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Abstract 

In the Ravne area (north Slovenia), tourmalines from the pegmatite and the 
metapelites were studied. Ali of the examinated tourmalines are members of the schorl- 
dravite solid solution series. Most of the tourmalines show op tičal zoning. Electron 
microprobe analyses indicate Chemical zoning, with low Ca, Mg and Ti within optically 
distinct core with respect to the rim, for the pegmatite tourmalines, and low Fe, Na, Ti 
and high Al, Mg, Ca and Mn within optically distinct core with respect to the rim, for the 
metapelite tourmalines. 

Kratka vsebina 

Na območju Raven smo preučili turmaline v pegmatitu in metapelitih. Vsi raziskani 
turmalini predstavljajo šorlitno-dravitno trdno raztopino. Pri večini turmalinov lahko 
opazujemo optično conarnost. Raziskave s pomočjo elektronskega mikroanalizatorjja so 
pri turmalinih v pegmatitu pokazale kemično conarnost v optično različnih jedrih, z 
nižjimi vsebnostmi Ca, Mg in Ti glede na robove. Pri turmalinih v metapelitih pa smo v 
optično različnih jedrih zaznali nižje vsebnosti Fe, Na, Ti in višje vsebnosti Al, Mg, Ca ter 
Mn, glede na njihove robove. 

Introduction 

Tourmaline is a common accesory miner- 
al with the general formula of 
XY3Z6(T60i8)(B03)3(0H)4. The X site is 
usually occupied by Na, but it can contain 
some amount of Ca, Mg and vacancies also 
(Foit&Rosenberg, 1977). Y site can 
be occupied by large variety of monovalent 

(Li), divalent (Fe2+, Mn2+, Mg2+), trivalent 
(Al3+, Cr3+, V3+, Fe3+) and tetravalent cations 
(Ti4+) (F r o n d e 1 et al., 1966; H e r m o n 
et al., 1973; Fortier & Donnay, 1975; 
Foit & Rosenberg, 1979). The Z site 
is typically occupied by Al, but significant 
amounts of Mg, Fe3+, V3+ and Cr3+ can re- 
place Al(Hawthorne & Henry, 1999). 
In the T site, some Al can substitute for Si 
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and in the hydroxyl site, OH- can be substi- 
tuted by 02' or F- (Foit & Rosen- 
berg, 1979). Tourmaline can be found in 
granitoid intrusive rocks and their associ- 
ated pegmatites, aplites, and hydrothermal 
aureoles, in metamorphic rocks, and in 
clastic sedimentary rocks. 

Tourmaline of the Ravne area (north 
Slovenia) occurs as an euhedral accesory 
mineral in pegmatite veins as well as in the 
metamorphic country rocks. The investigat- 
ed area is located north of the Periadriatic 
lineament in the Eastem Alps (Fig. 1). In an 
area of approximately 40 km2, more than 
300 pegmatite veins outcrope, ranging from 
some centimetres to some metres in thick- 
ness. Most of the pegmatite bodies lie con- 
cordant within the metamorphic rocks, only 
a few are discordant (Štrucl, 1988). 
Metamorphic rocks are metapelites and 
metacarbonates with silicate component, 
represented mostly by biotite and biotite- 
muscovite gneiss, biotite-amphibole gneiss 
and calc-silicate slates (Mioč & Žnidar- 
čič, 1980). Tourmaline was found in almost 
ali of the pegmatite bodies and in some of 
the metamorphic country rocks, namely on- 
ly in the metapelites. 

Electron microprobe data on zoned tour- 
malines are reported in this paper in order 
to investigate the difference between tour- 
malines from the pegmatite and tourma- 
lines from the metapelites. 

Experimental methods 

Chemical analyses on mineral phases 
were carried out at the »Centro di Studi per 
la Geodinamica Alpina« of CNR in Padova. 
Wavelength dispersive analyses were ob- 
tained using a CAMECA-CAMEBAX 799 
electron microprobe operating at 15kV with 
15 nA sample current. Counting times were 
10 seconds for peak and 5 seconds for back- 
ground for F, Na, K, Mg, Al, Si, Fe; and 20 
seconds for peak and 10 seconds for back- 
ground for Ca, Ti, Cr, Mn, Zn. PAP correc- 
tion programme was used to convert x-ray 
counts into oxide weight percentages. Well 
characterised minerals and synthetic com- 
pounds were used as standard: wollastonite 
(Si, Ca), corundum (Al), albite (Na), ortho- 
clase (K), periclase (Mg), iron oxide (Fe), 
MnTiC>3 (Mn, Ti), chromite (Cr), fluorap- 
atite (F) and sphalerite (Zn). The analyses 
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Fig. 1. Map showing the location of investigated metamorphic rocks and pegmatites (hatched area). 
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are precise to within 1% for major elements 
and 3% for minor elements. The structural 
formula was calculated with the »For- 
mula 1« programme provided by SAMx- 
France (Support for Application in x-ray 
Microanalyses) on the basis of 24.5 oxygens 
and 4 H2O. B2O3 was calculated by stoi- 
chiometry. 

Results and discussion 

Ali of the Ravne tourmalines are mem- 
bers of the schorl-dravite solid solution se- 
ries. Tourmalines from pegmatite are closer 
to the schorl end member (the Y-site cation 
is predominantly Fe2+) while tourmalines 
from metamorphic rocks have more dravitic 
component and are closer to the dravite end 
member (the Y-site cation is predominantly 
Mg). On the Al-Fe-Mg (Fig. 2) and Ca-Fe- 
Mg (Fig. 3) ternary classification diagram 
of H e n r y and Guidotti (1985) tour- 
malines from pegmatite fall in the field of 
Li-poor granitoids and their associated 
pegmatites and aplites. Tourmalines from 
metapelites fall in the field of metapelites 
and metapsammites coexisting with an Al- 
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Fig. 2. Al-Fetotal-Mg diagram for Ravne tourma- 
lines. Field numbers as in Henry and Guidotti 
(1985): (1) Li-rich granitoid pegmatites and 
aplites, (2) Li-poor granitoids and their associat- 
ed pegmatites and aplites (+), (3) Fe3+ -rich 
quartz-tourmaline rocks (hydrothermally altered 
granites), (4) Metapelites and metapsammites 
coexisting with an Al-saturating phase (□), (5) 
Metapelites and metapsammites not coexisting 
with an Al-saturating phase, (6) Fe3+ - rich 
quartz-tourmaline rocks, calc-silicate rocks, and 
metapelites, (7) Low-Ca metaultramafics and Cr, 
V-rich metasediments, and (8) Metacarbonates 
and meta-pyroxenites. Fields 4 and 5 overlap 

with field 7. 
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Fig. 3. Ca-Fetotal-Mg diagram for Ravne tourma- 
lines. Field numbers as in Henry and Guidotti 
(1985): (1) Li-rich granitoid pegmatites and 
aplites, (2) Li-poor granitoids and their associat- 
ed pegmatites and aplites (+), (3) Ca-rich 
metapelites, metapsammites, and calc-silicate 
rocks, (4) Ca-poor metapelites and metapsam- 
mites, and quartz-tourmaline rocks (□)), (5) 
Metacarbonates, (6) Metaultramafics. Field 6 

overlap with field 4. 

saturating phase (Fig. 2) and in the field of 
Ca-poor metapelites, metapsammites, and 
quartz-tourmaline rocks (Fig. 3). 

Tourmalines from pegmatite. The diame- 
ter of the tourmaline crystals ranges from 
0,1 mm to 40 mm and the length from 0,5 
mm to 150 mm. Most of the tourmaline 
grains are fractured. Fractures are filled 
with fine-grained quartz, muscovite (se- 
ricite) or feldspar. Larger crystals are clear- 
ly zoned under the microscope. Cores are 
light to greyish-blue while the rims are 
darker - olive green, greenish-, brownish-, 
or dark blue. The colour is usually not gra- 
dational from core to rim and involves 
sharp op tičal discontinuities. Tourmaline 
grains showing these optical discontinuities 
may have either irregular cores, which are 
not necessarily in the centre of the tourma- 
line, and euhedral rims, or both euhedral 
cores and rims. Some smaller tourmaline 
grains are optically unzoned. 

Tourmalines with euhedral cores and 
rims display Chemical zoning, with Ca, Mg, 
Ti, Zn increasing, and Mn, Na, Al decreas- 
ing from the rim towards the boundary of 
the optically distinct core. Within the opti- 
cally distinct core, Ca, Mg and Ti decrease 
abruptly, Zn and Mn do not show any spe- 
cific trends, Na slightly decreases and Al 
slightly may increase or decrease (Fig. 4). 
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B 

Fig. 4. Electron microprobe traverses from rim to rim of zoned tourmalines from metapelite (A) and 
pegmatite (B) 

Tourmalines from metapelites. Tour- 
malines are subhedral to euhedral and 
smaller than tourmalines from pegmatite. 
The diameter of the grains ranges from 0,01 
mm to 0,2 mm and the length from 0,04 mm 
to 2,5 mm. Some of them are fractured. The 
optical zoning is not very clear, transition 
between colours are blurred. The cores are 
usually light greenish-brown, very pale 
brown or yellowish-brown. The rims are 
brown or dark greenish-brown. 

Chemical zoning indicates Al, Mg, Ca, 
Mn enrichment and Fe, Ti, Na depletion in 
the cores with respect to the rims. Zn does 
not show any specific trends. Representa- 
tive microprobe analyses of the zoned tour- 
malines are reported in Table 1. 

According toHinterlechner-Rav- 
nik (1984), tourmalines in the pegmatite 

probably formed during the anatexis of the 
metamorphic rocks in the sillimanite field 
of the amphibolite facies. Rims of these 
tourmalines could be younger and may be 
related with the last phase of the metamor- 
phism. The drop of pressure and of temper- 
ature, together with the influx of water was 
the cause of this retrograde metamorphism. 
In this stage of the recrystallisation, boron 
was also present and numerous euhedral 
tourmalines were formed in the metapelites 
(Hinterlechner - Ravnik, 1984). 
Alternatively, the tourmalines in the peg- 
matite could have crystallized from peg- 
matite fluids related to the near granites of 
the Northern Karavanke igneous belt. Furt- 
her investigations are planned to better 
constrain the genesis of these tourmalines. 
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Table 1. Representative microprobe analyses of tourmaline from pegmatite (P) and metapelite (M); 
c-core, r-rim, (c)-calculated. 

Point 
Si02 
Ti02 
A1203 
Cr203 
B203(c) 
FeO 
MnO 
MgO 
CaO 
ZnO 
Na20 
K20 
F 
H20(c) 
0=F 
Sum Ox% 

Si 
A1T 
B3+ 
A1Z 
A1Y 
Cr 
Ti 
Fe2+ 
Mn2+ 
Mg 
Zn 
Y tot 
Ca 
Na 
K 
X tot 
F 
OH 
(OH,F) 
Sum Cat. 

lP-r 
35.72 
0.21 
33.12 

0 
10.39 
13.16 
0.27 
1.79 
0.3 

0.08 
1.87 
0.1 

0.08 
3.55 
0.04 

100.61 

5.975 
0.025 

3 
6 

0.504 
0 

0.026 
1.841 
0.038 
0.447 
0.01 

2.866 
0.054 
0.606 
0.02 
0.68 

0.044 
3.956 

4 
22.548 

2P-r 
35.42 
0.18 
33.5 

0 
10.36 
12.42 
0.09 
2.05 
0.33 
0.04 
1.81 
0.05 
0.21 
3.47 
0.09 

99.83 

5.943 
0.057 

3 
6 

0.569 
0 

0.023 
1.743 
0.012 
0.513 
0.005 
2.865 
0.059 
0.587 
0.01 

0.656 
0.113 
3.887 

4 
22.52 

3P-r 
34.33 

0.2 
32.55 
0.04 
10.09 
12.65 
0.14 
1.78 
0.4 

0.09 
1.81 
0.06 
0.23 
3.37 
0.1 

97.66 

5.914 
0.086 

3 
6 

0.524 
0.006 
0.026 
1.822 
0.02 
0.458 
0.012 
2.868 
0.074 
0.606 
0.013 
0.693 
0.124 
3.876 

4 
22.561 

4P-c 
35.82 
0.04 

33.97 
0 

10.39 
12.72 
0.16 
1.46 
0.12 
0.16 
1.58 
0.04 

0 
3.59 

0 
100.07 

5.99 
0.01 

3 
6 

0.684 
0 

0.005 
1.779 
0.023 
0.364 
0.02 
2.875 
0.022 
0.514 
0.009 
0.545 

0 
4 
4 

22.42 

5P-c 
35.91 
0.01 
34.24 

0 
10.43 
12.76 
0.16 
1.43 
0.11 
0.09 
1.52 
0.06 
0.06 
3.57 
0.02 

6P-c 
35.73 
0.07 
34.2 
0.02 
10.42 
12.84 
0.13 
1.44 
0.13 
0.04 
1.69 
0.01 

0 
3.59 

0 

7P-c 
35.64 
0.05 

34.01 
0.01 
10.4 

13.21 
0.22 
1.45 
0.11 

0 
1.66 
0.04 
0.13 
3.53 
0.06 
100.4 100.34 100.33 

Structural formula on 
5.985 5.96 5.955 
0.015 

3 
6 

0.71 
0.001 
0.002 
1.778 
0.023 
0.355 
0.011 
2.88 
0.02 
0.491 
0.013 
0.524 
0.03 
3.97 

4 

0.04 
3 
6 

0.683 
0.003 
0.009 
1.792 
0.019 
0.359 
0.005 
2.87 
0.024 
0.547 
0.002 
0.573 

0 
4 
4 

0.045 
3 
6 

0.652 
0.001 
0.006 
1.846 
0.031 
0.361 

0 
2.897 
0.02 

0.538 
0.008 
0.566 
0.07 
3.93 

4 
22.403 22.442 22.463 

8P-r 
35.76 

0.1 
34 14 
0.04 
10.42 
12.8 
0.12 
1.42 
0.15 
0.17 
1.6 

0.06 
0.06 
3.56 
0.03 

100.37 
the basis 
5.966 
0.034 

3 
6 

0.678 
0.005 
0.012 
1.785 
0.016 
0.354 
0.021 
2.871 
0.026 
0.518 
0.012 
0.556 
0.034 
3.966 

4 
22.428 

9P-r 
35.04 
0.18 

33.25 
0 

10.31 
13.46 
0.21 
1.66 
0.29 
0.16 
1.94 
0.05 

0 
3.56 

0 
100.11 

lOP-r 
35.27 
0.12 

33.16 
0 

10.29 
13.54 
0.15 
1.42 
0.23 
0.06 
1.85 
0.03 
0.12 
3.49 
0.05 

99.67 
of24.5 oxygens 
5.905 5.96 
0.095 

3 
6 

0.509 
0.001 
0.023 
1.897 
0.03 
0.416 
0.019 
2.895 
0.052 
0.634 
0.011 
0.697 

0 
4 
4 

22.592 

0.04 
3 
6 

0.562 
0 

0.015 
1.913 
0.021 
0.359 
0.007 
2.877 
0.041 
0.606 
0.006 
0.653 
0.066 
3.934 

4 
22.53 

lM-r 
35.98 

0.8 
32.01 
0.01 
10.47 
8.6 

0.01 
5.19 
0.94 

0 
1.89 
0.04 
0.25 
3.49 
0.11 

99.58 

5.973 
0.027 

3 
6 

0.237 
0.001 

0.1 
1.194 
0.002 
1.284 

0 
2.818 
0.168 
0.607 
0.009 
0.784 
0.133 
3.867 

4 
22.603 

2M 
36.39 
0.76 
32.89 
0.04 
10.59 
8.46 
0.02 
4.92 
0.75 
0.02 
1.88 
0.04 
0.34 
3.49 
0.14 

100.45 

5.976 
0.024 

3 
6 

0.339 
0.005 
0.094 
1.162 
0.003 
1.205 
0.003 
2.811 
0.132 
0.599 
0.008 
0.739 
0.174 
3.826 

4 
22.55 

3M 
36.59 
0.75 

32.73 
0 

10.63 
7.02 
0.03 
6.04 
0.92 

0 
1.87 
0.05 
0.18 
3.58 
0.07 
100.3 

5.98 
0.02 

3 
6 

0.286 
0 

0.093 
0.959 
0.004 
1.472 

0 
2.814 
0.16 

0.592 
0.01 

0.762 
0.091 
3.909 

4 
22.575 

4M-c 
35.89 
0.49 
33.6 
0.04 
10.66 
6.3 

0.06 
6.6 
1.33 
0.03 
1.75 
0.03 
0.06 
3.65 
0.03 

100.47 

5.851 
0.149 

3 
6 

0.306 
0.005 
0.06 
0.86 
0.009 
1.605 
0.003 
2.848 
0.233 
0.553 
0.005 
0.791 
0.031 
3.969 

4 
22.638 

5 M 
36.38 
0.43 
33.14 
0.03 
10.65 
7.39 
0.03 
6.05 
0.94 
0.01 
1.84 
0.08 
0.49 
3.44 
0.21 
100.7 

5.938 
0.062 

3 
6 

0.313 
0.004 
0.053 
1.008 
0.004 
1.472 
0.001 
2.855 
0.164 
0.582 
0.017 
0.763 
0.253 
3.747 

4 
22.619 

6 M 
35.98 
0.63 

31.73 
0.04 
10.42 
9.04 
0.01 
5.08 
0.63 

0 
1.98 
0.05 
0.29 
3.46 
0.12 

99.22 

6.004 
0 
3 
6 

0.24 
0.005 
0.079 
1.262 
0.002 
1.265 

0 
2.853 
0.113 
0.64 
0.012 
0.765 
0.153 
3.847 

4 
22.621 

7M-r 
36.27 
0.68 
32.26 
0.02 
10.54 
8.59 
0.03 
5.32 
0.82 
0.03 
1.9 

0.13 
0.15 
3.57 
0.06 

100.23 

5.981 
0.019 

3 
6 

0.251 
0.002 
0.084 
1.184 
0.004 
1.308 
0.004 
2.837 
0.144 
0.607 
0.028 
0.779 
0.077 
3.923 

4 
22.616 
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