 9.017 9.018 9.140 8.894 8.988 9.035 8.969 8.982 8.958 8.955 9.005
ivaAl3+ 0.000 0.000 0.000 0.000 0.106 0.012 0.000 0.031 0.018 0.042 0.045 0.000
Subtotal 9.013 9.017 9.018 9.140 9.000 9.000 9.035 9.000 9.000 9.000 9.000 9.005
ivbAl3+ 1.115 0.897 0.809 0.757 0.045 0.434 0.903 1.099 0.762 1.019 1.501 1.060
Be2+ 2.872 3.086 3.031 3.012 3.941 3.566 3.062 2.861 3.216 2.981 2.499 2.924
Mn2+ b.d.l. b.d.l. 0.103 0.051 0.015 b.d.l. b.d.l. b.d.l. 0.011 b.d.l. b.d.l. 0.011
Fe2+ b.d.l. b.d.l. 0.039 0.040 b.d.l. b.d.l. b.d.l. 0.041 0.011 b.d.l. b.d.l. b.d.l.
Subtotal 3.987 3.983 3.982 3.860 4.000 4.000 3.965 4.000 4.000 4.000 4.000 3.995
Ca2+ 3.896 3.938 3.910 3.771 4.072 3.980 3.915 4.032 3.935 4.021 3.998 3.941
Na+ 0.091 0.045 0.072 0.089 0.035 0.033 0.050 b.d.l. 0.083 0.021 0.047 0.053
Subtotal 3.987 3.982 3.982 3.861 4.107 4.012 3.965 4.032 4.017 4.042 4.045 3.994
H+ 2.976 3.037 3.174 3.237 3.626 3.483 3.023 2.765 3.203 2.960 2.414 2.890
F- b.d.l. 0.112 0.088 0.094 0.257 0.104 0.125 0.105 0.100 b.d.l. 0.087 0.104
O2- 25.024 24.852 24.738 24.670 24.117 24.413 24.852 25.130 24.697 25.040 25.499 25.006
Bvn (mol.%) 55.8 44.8 40.4 37.8 2.2 21.7 45.1 54.9 38.1 50.9 75.0 53.0

An. No. 13 14 15 16 17 18 19 20 21 22 23 24
Sample Vla Vla Drza Drzb Draa Vez Vez Nyza Nyza Maa Mab Mae
Type PH PH Brl D Brl D D Brl Brl Brl D D

Wt.%
P2O5 b.d.l. b.d.l. 0.09 b.d.l. b.d.l. b.d.l. 0.09 b.d.l. b.d.l. 0.07 0.08 b.d.l.
SiO2 58.31 58.58 57.06 58.52 58.85 60.39 60.08 59.19 58.79 57.89 59.01 60.16
Al2O3 10.99 7.18 7.08 4.70 5.41 1.37 2.35 2.65 6.04 5.18 6.17 3.97
BeO* 5.38 7.32 7.50 8.94 8.47 10.70 10.25 9.70 7.94 8.46 7.90 9.25
MnO b.d.l. b.d.l. b.d.l. 0.10 0.06 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
CaO 23.83 23.39 24.32 25.02 24.71 24.61 24.63 24.66 24.27 24.34 23.79 24.93
Na2O 0.18 0.51 0.16 0.16 0.15 0.49 0.53 b.d.l. 0.10 0.19 0.39 0.10
H2O* 1.99 2.65 2.57 3.05 2.94 3.90 3.72 3.25 2.75 2.89 2.78 3.21
F b.d.l. 0.28 0.14 0.24 0.20 0.09 0.09 0.49 0.27 0.27 0.35 0.27
O=F 0.00 –0.12 –0.06 –0.10 –0.08 –0.04 –0.04 –0.21 –0.11 –0.12 –0.15 –0.12
Total 100.68 99.79 98.86 100.63 100.71 101.51 101.70 99.73 100.05 99.19 100.32 101.78
Atoms per formula unit
P5+ b.d.l. b.d.l. 0.011 b.d.l. b.d.l. b.d.l. 0.011 b.d.l. b.d.l. 0.009 0.010 b.d.l.
Si4+ 9.004 8.998 8.883 8.884 8.936 8.950 8.920 8.987 8.993 8.918 8.991 8.983
ivaAl3+ 0.000 0.002 0.106 0.116 0.064 0.050 0.069 0.013 0.007 0.074 0.000 0.017
Subtotal 9.004 9.000 9.000 9.000 9.000 9.000 9.000 9.000 9.000 9.000 9.001 9.000
ivbAl3+ 2.000 1.298 1.194 0.726 0.903 0.189 0.342 0.461 1.082 0.868 1.108 0.681
Be2+ 1.996 2.702 2.806 3.262 3.089 3.811 3.658 3.538 2.919 3.132 2.891 3.319
Mn2+ b.d.l. b.d.l. b.d.l. 0.012 0.008 b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l. b.d.l.
Subtotal 3.996 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 3.999 4.000
Ca2+ 3.943 3.850 4.057 4.070 4.021 3.909 3.918 4.012 3.978 4.017 3.884 3.989
Na+ 0.054 0.152 0.049 0.046 0.044 0.142 0.151 b.d.l. 0.030 0.056 0.115 0.028
Subtotal 3.997 4.002 4.106 4.116 4.064 4.050 4.069 4.012 4.007 4.074 3.999 4.017
H+ 2.052 2.716 2.668 3.088 2.980 3.860 3.689 3.292 2.810 2.973 2.826 3.200
F– b.d.l. 0.136 0.069 0.116 0.097 0.042 0.040 0.235 0.131 0.133 0.169 0.129
O2– 25.948 25.148 25.263 24.795 24.924 24.098 24.271 24.473 25.060 24.894 25.005 24.670
Bvn (mol.%) 100.0 64.9 59.7 36.3 45.2 9.5 17.1 23.1 54.1 43.4 55.4 34.1

Sample types: Brl, Hlv, Phk – proximal in pseudomorphs after beryl, helvine and phenakite, respectively; D – distal; PH – pocket hydrothermal.
b.d.l. – below detection limit, * – calculated from stoichiometry.
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from the Maršíkov Schinderhübel I pegmatite is heterogeneous
(1.31–0.58 Al apfu) as well as distal bavenite–bohseite from
Dražice (1.69–0.96 Al apfu).

Raman spectroscopy

Bavenite–bohseite, and some associated primary and secondary
minerals, were identified using the Raman spectroscopy (unor-
iented). Secondary phenakite was not observed in the assemblages
of secondary minerals for any of the samples investigated whereas
bertrandite was identified in several samples (see Table 4). Here,
we present a newly-acquired spectrum of bohseite. Raman spec-
troscopy was also used to identify minerals of bavenite–bohseite
series and to identify eventual structure variations based
on compositional changes. For this investigation, three represen-
tative samples were selected: a bavenite-rich sample from
Vlastějovice; bavenite/bohseite from Ruprechtice; and a
bohseite-rich sample from Věžná I (Fig. 4). All samples have simi-
lar bavenite spectra (Lafuente et al., 2015) with slight peak shifts
and differences; only the bohseite spectrum is contaminated with
some kind of fluorescence.

Discussion

Composition of bavenite–bohseite

We focused primarily on the variations in Al content on the basis
of a large set of EPMA data (Table 5, Fig 4). The individual para-
genetic types have been discussed separately to reveal differences
between them and to demonstrate the role of a Be precursor com-
bined with variations in composition of hydrothermal fluids that
facilitated crystallisation of bavenite–bohseite with a diverse origin

(proximal versus distal). We have also tried to compare the com-
position of the individual paragenetic types of bavenite–bohseite
with the published data. However, this task was very difficult
due to frequent absence of information regarding textural and
paragenetic positions of the bavenite–bohseite samples analysed
with respect to potential or evident primary Be mineral precursors
(see De Michele, 1967 and references therein). Furthermore, sig-
nificant differences in the compositions among bavenite–bohseite
samples from the same locality presented by the individual
authors (e.g. Fleischer and Switzer, 1953; Lussier and
Hawthorne, 2011) as well as the absence of analysed minor ele-
ments (Fe, Mn, P, Na and F) in most published papers partly
obscure such discussion.

The samples of hydrothermal bavenite and bavenite–bohseite
from miarolitic pockets are typically rich in Al (2.00–0.67 apfu)
and very heterogeneous (Fig. 4, Table 5). This paragenetic type
differs significantly from the other recognised types of
bavenite–bohseite in having high Al contents, however only two
examined samples are not sufficient for a comprehensive discussion.
Similar miarolitic bavenite to bavenite–bohseite was studied at
several localities, e.g. Baveno, Italy (Lussier and Hawthorne,
2011), Cape Granite Suite, South Africa (Scheepers et al., 2017)
and Bustarviejo, Madrid, Spain (Garcia-Guinea et al., 2005).
Their compositions yielded high Al in the Cape Granite (1.82–
2.01 apfu) but high variability in Baveno (0.62 and 1.41 apfu;
Fleischer and Switzer, 1953; Lussier and Hawthorne, 2011). In
the alkaline pegmatite from Mont Saint-Hilaire, Canada miarolitic
bohseite is Al-poor (0.53 apfu Al; Lussier and Hawthorne, 2011).

Proximal and distal bavenite–bohseite yielded almost the same
variations in the concentrations of Al (1.56–0.05 apfu and 1.69–
0.09 apfu, respectively; Fig. 4). Bohseite with very low to moderate
Al is typical in pseudomorphs after Al-free Be-precursors

Figure 4. Ranges of bavenite–bohseite compositions in individual samples.
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(phenakite and helvine–danalite), whereas bavenite–bohseite after
beryl in LCT pegmatites has higher Al (Fig. 4). The proximal
bavenite–bohseite after beryl from the NYF pegmatites
Kožichovice I and II with moderate Al (Fig. 4) reflects lower con-
tent of Al in primary Mg,Fe-enriched beryl (Table 2) compared to
the LCT pegmatites with very low Mg and Fe given above. At the
Dražice and Schinderhübel I pegmatites, distal bavenite exhibits
higher variation (1.69–0.84 apfu and 1.25–0.66 apfu, respectively)
than the proximal one (1.47–1.10 apfu and 1.04–0.94 apfu,
respectively). Accordingly, proximal bavenite–bohseite reflects
mainly the composition of the precursor whereas compositions
of distal bavenite–bohseite are more heterogeneous and could
mirror variability in activities of Al and Be in fluids. In addition,
associated secondary minerals (e.g. bertrandite) in proximal
bavenite–bohseite or Be-free Al-bearing phases (K-feldspar, musco-
vite, epidote, pumpellyite and zeolites) in both distal and proximal
bavenite–bohseite may have controlled concentration of Al in
bavenite–bohseite.

Moderate concentrations of Na were found in the distal
bohseite from Věžná I (≤0.71 Na2O; ≤0.20 apfu Na) and they
are similar to other bavenite–bohseite (Lussier and Hawthorne,
2011; Szełęg et al., 2017). Elevated concentrations of Fe and Mn
in proximal bavenite–bohseite from the Číměř I pegmatite
(Table 5) reflect the composition of the precursor – helvine–
danalite (Fig. 3), whereas elevated Fe but no Mn in the proximal
bavenite–bohseite after beryl from Kožichovice I mirrors elevated
Fe in primary Mn-free beryl (Table 2). Moderate contents of Mg
in primary beryl and its absence in the relevant secondary prox-
imal and distal bavenite–bohseite (Fig. 5) as well as in the distal
bavenite–bohseite associated with epidote + pumpellyite at the
Schinderhübel I pegmatite imply that Mg is very probably not
compatible with the crystal structures of bavenite and bohseite.
This is also supported by the concentrations of Mg below the
detection limit (∼400 ppm) in all analysed samples.

The variability of two most common minor elements Na and F
in the individual types of bavenite–bohseite are shown in Fig. 5.
Both samples of primary hydrothermal miarolitic bavenite–
bohseite differ; bavenite–bohseite from Vepice IV is enriched in
F (Fig. 5a,b) whereas bavenite from Vlastějovice is F-poor. The
distal type typically contains slightly higher concentrations of
Na compared to the proximal type, whereas concentrations of F
are similar. The distal type also yields a positive correlation for
F/Al whereas primary bavenite–bohseite from Vepice IV has a
negative F/Al correlation (Fig. 5c). In summary, differences in
the concentrations of Na and F among the individual types of
bavenite–bohseite are minor. Because almost all published data
included no determination of Fe and Mn and in most cases no
F and Na, except for Lussier and Hawthorne (2011) and Szełęg
et al. (2017), a comprehensive comparison with the other analyt-
ical data published previously is not desirable.

Raman spectroscopy of bavenite–bohseite

Assignment of bands in the Raman spectra is theoretically pos-
sible. Tentative assignments of Raman bands was done based
on similarities with different silicate minerals or minerals with
beryllate tetrahedra. Raman spectra were compared with cyclo-
silicates, both single chain and multiple chain inosilicates and
framework silicates. A certain resemblance with the spectra of
framework silicates was observed, and our results for the
bavenite–bohseite series seem to be in agreement with work by

Cannillo et al. (1966) and later Lussier and Hawthorne (2011)
who list the minerals of this series as framework silicates.

Spectra in the range of 100–300 cm−1 could be related to lattice
vibrations and the area including Raman bands from 300 cm−1 to
600 cm−1 presumably belongs to SiO4 modes combined with Ca–
O bonds – their shifts being due to OH− vibration and translation
(Fig. 6a). Part of the spectrum from 650 cm−1 to 760 cm−1 prob-
ably involves the contribution of the relative motion of the

Figure 5. Compositional variation diagrams of bavenite–bohseite. (a) F/Na; (b) Na/Al;
and (c) F/Al.
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tetrahedrally coordinated Be atoms in adjacent chain links BeO4–
SiO4–BeO4 (Prencipe et al., 2006; Szełęg et al., 2017).

Comparison of the Raman spectra in the OH− region with
their calculated contents unambiguously shows that the overall
composition has a strong influence on the mutual arrangement
of these OH− vibrational modes (similar correlation has been
observed in tourmalines – see Huy et al., 2011). The Raman spec-
tra obtained in the range of 3400–3800 cm−1 is given in Fig. 6b.
The vibration at ∼3617 cm−1 is relatively consistent, whereas the
modes lower than 3555 cm−1 vary in accord with the relative pro-
portions of the bavenite and bohseite components. On the basis of
this observation, we can assume that with increasing bohseite
component, the distance between the OH− vibrational modes
decreases. This result can then be linked to the observations
from the crystallographic study of bohseite by Szełęg et al. (2017).

Mineral assemblages of bavenite–bohseite

(1) Hydrothermal bavenite and bavenite–bohseite from miarolitic
pockets occur in the Vlastějovice and Vepice IV pegmatites where
a potential primary Be-precursor is absent (Table 4). The absence
of a primary Be mineral in these pegmatites implies that the con-
centration of Be in melt was not sufficiently high to precipitate
beryl (>60 ppm Be in low-T granitic melt: London and
Evensen, 2002) or other primary Be mineral. Residual fluids
enriched in Be facilitated the origin of bavenite–bohseite as a pri-
mary hydrothermal Be mineral in a miarolitic pocket; elevated
concentration of Ca in these residual fluids is crucial. The inves-
tigated mineral assemblages of hydrothermal bavenite–bohseite
are rather similar to other occurrences in miarolitic pockets
from intragranitic pegmatites (e.g. Baveno, Italy – Fleischer and
Switzer, 1953; Strzegom, Poland – Janeczek, 1986; Cape Granite
Suite, South Africa – Scheepers et al., 2017; Bustarviejo,
Madrid, Spain – Garcia-Guinea et al., 2005), where additional
Ca-rich minerals (epidote, fluorite, calcite, prehnite, stilbite, lau-
montite and axinite) and chlorite are typically associated; how-
ever, epidote, fluorite, prehnite, chlorite and zeolites are absent
at the examined localities of miarolitic hydrothermal bavenite–
bohseite. Only the Vlastějovice pegmatite is evidently LCT
affiliated (Novák et al., 2013) whereas all other pegmatites with

miarolitic hydrothermal bavenite–bohseite discussed above are
typically NYF affiliated. High activity of Ca in the fluids essential
for the origin of hydrothermal bavenite–bohseite has two distinct
sources in the examined pegmatites: residual fluids derived from
pegmatite in intragranitic NYF pegmatites (e.g. Třebíč Pluton)
and pre-emplacement contamination of pegmatite melt from
host Fe-skarn at the LCT elbaite pegmatite Vlastějovice (Novák
et al., 2013).

(2) The proximal assemblages after primary Be minerals
(Table 4) include several distinct paragenetic and textural types.
Total to almost complete bavenite–bohseite pseudomorphs with
rare relics of primary Be precursor (beryl) are common at most
localities (Ruprechtice, Kracovice, Dražice, Drahonín IV and
Schinderhübel I); bavenite–bohseite is commonly associated with
bertrandite and locally with K-feldspar, muscovite-illite,
gismondine-Ca, analcime, laumontite and/or scolecite (Table 4,
Fig. 2,3). Veinlets with bavenite–bohseite as the sole product of
replacement of primary phenakite and helvine–danalite are typical
in pegmatites of the Třebíč Pluton (Zachař et al., 2020). However,
more complex secondary assemblages after beryl were also found in
this region: bavenite–bohseite + beryl + bazzite + smectite
(Kožichovice II), bohseite +milarite (Číměř I, Kožichovice II), boh-
seite + bazzite (Kožichovice II), bavenite + clinozoisite (Kožichovice
II, Číměř I), bohseite + axinite (Číměř I; Novák and Filip, 2010;
Zachař et al., 2020). Bohseite dominates in pseudomorphs after
Al-free minerals phenakite and helvine–danalite, and its textures
are similar to the proximal bavenite–bohseite after beryl
(Fig. 3d). In the Třebíč Pluton, secondary Be minerals occur almost
exclusively within pseudomorphs, except for rare bavenite–bohseite
on the surface of beryl crystals (Fig. 2d). The total absence of typ-
ical secondary distal Be minerals on brittle tectonic fractures and
fissures is a distinctive feature of the Třebíč pegmatite region.

(3) The distal bavenite–bohseite is variable in morphology and
mineral assemblages. Most brittle fractures and fissures continue
to their host rock and are evidently related to tectonism.
Externally derived fluids running through fractures were respon-
sible for the alteration of beryl (or other primary Be mineral) and
facilitated formation of distal bavenite–bohseite. Bavenite–
bohseite in radial aggregates or as fine-grained chalk-like coatings
apparently not associated with further secondary minerals is the

Figure 6. Raman spectra of bavenite, 1:1 bavenite–bohseite and bohseite. (a) spectral range 100–1200 cm–1 and (b) spectral range 3400–3800 cm–1.
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most common paragenetic type (Table 4). At the Dražice pegmat-
ite, abundant distal bavenite–bohseite typically occurs with
K-feldspar. At the Schinderhübel I pegmatite, further minerals
occur in a close association with distal bavenite–bohseite: musco-
vite + albite + quartz or epidote + pumpellyite + quartz (Table 4,
Fig. 3e). At the Dražice and Schinderhübel I pegmatites, where
both proximal and distal bavenite were identified, proximal
bavenite–bohseite has a simpler mineral assemblage compared to
the distal bavenite–bohseite which also has more variable compos-
ition (Fig. 4). Moreover, distal bavenite–bohseite is not associated
with bertrandite even at the localities where abundant bertrandite
occurs with the proximal bavenite–bohseite (Table 4).

It is difficult to compare the types of bavenite–bohseite occur-
rences described in the present study with published reports
because the information provided on paragenetic and textural
relationships of bavenite–bohseite in these reports was not suffi-
cient to distinguish primary hydrothermal miarolitic, or second-
ary proximal and distal types (e.g. Fleischer and Switzer, 1953;
Janeczek, 1986; Lussier and Hawthorne, 2011). Nevertheless, the
mineral assemblages observed of proximal and distal bavenite–
bohseite are rather different from those described by Černý
(1968, 2002). In particular, the widespread proximal assemblage
bavenite + bertrandite at almost all localities of LCT pegmatites
(Table 4) is remarkable and does not fit with the published obser-
vations. According to Černý (2002), bertrandite is typically asso-
ciated with muscovite and less commonly with K-feldspar;
phenakite and euclase are the only associated secondary Be
minerals with bavenite–bohseite. Abundance of K-feldspar and
higher variability of the mineral assemblages in distal bavenite–
bohseite from the examined pegmatites suggest that bavenite–
bohseite and/or bertrandite may be stable over a wider range of
P–T–X conditions (see the Discussion below).

Mineral reactions involving bavenite–bohseite

Actual mineral reactions generating bavenite–bohseite from the
primary Be-rich precursors (beryl, phenakite and helvine–
danalite) are difficult to formulate due to variable compositions
of the primary beryl and mainly secondary bavenite–bohseite, in
addition to locally complex textural relations in the secondary
mineral assemblages. Several idealised reactions involving beryl
as a primary Be precursor are presented in Table 6 (#1–5),
using the ideal compositions of all involved Be minerals and/or
the composition bavenite–bohseite = 1:1.

Reactions 1 and 2 illustrate two theoretical settings where Si + Al
or only Si are entirely fixed in secondary minerals. Alteration fol-
lowing reaction 1 was observed at the Dražice pegmatite, where
released Be and Al facilitated the development of a wide halo of
abundant distal bavenite–bohseite on fractures around the altered

beryl crystals; the potential excess of Al was incorporated in
K-feldspar commonly associated with bavenite–bohseite
(Table 4). The assemblage bavenite + bertrandite in pseudomorphs
after beryl at Kracovice (Fig. 3f) shows that the modified reaction 3
is close to the real situation at this locality where distal secondary
Be minerals are probably absent or very rare (Němec, 1990). The
modified reactions 3 and 4 illustrate that the proportions of bave-
nite or bohseite components in the mineral may vary significantly.
The more Al is contained in bavenite–bohseite the more modal
bertrandite may be present in the assemblage if we assume that
no Be was released from the system. At the localities with the
assemblage proximal bavenite–bohseite + bertrandite after beryl,
higher contents of Al in bavenite–bohseite are typical (e.g.
Kracovice; Fig. 2f). More complex proximal assemblages observed
in the Třebíč pegmatites including also secondary beryl and bazzite
do not change the reaction 4 significantly because beryl is at both
sides of the reaction. Scandium in secondary bazzite was supplied
by primary Sc-enriched beryl (Novák and Filip, 2010). Secondary
milarite Ca2K(Be2Al)Si12O30(H2O) requires elevated K, which is
commonly present in fluids manifested at other localities by abun-
dant K-feldspar, muscovite, and/or muscovite–illite (Table 4).

Reactions 6–8 in Table 6, involving Al-free primary
Be minerals – phenakite and helvine–danalite were created with
bohseite s.s. and bavenite/bohseite = 1/1 as alteration products.

The mineral assemblages observed are mostly simple and con-
tain only bohseite after phenakite with no Be being released dur-
ing the reaction 6. This is a good fit with the pseudomorphs after
phenakite in pegmatites of the Třebíč Pluton where bohseite is a
sole proximal secondary Be mineral and distal secondary
Be minerals are absent (Table 4, Fig. 2b). In the helvine–danalite
pseudomorphs, bohseite is associated locally with rare secondary
danalite II (Table 4); however, it modifies reaction 8 only slightly
(helvine–danalite is on both sides of the reaction) and low fO2 is
necessary for the formation of secondary danalite II (Barton and
Young, 2002). However, the occurrence of jarosite in pseudo-
morphs after phenakite described by Zachař (2021) demonstrates
that the released S and M2+ cations facilitated origin of a second-
ary sulfate mineral at high fO2 . These contrasting assemblages
(helvine–danalite versus jarosite) manifest high variability of fO2

in the fluids which facilitated origin of secondary proximal boh-
seite at the Třebíč pegmatites.

Significant input of Ca and H2O are necessary in all the
reactions and, in addition, input of Si and locally Al is required
for some reactions. The beryl-, phenakite- and helvine–
danalite-involving reactions differ in the abundance of Al which
facilitates origin of Al-rich bavenite and further distal
Al-bearing secondary minerals (K-feldspar and muscovite).
They are common mostly in distal secondary assemblages after
beryl in the LCT pegmatites (Dražice, Schinderhübel I;

Table 6. Idealised reactions (1–5) involving beryl as a primary Be precursor using the ideal compositions of all involved Be minerals and/or the composition
bavenite–bohseite = 1:1; and reactions (6–8) involving Al-free primary Be minerals – phenakite and helvine–danalite created with bohseite s.s. and bavenite/
bohseite = 1/1 as alteration products.

3 Be3Al2Si6O18 + 8 CaOaq + 2 H2O → 2 Ca4[Be2Al2Si9O26](OH)2 + 5 BeOaq + Al2O3aq (1)
Be3Al2Si6O18 + 4 CaOaq + H2O + 3 SiO2aq → Ca4[Be2Al2Si9O26](OH)2 + BeOaq (2)
2 Be3Al2Si6O18 + 4 CaOaq + 2 H2O → Ca4[Be2Al2Si9O26](OH)2 + Be4Si2O7(OH)2 + SiO2aq + Al2O3aq (3)
2 Be3Al2Si6O18 + 8 CaOaq + 6 SiO2aq + 3 H2O → 2 Ca4[Be3AlSi9O25](OH)3 + Al2O3aq (4)
3 Be3Al2Si6O18 + 4 CaOaq + 8 SiO2aq + 2.5 K2Oaq + 2.5 H2O → Be4Si2O7(OH)2 + Ca4[Be3AlSi9O25](OH)3 + 5 KAlSi3O8 + 2 BeOaq (5)

2 Be2SiO4 + 4 CaOaq + 7 SiO2aq + 2 H2O → Ca4[Be4Si9O24](OH)4 (6)
6 Be3M

2+
4 Si3O12S + 8 CaOaq + 4 H2O + 12 O2 → 2 Ca4[Be4Si9O24](OH)4 + 10 BeOaq + 6 M2+SO4 + 18 M2+Oaq (7)

2 Be3M
2+
4 Si3O12S + 8 CaOaq + Al2O3aq + 12 SiO2aq + 5 H2O → 2 Ca4Be3AlSi9O25(OH)3 + 2 H2S + 8 M2+Oaq (8)
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Table 3), however are mostly absent or rare in the proximal
assemblages.

P–T–X conditions of bavenite–bohseite origin

Because Ca is an essential constituent of bavenite and bohseite,
these minerals have not been considered in experimental and
thermodynamic studies performed in the BASH and Na–BASH
systems (e.g. Barton, 1986; Barton and Young, 2002; Markl,
2001; Wang and Li, 2020). Consequently, the P–T–X conditions
may be estimated only from the textural relations and associated
minerals as was done by Scheepers et al. (2017) for a miarolitic
pocket at the Cape Granite, South Africa. The P–T stability of
the associated minerals (stilbite-Ca), fluid-inclusion study, and
mainly the chlorite geothermometry suggest T = 210–320°C and
P < 2 kbar. At the Vlastějovice pegmatite, the absence of Mg but
elevated contents of Sn in coeval axinite-(Mn) indicate that the
miarolitic pocket system was closed to the host rock (Fe-skarn)
during crystallisation of pocket minerals. The crystallisation of
hydrothermal bavenite at rather high T ≈ 300–400°C (London,
2008) is reasonable and it fits very well with the crystallisation
T of axinite-(Mn) in miarolitic pockets in the pegmatitic gem-
tourmaline deposit, Malkhan, Transbaikalia at 285–415°C
(Zagorsky et al., 2016).

Together with bavenite–bohseite as the dominant proximal
mineral, bertrandite is widespread in the investigated pseudo-
morphs after beryl (Table 4). It is stable at T <240°C, P = 100 MPa
and low activity of Al (Fig. 7; Barton, 1986; Barton and
Young, 2002). Formation of bavenite–bohseite at T ≈ 200–300°C
is indicated by the presence of coeval bertrandite and zeolites
in the proximal bavenite–bohseite assemblages. On the one
hand, these zeolites could have crystallised at temperatures as
high as 310°C: analcime at T < 300°C (Neuhoff et al., 2004),

scolecite at T < 310°C (e.g. Weisenberger, 2009) and
gismondine-Ca at T = 110–250°C (Ghobarkar and Schäf, 1999;
Chung et al., 2002). On the other hand, these zeolites may have
crystallised at a much lower temperature, T ≈ 100–150°C (e.g.
Weisenberger and Bucher, 2010). Nevertheless, the presence of
epidote + pumpellyite in the assemblage with distal coeval bave-
nite–bohseite (Fig. 4e) suggests crystallisation at T > ∼200–250°C
(Frey and Robinson, 2009; Liou et al., 1983, 1985). Accordingly,
the temperature of crystallisation of bavenite–bohseite associated
with bertrandite + K-feldspar and with epidote + pumpellyite was
estimated at T ≈ 200–300°C and these values are similar to the
data of Scheepers et al. (2017). In summary, bavenite–bohseite
crystallised over a temperature range of 400 to ∼100–150°C
estimated from its coeval crystallisation with zeolites
(Weisenberger, 2009) and other minerals (Frey and Robinson,
2009; Liou et al., 1983, 1985).

The pressure of bavenite–bohseite crystallisation may be esti-
mated from its geological position and mineral assemblages.
Hydrothermal bavenite–bohseite from miarolitic pockets is a
primary mineral which crystallised in the very early stage of
the hydrothermal process of pegmatite consolidation. At the
Vlastějovice pegmatite, the pressure of crystallisation in the
miarolitic pocket was similar to the pressure during emplace-
ment of rare-element pegmatite at lithostatic P <∼ 200–300 MPa
(Ackerman et al., 2007). Relatively high pressure is indi-
cated for the distal bavenite–bohseite coeval with the assemblage
epidote + pumpellyite in the Alpine-type veinlet cutting the
quartz core of the Maršíkov Schinderhübel I pegmatite
(Table 4, Fig. 3e) where P >∼150–200 MPa is a reasonable esti-
mate based on its association with pumpellyite (Frey and
Robinson 2009). In contrast, at some localities secondary prox-
imal bavenite–bohseite is associated with zeolites (Table 4)
which typically crystallised at low P <∼50–100 MPa or even

Figure 7. Beryllium minerals stability as a function of temperature and the activity of alumina (modified from Barton and Young, 2002). Note the small stability field
of the assemblage bertrandite + K-feldspar.
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lower P <∼15–20 MPa (Chipera and Apps, 2001; Weisenberger,
2009; Weisenberger and Bucher, 2010) as is indicated by the
occurrence of scolecite with the proximal bavenite–bohseite at
the Drahonín IV pegmatite. Hydrostatic pressure (see Palinkaš
et al., 2014) at P < 50 MPa is assumed for fissure-filling second-
ary distal, and probable for part of secondary proximal, bavenite–
bohseite, respectively.

Betrandite is considered to form in acidic to neutral conditions
by Černý (2002); however, associated smectite, adularia,
axinite and zeolites (analcime, scolecite, laumontite and
gismondine-Ca), are common in the proximal bavenite–bohseite
assemblages (Table 4), and indicate instead alkaline to neutral
conditions (Hedenquist et al., 2000; Weisenberger and Bucher,
2010). Moreover, the secondary assemblages epididymite +
bertrandite + K-feldspar + muscovite (Novák et al., 1991) and
bertrandite + K-feldspar +magnesio-arfvedsonite (Čopjaková et al.,
2021), both after beryl from the Věžná I pegmatite, are additional
evidence that the stability of bertrandite might be considered
as being of moderately alkaline conditions. The results of our
study suggest that the stability fields of the relevant Be minerals
in P–T–X diagrams require further experimental study (e.g.
Wang and Li, 2020) as well as thorough study of their mineral
assemblages.

Geochemical signature of fluids producing bavenite–bohseite

Secondary minerals generated by hydrothermal alteration of pri-
mary minerals are indicators of the composition of hydrothermal
fluids in distinct stages of subsolidus evolution of granitic pegma-
tites. Together with typical cations and anions (see e.g. London,
2008) Ca and Mg also were commonly detected in subsolidus
alteration products. Magnesium evidently has an external origin
in most cases (e.g. Novák et al., 1999, 2012, 2017b; Čopjaková
et al., 2021) but an external or internal source of Ca is a matter
of discussion (e.g. Teertstra et al., 1999; Martin and de Vito,
2014; Novák et al., 2013, 2017b; Pieczka et al., 2019; Zachař
et al., 2020; Gadas et al., 2022), and obviously might differ in
the individual pegmatites.

The mineral assemblages of hydrothermal bavenite and
bavenite–bohseite from miarolitic pockets suggest elevated activ-
ities of the same cations (Be, Ca, Si, Al, Mn and Fe) but distinct
differences in volatiles in residual fluids (H2O + B) and (H2O +
CO2 + S) at the Vlastějovice and Vepice IV pegmatites, respect-
ively, as indicated by their mineral assemblages. Moreover,
the occurrence of Sn-enriched axinite-(Mn) from Vlastějovice
suggests a more complex composition of residual fluids
manifested in a higher degree of fractionation of this Li-bearing
pegmatite (Novák et al., 2013). The mineral assemblages as well
as composition of proximal bavenite–bohseite (Table 4) demon-
strates high activity of Ca in fluids but locally also elevated activ-
ities of K (K-feldspar; Kracovice), Na (analcime; Drahonín IV),
and Fe +Mn + B + S (axinite and danalite; Číměř I). In contrast,
Si, Fe, Mn and S were derived from a primary Be-precursor
(helvine–danalite) in the latter case. The assemblages of distal
bavenite–bohseite illustrate the dominance of Ca in fluids together
with locally elevated activities of K (K-feldspar, muscovite, mus-
covite–illite), Na (albite), Mg + Fe (epidote, pumpellyite), and Si
(recrystallisation of quartz). Participation of external fluids as
sources for Ca, Mg and other cations, derived from the host
amphibole gneiss is evident in the distal assemblage bavenite–
bohseite + epidote + pumpellyite + quartz from the Maršíkov
Schinderhübel I pegmatite. Close spatial relations of bavenite to

epidote veins cutting the host pegmatite has also been described
from Cava Grignaschi, Italy (De Michele, 1967). The albitisation
of early-formed plagioclase from host amphibole gneiss is very
likely to be the source of Ca (cf. Martin and de Vito 2014,
Weisenberger and Bucher, 2011) and is supported by elevated
Sr contents of epidote from the Maršíkov, Schinderhübel I
pegmatite that was probably derived during albitisation of rock-
forming plagioclase from the host metabasite. At the Věžná I peg-
matite (Table 1), H2O- and Ca-rich, CO2-poor serpentinite-
derived fluids are an important source of Ca (e.g. Palandri and
Reed, 2004; Chavagnac et al., 2013; Evans et al., 2013;
Čopjaková et al., 2021) together with Mg. At NYF pegmatites
of the Třebíč Pluton, residual fluids are the most probable source
of Ca, manifested not only by abundant proximal secondary
bavenite–bohseite but also other late proximal secondary Ca-rich
minerals including abundant titanite after ilmenite (Škoda et al.,
2006; Zachař and Novák, 2013), microlite + fersmite + kristianse-
nite after columbite (Výravský et al., 2019), and high Ca contents
in both solidus and subsolidus tourmalines (Novák et al., 2011).

A high activity of Ca in residual fluids is essential for the origin
of hydrothermal bavenite–bohseite in miarolitic pockets.
This might be explained by the total absence of apatite in the peg-
matite which is a typical sink for Ca in distinct stages of pegmatite
evolution (London, 2008; Martin and de Vito, 2014). All exam-
ined localities, except for the Nýznerov, Věžná I and
Scheibengraben pegmatites, contain very rare apatite or it is
absent (Table 4). Bavenite–bohseite occurs in a variety of NYF
and LCT granitic pegmatites (Table 1); however, it is absent at
some LCT pegmatites from the region of the Bohemian Massif
where rich assemblages of secondary Be minerals were observed.
The beryl–columbite pegmatites from the Písek region,
Moldanubicum (e.g, Černý et al., 2007; Škoda et al., 2011;
Švecová et al., 2016) are typical examples with very abundant
late fluorapatite in miarolitic pockets, and abundant secondary
bertrandite, typically proximal in pockets after dissolved beryl.
This is commonly associated with secondary muscovite together
with rather rare proximal milarite, secondary beryl, phenakite
and danalite (Novák and Cempírek, 2010). Notwithstanding the
detailed scientific study of these pegmatites, including Be minerals
(Vrba, 1895; Sejkora et al., 1998; Novák and Cempírek,
2010) bavenite–bohseite has not been identified to date (pers.
comm. J. Cicha). An absence of Ca-enriched external fluids
together with residual fluids depleted in Ca due to sequestration
of abundant late fluorapatite at these pegmatites did not allow for-
mation of bavenite–bohseite and demonstrates the importance of
apatite abundance in the pegmatite for the availability of Ca in
both residual and external fluids.

Conclusions and summary

Bavenite–bohseite was recognised as the most abundant second-
ary Be mineral in the NYF, mixed and LCT pegmatites of the
Bohemian Massif. Three distinct textural and paragenetic types
were recognised. (1) Rare primary hydrothermal bavenite–
bohseite from miarolitic pockets; (2) proximal secondary bavenite–
bohseite in pseudomorphs after primary Be minerals (beryl,
helvine–danalite and phenakite); and (3) distal secondary bavenite–
bohseite mostly in brittle tectonic fractures and fissures within the
host pegmatite. Hydrothermal bavenite–bohseite from miarolitic
pockets is typically the only Be mineral in the pegmatite. In con-
trast, secondary proximal bavenite-bohseite is commonly asso-
ciated with other secondary Be minerals after beryl – bertrandite,
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milarite, beryl, danalite and bazzite (see Table 4). We recommend
using the terms primary hydrothermal, proximal or distal second-
ary mineral in the descriptions of bavenite–bohseite and other sec-
ondary Be minerals together with a detailed study of actual
paragenetic position of secondary Be minerals and their relations
to their potential primary Be precursors.

The individual types of bavenite–bohseite differ in their
Al contents (Fig. 4). Hydrothermal bavenite to bavenite–bohseite
from miarolitic pockets is Al-rich (2.00–0.67 Al apfu); proximal
bavenite–bohseite gave variable Al with low contents (1.02–0.05 Al
apfu) in pseudomorphs after phenakite and helvine–danalite, and
higher contents (1.56–0.69 Al apfu) in pseudomorphs after beryl;
distal bavenite–bohseite is the most variable (1.63–0.09 Al apfu)
(Table 5, Fig. 4). Proximal bavenite–bohseite reflects mainly the
composition of the Be mineral precursor whereas compositions
of distal bavenite–bohseite are more heterogeneous and mirror
the variability of hydrothermal fluids. The petrogenetic family
of the host pegmatite (LCT, NYF) is important only for the com-
position of primary hydrothermal bavenite–bohseite in pockets.
Thus, bavenite is typical for LCT and bohseite for NYF pegma-
tites, respectively.

The bavenite–bohseite solid solutions range in compositions
from Bvn100Bhs0 to Bvn2Bhs98; with compositions close to
Bvn50Bhs50 being the most common (Fig. 4). Only traces of Na,
F, Fe, Mn and P were detected. Raman spectra in the range of
3400–3800 cm−1 vary chiefly in the vibrational modes lower
than 3555 cm−1 in accord with the relative proportions of the
bavenite and bohseite components (Fig. 6b). With these modes,
the composition of the samples examined can be recognised
quite reliably.

Calcium is an essential element together with Be, Si and Al,
which were mostly released from primary Be mineral precursors.
Presuming an external source for Ca is reasonable in the case of
the pegmatite contaminated from a serpentinite host, which sup-
plied Mg and Ca. Similarly, the metamorphic overprint of the
pegmatites demonstrated by Alpine-type hydrothermal fissure
fillings with epidote ± pumpellyite, albite, and bavenite–bohseite
supplied external Ca. For intragranitic NYF pegmatites, residual
fluids are the most probable source of Ca as well as in the pegmat-
ite cutting an Fe skarn where external Ca contamination of
pegmatite melt proceeded during pre-emplacement and/or post-
emplacement stages (Novák, 2013; Novák et al., 2013) before
the crystallisation of bavenite and bavenite–bohseite in pockets.

Primary hydrothermal bavenite from miarolitic pockets crys-
tallised at rather high T ≈ 300–400°C, whereas distal Al-poor
bohseite is a very late fracture-hosted mineral formed at rather
low T ≈ 100–150°C. The PT stability fields of the associated
minerals allow us to propose that bavenite–bohseite is stable
over a range of pressures from ∼15 to ∼150 MPa. The mineral
assemblages and position of bavenite–bohseite in pegmatite evo-
lution (miarolitic, hydrothermal proximal and distal) indicate
that bavenite-dominant compositions may have crystallised at
higher temperatures relative to bohseite-dominant ones.
However, this must be confirmed by further studies.
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