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OLIGOCENE FOSSIL WOOD FROM RHODOPES, BULGARIA 

 
Stănilă Iamandei1*, Eugenia Iamandei1, Vladimir Bozukov2 & Boris Tsenov2 

 
Abstract This paper presents the palaeoxylotomical study of silicified wood specimens found in Nanovitsa 

depression, Eastern Rhodope Mts. In this area, a Petrified Forest has been described, hosted by an Oligocene volcano-

sedimentary formation. The Petrified Forest occurs in a deep gorge, east of Momchilgrad, and is represented by 

petrified wood remains occurring on both sides of the gorge. The palaeoxylological study of these first samples 

indicates the presence of evergreen oaks, identified as Quercoxylon intermedium Petrescu & Velitzelos. 
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INTRODUCTION 

 

Several specimens of fossil wood coming from Kardjali 

region, Nanovitsa depression, in the eastern Rhodopes 

Mts. (Fig. 1) were palaeoxylotomically studied. In the 

Kardjali region, a Petrified Forest was identified (locally 

named Vkamenenata Gora), extending over an area of 

about 7.5 hectares in a deep gorge, called by locals Gabaz 

gulch, close to Raven, Bivoljane, Tatul and Nanovitsa 

villages (Fig. 2), east of Momchilgrad.  

 

 

Fig. 1 Schematic geological map of the Eastern Rhodopes 

showing the metamorphic dome structures and the major 

volcanic areas (from Marchev et al., 2004) 

The petrified tree trunks appear on both sides of the 

gorge, distributed on a distance of more than 120 m. In 

Raven locality even upright petrified trees were observed. 

The entire site was declared a "landmark" category 

protected site since 1970, and it is located in the Borovets  

 

 

 

Fig. 2 Simplified geologic map of the Nanovitsa depression, 

showing the location of the Petrified Forest (from Georgiev & 

Marchev, 2005). 

Natural Reserve established for Turkish pine and oak 

(Harkovska, 1992; Georgiev & Marchev, 2005). 

The Vkamenenata Gora Petrified Forest is hosted by an 

Oligocene volcano-sedimentary formation. The 

Nanovitsa depression preserves a series of pyroclastic 

rocks derived from large-scale acidic Oligocene eruptions 

(around 31 Ma in age). The intra-depression acidic tuffs 

overlie the Zvezdel, Dambalak and Sveti Ilia intermediate 

lava flows, as well as the pyroclastic rocks of the 

Borovitsa volcanic area, dated at 31.8 Ma. The 

pyroclastic sequence consists of two ignimbrite units (of 

Raven and Sapdere type) and one mixed unit comprising 

air-fall tuffs and epiclastic rocks (the Tatul rhyolitic 

tuffs). The air-fall deposits (Fig. 3) buried a forest with 

giant trees, sometimes of more than 4 m in diameter (see 

Fig. 4). Vkamenenata Gora (the Petrified Forest), was  
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communicated firstly by Harkovska et al. (1992), as 

situated in the upper levels of the rhyolitic tuffs, 

northwest from the village of Tatul (Georgiev & 

Marchev, 2005). 

 

 

 

There are more than twenty stumps of petrified or 

charcoalified trees, reaching heights of 1 to 1.5 m and 

variable thickness. The upright or sub-vertical stumps are 

usually well silicified and show well-preserved wood 

structure. Numerous sub-horizontal charcoalified 

 

Fig. 3 Sapdere canyon, where the stratified rhyolitic tuffs and the four units of “Sapdere ignimbrites” appear  

(from Georgiev & Marchev, 2005). 

 

Fig. 4 Huge silicified trunk preserved in “Sapdere ignimbrites” (photo). 
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branches are also present in the transitional level between 

the air-fall tuffs and the ignimbrites, as well as radial 

cracks and gas-escape structures above the branches, 

suggesting a quick deposition of both the air-fall tuffs and 

the ignimbrites from an eruption column (Georgiev & 

Marchev, 2005). 

The relative age of Petrified Forest was established by 

macropalaeontological studies, based on the large number 

of mollusks, present in large number around the trunks. 

Actually, the central and northwestern parts of the 

depression are occupied by several bodies of organogenic 

(reef) limestone, overlying the rhyolitic tuffs. The 

presence of reef limestones suggests a shallow marine 

Palaeogene basin developed under a warm climate and 

normal salinity (Boyanov & Goranov, 2001). 

The studied material is represented by several fragments 

of silicified wood collected by two of the co-authors from 

different trunks (see Fig. 5). The nature of the fossils 

imposes the employment of adequate preparation and 

study methodology, namely palaeoxylotomy. It implies 

cutting of oriented thin sections of petrographic type 

followed by their microscopic study under transmitted 

light, to allow detailed observation and description of the 

internal structure, as well as capture of microscopic 

images of specific taxonomic details, followed by a 

comparative study using similar extant or fossil taxa from 

the available literature. 

The main result of the palaeoxylotomical study is 

materialized by the identification of morphotaxa that 

represent fossil equivalents of extant tree types, allowing 

the identification of new tree taxa in the Oligocene 

Petrified Forest from Nanovitsa depression; furthermore, 

these taxonomic identifications offer the possibility of 

palaeoclimatic and palaeoenvironmental reconstructions, 

based on the environmental requirements of their extant 

relatives. The newly identified taxa also add to the 

growing body of knowledge concerning the Bulgarian 

fossil flora. 

 

 

 

SYSTEMATICS 

 

Phylum Magnoliophyta Cronquist, Takhtajan & 

Zimmermann ex Reveal 

Family Fagaceae Dumortier 

Genus Quercoxylon (Kräusel) Gros, 1988 

Quercoxylon intermedium Petrescu & Velitzelos, 1981  

Fig. 6a-i, Fig. 7a-i, Fig. 8a-i. 

 

Material:  

The studied material is represented by five silicified 

wood fragments collected from Kardjali region, 

Nanovitsa depression, close to Raven, eastern Rhodope 

Mts., from five trunks found in situ in the Petrified Forest 

(Vkamenenata Gora). The sampled trunkswere numbered 

1–5 in the field; the thin slides are registered and kept in 

the National Geological Museum (NGM-IGR) of 

Bucharest, under the numbers 1244-1248. Their 

description is synthetic, based on all available specimens 

(Fig. 5) 

 

Microscopic   description  

In cross section, the wood structure is not typically ring-

porous, instead resembling a semi-ring-porous structure. 

It presents not always very distinct growth rings. The 

vessels are large, rounded and thick-walled in the early 

wood; they gradually diminish in size towards the late 

wood, although often remaining rather large. The vessels 

usually appear exclusively solitary, arranged in radial or 

slightly dendritic patterns, or even irregular to diffuse, in 

a ground tissue of thick-walled libriform fibers and 

parenchyma. The cross section of early wood vessels is 

round to oval, often deformed or radially elongate. Their 

lumina varies between 200–350 µm in diameter, rarely 

reaching up to 400 µm, while the smaller vessels from the 

late wood are usually rounded or slightly polygonal, 

sometimes star-like, and with diameters varying between 

40–150 µm.  

 

 

 

 
Fig. 5 Photos of the sampled trunk fragments in the field. 
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The wall of the vessels is thick to moderately thick: 3–5 

µm the simple wall (see Figs. 6a-c, 7a-c and 8a-i). Simple 

perforations on tilted plates are present and numerous 

bordered pits are visible on the vessel walls, 

corresponding to those of the vasicentric parenchyma. 

The pits are circular to oval, of 4.5–6 µm in diameter, 

opposite, sub-opposite to slightly alternate, and crowded. 

Helical thickenings are not visible. Mean vessel elements, 

difficult to measure, range from 350 to 800 µm. Thin 

walled, large and folded tyloses are often visible inside 

the vessels. Pore frequency varies between 3–5 vessels 

per square millimeter in the early wood, and between 7-

14 in the late wood; there are portions without vessels or 

with numerous vessels diffusely arranged. 

The mixed ground tissue is constituted from parenchyma 

and fibers; these are often difficult to identify from each 

other, due to bad preservation.  

Axial parenchyma of apotracheal type is present in cross 

section; it is either diffuse, scattered among the fibers, or 

else diffuse-in-aggregates or in short lines. In longitudinal 

section, dark tanninous content is present (Fig. 7g) and is 

often chambered and crystalliferous, as short vertical 

rows of (up to 12) hypertrophied chambers hosting large 

crystals (see Figs. 6e-h, 7f-g). The paratraheal 

parenchyma is less visible in cross section, but clearly 

appears in longitudinal view; it is closely appressed to the 

vessels and pitted. 

Libriform fibres, transversally seen, appear in radial 

regular rows, are relatively thick walled and, 

longitudinally viewed, are pitted and non-septated. 

The rays are two sized and appear in cross section linear 

or slightly undulated in the early wood. There is a class of 

fine rays, uniseriate and biseriate, low and numerous; and 

a second size class, which include multiseriate rays, (13–

20 cells wide, i. e. up to 300–350 µm in width), often 

taller than 1 mm, and usually dissected by libriform fibers 

giving them a typical aspect of compound-aggregate or 

even aggregate rays (Figs. 6d, 7d-e); these occur at 

relatively uniform and large intervals. They consist of 

rounded to polygonal cells; these are unequal in size (8–

15µm) and rather thin-walled (2–3 µm the width of the 

double wall). The ray density is variable, varying 

between 10–20 rays on tangential millimeter. In radial 

view the rays are slightly heterocellular, showing 

procumbent cells in the median part, followed by squared 

to upright cells in the external part (Figs. 6h-i, 7h-i). In 

the cross fields, numerous rectangular or vertical elliptic 

large pits arranged “in palisades” as typical for oaks, are 

sometimes visible (Figs. 6i, 7hi) Often, gum remains and 

solitary crystals are present inside the ray cells (Fig. 6h). 

 

Affinities and discussions 

The semi-ring porous wood structure with broad rays, 

seen in the cross section of the studied specimens, 

indicates a possible member of Fagaceae, while the two-

sized rays, the aspect of the vessels, and their 

arrangement in radial rows or slightly dendritically, 

suggest an oak-tree type structure.  

While studying Bulgarian fossil oaks, Hadziev & Mädel 

(1962) have separated the extant quercineous 

correspondents into four structural types, as follows: 

 “Weisseichen” (the white oak type), comprising 

most of the species included in the Lepidobalanus 

section (in fact Mesobalanus), segregated as a group 

now present in Europe, Asia, North Africa, and 

characterized by ring porous structure with small, 

polygonal, thin walled latewood vessels. 

 “Roteichen” (red oak type), comprising the species 

of the Eritrobalanus section (in fact Lobatae 

section, as well as some species of the 

Lepidobalanoideae, characterized by ring porous 

structure and relatively large, round, thick walled 

late wood vessels. 

 The "evergreen oak" type, including species of 

Quercus and Lithocarpus, with porous (diffuse) or 

semi-ring porous structure, the relatively small and 

spaced vessels often being radially arranged. 

 The "root wood" oak type, corresponding to all the 

oak types, having diffuse-porous structure, and large 

and crowded pores. 

Privé-Gill (1975), in perfect accord with Hadziev & 

Mädel (1962), observed that the oak wood is 

characterized by more or less dendritically distributed 

vessels in radial rows and with simple perforations. She 

also emphasized that two-sized rays (multiseriate, very 

broad, respectively finer, uni or biseriate) are usually 

present in the extant Quercus L. and in Lithocarpus 

Blume (= Pasania Oersted), genera that include dozens of 

species growing in temperate to warm regions of the 

northern hemisphere. Their structure could be also diffuse 

porous, which is characteristic for the evergreen species, 

while the ring-porous structure characterizes the 

deciduous species of Quercus and the most septentrional 

species of Lithocarpus. In the root wood, the deciduous 

species often tend to lose their ring-porousness and to 

become similar to the evergreen species, and the broad 

rays become divided into false rays, i.e. aggregate rays 

(Privé-Gill, 1975). 

An attempt to establish the taxonomy and to review the 

fossil oaks was made by Gros (1988). Probably ignoring 

the work of Gros, Suzuki & Ohba (1991) made a new 

revision of the group, after a comparative synthesis of the 

essential xylotomical characters of the extant fagaceous 

taxa and based on anatomic studies and phylogenetic 

relationships between the modern genera of Fagaceae.  

Updating the systematics of the Fagaceae, Palamarev & 

Mai (1998) referred the following taxa (including the 

fossil ones) into the Subfamily Castaneoideae Oersted: 

- Extant genera: Castanea Miller; Castanopsis; 

Lithocarpus Blume (including Pasania Oersted); 

Chrisolepis Hjelmquist. 

-  Fossil leaf imprint form genera: Castaneophyllum 

Jones & Dilcher; Berryophyllum Jones & Dilcher; 

Dryophyllum Debey ex Saporta; Eotrigonobalanus 

Walther & Kvacek; Pasaniopsis Saporta & Marion. 



 
Oligocene fossil wood from Rhodopes, Bulgaria 

 

 19 

 
Fig. 6 Quercoxylon intermedium Petrescu & Velitzelos, 1981. (Graphic scale). (NGM-IGR, slides under no. 1244). a-c 

Cross section: distribution of the vessels and of the ground tissue (parenchyma, fibres and rays) in a semi-ring porous 

structure; d-f Tangential section: uniseriate numerous and multiseriate compound-aggregate rays (d); pitted fibres (f) and 

locally chambered and crystalliferous parenchyma (e-f), as short chains; g-i Radial section. Parenchyma full of tannin and 

with chains of large crystals (g-h). Heterogeneous rays with procumbent, square and upright cells (h-i) and palisade pitting 

on ray cells (i). 
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Fig. 7 Quercoxylon intermedium Petrescu & Velitzelos, 1981. (Graphic scale). (NGM-IGR, slides under no. 1248). a-c  

Cross section: radial distribution of the vessels, semi-ring porous structure; d-f Tangential section: uniseriate numerous and 

multiseriate rays of compound-aggregate type (d-e); g-i Radial section: heterogeneous rays with procumbent, square and 

upright cells ray celss with palisade pitting (h-i),  and parenchyma with tannin grains (h). 
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Fig. 8 Quercoxylon intermedium Petrescu & Velitzelos, 1981. (Graphic scale). (NGM-IGR, slides under nos. 1245, 1246, 

1247). a-c Cross section (sample 1245): radial distribution of the vessels and of the ground tissue as semi-ring porous 

structure; d-f Cross section (sample 1246): radial distribution of the vessels and of the ground tissue as semi-ring porous 

structure; f-h Cross section (sample 1247): radial distribution of the vessels and of the ground tissue; semi-ring porous 

structure. 
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- Fossil wood form genera: Castanoxylon Navale; 

Lithocarpoxylon Petrescu, 1978. 

-  Leaf imprints of fossil Lithocarpus were frequently 

quoted as Eotrigonobalanus furcinervis (Rossmässler) 

Walther & Kvacek in the Oligocene from Rhodope, in 

Trakia, NE Greece (Petrescu et al, 1978; Velitzelos et al. 

1999). Similar impressions were also reported from 

Bulgaria as Lithocarpus palaeorhodopensis Palamarev & 

Mai (from Dorf Pavelsko, Berzik Smoljan, Central 

Rhodoppes), as Castanopsis furcinervis Palamarev & 

Petkova (from Borino; also by Palamarev from Dospj, 

Borovetz and Mericleri), or as Cyclobalanopsis 

kryshtofovichii Palamarev (from Brezani); subsequently, 

all these taxa were synonymized with Eotrigonobalanus 

furcinervis (Rossmässler) Walther & Kvacek (Bozukov 

& Tsenov, 2012; see also Velitzelos et al.,1999). 

In the other hand, the Subfamily Quercoideae (Oersted) 

Schwarz, has only one extant genus (Quercus L.), and 

includes the following fossil taxa: 

-  Leaf imprint form genera: Quercophyllum Fontaine; the 

name Quercus was also used for fossil fruits or even 

catkins (see Daghlian & Crepet, 1983). 

- Fossil wood morphogenera: Kloedenia, Quercinium, 

Quercites, Quercus, used by Goeppert, Felix, Unger, 

Conwentz, Mercklin, Schleiden, Edwards, Schüster, 

Platen, Knowlton, Pampaloni, Webber, Nee, Ogura, 

Watari, Shimakura (see Müller-Stoll & Mädel, 1957). 

More than that, Felix revised the diagnosis of Quercinium 

Unger, which seems to be still a valid taxon, despite 

being rarely used, especially by American palaeobotanists 

(see Insidewood).   

-  An accepted valid name for this large morphogenus is 

Quercoxylon, with numerous species described till now. 

It was initially created by Elise Hofmann (1929), 

describing the species Q. cerris Hofmann, but without 

designating a type species, thus losing the priority. Later, 

Kräusel (1939) defined correctly the morphogenus 

Quercoxylon, with Q. retzianum Kräusel as type species 

and with this diagnosis: ‘Secondary wood porous or ring 

porous with more or less obvious growth rings, usually 

solitary vessels, with simple perforations, with large 

alternate pits, bigger to parenchyma or to ray cells from 

irregular oval to polygonal, usually vertical; specific two-

sized vessels and, tracheids, and libriform fibers and 

parenchyma as diffuse,  as short tangential uniseriate 

bands. Two-sized rays: short, uniseriate rays, sometimes 

as false broad rays; and real broad rays, compound, 

compact and aggregate.  

-  The genus was successively emended by Müller-Stoll 

& Mädel (1957), Gros (1983, 1988) and, independently, 

by Suzuki & Ohba (1991). They have not solved the 

problem of respecting the rules of the International Code 

of Botanical Nomenclature (see also the ICBN Rules 

from Saint Louis Code – 1999; and Melbourne Code – 

2011, in McNeill et al., 2012), proposing a linnéan 

nomenclature for the fossil wood, and emending a not 

accepted morphogenus name Lithocarpoxylon Petrescu 

1978, and thus were ignored by other paleoxylotomists.  

- Otherwise, a very useful systematization of the 

xylotomical details of the Fagaceae was made by 

Petrescu (1976), and even if the taxonomy of the group 

changed afterwards, it still represents a good key of 

identification of the fossil fagaceous wood (Table 1) 

Overall, a large number of studies on oak wood 

remains exist, from which we consulted the following 

ones: Müller-Stoll & Mädel, 1957; Brett, 1960; Gottwald, 

1967; Greguss, 1969; Nagy & Petrescu, 1969; Kramer, 

1974; Hadziev & Mädel, 1962; Huard, 1966; Privé(-Gill) 

1975, 1984, 1990; Privé & Brousse, 1976; Petrescu et al., 

1968, 1972, 1974; Petrescu, 1971, 1976, 1978; Starostin 

& Trelea, 1969, 1984; Lupu, 1984; Samuel, in Lamouille 

et al., 1985; Selmeier, 1971, 1997; Suzuki & Ohba, 1991; 

Iamandei, 2002; Iamandei et al. 2008a, b, 2010, 2011, 

2012a, b. 

Based on the cited keys of identification, it appears 

that the structures of the studied Rhodope fossil wood 

suggest a type of white oak close to the extant 

Mesobalanus group, whose corresponding fossil 

morphogenus is Quercoxylon (Kräusel) Gros.   

After Gros (1988), the diagnosis of Quercoxylon is 

the following: porous or ring-porous structure, usually 

simply perforated solitary vessels, alternate vascular 

pitting; pitted parenchyma, banded or diffuse; libriform 

tracheids and small vessels in groundmass; and two-sized 

rays. 

Indeed, the diagnosis of the genus included from the 

beginning reference to aggregate broad rays, typical for 

Lithocarpus; for this reason, the morphogenus 

Lithocarpoxylon Petrescu 1978 was rejected by Selmeier 

(1997) as superfluous. 

As to the wood structure of the extant species of 

“white oak”, Privé (1975) observed a large intraspecific 

variation, confirmed for the entire genus Quercus L., 

which shows a great intraspecific anatomic homogeneity. 

For this reason it is difficult to ascribe fossil species, 

since the terms have only a descriptive value.  

In the other hand Selmeier (1996) observed that 

vessel diameter, ray size, ray frequency and ray 

distribution are all variable characters: even in the same 

described fossil species, the biometric values may differ. 

For this reason, in xylotomical description of extant wood 

no actualized measurements are given, and even the 

accurate measurements made by paleoxylologists cannot 

be always used to identify an unknown species. 

Furthermore, the rules from "IAWA List of Microscopic 

Features for Hardwood" (Wheeler at al., 1989) impose 

different ways to convert older measurements.  

Also, at first sight the wood structure seems to 

correspond to the extant Quercus borealis L. (in 

Schweingruber, 1990), known now to be synonymous to 

the extant Quercus rubra L., a species of the red oak 

group (Quercus, section Lobatae), which currently lives 

in North America, in the northeastern United States and 

southeast Canada (a taxon locally named Northern Red 

Oak, or Champion Oak). 
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From fossil forms already described, those with 

scalariform perforations must be excluded. For 

comparison we took in account several forms of 

Quercoxylon, and even some available under the 

invalidated name Lithocarpoxylon and described in this 

part of the world by Müller-Stoll & Mädel (1957), Brett 

(1960), Greguss (1969), Nagy & Petrescu (1969), Kramer 

(1974), Hadžiev & Mädel (1962), Huard (1966), Privé-

Gill (1975, 1984, 1990), Privé & Brousse (1976); 

Petrescu (1976, 1978), Petrescu et al. (1969, 1970, 1971, 

1972, 1978, 1981), Starostin & Trelea (1969, 1984), 

Lupu (1984), Selmeier (1971, 1997), Suzuki & Ohba 

(1991), Gottwald (1992), Iamandei et al. (2000, 2008a,b, 

2010, 2011, 2012a, b). 

However, a lot of structural details are similar to those 

observed in the extant evergreen types Quercus 

virginiana, Q. cerris but especially in Q. ilex (see 

InsideWood). 

The tall broad rays usually dissected by libriform 

fibers giving a typical aspect of compound-aggregate or 

even aggregate rays (Fig. 6d, Fig. 7d-e) suggest 

similarities with the Lithocarpus type, but when 

considering the entire complex of characters most 

similarities are recovered with the fossil morphospecies 

that also have aggregate rays, that is Quercoxylon 

intermedium Petrescu & Velitzelos 1981, to which we 

assign the studied material from the Rhodopes. 

 

CONCLUSION 

 

The Oligocene leaf flora described in Eastern Rhodope 

Mts., NE Greece (Thrace), near the border with Turkey, 

is dominated by Eotrigonobalanus furcinervis 

(Rossmässler) Walther & Kvacek, associated with 

Pinaceae, Cupressaceae [Tetraclinis salicornioides 

(Unger) Kvacek], Lauraceae, Betulaceae (Alnus sp.) and 

palms (Sabal, Phoenicites). In the same deposits, trunks 

of Lithocarpoxylon helladae Petrescu [which must be 

formally revised as Quercoxylon helladae (Petrescu)] and 

Q. intermedium Petrescu & Velitzelos were also 

described, both of these representing possible trunks of 

Eotrigonobalanus furcinervis (see Bozukov & Tsenov, 

2012). 

Within the Bulgarian Rhodopes, a similar leaf flora 

was described (see Palamarev et al. 1998), and this is 

consistent with our identification of the fossil wood 

remains as an evergreen oak tree - Quercoxylon 

intermedium Petrescu & Velitzelos 1981. Furthermore, 

the Petrified Forest detected in the study area (Harkovska, 

1992; Georgiev & Marchev, 2005) needs systematic 

research, in order to identify its complex taxonomic 

composition. This is especially important since only a 

few contributions are available on the Bulgarian petrified 

woods, mainly authored by Hadžiev (see Hadžiev & 

Mädel, 1962).  
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