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ABSTRACT

Fibrous foitite occurs in cavities in quartz veins near Sebinkarahisar town, Giresun mineralized area [Pb—Zn—Cu—(U)], in
northern Turkey. Veins of quartz + fibrous tourmaline generally cut monzonitic and syenitic rocks. Acicular and hairlike light
gray crystals of foitite have a mean composition of [Jy 43Nag 5,Cag o7 (Fey 5sMng ggMgo 52 Alg 67Tig.01) Alg (BO3)3 Sig O13 (OH,0)3
(OH);. The crystals of this low-temperature tourmaline radiate from irregular patches of schorl in cavities in quartz veins. Each
fiber is zoned along its length with respect to Fe, Mn, Mg, Ca, Na, K, and P. The fibrous foitite from the Sebinkarahisar area
contains higher Mg, Ca and Na contents than that from southern California and Elba.

Keywords: foitite, tourmaline, fibers, alkali-deficient, cavity, quartz vein, Pb~Zn-Cu—(U) mineralization, Sebinkarahisar, north-
ern Turkey.

SOMMAIRE

On trouve des cristaux fibrenx de foitite dans des cavités de veines de quartz pres de Sebinkarahisar, zone minéralisée de
Giresun [Pb—Zn-Cu—(U)], dans le nord de Ia Turquie. Les veines de quartz + tourmaline fibreuse recoupent en général des roches
monzonitiques ou syénitiques. Les cristaux aciculaires et capillaires gris pale de foitite ont une composition moyenne de
[o.43Nag 52Cag 07 (Feq ssMng osMgo sz Algs7Tigo1) Als (BO3)s Sig O3 (OH,0)3 (OH),. 1l s’agit d’une tourmaline de basse
température en amas fibro-radiés développés sur des taches irrégulieres de schorl le long des parois de cavités dans des veines de
quartz. Chaque fibre est zonée le long de la fibre par rapport 4 sa teneur en Fe, Mn, Mg, Ca, Na, K, et P. Les échantillons de foitite
fibreuse provenant de Sebinkarahisar contiennent plus de Mg, Ca et Na que les exemples connus du sud de la Californie et de I'ile
d’Elbe.

(Traduit par la Rédaction)

Mots-clés: foitite, tourmaline, fibres, déficit en alcalins, cavité, veine de quartz, minéralisation en Pb-Zn-Cu—~(U), Sebinkarahisar,
Turquie.

INTRODUCTION

Tourmaline presents a complex chemical spectrum
owing to its extensive substitutions at the X, ¥, and Z
sites. The general formula of tourmaline is given as X
Y3 Z6 (BO3)3 Si6013 (OH,O)3 (OH,F,C],O), where X =
Na*, Ca®, K*, [, Y = Mg?*, Fe?*, Mn?*, Al**, Fe**,
Mn*, Cr¥, Li*, Z = AP*, Mg?*, Fe**, Cr3*, V3*. Alkali-
deficient tourmaline is characterized by the predomi-
nance of vacancies at the X site (i.e., 0 < X;g1 < 0.5). It
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seems that foitite is more common, but less strongly
alkali-deficient, in ore-related environments than in
pegmatite and aplite dikes (Foit et al. 1989).

Fibrous foitite was first described by Foit et al.
(1989) as schorl with dumortierite in hydrothermally
altered tuffs at Jack Creek, Jefferson County, Montana.
Alkali-deficient tourmaline in this area occurs as irregu-
lar fibrous patches and cavity fillings in dumortierite-
enriched rocks. MacDonald ef al. (1993) described the
highly alkali-deficient tourmaline (i.e., Xiora = 0.26) as
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foitite, and proposed the ideal composition [] [FeZt,
(ALFe™)] Alg Sig O3 (BO3)3 (OH)4 from an unknown
locality in southern California. Pezzotta er al. (1996)
defined a second occurrence of fibrous foitite from a
complex pegmatite dike at San Piero in Campo, Elba,
Italy.

In this study, we report on the occurrence of foitite
from Sebinkarahisar, near the Giresun Pb—Zn—Cu—(U)
mineralized area, in northern Turkey. The area investi-
gated shows signs of widespread formation of tourma-
line, hydrothermal alteration, Pb—Zn—Cu mineralization
and, to a lesser extent, high-background radioactive
anomalies of up to 40 ppm uranium (Calapkulu 1982).
Foitite from this area occurs as fragile acicular and
hairlike crystals in cavities in quartz veins cutting Upper
Cretaceous to Paleocene monzonitic plutonic rocks. We
document here the mode of occurrence of the fibrous
foitite and its compositional variations in relation to
environment of mineralization.

MobDE oF OCCURRENCE

The Asarcik plutonic rocks outcrop about 20 km
north of the town of Sebinkarahisar, Giresun, in the east-
ern part of the Pontide metallogenic belt, in northern
Turkey. The rocks in the study area range from alkali
granite to diorite, but syenite, quartz syenite, monzonite,
quartz monzonite, rhyolite, rthyodacite, and trachy-
andesite are dominant. In the study area, these rocks
were separated into two groups, the lower and upper
series (Calapkulu 1982). The upper series is mainly
composed of dacite, andesite, basalt and related tuffs
and pyroclastic units. The lower series contains calc-
alkaline igneous rocks and interbedded sedimentary
units. The upper series and part of the lower series are
characterized by intensive formation of tourmaline, hy-
drothermal alteration and Pb—Zn—Cu mineralization. K—
Ar age determinations by Oyman et al. (1995) on
orthoclase, biotite and hornblende from the Asarcik suite
and surrounding magmatic rocks indicate a time inter-
val from Upper Cretaceous to Upper Paleocene (i.e.,
82.4 to 58.3 Ma). Monzonite, quartz monzonite and
quartz syenite is cut by later quartz veins (1 to 15 cm)
and aplite dikes up to 5 cm in thickness. These quartz
veins contain cavities up to 2 cm across and about 1 cm
in depth, especially around the Asarcik region. Black
schorl, about 0.5 cm thick, rims these cavities. The light
gray acicular and hairlike fibrous tourmaline crystals
project inward from the schorl rim (Fig. 1). Pezzotta et
al. (1996) pointed out that fibrous foitite from Elba only
develops as an overgrowth on the analogous end of the
tourmaline crystals. According to their study, the
antilogous end of crystals is composed mainly of coarse-
grained schorl-elbaite. In terms of their physical appear-
ance, our samples of fibrous foitite from Sebinkarahisar
show a great similarity to that at Elba except for the
absence of dark brown antilogous schorl-elbaite ends.
Figure 2a shows a SEM (scanning electron microscopy)
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low-magnification view of a miarolitic cavity in a quartz
vein. In this figure, the acicular and hairlike crystals
radiate from the irregular patches of schorl in the fore-
ground. A higher-magnification view of these acicular
and hairlike crystals of fibrous tourmaline is shown in
Figures 2b, c. Accessory minerals in the foitite-bearing
quartz veins are K-feldspar, chrysoprase and hematite.
Hematite is characteristic of an oxidized environment.
Its presence may suggest Fe** in the structure of the co-
existing tourmaline.

CHeMICAL COMPOSITION

Fibrous foitite-bearing samples in cavities of quartz
veins were first cut into small sections for electron-mi-
croprobe determinations. In order to remove the dust and
other impurities on fibrous tourmaline crystals, they
were placed in an ultrasonic cleaner for a short time and
then were carbon-coated for electron-microprobe stud-
ies. Microprobe analyses of samples were obtained by
wavelength-dispersion spectrometry (WDS) at the labo-
ratory of Metallurgy Engineering, Istanbul Technical
University. A JEOL JSM-840 scanning microscope was
used at 15 kV accelerating voltage, a beam current of
15 nA, a beam diameter of 5 wm, and a ZAF correction
scheme. Representative electron-microprobe chemical
data describing the fibrous tourmaline are given in
Table 1. The TOURMAL software package (Yavuz
1997) was used for calculation and preparation of
diagrams.

The mean chemical composition of the foitite is dif-
ferent than those described by MacDonald et al. (1993)
and Pezzotta et al. (1996). The manganese contents of
our tourmaline samples are low (0.18-1.32 wt.% MnO),

Quartz Uein
3 Monzonite
Schorl

Fibrous Foitite .~~~ - - - - '

Fig. 1. Sketch of fibrous foitite samples in cavities in a quartz
vein from Sebinkarahisar, Giresun, northern Turkey.
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TABLE 1, REPRESENTATIVE RESULTS OF ELECTRON-MICROPROBE ANALYSES OF

ALKALI-DEFICIENT TOURMALINE (FOITITE) FROM SEB SAR,
GIRESUN, NORTHERN TURKEY

FOI FOl FOI FOl FOI FOI FIB FIB FIB RIM RIM $ebin- Elba Calif

-1 2 3 4 5 6 -1 2 -3 -1 -2 karahisar n @
Si0, wt% 35.64 35.53 35.75 35,82 35.87 35,52 36.16 35.78 36 43 32.35 33.09 35,68 36.09 35.90
ALO, 32.96 34,30 33.71 33,97 33.77 33.20 32.76 35.08 3441 30.08 31.66 33.65 34,91 34.90
TiO, 0.00 008 000 000 011 011 000 000 000 017 010 0.05 0,09 0.00
FeO 11.96 11.53 11.12 10,58 10.75 1039 10.66 9.34 6.23 18,71 15.59 11.05 10,93 11.45
MnQ 085 047 053 018 020 132 093 018 0.16 070 073 0.59 136 1.71
MgO 1.56 137 180 275 229 276 158 164 467 286 322 208 033 021
Ca0 0.52 032 053 021 041 038 039 022 019 051 070 039 003 003
Na,0 152 155 158 161 170 153 227 237 241 148 158 1.58 1.11 075
K0 0.00 000 000 000 000 007 001 013 0.17 000 000 001 0.00 0.00
P,0, 000 000 000 0.00 000 000 011 022 024 000 000 0.01 0.00 0,00
Total 85.01 85,15 85.02 85,12 85.10 85.28 84.87 84.96 84.91 86.86 86.67 85.08 84.85 84.95
B apfu 300 3.00 3.00 3,00 300 300 300 3.00 300 3.00 3.00 3.00 3.00 3.00
Si 604 597 601 599 601 597 611 598 600 564 567 6.00 6.06 6.04
VAl 000 003 000 001 000 003 000 002 000 036 033 000 0.00 0.00
=7 600 600 600 600 600 600 600 600 600 600 600 600 6.00 6.00
Al, 6.00 600 600 600 600 600 6.00 600 600 600 600 600 6.00 6.00
Al 0,58 0.77 068 068 067 055 053 089 068 000 006 067 091 092
Ti 0.00 001 000 000 001 001 000 000 000 002 001 001 0.01 0.00
Fe 169 162 156 148 151 146 151 131 086 273 223 155 1,53 161
Mn 0.12 007 008 003 003 019 013 003 002 010 011 008 0,19 024
Mg 039 034 045 069 057 069 040 041 1,15 074 082 052 0.08 0.05
)7 278 281 277 288 279 290 257 264 271 359 323 283 272 282
Ca 009 006 010 004 007 007 007 004 003 010 013 007 0.01 001
Na 0.50 051 052 052 055 050 074 0.77 077 050 052 052 036 024
K 0.00 000 000 000 000 002 0.00 003 004 000 000 0.00 0.00 0.00
O 041 043 038 044 038 041 019 016 016 040 035 043 063 075
X 1.00 1.00 1.00 100 100 1.00 1.00 1.00 100 1.00 1.00 1.00 1.00 1.00
Fe# 081 083 078 068 072 068 079 076 043 079 073 075 0.95 0.97
Na# 0.84 090 084 093 083 088 091 095 096 084 080 0.88 0.99 098
RI+R2 2380 259 270 275 273 291 285 255 283 417 381 274 218 216
R3 658 681 668 669 668 660 653 691 668 621 641 668 692 692

Calculations were carried out with TOURMAL software package (Yavuz 1997). Fe# = Fe/(Fe + Mg), Na# = Na/(Na
+ Ca), R1 = Na +Ca, R2 = Fe + Mg + Mn, R3 = Al + 1.33*Ti. Column headings: Sebinkarahisar: average
composition, # = 6. Elba: average composition. (1): Mean Li content 0.33 wt.% (calculated according to
stoichiometric constraints). Calif.: California, average composition. (2): Mean Li content of 0.22 wt.%.

but the magnesium (1.37-2.76 wt.% MgO), calcium
(0.21-0.53 wt.% Ca0), and sodivm (1.52-1.70 wt.%
Na;0) contents are higher than the foitite samples from
California and Elba. The SiO,, AL,O3, TiO,, and FeO
contents in these tourmaline localities, however, show
similar compositional ranges. Each tourmaline fiber is
commonly compositionally zoned along their length, in
contrast to the foitite from Elba. These compositional
variations may result from the contribution of different
types of ore-related solutions in the hydrothermal sys-
tems. During the early stages of growth, the fibers gen-
erally are poor in iron; the content of iron then increases
considerably toward the end of each fiber. Figure 3
shows schematically a typical fiber of foitite with the
compositions indicated over the length of the fiber. The

electron-microprobe results of a selected fiber indicate
that the Fe, Mn, and Ca increases as crystallization pro-
ceeded, whereas P, K, Mg, and Na contents decreased.
The Si, Al, and Ti contents, however, do not show much
variation.

The chemical composition of foitite fibers is given
in Figure 4 in terms of R1+R2 versus R3. This plot indi-
cates that the composition of the tourmaline corresponds
to the ideal alkali-deficient substitution proposed by Foit
& Rosenberg (1977). The chemical spectrum of foitite
samples shows an important resemblance to the tour-
maline from the association of several polymetallic and
uranium-bearing deposits in volcanic rocks (Fuchs &
Maury 1995). The mean composition of other examples
of alkali-deficient tourmaline is given on this figure for
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comparison only. The distribution of foitite composi-
tions on a diagram of Fe versus Mg shows a great simi-
larity in terms of the schorl trend (Fig. 5). The slope of

FiG. 2. Scanning electron microphotographs of foitite from
Sebinkarahisar, Giresun. (a) Low-magnification image of
several fibrous patches developed in a cavity in a quartz
vein. (b, ¢) High-magnification images of acicular foitite
fibers.

the foitite vector, however, is lower than the schorl
trend, possibly because of the lower iron content of
foitite. All the chemical data for the foitite fall within
the schorl quadrant, with Fe > Mg and Na > Ca (Fig. 6).

Si02 36.16
203 32.76 Na20 227
Fe0 18.66 K20 8.1
Mn0 893 P205 6.11
Mgd 158

Si02 3578 al B2
AI203 3508 Na2d 237
Fe 934 K20 .13
MnD 818 P205 8.22
MgD .64

Si02 3643 Ca0 .19
AI205 3441 Na20 2.4
feD 623 K20 8.17
Mn0 8.16 P205 8.24
Mgl 4.67

Fic. 3. Sketch of compositional zoning of a single sample of
fibrous foitite.
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Fic. 4. Plot of electron-microprobe data on the R1 + R2 ver-
sus R3 diagram. Shaded area: fibrous tourmaline composi-
tion of Sebinkarahisar area, filled box: mean composition
of foitite from southern California (MacDonald et al. 1993),
filled diamond: mean composition of fibrous foitite from
Filone della Speranza, Elba (Pezzotta et al. 1996), filled
triangle: mean composition of alkali-deficient schorl from
Jack Creek, Montana (Foit et al. 1989), filled circle: mean
composition of alkali-deficient schorl from Ben Lomond,
Australia (Foit et al. 1989), cross: mean composition of
alkali-deficient tourmaline from Sullivan, British Colum-
bia (Jiang et al. 1997).
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FiG. 5. Plot of foitite composition together with the selected
samples of alkali-deficient tourmaline on Fe versus Mg
diagram.
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FiG. 6. Plot of Fe/(Fe + Mg) in Y site versus Ca/(Ca + Na) in
X site of tourmalines.

The schorl rim surrounding the cavities in the quartz
veins has a composition similar to that of the fibrous
foitite, except for slightly higher Fe and Ca contents.
The chemical composition of a fiber in Figure 3 also is
included in Figure 6 to document the compositional
trend. It is clear from this figure that the starting com-
position of the solution was Mg-rich. Depending on the
increasing fractionation, ore-related solutions were en-
riched in iron and thus the chemical composition shifted
from the dravite to the schorl end member.

The chemical make-up of the X site is shown in a
plot in terms of Na—Ca—{] (Fig. 7a). The chemical
variation is between the Na and vacancy (i.e., [), with
slight increase toward the Na component. In terms of
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3/ E 1
FiG. 7. a. Fibrous tourmaline compositions from Sebinka-

rahisar, Giresun area in terms of Na—Ca—[] diagram, where
[ represents a vacancy in the X site. b. Chemical composi-
tions of foitite in terms of Feon—Mg—Al, with com-
positional trends after Henry & Guidotti (1985).

the Fe-Mg—Al diagram (Henry & Guidotti 1985), the
compositions of fibrous tourmaline from the Sebinkar-
ahisar area plot in field 2 (Fig. 7b), and correspond to
tourmaline from Li-poor granites and their associated
pegmatites and aplites. The compositional variation of
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fibrous foitite from the Sebinkarahisar area is very simi-
lar to those of the alkali-deficient schorl from Jack
Creek, Montana and Ben Lomond, Australia (Foit et al.
1989, Foit 1989).

Using the increasing fractionation versus atomic
fraction diagram (Jolliff et al. 1986), we have observed
that among the elements Fe, Mg, Mn, and Ti, Fe and
Mg are good indicators of progressive crystallization of
foitite compositions (Fig. 8). With increasing
fractionation, Mn reaches its maximum and then dimin-
ishes as the temperature falls during crystallization. This
inference is in agreement with the schematic ideal se-
quence of crystallization proposed by Jolliff et al.
(1986). The chemical composition of the foitite fiber in
Figure 3 indicates that Mn increases during its crystalli-
zation. On the other hand, in a plot of all data on atomic
fraction versus Fe + Mg diagram (Fig. 8), Mn does not
show a clear trend compared those of the Fe and Mg. It
makes a distribution similar to parabola, with a peak
corresponding to 2.2 Mg + Fe. The different behavior
of Mn from Sebinkarahisar area may be used as an index
at the crystallization history of foitite in relation to min-
eralized systems. This conclusion, however, must be
checked in further studies of foitite specifically taken
from mineralized environments.

The chemical compositions of the foitite samples
from Sebinkarahisar are shown on plots of Na*x +
Mg*y versus 1+ Aly and Cax + Mg*y versus Nax +
Aly diagrams (Figs. 9a, b), where Mg* = Mg + Fe +
Mn, Na* = Na + K, [ ] = X-site vacancy. These compo-
sitions are characterized by approximately negative lin-
ear regression lines, showing the major chemical
substitutions: Nax + (Fe,Mg)y = [1x + Aly and Cax +
(Fe,Mg)y = Nay + Aly. These chemical substitutions

1 T Ll
1.0 | =
QO Fe
¥ Mg
. 0-8 T c + T
2 Mo
H 0.6 [ o /8 A
g
5
5 0.4 5
%
0.2 | ™, -
0.0 PN -
il L L
3.0 2.5 2.0 1.5 1.0
Fe + Mg (Increasing Fractionation )
FiG. 8. Compositional trends of fibrous foitite in terms of

atom fractions of Fe, Mg, Ti, and Mn versus (Fe + Mg)
apfu after Jolliff et al. (1986).
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are of almost identical to those in the alkali-deficient
tourmaline from the Sullivan Pb—Zn—-Ag deposit, British
Columbia, as given by Jiang et al. (1997).

Discussion

The study area is located in the eastern part of
Pontide metallogenic belt, which includes abundant Pb-
Zn—Cu mineralization. The area produced small- to
medium-scale polymetallic mineral deposits. The
Asarcik region (Sebinkarahisar, Giresun) was investi-
gated in detail by several researchers because of high
background of radioactive anomalies in the magmatic
rocks (Calapkulu 1982). The Pb—Zn—Cu mineralized
veins in Upper Cretaceous to Upper Paleocene granitic
rocks and E-W- and NE-SW-trending normal faults
generally control the emplacement of volcanic rocks.
Galena, sphalerite, chalcopyrite, pyrite, arsenopyrite,

T T 1 T
7=-0968 * x+3.711
2883 i
g L. J
é‘, 2774
+ 2695 -
4 1
LI
2.5% |- =
I L L
0.966 1.026 1.086 1.145 1.205
+
D(X) AI(Y)
] 1 T T
@ y=-1284 *¥ +3.732
Ll r=-0966 ’

2315

x
Ca(x)+ Mg(Y)
[
|

2157 | \
2078 = g
1.061 1.114 1,167 1.220 1273
* o+
Nam Alm

Fic. 9. Plots of (a) [x + Aly versus Na*yx + Mg*y, and (b)
Na*y + Aly versus Cay + Mg*y diagrams showing X- and
Y-site subtitutions in foitite, where Na* represents Na + K,
and Mg* represents Mg + Fe + Mn (apfu).
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and tetrahedrite constitute the main ore minerals. The
associated gangue minerals are quartz, barite, and cal-
cite (Calapkulu 1982). The chemical composition of
black tourmaline in the Sebinkarahisar Pb—Zn—Cu min-
eralized area varies from dravite to schorl end-members.
Tourmaline suns in monzonite and syenite tend to be
schorl, whereas black tourmaline associated with Pb—
Zn—Cu mineralization in quartz veins approaches dravite
(work in progress).

Although the chemical compositions of southern
California and Elba foitite samples are similar to ours,
their macroscopic appearances and physical properties
are different (MacDonald et al. 1993, Pezzotta et al.
1996). The fibrous foitite described here shows a great
similarity in terms of rock composition, physical appear-
ance and mode of occurrence to the fibrous foitite
described by Pezzotta et al. (1996). Its chemical com-
position, however, presents an important distinction,
especially with respect to the Mn, Mg, Ca, and Na con-
tents. The chemical distinction between the fibrous
foitite from Sebinkarahisar and that from Elba possibly
resulted from the chemical composition of hydrother-
mal fluids in the Sebinkarahisar environment of Pb—Zn—
Cu mineralization. The behavior of Mn seems to have
had an important effect during the crystallization of
foitite from the low-temperature ore-bearing solutions.

Mn-rich tourmaline is generally rare. This type of
tourmaline is found most commonly in Na-Li-rich gra-
nitic pegmatites, with up to 8.86 wt.% MnO contents
(Shigley et al. 1986). However, alkali-deficient tourma-
line in the foitite compositional range contains high lev-
els of Mn (up to 1.71 wt.% MnO) compared to
tourmaline compositions belonging to the dravite—schorl
solid-solution series. Jiang er al. (1997) reported unu-
sually high levels of Mn (up to 1.48 wt.% MnO) in al-
kali-deficient tourmaline from some of the Sullivan
Pb-Zn-Ag deposit. They attributed the presence of Mn-
rich alkali-deficient tourmaline to the local availability
of Mn and the lack of other coexisting minerals that
preferentially incorporate Mn into their structures. We
have not observed important Mn-bearing minerals in
study area that could buffer the chemical composition
of foitite. However, the Mn may be supplied by Mn-
rich minerals such as silicate, carbonate or oxide com-
positions during the formation of foitite in cavities of
quartz veins.
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