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Abstract: To learn more about the growth zones of distinctly zoned tourmalines from the well-studied Rosina aplite—
pegmatite dike of the Monte Capanne pluton near San Piero in Campo, Elba Island, Italy, four tourmaline crystals rooted
in the pegmatitic rock and developed into three different small cavities, as well as one additional crystal growing frozen
in the pegmatitic rock, were chemically characterized. The light element contents and the unit cell parameters of the four
samples were also determined. Black Fe?*-rich tourmaline, grown directly within the pegmatite, with unit cell parameters
a=15.97-15.98 A, ¢=7.15-7.16 A, can be assigned to schorl and fluor-schorl with only 4 % Fe*'. The Fe content
decreases during crystallization, whereas Mn and F contents increase (up to 8 wt% MnO and 1.4 wt% F), forming
a growth sector of olive-green colour. Such olive-green tourmaline exhibits unit cell parameters of a=15.87-15.94 A,
¢=7.12-7.14 A and can be assigned to fluor-tsilaisite and Mn2*-rich fluor-elbaite. Later, the Mn content decreases and
the Al and Li contents increase (up to 44 wt% Al,O, and 1.7 wt% Li,0). These zones can have Ga and Pb contents of up
to ~1100 and ~500 ppm, respectively. The colour of such tourmaline can be pale olive-green, pale pink, or colourless.
These crystal zones have unit cell parameters of a=15.78-15.82 A, ¢=7.08-7.10 A, and can be assigned to fluor-elbaite,
elbaite, rossmanite, and darrellhenryite. In the final stage of tourmaline crystallization, the F content in the investigated
crystal terminations can drop down to 0.1 wt% F, while the (Fe+Mn) content increases. Usually, these terminations can
be assigned to elbaite (a=15.79-15.83 A, ¢=7.08-7.10 A). When comparing the F content and the X-site charge (Na, Ca),
all zones grown in the pegmatite pocket, except for the termination, show a strong positive correlation for each crystal
examined. This observation is interpreted as evidence that the caps of the tourmaline crystals in the pegmatite pockets
formed during a different event than the previously grown crystals.

Keywords: tourmaline, zonation, pegmatite pockets, crystallization events, Rosina aplite-pegmatite, Monte Capanne
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Introduction

The Rosina aplite-pegmatite dike (up to 2 m wide in the shal-
lowest zone) of the Monte Capanne pluton near San Piero in
Campo, Elba Island, Italy, has complex asymmetric zoning.
It contains small to large pockets rich in accessory minerals,
including a variety of multicoloured tourmalines (Pezzotta
1994, 2000, 2021; Pezzotta et al. 1996; Pezzotta & Orlandi
1998; Pezzotta & Guastoni 2007). A detailed description of
the new tourmaline celleriite, as well as brief mentions of
the tourmalines schorl, foitite, elbaite, fluor-elbaite, and ross-
manite from this locality, was given by Bosi et al. (2022).
Tourmalines are complex aluminium-borosilicate minerals
with strongly varying compositions related to isomorphous
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substitutions. The general formula of minerals of the tourma-
line supergroup is XY;Z(BO,),T,0 VW (details see Henry et
al. 2011), with the most common site occupants:

X=Ca®, Na*, K", o (vacancy)

Y:Li+’ Mg2+’ Fe2+’ MH2+, A13+’ Cr3+, V3+’ Fe3+’ Ml’l‘”, Ti4+

Z=AP¥, Mg*, Fe*", V¥, Cr**

T=Si*, A’*, B>

V=0H", O*

W=0H,F, 0"

Multicoloured tourmalines from the Elba Island often have
darker-coloured terminations due to the incorporation of Fe
and/or Mn. A tourmaline crystal found naturally broken into
two fragments in a wide miarolitic cavity in the Rosina peg-
matite (San Piero in Campo, Elba Island, Italy) and characte-
rised by dark-coloured, late-stage overgrowths was recently
studied by Altieri et al. (2023a).

Microstructural and paragenetic observations, together with
compositional and spectroscopic data (electron microprobe
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and optical absorption spectroscopy), pro-
vide evidence that the formation of the
dark-coloured and Mn-rich overgrowths
could be the result of a partial re-opening
of the geochemical system, possibly due to
pocket rupture. Altieri et al. (2023a) argue
that the tourmaline fragments were origi-
nally parts of a single crystal that under-
went natural breakage followed by the
simultaneous growth of Mn-rich dark
terminations at both breakage surfaces,
with slightly different compositions and
with a significantly different growth rate
at the analogous and antilogous poles.
Further investigation by Altieri et al.
(2023b) used chemistry and spectroscopy
combined with structural and paragenetic
observations of the cavities. That study
proposes a detailed general genetic model
in which, because of a pocket rupture
event, chemical alteration of Fe- and
Mn-rich minerals that formed early in the
pegmatitic rock surrounding the cavities
occurred through leaching processes, pro-
duced by the action of the highly reactive
late-stage cavity fluids. Such processes
could be responsible for the release of
Fe and Mn in the geochemical system,
allowing the formation of the late-stage
dark-coloured terminations in the tourma-
line crystals (Altieri et al. 2023b).

In this article, we examine various tour-
maline samples, some of which have
grown in small cavities and exhibit zona-
tion, to decipher the nature of the chemical
zonation and to assign the individual zones
to members of the tourmaline supergroup.
We then attempted to find further evidence
that the late-stage terminations of the
tourmaline crystals grew during a partial
reopening of the geochemical system,
possibly due to pocket rupture.

Geological setting
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Fig. 1. Geological map of the Rosina pegmatite area, Elba Island, Italy. Elba Island is shown
at the bottom right. The section of the geological map on Elba Island is marked by a black
square. The exact coordinates of Rosina dike are also given.

The aplitic—pegmatitic dikes of Monte Capanne (aged
6.7—6.9 million years) were classified by Pezzotta (2000) into

Pegmatitic dikes occur along the eastern boundary of the
Monte Capanne pluton (Fig. 1). This pluton, which covers
the western side of the island, is a peraluminous biotite-mon-
zogranite intrusion (Dini et al. 2002) formed by the upwelling
of several magma pulses (Farina et al. 2010). After the forma-
tion of the main pluton, a series of miarolitic, Li-bearing
aplite—pegmatite dikes were emplaced throughout the intru-
sion over an area of less than 4 km? along the eastern side of
the monzogranite pluton of Monte Capanne (Marinelli 1959;
Pezzotta 2000).
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four different groups based on their internal structures, mine-
ralogy, and degree of geochemical evolution (Orlandi &
Pezzotta 1996):
I. Dikes without Li minerals
II. Lithium-bearing dikes with complex asymmetric struc-
tural, mineralogical, and geochemical zoning
III. Lithium-bearing dikes with simple asymmetric struc-
tural, mineralogical, and geochemical zoning
IV. Irregularly zoned to unzoned Li-bearing dikes
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The degree of geochemical fractionation increases from
Group I to Group IV. The geochemically less developed dikes
of Group I are predominantly located in the granitoids of
the pluton, while the most developed dikes of Group IV are
found in the contact metamorphic rocks (metasediments and
metaserpentinites) of the aureole. The tourmaline crystals
examined originate from the Rosina aplite-pegmatite (Fig. 1),
a Group II pegmatite.

Analytical methods
Sample selection and radiation experiments

In this study, a group of tourmaline samples collected in
a mining campaign in 2008 in the Rosina Pegmatite by A.E.
and F.P. was examined. In particular, four tourmaline crystals
rooted in the pegmatitic rock and developed into three diffe-
rent small cavities were characterized chemically, including
light element analyses. Tourmaline #1 (Fig. 2) is a crystal with
a length of ~3.5 cm and a diameter of ~8 mm, on a hand
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specimen, grown in a pocket. This crystal is composed of five
zones, including the termination. All zones except the first one
(grown in the pegmatite) developed into the pocket. The core
of a black tourmaline with ~2.5 cm in diameter, grown frozen
in the pegmatite, was also characterized (tourmaline #2).
All zones (including the termination) were studied from
a tourmaline crystal of ~4 cm length found in another pocket
(tourmaline #3). In addition, two terminations of smaller
tourmaline crystals with a length of ~5 mm from other small
pockets were described. The termination of tourmaline #4
has a pale purple colour, whereas that of #5 was colourless.
Additionally, two pale olive-green and two pale pink tourma-
line crystals from other cavities, both with a length of ~1 cm,
were used for the determination of some trace elements and
for gamma irradiation with a ’Cs source.

Unit cell parameter determination

Tourmaline samples #1 (all zones), #3 (zones 1, 2, termina-
tion), and #4 were measured at the University of Vermont
on an Apex II CCD diffractometer from Bruker AXS equipped
with a monocapillary optics collimator and gra-
phite-monochromatized MoKa radiation. Tour-
maline samples #2, #3 (zones 3, 4), and #5 were
studied at the University of Vienna on a Bruker
APEX 1II diffractometer equipped with a CCD
area detector, and an Incoatec Microfocus Source
TuS (30 W, multilayer mirror, MoKa). The refined
unit cell parameters are listed in Table 1.

Chemical analysis

The crystal fragments used for the unit cell
parameter determination were embedded in epoxy
resin on a single round glass slide of 2.5 cm
diameter and polished. All elements reported
here, except B, Li, Be, and H, were determined
with a Cameca SX50 electron probe microana-
lyser (EPMA) equipped with five wavelength-
dispersive spectrometers (Universitit Heidelberg).
Operating conditions: 15 kV accelerating voltage,
20 nA beam current, and 5 pm beam diameter.
Peaks for all elements were measured for 10 s,
except for Mg (20 s), Ti (20 s), Zn (30 s), and
F (40 s). Because the F Ka line interferes with
the Fe- and MnLa lines, the measured F values
require a correction, which is described in detail
by Ertl et al. (2009). The following (natural and
synthetic) reference materials and X-ray lines
were used for calibration: topaz (F Ka), albite
(Na Ka), wollastonite (Si Ka)) and (Ca Ka), corun-

Fig. 2. Hand specimen with investigated zoned tourmaline #1 from Rosina dike,
San Piero in Campo, Elba Island, Italy.

dum (Al Ka), periclase (Mg Ka), orthoclase
(K Ka), rutile (Ti Ka), rhodonite (Mn Ko), hema-
tite (Fe Ka), and gahnite (Zn Ka). Analytical data
were reduced and corrected using the PAP routine
(Pouchou & Pichoir 1991). A modified matrix
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correction was applied, assuming stoichiometric O atoms and
all non-measured components as B,O,. The accuracy of the
electron-microprobe analyses and the correction procedure
were checked by measuring three samples of reference tour-
malines (98114: elbaite, 108796: dravite, 112566: schorl).
Compositions of these tourmaline samples were determined
as part of an interlaboratory comparative study (Dyar et al.
1998, 2001). Under the described conditions, the accuracy of
all analyses is +1 % relative for major elements and +5 %
relative for minor elements.

Hydrogen, Li, and B were determined by SIMS with
a CAMECA IMS 3f ion microprobe (Universitit Heidelberg).
Primary O— ions were accelerated to 10 keV. The mass spec-
trometer’s energy window width was 40 eV. An offset of 75 V
was applied to the secondary accelerating voltage of 4.5 kV so
that secondary ions with an initial energy of 75+20 eV were
analyzed (energy filtering), which minimizes potential matrix
effects (Ottolini et al. 1993). The primary current was 10 nA,
resulting in a spot diameter of ~20 pm. The spectrometer’s
mass resolving power (MRP) M/AM for B, Li, and Si was set
to ~1000 (10 %) to suppress interferences (‘LiH", '"BH", AI*").
Secondary "Li, "B, and *Si ions were collected under an ima-
ged field of 150 um diameter. For H (and Si) the MRP M/AM
was set to ~400 (10 %), and the imaged field was limited to
a diameter of ~12 um. In-situ water contamination was redu-
ced by using a liquid nitrogen cold-trap attached to the sample
chamber (Ludwig & Stalder 2007; and references therein).
Count rates of the analysed isotopes (‘H, "Li, and ""B) were
normalized to the count rate of *Si, and relative ion yields
(RIY) were used for quantification of the results (e.g., Hinton
1990, 1995; Ottolini et al. 1993). The RIY for H and B were
determined using three tourmalines as reference material:
elbaite, dravite, and schorl (Dyar et al. 1998, 2001). The refe-
rence material for Li and Be was the NIST SRM610 standard
glass with concentrations for Li (464.2 ug g'') average taken
from Pearce et al. (1997).

Relative reproducibility (1o) for the RIY of H, Li, and B
was <1 %. Matrix effects and the uncertainty of the element
concentrations in the reference material limit the accuracy of
the analysis. The relative accuracy is estimated to be <20 %
for H and <10 % for Li and B. Table 1 contains complete
chemical analyses of the studied crystal fragments of the Elba
tourmalines.

Trace elements (Ga, Pb) were estimated by X-ray fluores-
cence (XRF) analyses of the samples performed with an
INAM Expert 3L XRF unit with a Ti target using 60 s scans
and standardless quantitative analyses with the INAM soft-
ware (California Institute of Technology).

Mossbauer analysis

Mossbauer spectra were measured to determine the Fe’*
contents. Approximately 50 mg of each black Fe-rich tourma-
line sample from the Rosina aplite-pegmatite dike was gently
crushed under acetone, then mixed with a sugar-acetone solu-
tion designed to form sugar coatings around each grain and

305

minimize preferred orientation. Grains were heaped in a sam-
ple holder confined by Kapton polyimide film tape. Spectra
were measured at room temperature (295 K) using a source of
100-60 mCi ’Co in Rh on a SEE Co. model WT302 spec-
trometer and corrected to remove the fraction of the baseline
due to the Compton scattering of 122 keV gamma rays by
electrons inside the detector. Details of the spectrum collection
and analysis can be found in Dyar et al. (1998). Run times
were 24 h, and spectra were collected in 2048 channels and
corrected for nonlinearity. Errors are estimated at +3 % for
doublet areas, and +£0.02 mm/s for peak width, centroid shift,
and quadrupole splitting.

Results and discussion
Zonation of tourmaline samples

Crystallization begins with Fe**-rich and Mn*"-containing
tourmaline in the pegmatitic rock surrounding the cavities.
Both samples examined have a total amount of ca. 13—15 wt%
FeO in this first zone (Table 1). Black, Fe**-rich tourmaline
(grown directly within the pegmatite) with unit cell para-
meters a=15.97-15.98 A, ¢=7.15-7.16 A, can be assigned
to schorl and fluor-schorl based on its chemical composition
(Table 2). Mdossbauer spectra of both samples were fit to four
doublets (details see Figs. 3 and 4). The first one, with an
isomer shift of 0.22-0.46 mm/s, represents Fe** in octahedral
coordination. The other three are subcomponents of a distribu-
tion corresponding to Fe?" at the Y site. Interestingly, the Fe**
content of ~4 % is quite similar for all investigated Fe-bearing
tourmaline samples from this locality (~4 % Fe*" of a termi-
nation consisting of celleriite; Bosi et al. 2022). The errors of
Fe’* (%) contents of samples as measured by Mossbauer spec-
troscopy are generally cited as ~1-3 % absolute for tourmaline
(e.g., Dyar et al. 1998). However, the present spectra are of
extremely high quality as shown by the very small standard
uncertainties (Figs. 1, 2) and the results for total ferric iron are
strikingly consistent. Thus, we estimate that the % Fe** values
in this study are more accurate than those used in the study by
Dyar et al. (1998) and are probably within ~2 % accuracy.

Gamma irradiation of pale pink and pale olive-green
tourmaline crystals, equivalent to ~10 million years in a Cali-
fornian tourmaline-bearing pegmatite, resulted in a signi-
ficantly stronger colouration of these tourmalines due to
oxidation of Mn?* (Rossman 1982). Pale pink tourmaline
showed a dark reddish-brown colour after gamma irradiation,
while previously pale olive-green tourmaline changed to an
intense greenish-brown colour. An explanation that the pale
pink colour of the natural (untreated) tourmaline sample
from this locality is caused by minor amounts of oxidized
Mn is thus consistent with the results of this radiation expe-
riment and with the relatively young age of this pegmatite
dike. Likewise, only a small percentage of the Fe is oxidi-
zed in the Fe-containing samples, as Mossbauer studies
confirmed.

GEOLOGICA CARPATHICA, 2025, 76, 4, 301-309
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Table 2: Site assignments of tourmalines of the Rosina dike, San Piero in Campo, Campo nell'Elba, Livorno Province, Tuscany, Italy.

Sample  Xsite Y site Z site T site W site Tourmaline
Tiz1 Na, 51 7034Ca 0Ky 01 Fe?, 70l 1M 5,Lig 1,Ti 0020 1Mo 1 Als g, Fe™ o Sis Al g Fy3(OH)) 33005, Fluor-schorl
Tiz2 Na g 1,17Cag5 Al M0 5L 46F e .45 Tig 06Z00 031 .00 AlsgiFe’ o, Sis gpAlLy g Fy260024 Fluor-tsilaisite
TiZ3 Nag 65193, Cagg Al Mn** | L g Fe™ 0, Tig 32001y 1o Alg Sis 6L 04 Fo.6000.25(OH)g 1 Fluor-tsilaisite
Tiz4 Na 6 134Cag 6 Al 7L, M0 5 Tig oy Al Sis76BoisAln  Foa(OH)2,00 5 Fluor-clbaite
TIT Nay 500040Ca0 Al o,Li, o;Mn* | Alg SigBoasAlyes  Fos3(OH)o 130, 14 Fluor-elbaite
T2C Nag 61 p34Cag 4 Fe?, oAl Mgy, Tiy  Mn* L, 0,20y Al goFe* 5 Sis gsAly 1 (OH)y36F 13,0020 Schorl
T3Z1 Na 79019.15Cag 6 Al 33Lig oMn™ g Fe? 05 Tig g3 00 Al Sig o0 Fo.60001 Fluor-elbaite
T3Z72 Nay o3[ 146Cag Al, ,LigsMn* 0 o Alg Sis ,Bg 23 Oy.54F2(OH), 50 Darrellhenryite
1373 o soNag 49Cag g Al Lo 7M™, Do Al Sis 0By 0p4s(OH)q 3,F 5 Rossmanite
T374 Nag 5600044 Al gsLig oM™ 1 U5 Al Sis73Bo. 05.30(OH)q 33F g 5 Elbaite
3T Nay 56010.41Cag 3 Al gL, M0 Fe? 01U oy Al Sis2BoaiAlyes  Foss(OH)3,00,13 Fluor-clbaite
T4T Nay 65705 Al goLig 2,Mn* | Fe 0504 1 Al Sis 7B (OH)q,6509.23F .12 Elbaite
T5T Nay ;131 Cay Al LigpsMn® 00y Alg SisssBoaiAloes  (OH)g5,0040F 08 Elbaite
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Fig. 3. Mossbauer spectrum of fluor-schorl from San Piero in Campo,
Elba Island, Italy (tourmaline #1, zone 1). Results are given in mm/s
relative to the center point of a Fe foil calibration spectrum. CS=centroid
shift (in mms™") relative to a-Fe foil, QS = quadrupole splitting (in mms "),

width=the Lorentzian peak-width at half-maximum (in mms™").
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Fig. 4. Mossbauer spectrum of schorl from San Piero in Campo, Elba
Island, Italy (tourmaline #2, core). Results are given in mm/s relative to
the center point of a Fe foil calibration spectrum. CS=centroid shift
(in mms™) relative to a-Fe foil, QS = quadrupole splitting (in mms™),

width=the Lorentzian peak-width at half-maximum (in mms™).
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Pale-coloured tourmaline samples (# GRR 3929) contain
significant amounts of the trace elements Ga and Pb, as
determined by XRF analyses. Pale olive-green tourmalines
contain ~580-1050 ppm Ga and ~170-280 ppm Pb, while
pale pink tourmalines contain ~580-1100 ppm Ga and
~70-500 ppm Pb.

At the slightly darker caps of both investigated zoned
crystals, the FeO+MnO increases slightly. An even
stronger increase in tourmaline terminations was already
reported by Altieri et al. (2023a, b). The new Mn?*-rich
tourmaline end-member celleriite was also described
from such tourmaline terminations by Bosi et al. (2022).
In the final stage of tourmaline crystallization, F content
drops to >0.1 wt%. The investigated tourmaline termina-
tions exhibit unit cell parameters of a=15.79-15.83 A,
¢=7.08-7.10 A (Table 1) and can usually be assigned to
elbaite, but also to fluor-elbaite (Table 2). The zones with
the highest Al content contain significant amounts of B,
equivalent to up to 20 mol % of ertlite, a B-rich tourmaline
endmember with the formula NaAl,Al,(Si,B,0,)(BO;),
(OH),0 (Cempirek et al. 2025).

Correlations between tourmaline zones
A nearly ideal correlation (2=0.9993; y=0.784x+0.373)

between fluorine content and X-site charge was reported
in the study on the crystal growth of a zoned tourmaline
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from a Li-rich pegmatite from the Himalaya Mine, San Diego
co., California, USA (Ertl et al. 2010). This study also dis-
cusses a Ca-rich and Mg-bearing tourmaline that grew during
the pocket’s final crystallization stages and whose composi-
tion is outside such a correlation. As an explanation, Ertl et al.
(2010) suggest an influence of the host rock on the growth of
this late-stage crystal, affecting the composition of the late-
stage fluids and creating a growth environment that differed
from that of the first crystal formed in highly developed
pegmatitic fractionated fluids.

Different multicolour tourmalines from the large gem-bea-
ring pegmatite of Befisiotra, Madagascar, were chemically
and structurally characterized by Ertl et al. (2021). A set of
tourmaline samples (pink, green, yellowish, brown, black)
from four different pockets found in this pegmatite was inves-
tigated. By plotting the fluorine content against the X-site
charge, it was observed that these tourmaline samples plotted
in two very high positive correlations with *=0.991 (ten sam-
ples) and 2=0.992 (eight samples). These functions plot in
a different field than the Himalaya Mine tourmalines and
further have a higher slope. These two different correlations of
the Befisiotra tourmalines were interpreted by these authors to
indicate at least two different stages of crystallization within
each pocket (Ertl et al. 2021).

These observed correlations were explained by a complex
history of pocket crystallization within this relatively thick
dike, resulting in complex compositional zoning of tourmaline
crystals and possibly a multi-stage process of pocket evolution
(Ertl et al. 2021).

When the fluorine contents of Rosina pegmatite crystals are
plotted against the X-site charge for the first tourmaline (#1)
examined, it can be seen that all zones grown in the pegmatitic
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Fig. 5. Fluorine to X-site charge correlation of tourmaline #1 zones.
All investigated zones grown in the pegmatitic pocket are plotted.
The red filled circle represents the termination of this tourmaline
crystal.
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pocket, except for the termination, show a positive correlation
with 72=0.9969 (y=1.038x+0.082; Fig. 5). Indeed, the tour-
maline cap lies slightly outside of this linear function. Plotting
the F content against the X-site charge of the second tour-
maline crystal examined (#3), which was found in another
pegmatite pocket, demonstrates that all zones, except for
the termination, show a high positive correlation (+2=0.9998,
y=0.846x+0.326; Fig. 6). In this crystal, the cap also lies
outside of this function, this time quite clearly. These obser-
vations are interpreted here as evidence that the caps of
the tourmaline crystals in the Rosina pegmatite grew during
a different event than the previously grown crystals.

Therefore, we agree with Altieri et al. (2023b) that the for-
mation of the terminations of tourmaline crystals from the
Rosina pegmatite can be associated with a dramatic physico-
chemical change in the crystallization environment due to an
opening of the geochemical system. Furthermore, the model
described by Altieri et al. (2023a) appears plausible, according
to which the formation of the dark-coloured, Mn-rich over-
growths could be the result of pocket fracture.

The following crystallization sequence, including celleriite,
was given by Bosi et al. (2022) for a tourmaline crystal from
the Rosina dike: elbaite — fluor-elbaite — celleriite — ross-
manite — celleriite. In other samples Altieri et al. (2023b)
could observe this crystallization sequence for other samples:
primary schorl — fluor-elbaite — elbaite (termination) and
schorl — elbaite — elbaite (termination). As the final stage
of overgrowth, Altieri et al. (2023a) described Mn-rich fluor-
elbaite and elbaite. Recently, these crystallization sequences
were reported: elbaite — fluor-elbaite — (Fe,Mg)-bearing
darrellhenryite, elbaite — (Fe,Mg)-bearing darrellhenryite —
schorl/foitite (Andreozzi et al. 2025) and Mn-rich schorl —
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Fig. 6. Fluorine to X-site charge correlation of tourmaline #3 zones.
All investigated zones grown in the pegmatitic pocket are plotted.
The red filled circle represents the termination of this tourmaline
crystal.
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elbaite (Bosi et al. 2025). In our investigated samples we
observed the following crystallization sequences: primary
schorl/fluor-schorl — fluor-tsilaisite — fluor-elbaite — fluor-
elbaite (termination) and fluor-elbaite — darrellhenryite —
rossmanite — elbaite — fluor-elbaite (termination). In addi-
tion, terminations consisting of elbaite were identified.

Thus, primary schorl, as well as fluor-elbaite, elbaite, ross-
manite, and darrellhenryite were confirmed. While we could
not observe celleriite, schorl, or foitite as the final stage of
overgrowth in our samples, we could confirm elbaite and flu-
or-elbaite. New, but not surprising, primary fluor-schorl as
well as zones consisting of fluor-tsilaisite were verified for
the first time. In contrast to the darrellhenryite described by
Andreozzi et al. (2025), our sample does not contain signi-
ficant amounts of Fe and Mg. Interestingly, compared to
the neotype material elbaite from the Rosina pegmatite
described by Bosi et al. (2025), our samples show that the
chemical composition of elbaite from the Rosina pegmatite
can be even poorer in F and more enriched in tetrahedrally
coordinated B.

Conclusion

This work addressed the question of whether the caps of
the tourmaline crystals in the pegmatite pockets formed during
a different event than the previously grown crystals. Based
on observed unit cell parameters and the chemical composi-
tion of the different tourmaline zones, it was found that after
the crystal growth of primary Fe?"-rich tourmaline (schorl,
fluor-schorl), grown directly within the pegmatite, the Fe
content decreases, while Mn?* and F contents increase. This
results in the formation of fluor-tsilaisite and Mn?*-rich fluor-
elbaite, respectively. Later, the Mn content decreases and
the Al and Li contents increase, leading to the formation of
fluor-elbaite, elbaite, rossmanite, and darrellhenryite. In the
final stage of tourmaline crystallization, the F content in the
investigated crystal terminations can drop significantly, while
the (Fe+Mn) content increases. These terminations are usually
classified as elbaite.

Based on the relationships between fluorine content and
charge at the X site (Na, Ca), all tourmaline zones grown
in the pegmatite pocket, except for the termination, show
strong positive linear correlations. This observation is inter-
preted as evidence that the caps of the tourmaline crystals in
the pegmatite pockets formed during a different event than the
previously grown crystals. It is quite possible that tourmaline
crystals that grew in pockets of other pegmatites also formed
differently coloured caps during a further crystallization event,
probably at a lower temperature than the other part of the
crystal.

It is also interesting that individual zones of these inves-
tigated tourmaline crystals can have Ga and Pb contents of up
to ~1100 and ~500 ppm, respectively. However, it is known
that in rare cases Ga can be concentrated in Li-rich
pegmatites.
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