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GENESIS OF ALPINOTYPE FISSURE MINERALS FROM
THASOS ISLAND, NORTHERN GREECE - MINERALOGY,
MINERAL CHEMISTRY AND CRYSTALLIZING
ENVIRONMENT

Voudouris P.', Constantinidou S.l, Kati M.', Mavrogonatos C.l,
Kanellopoulos C." and Volioti E'.

! National and Kapodistrian University of Athens, Faculty of Geology and Geoenvironment, De-
partment of Mineralogy and Petrology, voudouris@geol.uoa.gr, geokonstantinidou@gmail.com,
kati@geol.uoa.gr, kmavrogon@geol.uoa.gr, ckanellopoulos@gmail.com.

Abstract

Alpinotype fissure-minerals in Thasos Island are hosted in gneisses, amphibolites,
Mn-rich schists and calc-silicate layers, and marbles of the Carboniferous-Permian
Pangeon Unit, which represents the lower tectonostratigraphic unit of the southern
Rhodope metamorphic core complex. Alpinotype fissures crosscut metamorphic fab-
rics and are closely related to the exhumation processes of the core complex during
the Oligocene-Miocene. Most mineralized fissures occur close to a major detach-
ment fault, which separates gneisses from marbles and amphibolites. The mineral-
ogy of the alpinotype fissures is closely related to the host rocks: amphibolite-hosted
fissures include adularia, albite, quartz, titanite, apatite, actinolite, chlorite, calcite,
hematite and rutile. Fissures in para- and orthogneisses- and in metapegmatites are
characterized by smoky and clear quartz, adularia, muscovite and hematite. Fis-
sures within spessartite-piemontite schists contain quartz, chlorite, spessartite,
hematite, rutile, albite, epidote and traces of zircon. Finally fissures in calc-silicate
layers include Mn-grossular, quartz and Mn-clinozoisite. Hydrothermal alteration
halos surrounding the fissures may suggest leaching of the wall rocks as a potential
mechanism for mineral deposition. Scepter quartz crystals consist of a lower Tessin-
habit crystal and several generations of upper prismatic quartz crystals, suggesting
several stages of crystallization and changing P-T-x conditions with time. Chlorite
geothermometry indicates temperatures of formation in the range between 286 and
366 °C. Tessin habit quartz was deposited from CO,-bearing fluids, probably at the
transition from a compressional to an extensional tectonic regime and was later dis-
solved by meteoric water dominated fluids resulting in the formation of quartz scep-
ters. Oxidizing conditions are indicated by the widespread occurrence of hematite in
the mineralization. The studied area represents a unique mineralogical geotope. Its
geological-mineralogical heritage should be protected through establishment of a
mineralogical-petrological geopark that will also promote sustainable development
of the area.

Key words: Alpinotype fissure-minerals, Thasos island, Rhodope.

Iepiinyn

Xy meproyn s Odoov, oATIVOTOTO. OPVKTG PIAOEEVODVTOL EVIOS OLOKAGGEWDV
yvevaiov, oupiforitev, Mn-odywv aofeotomupItiKdY oTPOTEOY Koi CYIoToAIOWY
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koD Kol UApUOPOYV THG KOATOTEPHS EVOTHTOS TOV UETGUOPPIKOD TVPHVO THG
Podorng. Or aAmivotomes SLaKAAOEIS TEUVODY TIG LUETAUOPPIKES JOLUES KOL TOVOEOVTOL
oTeVe, e TIC Oladikaoies ektoplaocuod tov Podomikod ovumiéyuarog kard to
Ohyokarvo-Meiokarvo. Oi meploooTepes AATIVOTOTES O1OKAGOELS AVOTTOGOOVTOL KOTA
koG piag  peyaing {wvng  amokoiAnong, wov  dlaywpilel  TOVS  AVAOTEPOVS
OTPOUATOYPAPIKG. YVEDGIOVS OO TOVS KATMTEPOLS oupifolites kor udpuapa. To
OPVKTOLOYIKG  TEPIEYOUEVO TV  OIOKAGOEWY EIVAL OTEVG GUVOEOEUEVO UE  THV
opvkToloyio. Twv TEPIPOrLOVIOYV TETPOUITOY. Xg OI0KAGOELS EVTOS aupiflolit@v
gupavifetar  adoviaprog, oAfitng, yalaliog, Tiravityg, amotitng, akTivolifog,
YAwpitng, aofeotitig, ouuatitng kai povtilio. Xe diokAdoels wopa-, opBoyvevoiawv kol
HETOTNYUOTITOV KPOOTOALDVOVTOL yalaliag, adoviapiog, uocyofitng kou ouuatityg,
eV o€ JIOKAGOEIS TOV  QVOATOOOOVIOL EVIOS OREGOOPTIVIKOV-TIEUOVTITIKOV
oyiotoMibwv  kpvotailovoviar  yoroliog, ylwpitng, —omECOOPTIVHG,  OLUOTITHG,
povtijiio, alfitng, emidoto ko (ipkovio. TEAOS 010KkAGOELS EVIOS OOPEdTOTVPITIKOY
otpwoev mEpIEyovy Mn-otyo ypoacovidpio, yoalolio kar Mn-obvyo klivolwioity. Ot
eCOAAOIDOEIS TOV TOPOTHPOVVIOL OTO. TOLYWDUOTO TWV OIOKAGGEDY VTOONADVOVLY
01001KOTIES EKTAVONG TV TEPIPAIAOVTOV TETPWUATOV amd VIpobepuid. pevota. Oi
Kkpvotalior yalalio gupavilovial ue LOpPES GKRTTPOD, O TPIOUATIKOVS KPOTTAALOVG
O1GPOPWY YEVEDY Va. avamTdooovIol Tave o€ yorolies tomov Tessin, vwoonidvoviag
woAamhd. otddia Kpvordliwons kor alioyn twv oovlnkwv P-T-t. H epopuoyn
yeOepUouETpov  YAWPITH DTOOEIKVOEL OpPYIKES OEPUOKPOTIES TYNUATIONOD TWV
mwopayevésewv tovs 286 éwg 366 °C. Or yololies tomov Tessin mibBavitata
onovpyBnkay amé pevord, mhovoia e CO, kou mbovov oty uetdfoon omo éva
OVUTIETTIKO O€ EPEAKVOTIKO TEKTOVIKO KAOeaTG. AVTIBETO 01 UETOYEVETTEPES YEVEES
OKHATPWY DTOOEIKVOOVY GUUUETOY KOTEPYOUEVWYV LETEWPIKOY vepwv. H meproyn
UEAETHG — ovTIMPOOMTEVEL  LOVOOIKO  opvkToloyiko  [ewtomo. H  yewloyikn-
0pVKTOLOYIKI) OWTH KApovouid umopel va. mpootatevbel péow e 10pvong Evog
Tewrdprov mov Oa ovuPfdler emmiéov kou oty mpowOnon @LLKHG TPOS TO
wepifdriov avarroéng g Odoov.

Aé&erg kAerora: almvorora opvkrd, Odoog, Podory.

1. Introduction

Alpinotype fissure minerals occur in several regions in the world with alpine-type, late-stage colli-
sional tectonics such as the Alps, Himalaya, as well as in older orogens like the polar Urals, Nor-
way, USA, and Brazil (Stalder, 1964; Stalder and Touray, 1970; Mullis, 1988, 1996; Niedermayer,
1993). These minerals, usually in large euhedral crystals, occur in fissure veins, crosscutting the
metamorphic fabric of the host rocks. Their formation took place after the peak metamorphic con-
ditions and continued during the retrograde paths of orogenic evolution under transpressional,
transtensional and finally to post-kinematic extensional conditions, during the late neo-Alpine tec-
tonometamorphic phase of the Alpine evolution (Stalder and Touray, 1970; Mullis, 1988, 1996).
Over the last two decades, Greece became a well-established alpinotype mineral province (Nied-
ermayer, 1993; Wendel and Kapelas, 1996; Voudouris et al., 2004), where large, euhedral crystals
of alpine-type quartz, are reported from Crete Island, Attica, Evia and Thasos Islands (Voudouris
et al., 2004; Voudouris, 2005; Tsolakos et al., 2008; Maneta and Voudouris, 2010). Usually
alpinotype fissures are characterized by mineralogical-geochemical zonation, with an external
zone consisting of fresh host rock, grading inward to altered rocks, then to a monomineralic mas-
sive quartz zone and finaly to so-called alpine fissure that is characterized by very well crystallized
minerals (Kandutsch and Wachtler, 2000). The above outward zonation is the result of gradually
cooling hydrothermal solutions. The crystals are deposited on the quartz layer and grow with their
greatest dimension perpendicular to the empty space of the fissure. The aim of the present study is
to describe the mode of occurrence of alpinotype fissure minerals at Thasos Island and to present a

XLVII,No1 - 469

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 20/02/2020 23:59:27 |



http://epublishing.ekt.gr

possible genetic model, based predominantly on the mineralogy, mineral chemistry and
paragenetic relations.

2. Geology

Thasos Island consists mainly of low to medium grade metamorphic rocks of the Pangeon Unit,
which is the lower tectonic unit of the Rhodope metamorphic complex (Brun and Sokoutis, 2007).
The main lithological units of Thasos, from base to top, are (Brun and Sokoutis, 2007): (1) a lower
unit consisting of marbles with intercalations of paragneisses and micaschists, (2) an intermediate
unit consisting of orthogneisses, marbles with some intercalations of paragneisses, mica-schists
and numerous amphibolite bodies, (3) an upper unit consisting of migmatites and gneisses. In
places, the alpine sequence is unconformably covered by unmetamorphosed Neogene conglomer-
ates. At least three major tectonic phases have affected these lithologies (Brun and Sokoutis,
2007): (a) a compressional phase (pre mid-Eocene), resulted to the thrusting of the
gneisses/migmatites and the overlying marbles on top of the lower marble unit; (b) extensional
ductile to brittle deformation (from mid-Eocene to mid-Miocene times) resulted to NE— trending st
retching lineation, foliated fabric, and widespread boudinage formation; (c) Late Miocene normal
faulting is responsible for the development of km-scale tilted blocks of rocks in the SW part of the
island.

Alpinotype fissures on Thasos Island are developed in both the lower and intermediate units, and
mainly controlled by a major thrust/detachment fault that separates these lithological units. The
fissure veins at Thasos are elongate or sigmoidal, usually corresponding to systems of en echelon
tensional gashes, and are developed as lens-like bodies perpendicular to the metamorphic rock
fabric (Figure la to g). Their thickness varies between a few cm and about 2m. Their length ranges
between 1 and 5Sm. An alteration halo surrounds the fissure veins including leached rock, which is
then rimmed by the unaltered, fresh rock (Figure 1a). The mineralogy of fissure veins at Thasos is
related to the composition of the host rocks: Alpinotype minerals in amphibolite-hosted fissures
(Figure la to d) include amphibole, albite, adularia, titanite, chlorite, tourmaline, epidote, quartz,
biotite, hematite, rutile and zircon. Fissures within spessartine-piemontite schists (Figure le) con-
tain quartz, chlorite, spessartine, hematite, rutile, adularia, epidote and traces of zircon. Fissures
hosted within Mn-rich calc-silicate layers contain Mn-clinozoisite, Mn-grossular and smoky quartz
(Figure 1f). Finally ortho-, paragneiss- and metapegmatite-hosted fissures contain smoky quartz,
muscovite, hematite, adularia, ilmenite and rutile (Figure 1g to 1).

3. Materials and Methods

Fourty thin sections were studied by optical microscopy. A total of fifteen thin-and-polished sec-
tions were studied by scanning slectron microscopy (SEM-EDS) using a Jeol JSM 5600 SEM in-
strument, equipped with an Oxford ISIS 300 OXFORD system, with the following operating con-
ditions: accelerating voltage 20 kV, beam current 0.5 nA, time of measurement 50 sec and beam
diameter 1-2 pm. The spectra were processed using the ZAF program (3interactions). In addition,
XRD analyses were carried out using a Siemens (Brooker) 5005 X-ray Diffractometer. Operating
conditions were as follows: Cu Ka radiation at 40 kV, 40 nA, 0.020° step size and 1.0 s step time.
The XRD patterns were evaluated using the EVA v.10.0 program of the Siemens DIFFRACplus
and the D5005 software package. All samples were studied at the laboratories of the Department
of Geology and Geoenvironment, University of Athens.

4. Mineralogy and Mineral Chemistry

Quartz is the most abundant mineral in Thasos occuring in a variety of crystal forms and combi-
nations (rock crystal, smoky quartz, prase). The green colour of prase (Figure 1b) is due to chlorite
and actinolite inclusions. The color of smoky quartz varies from pale brown, brown-black to dark
black. The majority of the quartz crystals show a Tessin habit (Figure 1c). Scepter crystals (several
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scepter generations with prismatic habit, Figure 1i) occur as overgrowth on a basal Tessin habit
crystal.

Garnet group minerals are found in fissures hosted by spessartite-piemontite schists (Figures le
and 2a) and by clinozoisite-grossular-rich calc-silicate layers (Figure 1f) Electron microprobe
analyses demonstrate that garnets from fissures within the spessartite-piemontite schists are
spessartite, with 26.55 to 32.57 wt. % MnO (Table 1, Figure 3a). Pale yellow transparent Mn-rich
grossular up to 0.3 cm, were also identified in clinozoisite-grossular fissures crosscutting Mn-rich
calc-silicate layers (Figure 1f). They contain up to 3.6 wt. % MnO.

Chlorite is a common constituent in fissures of piemontite-spessartite schists and in amphibolites,
where it is associated with quartz, spessartite, albite, adularia, muscovite, rutile, zircon, titanite,
epidote, hematite and calcite (Figures 1b, c, e and 2a to e). It forms dark green pseudo-hexagonal
crystals up to 3cm. Green quartz from amphibolite-hosted fissures includes wormy chlorite and
sylvine crystals (Figure 2d). Chlorite from the spessartite-piemontite schists (rhipidolite and
clinochlore) contain more MgO (up to 30.2 wt. %) and MnO (up to 1.4 wt. %) and less FeO (up to
5.4 wt. %) compared to chlorites from the amphibolitic host rocks (clinochlore and pycnochlorite)
(Table 1; Figure 3b). Using the chlorite geothermometer of Cathelineau (1988), it is suggested that
the chlorites in amphibolite-hosted fissures were formed at temperatures between 315 and 366 °C.
The Mn-rich chlorites from the spessartite-piemontite schists were formed at temperatures ranging
from 286 to 305 °C.

Feldspar group minerals are abundant in the alpinotype fissures from Thasos Island Sodium-rich
members (e.g. albite and oligoclase) occur in both piemontite-spessartite schists and amphibolites
and are absent from the gneisses (Figures 2b, e and 3c). Albite crystals are translucent or milky
colored and often twinned. Adularia (hydrothermal variety of K-feldspar), in translucent milky (up
to 1 cm) crystals, occurs in all studied fissures. Adularia coexists with hematite, titanite, quartz,
chlorite and spessartite, in the fissures of amphibolites and piemontite-spessartite schists (Figures
1d, e and 2 b, d, e). Paragneiss-, orthogneiss- and metapegmatite-hosted fissures contain adularia
in association with smoky quartz, sometimes twinned after the Manebach and Baveno laws. Adu-
laria contains up to 0.5 wt. % BaO in the structure (Table 1).

Epidote group minerals occur (a) in fissures hosted in piemontite-spessartite schists (Figure 2a),
(b) in amphibolite-hosted fissures together with chlorite forming radial aggregates of idiomorphic
green crystals up to 4 cm in size, and (c) pink-red coloured epidote-clinozoisite in fissures hosted
by clinozoisite-grossular calc-silicate layers (Figure 1f). Electron microprobe analyses are present-
ed in Table 1 and the results are plotted in Figure 3(d, e). Some epidotes-clinozoisites from the
amphibolite-hosted fissures are characterized by relatively high Ce,Os, Sc,0; and Cr,O; contents
(up to 4.4 wt. %, 1.2 wt. %, and 3.6 wt. % respectively). The fissures in the piemontite-spessartite
schists contain epidote with up to 2.3 wt. % Mn,O;. The Ce-, Cr- and Sc-rich epidotes have lower
percentage of Al (1.8 to 2.0 apfu) compared to all other epidotes (2.2-2.4 Al apfu), due to the sub-
stitution of trivalent Al by Ce, Cr and Sc (Table 1; Figure 3d). The pink-red colored epidotes from
the clinozoisite-grossular calc-silicate layers have low Mn,O5 content (up to 0.56 wt. %; Table 1).

Muscovite is present in minor amounts in amphibolite-hosted fissures (Figure 2b, c). It mainly
occurs in gneiss- and metapegmatite-hosted fissures, where it is intergrown with smoky and clear
quartz forming pseudohexagonal crystals, up to 2 cm (Figure 1h).

Phlogopite occurs in minor amounts in the amphibolite-hosted fissures. Electron microprobe anal-
yses (Table 1), indicate low TiO, probably in accordance to its hydrothermal origin.

Titanite forms olive-green-to yellow transparent crystals up to 0.3 cm. It accompanies adularia,
quartz and chlorite in amphibolite-hosted fissures (Figures 1d and 2a, e).

Tourmaline is present in amphibolite-hosted fissures and forms black crystals up to 4 cm length.
It is intergrown with chlorite, titanite and quartz.
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Hematite iron roses, up to 5 cm in size, occur in amphibolite-hosted fissures (Figure 2c). Hematite
is also abundant in piemontite-spessartite schists (Figures le and 2b). In gneiss- and
metapegmatite-hosted fissures, hematite is intergrown with smoky quartz and adularia.

Rutile needles up to 1 cm in length occur in amphibolite-hosted fissures together with hematite,
chlorite and quartz. They are usually enclosed, and/or intergrown with hematite (Figure 2c¢) con-
sidered to be the products of TiO, exsolution from previous ilmenite.

Calcite is present as euhedral crystals up to 4 cm in amphibolite-hosted fissures. They are often
hydrothermally corroded and accompany chlorite and quartz (Figure 1c).

Amphibole, apatite, zircon, sylvine and barite are observed only under the microscope (Figure
2) and are minor fissure minerals at Thasos. Electron microprobe analyses of amphibole are given
in Table 1 and the data are plotted in the magnesio-hornblende field of Figure 3f.

Figure 1 - (a) Amphibolite-hosted fissures with well-formed bleached alteration halo (white
area). (b, c) Amphibolite-hosted fissures with euhedral crystals of Tessin habit chloritized
quartz, clear quartz, hematite, calcite and chlorite. (d) Titanite and adularia coating the
walls of an amphibolite-hosted fissure. (¢) Hematite, spessartite, adularia and chlorite coat-
ing the wall of fissure of piemontite-spessartite schist. (f) fissures with manganese clinozo-
isite, quartz and grossular within a Mn-rich calc-silicate layer. (g) Orthogneiss-hosted fis-
sures with smoky quartz. (h) smoky quartz associated with muscovite. (i) Three generations
of prismatic quartz scepter.
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Figure 2 - Photomicrographs demonstrating mineralogical assemblages of alpine fissure con-
tent at Thasos (SEM-BSE images). (a,b) Piemontite-spessartite schist-hosted fissures contain-
ing chlorite (chl), garnet (gnt), hematite (hm), rutile (rt), albite (ab), adularia (ad), muscovite
(mus), epidote (ep). The garnet and epidote crystals contain tiny zircon (zr) inclusions. (c to
e) Amphibolite-hosted fissures with chlorite (chl), hematite (hm), epidote (ep), muscovite
(mus), albite (ab), titanite (tit), albite (ab), adularia (ad), rutile (rt), quartz (qz), apatite (ap),
amphibole (hbl) and sylvine (KCI). (f) Muscovite (mus) included in smoky quartz (qz) from a
gneiss-hosted fissure.

Figure 3 - (a) Compositions of garnet group minerals plotted in the Spess-Gross-
(Alm+Pyrope) ternary diagram. (b) Compositions of chlorite plotted in the Si - (Fe’*+Fe*")
discrimination diagram. (c) Analysed feldspars plotted in the Or-Ab-An discrimination dia-
gram. (d,e) Compositions of epidote plotted in the Al - (Ce+Cr+Sc) and Al — (Fe*'+Fe*") - Mn
and (f) Composition of hornblende. (Green squares = piemontite-spessartite quartzite, red
bullets and purple triangles = metabasite, orange squares = Mn-rich calc-silicate layers).
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Table 1 - Representative electron microprobe data of Chlorite (1-3), Muscovite (4), Phlogopite (5), Piemontite (6,7), Mn-clinozoisite, REE-rich
Epidote (10,11), Albite (12), Adularia (13,14), Oligoclase (15), Hornblende (16,17), Spessartite (18,19), Mn-grossular (20,21) (*: iron as Fe,0;),

(*manganese as Mn,053).

Wit% 1 2 3 1 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Si0, 26.61 29.66 30.05 42.57 38.12 38.66 3743 38.73 3931 3829 3672 67.60 6351 6456 62.57 4506 47.54 3647 3779 39.70 40.77
ALO; 22.88 2078 20.89 29.6 16.14 2435 2415 2637 2721 1885 1829 20.51 1877 17.95 23.03 10.61 9.65 2173 20.69 2246 23.72
MgO 224 2865 2843 1.61 1524 bd bd bd bD 013 032 bd bd bd bd 1419 1472 242 151 bd  0.01
FeO 1468 507 449 259 1204 *1121 *1127 *937 857 *1232 *1272 bd bd 0.8 024 1418 128 571 235 097 067
MnO 0.8 101 129 016 017 *1.41 *234 *056 034 bd bd bd bd bd 019 015 03 2675 3257 3.60 188
Ca0 bd 004 004 bd 078 2209 2156 2319 2300 19.3 1929 031 001 0.9 497 1179 11.75 587 451 33.08 34.08
K,0 bd bd bd 835 537 bd 020 bd bd 005 001 0. 1557 1625 027 04 034 bd  bd bd bd
Na,0O bd bd bd 073 bd bd Bd bd bd bd 001 1061 0.9 011 804 13 103 bd bd 031 0.3
TiO, 004 002 bd 06 19 0I5 028 001 0.1l bd bd bd bd bd bd 04 057 bd 04 bd bd
Cr0; bd 007 bd bd bd 003 Bd bd bd 331 361 bd bd bd bd 027 006 0.8 bd bd bd
V105 bd 008 bd bd bd bd bd bd bd bd bd bd bd bd bd bd bd 005 0.1l bd bd
BaO bd bd bd bd  bd bd bd bd bd bd bd 014 053 bd bd bd bd bd bd bd bd
S;05 bd  bd  bd  bd  bd bd bd bd bd 11 079 bd bd bd bd bd bd bd bd bd bd
Ce;05 bd bd  bd  bd bd bd bd bd bd 296 441 bd bd bd bd bd bd bd  bd bd bd
Total 8679 8538 85.19 8621 89.76 97.90 9723 9832  98.63 9614  96.18 99.37 98.58 99.24 99.32 9835 98.76 99.18 99.93 100.12 100.89

28(0) 28(0) 28(0) 22(0) 22(0) 12.5(0) 12.5(0) 12.5(0) 12.5(0) 12.50) 12.5(0) 8(0) 8(0) 8(0) 8(0) 23(0) 23(0) 24(0) 24(0) 24(0) 24(0)
Si 534 576 584 623 561 312 308 307 310 315 306 297 298 301 28 644 667 588 607 598 605
Al 542 476 478 51 279 231 234 226 253 18 179 106 104 099 121 1.8 1.61 413 391 398 407
Mg 67 83 822 037 334 000 000 000 000 000 004 000 000 000 000 303 311 058 036 000 0.000
Fe 246 082 072 033 147 076 078 063 056 081 085 000 000 000 000 153 134 077 031 012 0.09
Mn 000 016 022 000 000 009 014 004 002 000 000 000 000 000 000 000 000 365 442 046 024
Ca 000 000 000 000 011 191 190 197 194 169 173 00l 000 000 024 18 176 101 077 535 542
Na 000 000 000 022 000 000 000 000 000 000 000 09 002 000 069 035 027 000 000 009 003
K 000 000 000 1.54 099 000 000 000 000 000 000 000 093 097 - 008 008 000 000 000 0.00
Ti 000 000 000 007 022 000 000 000 000 000 000 000 000 000 000 000 008 000 005 000 0.00
Cr 000 000 000 000 000 000 000 000 000 021 023 000 000 000 000 000 000 000 000 000 0.0
Sc 000 000 000 000 000 000 000 000 000 008 006 000 000 000 000 000 000 000 000 000 0.0
Ce 000 000 000 000 000 000 000 000 000 008 013 000 000 000 000 000 000 000 000 000 0.0
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5. Discussion

Previous work on alpinotype fissure vein mineralization suggest that their formation started
after the peak metamorphic conditions and is mainly related to retrograde evolution from
fluid circulation during the final stages of continental collision (Mullis et al., 1994). In
Thasos Island, the formation of alpinotype fissures is closely related to the exhumation of
the Southern Rhodope Metamorphic Core Complex during the Oligocene-Miocene (Brun
and Sokoutis, 2007). At Thasos the mineralized extensional fissures occur close to the
thrust fault separating the lower from the intermediate units and are probably related to a
reactivation of this fault as a low-angle detachment during the exhumation stage (Brun and
Sokoutis, 2007).

The presence of various forms of quartz, even in the same fissure, indicates several stages
of deposition under fluctuating hydrothermal conditions. Changes in pressure, temperature
and fluid composition, may have caused the variation in the observed mineralogical assem-
blages. Following initial deposition of Tessin-habit quartz crystals, later inputs of hydro-
thermal fluids in the fissures, resulted in partial dissolution of Tessin-habit crystals (under
formation of skeletal quartz), overgrowths of scepter crystals, and/or intergrowth with sev-
eral minerals as for example chlorite, muscovite, etc. The wallrock alteration halo surround-
ing the alpinotype fissures, suggest hydothermal leaching of chemical components from the
host rocks and their contribution within the fissures, as already proposed by Niedermayer
(1993).

The minerals within the alpinotype fissures of Thasos were probably started to form at
temperatures between about 370 ° and 290 °C, as indicated by the geothermometry of
chlorite associated with Tessin-habit quartz. Fluid inclusion data are not yet available for
Thasos quartz, but the above temperatures are quite close to those obtained from fluid
inclusion data of similar Tessin-habit smoky quartz at the neighboring Dassoto, Drama area
(T}, between 300 and 380 °C; Melfos and Voudouris, 2006). This temperarute range also fits
very well to crystallization temperatures from Tessin-habit quartz from the Kavala,
intrusion-related Bi-Te-Au deposit (Fornadel et al., 2011).

It has been suggested by Stalder and Touray (1970), Mullis (1975) and Mullis et al. (1994,
2001) that Tessin-habit quartz in the Alps can only be formed under high fCO, values of the
hyodrothermal solutions. This is in accordance with available data from Dassoto and
Kavala, where CO, bearing fluid inclusions occur in the Tessin-habit crystals (Melfos and
Voudouris, 2006; Melfos et al., 2008; Fornadel et al., 2011). CO,-bearing fluid must have
prevailed during crystallization of Tessin-habit quartz in Thasos island and this should have
taken place in the transition from a compressional to an extensional tectonic regime, as is
the case in the central Alps (Heijboer, 2006; Heijboer et al., 2003). Late incursion of
meteoric and/or seawater at depth may have caused the crystallization of the prismatic-habit
quartz scepters at lower temperatures from NaCl- and KCl-bearing hydrothermal fluids (as
suggested by Mullis et al., 1994).

Thasos Island (and Dassoto area of Drama) is to our knowledge a unique case among the
Alpine fissure occurrences in Europe, where two types of quartz crystals (with both
prismatic and Tessin-habit) coexist in the same fissure. Usually in the Alps these two types
of quartz crystals occur in different fissures, as a result of deposition under different stress
fields (Heijboer, 2006; Heijboer et al., 2003). The common characteristics of Alpinotype
fissure quartz in Northern Greece (Dasoto, Thasos and Kavala) suggest common
tectonometamorphic evolution during the exhumation of Southern Rhodope Core Complex.
Future fluid inclusion, isotopic and geochronological studies will help better understand the
genetic implications of alpinotype fissure minerals in Thasos Island and the broad Rhodope
complex. Some fissure minerals on Thasos can be considered as gemstones. Alternatively
the areas hosting alpinotype fissures should be considered as a Geotope and protected by
integrating in a mineralogical Geopark under promotion of sustainable development in the
area.
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