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Abstract 

A previously undescribed tourmalinite rock consisting of tourmaline-rich veins and 

breccias occurs within the Lower Miocene Symvolon-Kavala granodiorite pluton, 

which intrudes the Lower Tectonic Unit of the Rhodope Metamorphic Province. 

Tourmaline, usually with crypto- to micro-crystalline grain size, is abundant within 

the matrix of breccias, also forming along with quartz and host rock clasts massive 

veins and injections in the fractures of the pluton. Field relations indicate that the 

tourmaline veins and breccias most likely formed in a brittle deformation regime, 

overprinting the previously developed foliation of the pluton. In addition, 

mineralogical and textural observations indicate that the precipitation of tourmaline 

was a result of cooling of B-rich hydrothermal fluids, implying for a possible 

magmatic-hydrothermal origin for the studied tourmalinite. 

Keywords: Tourmaline, hydrothermal, fluid, metasomatism, cataclasite. 

Περίληψη 

Περιγράφεται για πρώτη φορά η παρουσία ενός τουρμαλινίτη με τη μορφή φλεβών και 

λατυποπαγών που εμφανίζεται μέσα στον Κατω-Μειοκαινικό γρανοδιοριτικό 

πλουτωνίτη της Καβάλας, ο οποίος διεισδύει στην κατώτερη τεκτονική ενότητα της 

ζώνης της Ροδόπης. Ο τουρμαλίνης, που συνήθως είναι κρυπτο- ως 

μικροκρυσταλλικός, είναι άφθονος στην κύρια μάζα των λατυποπαγών, ενώ απαντά 

ακόμη μαζί με κλάστες χαλαζία και γρανοδιορίτη σε μορφή συμπαγών φλεβών και 

εγχύσεων μέσα σε ρωγμές του πλουτωνίτη. Με βάση παρατηρήσεις υπαίθρου το 

σύστημα με τα τουρμαλινικά λατυποπαγή συνήθως διακόπτει την προϋπάρχουσα 

φύλλωση του πλουτωνίτη, υποδεικνύοντας πιθανή δημιουργία σε καθεστώς εύθραυστης 

παραμόρφωσης. Επιπρόσθετα, ορυκτολογικές και ιστολογικές παρατηρήσεις οδηγούν 

στο συμπέρασμα πως η απόθεση του τουρμαλίνη έγινε λόγω της απόψυξης πλούσιων σε 

βόριο υδροθερμικών ρευστών, υποδεικνύοντας μια πιθανή μαγματική-υδροθερμική 

προέλευση για  τoυς υπό εξέταση τουρμαλινίτες. 

Λέξεις κλειδιά: Τουρμαλινίτης, υδροθερμικό, ρευστό, μετασωμάτωση, κατακλασίτης. 

1. Introduction 

Although tourmaline is a common accessory phase in igneous, metamorphic and sedimentary rocks, 

it can locally become the main constituent of particular rock-types, such as tourmalinite (e.g., Slack 

et al., 1984), tourmaline-bearing granite, pegmatite, greisen (e.g.,Trumbull and Chaussidon, 1999), 
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tourmaline-quartz breccias and breccia pipes within granites (e.g., London and Manning, 1995, 

Williamson et al., 2000) and metasomatic blackwalls around eclogite knockers within serpentinite 

mélanges (e.g., Altherr et al., 2004; Marschall et al., 2006). Tourmaline can be formed as a magmatic 

mineral, as a subsolidus phase and as a late hydrothermal mineral, especially at the exocontacts of 

granitoid plutons. The presence of tourmalines is a marker of high B activity and their chemical 

composition reflects the character of source rocks and might help to define the origin of the boron 

(Henry and Guidotti 1985; van Hinsberg et al., 2011a, b). 

Tourmalinite, commonly consisting of tourmaline-quartz assemblages, usually forms cross-cutting 

veins and veinlets as well as pervasive replacements on a very fine scale, so that the smallest features 

and textures are perfectly preserved. Tourmalinization, is a special kind of alteration, characteristic 

of W-Sn deposits, which is commonly related to the emplacement and crystallization of peraluminus 

granitic magmas, with the possibility that the B-enrichment can be derived from a source containing 

evaporites or tourmaline-rich protolith (Harlov and Austrheim, 2013). Boron in granitic magma, 

particularly in combination with P and F, increases intensely the solubility of H2O, and reduces the 

viscosity of melt. This effects in enhanced partitioning of B into the fluid phase, the incremental 

solubility of silica in the fluid phase and high hydrostatic pressure during final crystallization 

(Pollard et al., 1987; London, 2009). The circulation of the released B-rich fluids from the 

crystallizing granitoid magma, in the contact aureoles causes metasomatic reactions 

(tourmalinization and silicification) and/or hydrofracturing in both the granite and the host rocks 

(Müller and Halls, 2005; Dini et al., 2008; Slack and Trumbull, 2011). When the internal pressure 

of the fluids exceeds the lithostatic load, the hydrofracturing triggers a breccia pipe and stockwork 

formation, usually associated with Cu, Au, Mo, Zn and Sn ores and barren types, at the apices of 

granitic bodies (Derham and Feely, 1988; Williamson et al., 2000; Skewes et al., 2003; Dini et al., 

2008; Feely et al., 2010). In the hydrofractured zones the solid rocks are fragmented and cemented 

by minerals crystallizing from the exsolved fluid, forming tourmaline-bearing breccias (Skewes et 

al., 2003; Müller and Halls, 2005; Dini et al., 2008). 

In this study we present juvenile mineralogical and textural data of a previously undescribed system 

of tourmalinite veins and tourmaline-rich breccias from selected outcrops inside the Symvolon-

Kavala granodiorite pluton, Northern Greece. Some preliminary implications for the petrogenesis 

of these peculiar and rarely found tourmaline-rich rocks are herein also reported. 

2. Regional Geology 

The Rhodope Metamorphic Province (RMP) is a polymetamorphic geological complex located in 

northeast Greece to southwest Bulgaria, in the hinterland of the Hellenic Subduction System (Burg 

et al., 1990; Bonev et al., 2006; Krenn et al., 2010; Jahn-Awe et al., 2010; Nagel et al., 2011). RMP 

consists of three allochthon tectonic units (Lower, Middle and Upper) and is bordered by 

Servomacedonian Massif in the west and Circum-Rhodope Belt in the east (e.g. Krohe and Mposkos, 

2002; Bonev et al., 2006; Froitzhaim et al., 2014). Several metamorphic core complexes have been 

recognized in these units. The studied tourmaline-rich rocks of the Symvolon-Kavala pluton are 

located within the Southern Rhodope Core Complex (SRCC) representing the Lower Tectonic Unit 

(LTU), which is also named as Pangaeon Unit. The LTU, which comprises massive marbles, 

micaceous gneisses, mica schists, calc-silicate schists and amphibolites, was metamorphosed up to 

the upper greenschist / lower amphibolite facies. The Middle and Upper tectonic units have been 

metamorphosed up to ultra high pressure conditions, while during retrogration migmatization, as 

well as granulite to amphibolite and greenschist facies assemblanges formed. 

Cenozoic igneous activity in the Rhodope is represented by Oligocene to Miocene volcanic rocks 

and Upper Eocene to Middle Miocene plutonic rocks. Plutonic rocks, mainly monzonite and 

granodiorite with lesser amounts of gabbro, are widespread in the Rhodope, although they dominate 

in the eastern and central parts (e.g., Christofides, 1995; Dinter et al., 1995; Eleftheriadis and 

Koroneos, 2003). In Kavala area the metamorphic rocks of the LTU of RMP were concordantly to 
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discordantly intruded by the Kavala-Symvolon pluton along the SW-NE trend of the Kavala–

Komotini fault zone (Dimadis and Zachos, 1989). Kokkinakis (1977) suggests that the pluton is 

mainly consisting of hornblende-biotite granitic and granodioritic blastomylonites, occupying 

respectively the northern and the southern part of the pluton (Fig. 1). Other subordinate lithologies 

of the pluton include tonalitic, quartz monzonitic and quartz monzodioritic compositions. Both the 

pluton and the country rock are penetrated by aplitic, pegmatitic and more basic usually porphyritic 

dikes, the latter having an average modal composition of biotite-hornblende quartz monzodiorite. 

According to Christofides (1995) and Neiva et al., (1996) the pluton is a metaluminous, alpine I-

type granodiorite intrusion, with lensoidal enclaves of metaluminous tonalite and diorite particularly 

towards its margins. Geochronological data based on U-Pb dating of titanite and 40Ar/39Ar dating of 

hornblende yielded an about 21 Ma, emplacement age for Kavala pluton (Dinter et al., 1995). The 

K-Ar biotite ages of 15.5±0.5 Ma (Dinter and Royden, 1993) and 17.8± 0.8 Ma (Kokkinakis, 1980) 

along with the 14-16 Ma Rb-Sr biotite age (Kyriakopoulos et al., 1989) originally suggested as reset 

metamorphic ages, are in fact the cooling ages related to the emergence of the SRCC in the footwall 

of the Strymon valley detachment system. 

 

Figure 1 - Simplified geological map of the Symvolon-Kavala pluton (modified after 

Kokkinakis (1977) and Neiva et al. (1996). Sample locations are shown with the filled star 

symbol. 

2.1. Tourmaline-rich rocks 

The studied tourmaline-rich rocks occur with different frequency in the plutonic and metamorphic 

rocks occurring nearby Kavala city and the Symvolon Mt (Fig. 1). They are mainly found in three 

different forms: a) massive veins, b) cataclasites/breccias and c) injection veins (Fig. 2). The massive 

tourmaline veins have a blue-black colour and are completely aphanitic with a glassy fabric (Fig. 

2a), which makes the discrimination from pseudotachylites extremely difficult without laboratory 

X-ray diffraction methods. In cataclasites/breccias the angular clasts have a granitic or pure quartz 

composition, while tourmaline constitutes their matrix. This second rock type also shows a vein or 
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layered structure with thickness that varies from few mm to about one meter. Their tourmaline 

matrix, which also shows a dark blue to black colour, is locally disrupted by the grey to white clasts 

occurring with greater abundance in breccias thicker than 1 cm (Fig. 2b, c). Tourmaline injection 

veins (Fig. 2d) are commonly developed into a complicated network, which finally seems to 

feed/infiltrates the breccias. Another type of tourmaline-rich rock maybe represented by fracture 

filling tourmaline-rich material spatially associated with microfault and joint systems. It frequently 

has a thickness not exceeding few cm and a mirror like polished surface with slickensides indicating 

a movement which is postdating the tourmaline precipitation. 

The most important occurrence of the tourmaline-rich rocks is in the area of Mavri Petra in the 

Symvolon Mt (sample locations Kv1-Kv5, in Fig. 1). In this area the massive veins and breccias are 

abundant and are found within the granodioritic blastomylonite, and in close spatial association with 

aplitic dikes. The tourmaline-rich vein system is mostly developed along a NW-SE to NNW-SSE 

trend with moderate to steep dip angles (Fig.2a), under a brittle deformation regime. Field relations 

show that the tourmaline bearing cataclastic system seems to be overprinting the previous mylonitic 

foliation of the pluton. 

 

Figure 2 - Outcrop photographs of the tourmaline-rich rocks in the field. Fine-grained 

tourmaline is found in the forms of: a) massive veins, b, c) matrix within granitic 

cataclasites/breccias and d) injection veins. Field of view for picture (c) is about 1m. 

3. Materials and Methods 

Fifteen samples of tourmaline-rich rocks (both veins and breccias) and host granodiorite were 

pulverized for X-Ray Diffraction analysis, obtained using a SIEMENS D-5005 type diffractometer 

with Cu tube, in order to verify the presence of tourmaline. The mineralogical phases were 

determined with the software DIFRAC PLUS 2004, EVA ver. 10 at the laboratories of the NKUA, 

Faculty of Geology and Geo-Εnvironment. Except the evaluation of the bulk mineralogy on the 

XRD, more than twenty-five thin sections of the most representative tourmaline bearing rocks were 
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constructed in order to investigate the textural relationships of the studied material mostly under a 

ZEISS AXIOSKOP 40 polarizing microscope. 

4. Results 

4.1. X-Ray Diffraction analysis 

X-Ray Diffraction patterns of orientated powder mounts revealed the bulk mineralogy of the 

massive tourmaline veins and tourmaline breccias. Tourmaline and quartz are essentially present in 

all the studied samples. Other components are orthoclase, plagioclase and white mica, which 

represent alongside quartz the granodioritic clasts inside the breccias. Based on XRD patterns 

morphology and recognized mineral phases we can divide the studied samples in two groups: Group 

1 (Fig. 3a), represented by samples composed only of tourmaline and quartz and Group 2 (Fig. 3b) 

where tourmaline coexists with quartz, orthoclase, albite and white mica. In combination with hand 

specimen and thin section petrography Group 1 samples are interpreted as massive tourmaline-

quartz veins and Group 2 as tourmaline-cemented granodioritic breccias. However, as semi-

quantitative analysis reveals the tourmaline amount in both groups exceeds 15%, moreover being 

higher than 50% in massive veins, most of the studied rocks can be characterized as tourmalinites 

(cf. Harlov and Austrheim, 2013). 

 

 

Figure 3 - XRD patterns of two selected tourmalinite samples (Kv15-9B, Kv15-18). 

4.1.2 Petrography 

All the studied samples are mainly composed of angular granodioritic rock fragments, mineral clasts 

and a fine-grained to aphanitic matrix. Even the massive tourmaline veins reveal under the 

microscope a cataclastic texture, in a similar manner as the tourmaline breccias. Microscopic 

textures are quite similar to macroscopic-scale textures, and effects of brittle deformation and 

cataclasis are very clear in most of the samples. Clear evidence of ductile deformation seems to be 

absent from the studied samples, in contrast to the host granodiorite, which presents a well-defined 

gneissic texture. However, in places tourmaline crystals and quartz fragments present orientation of 

their elongated c-axes. 

The clastic material inside the breccias is mainly composed of angular to subrounded granodioritic 

fragments and monomineralic clasts, mainly quartz and K-feldspar, derived from the host rocks, 

giving the rock a poorly sorted appearance (Fig.4a). The fragments are characterized by ribbon 

quartz textures, K-feldspars with deformation twins and domino fragmented porphyroclasts of K-

feldspars and plagioclase (Fig.4b). It should be noticed that plagioclase occurs mainly inside the 

rock clasts, and it is nearly absent in the form of isolated grains inside the matrix. Quartz generally 

has angular outlines with numerous internal fractures; recrystallization and subgrain formations are 

visible and undulose extinction is widespread. 
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Between the rock and mineral fragments, a fine-grained to aphanitic tourmaline-rich matrix is 

present covering at least 15% of the surface in the studied thin sections (see Fig.4a). 

 

Figure 4 - Photomicrographs of the studied samples under the polarizing microscope: 

a)Typical view of the tourmaline-breccias showing abundant rock and mineral fragments 

embedded in a aphanitic tourmaline matrix (KV15/9, PPL), b) Angular fragment of the host 

granodiorite (KV15/9, XPL), c) Euhedral tourmaline microcrystals of the matrix 

surrounding subrounded quartz clasts (KV15/9, PPL), d) Tabular, subhedral tourmaline 

crystal with distinct zoning surrounded by the matrix (KV15/9, PPL), e) Orbicular 

intergrowth of tourmaline and quartz crystals (KV15/9, XPL), f) White mica + K-feldspar + 

quartz veinlet crosscutting the matrix of the tourmaline breccias (KV15/18, XPL). 
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The tourmaline-rich matrix appears with a light- to dark green color under plane polarized light and 

with a blue-green color in crossed polars, presenting subsequently a weak to moderate green 

pleochroism. In some cases, the aphanitic matrix appears nearly isotropic. Under high magnifications 

(500x), tiny (up to 30 μm long and 5-10 μm wide) euhedral to subherdral tiny tourmaline crystals are 

present, forming a nearly equigranular crypto- to microcrystalline matrix (Fig.4c). Besides the 

aphanitic matrix, tourmaline is present in two other distinct but rarely occurring forms in the studied 

thin sections, namely zoned and orbicular tourmalines. Zoned tourmalines are subhedral to anhedral, 

elongated (up to 120 μm long), corroded tourmaline crystals with distinct zonation. They are present 

within the aphanitic matrix (Fig.4d) forming a microporphyric texture, resembling clasts in a similar 

manner with the host rock fragments. The orbicular tourmalines consist of light green euhedral 

tourmaline microcrystals surrounding a core of undeformed quartz grains (Fig.4e). 

Another noteworthy petrographic feature is the presence of secondary quartz, K-feldspar and white 

mica in fractures and veinlets with crosscutting relation to the tourmaline matrix (Fig.4f). 

5. Discussion and Conclusions 

The tourmalinite rocks of the Symvolon-Kavala pluton, can be broadly classified as magmatic-

hydrothermal breccias, as they match distinguishing criteria such as the presence of angular to 

subrounded rock fragments and high temperature cementing phases (Sillitoe, 1985; Lawless et al., 

1998). Lawless et al. (1990) suggested that this kind of breccias are likely formed by the release of 

juvenile magmatic volatiles derived from partial melting of crustal rocks. 

Field relations indicate formation rather in a brittle deformation regime, postdating the 

mylonitization event, which is responsible for the widespread gneissic texture of the intrusion. The 

locally occurring oriented c-axes of tourmaline crystals and quartz can be interpreted as a result of 

cataclastic flow. Hydrofracturing of the granodioritic host rock and fracture propagation seems to 

be a result of B-rich hydrothermal solution responsible for the pervasive tourmalinization. This is 

commonly resulting from the formation of mineralized or barren breccias pipes and stockworks 

around granitic cupolas. These structures lack from the study area, probably due to focused fluid 

flow within shear zones parallel to the regional NW-SE trending, as suggested by Demirel et al. 

(2009) for a similar case within the Kerkenez monzonite-granite massif (Central Anatolian 

Crystalline Complex, Turkey). 

Mineralogical and textural observations during this study, revealed two types of tourmaline-bearing 

rocks: a) tourmaline-cemented granitic breccias and b) massive tourmaline-quartz veins. Massive 

tourmaline-quartz veins are depleted in material derived from the host rock, probably due to high 

water/rock ratios. Penetrative B-rich fluid circulation triggered metasomatic reactions that resulted 

in the precipitation of tourmaline in the aphanitic matrix. Although replacement textures have not 

been observed, the absence of biotite and hornblende from the studied samples, could be attributed 

to the formation of idiomorphic tiny tourmaline crystals at the expense of biotite and hornblende. 

The decomposition of the later phases could have probably contributed to the offer of the essential 

Fe and Mg amounts for the tourmaline crystallization. The small size of tourmaline, combined with 

its great abundance, indicates precipitation from a rapidly cooling hydrothermal fluid under high 

nucleation and low crystal growth rates. 

Corroded tourmaline porphyroclasts (up to 120 μm) within the aphanitic matrix (see Fig.4d) may 

represent an early boron-rich metasomatic event, as tourmaline has not been identified as an 

accessory phase in the magmatic rocks of the study area. In opposite, euhedral tourmaline crystals 

followed by crystallization of undeformed quartz grains may indicate formation within open space 

miarolithic microcavities under low pressure and by late stage boron-bearing fluids. In addition, the 

presence of white mica, K-feldspar and quartz in late veinlets crosscutting the tourmaline matrix 

probably suggests that the circulation of hydrothermal fluids is continued after the successive 

tourmalinization events. 
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The preliminary results presented in this study, verify the presence of tourmaline in the studied 

breccias and suggest a magmatic-hydrothermal origin. Several plausible scenarios can be suggested 

for the source of boron, including exsolution of B-rich magmatic-hydrothermal fluids from the host 

granodioritic rock. Upcoming work should include detailed electron probe microscopy in order to 

classify the tourmaline species and make more accurate hypothesis for their formation environment. 

In addition, stable and radiogenic isotopic studies, which also are anticipated for the near future, can 

provide valuable information about the source of boron and the genetic relationship of the breccias 

with the host granodiorite. 
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