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Abstract This paper reports the palaeoxylotomical study of petrified conifer remains from Velitzelos collection, orig-

inating from some fossiliferous sites of Greece, especially from the Aegean area (Evros, Limnos, Lesbos), aged of 

late Oligocene to early Miocene. Ten species were identified: Cupressinoxylon akdikii, Juniperoxylon acarcae, 

Tetraclinoxylon velitzelosii, Taxodioxylon gypsaceum, Taxodioxylon taxodii, Glyptostroboxylon rudolphii, Glyp-

tostroboxylon tenerum, Pinuxylon pineoides, Pinuxylon halepensoides and Pinuxylon sp. aff. Pinus canariensis. 

These new identifications add new elements to the forest assemblages of the Oligocene - Miocene Greek flora, useful 

for understanding the evolution of the Cenozoic palaeovegetation and palaeoclimate in the Aegean area.  
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INTRODUCTION 

 

The evolution of the Cenozoic flora in the “Aegean area” 

is generally known from various palaeobotanical and 

palynological studies previously published. This paper 

represents a palaeoxylotomical study on a part of “Ve-

litzelos Collection” which is housed in the great Collec-

tion the Faculty of Geology and Geoenvironment of the 

National and Kapodistrian University of Athens, a public 

collection available for any further studies or revisions. 

The first part of this study (Velitzelos et al., 2019) pre-

sented, in detail, the geology of the fossiliferous sites 

from where samples of fossil wood were collected, as 

well as their conditions of fossilization, usually by silici-

fication. Moreover, it briefly presented the results of the 

previous palaeobotanical and palaeoxylotomical identifi-

cations, sending for more details to Velitzelos et al. 

(2014).  

The present paper, which represents the second part of 

our study, included the xylotomical study of 200 samples 

of fossil wood with coniferous structure, collected by 

Professor Evangelos Velitzelos, from the Aegean area 

during his numerous geological field trips and, in order to 

contribute to outlining of the taxonomic composition of 

the Cenozoic Petrified Forests of Greece, we have identi-

fied some coniferous species, of Cupressinoxylon, Juni-

peroxylon, Tetraclinoxylon, Taxodioxylon, Glyptostro-

boxylon and Pinuxylon. In the following part of this 

study, the identification of some dicotyledonous woods 

coming from the same "Aegean area" will be performed. 

Thus, the results of our palaeoxylotomical studies could 

contribute to a better understanding of the evolution of 

the arboreal vegetation in Greece, during Oligocene-

Miocene time and of the Cenozoic palaeoclimate, in the 

Aegean area. 

 

GEOLOGICAL FRAMEWORK 

 

The material here studied was collected from the Aegean 

area, both from continental and insular part, from some 

Oligocene-Miocene fossiliferous sites, from Evros, Lim-

nos and Lesbos.  

Evros – is a part of the Eastern part of the region of East 

Macedonia and Thrace (Fig. 1), representing the conti-

nental part of the Aegean area. The geological evolution 

of Evros region, as summed up by Voudouris et al. 

(2007), shows that the sedimentation started here in Eo-

cene and continued in Oligocene and early Miocene, 

when the main phase of Cenozoic magmatism happened 

(Innocenti et al., 1984; Del Moro et al., 1988). According 

to Kopp (1965), Petrescu et al. (1980) and Velitzelos et 

al. (2002), occurencies of plant fossil remains are related 

mainly to the Rupelian–Chattian lignite-bearing volcano-

sedimentary levels of the Provatonas series, which dis-

cordantly cover the volcanic rocks from around Fylakto 

village. Also, some fine-grained volcano-sedimentary 

layers which preserve many silicified woods appear 

around Lefkimi locality (Voudouris et al., 2007).  

From Evros, by palaeobotanical studies of plant remains 

collected from the late Oligocene volcano-sedimentary 

levels of Provatonas series, the presence of many conifer-

ous taxa was revealed, as: Quasisequoia couttsiae (Heer) 

Kunzmann, Taxodium dubium (Sternberg) Heer, Calo-

cedrus suleticensis (Brabenec) Kvaček, Pinus pal-

aeostrobus Ettingshausen (needle leaves in fascicles of 

five), Pinus cf. rigios Ettingshausen, cf. Cunninghamia 

miocenica Ettingshausen, beside numerous angiosper-

mous taxa (Velitzelos et al., 2014). Petrified wood fre-

quently appears in the Evros region, especially close to 

the localities Lagina, Lira, Lykofi, Fylakto, Provatonas, 

Tycheron, Trifili, Lefkymi, Sapes and Aëtohori, sites 

visited  also  by us.  But  few  previous  identifications of  
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fossil wood from these sites have been done (Petrescu et 

al., 1980; Petrescu & Velitzelos, 1981; Selmeier & Ve-

litzelos, 2000). In the first part of this study on the mate-

rial from “Velitzelos Collection”, some palm stems were 

identified (Velitzelos et al., 2019).  

 

Limnos Island (Fig. 1) – presents a mid Eocene-lower 

Miocene molassic sedimentary basement, overlain by 

volcanic products (subdivided into three units: Katalako, 

Romanou and Myrina) of Lower Miocene age and then, 

by an Upper Quaternary sedimentary formation (Davis 

1960, Innocenti et al. 1984, Roussos 1993). There, silici-

fied or opalized plant fossils appear especially around 

Moudros Gulf, in the early Miocene pyroclastics of Ro-

manou Unit, considered of Burdigalian age (Innocenti et 

al., 1994; Voudouris et al., 2007). More geological details 

were included in the first part of the study, Velitzelos et 

al. (2019). 

 

From Limnos Island, few fossil plant remains were pre-

viously identified and we cite here the only two conifers 

described: Glyptostrobus europaeus (Brongniart) Unger 

and Sequoia abietina (Brongniart) Erw. Knobloch (Ve-

litzelos et al. 2014). But numerous fossil wood remains 

were collected in the previous years, sometimes from 

excavations, from around the villages of Fergani, Roma-

nou, Moudros, Varos, Rossopouli, Portianou, Thanos and 

Kontias, and on the hill of Paradisi, and these samples are 

kept in the Collection of the Faculty of Geology and Ge-

oenvironment (NKUA). There are some lignotaxa previ-

ously described from there, such as Laurinoxylon ehren-

dorferi Berger, Cornoxylon pappi Berger (Berger, 1953), 

and a problematic conifer, initially described as Pinoxy-

lon parenchymatosum Süss et Velitzelos, later revised as 

species of Lesbosoxylon (Süss & Velitzelos (2010). More 

recently, some palm fossil taxa were described (Ve-

litzelos et al., 2019). 

 
 

Fig. 1 Map of Greece; * marks the areas where the studied fossil wood samples were collected 

(according with d-maps.com, with modifications). 
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Lesbos Island (Fig. 1) – hosts the Geopark “Petrified 

Forest of Lesvos”, where numerous petrified tree trunks 

and other fossil vegetal remains frequently appear in rela-

tionship with the intense volcanic activity developed dur-

ing the early Miocene, age 18–19 Ma, i.e. Aquitanian and 

Burdigalian (Koufos et al., 2003). Details of the entire 

geological evolution of Lesbos Island are thoroughly ex-

posed in the papers of Pe-Piper (1980a, b); Katsikatsos et 

al. (1982, 1986), Pe-Piper & Piper (1993); Koufos et al. 

(2003); Zouros et al. (2007); Vasileiadou & Zouros 

(2012) and were sinthesized in Velitzelos et al. (2014, 

2019). 

Lesbos Island yields numerous vegetal fossils, not only 

inside the Geopark “Petrified Forest of Lesvos”, which 

hosts numerous monumental in situ petrified tree trunks 

appear but also, in many fossiliferous sites around Bali 

Alonia, Eressos, Antissa, Sigri, Hidira, Gavathas, 

Molyvos, Polichnitos, Mesotopos, Plomari, Akrasi or on 

Megalonisi Islet, where large accumulations of silicified 

wood as tree trunks or fragmentary can be found. Synthe-

ses of the scientific information on the palaeobotanic re-

search in the European protected geopark “Petrified For-

est of Lesvos” are presented in the first part of this study 

Velitzelos et al. (2019) and in Mantzouka et al. (2009, 

2013, 2017, 2019a, b), comprising also all the previous 

identifications of fossil plants by the study of fossil 

macroremains (Table 1), partly presented also in the syn-

thesis of Velitzelos et al. (2014). Identified conifers in-

clude: Sequoia abietina (Brongniart) Erw. Knobloch [vel 

Taxodium sp.], Cunninghamia miocenica Ettingshausen, 

Tetraclinis salicornioides (Unger) Kvaček and Pinus sp. 

(cone). Also, some palm remains were identified (Ve-

litzelos et al., 2019). 

  

MATERIAL AND METHODS 

 

We had for the present study 200 samples from the col-

lection of the Professor Evangelos Velitzelos, gathered 

during the last decades from the late Oligocene – early 

Miocene volcano-sedimentary deposits of the Aegean 

Area, as presented above. Oriented thin-sections of petro-

graphic type were prepared from each sample, according 

to the three standard directions - transversal, tangential 

and radial. The studied material and the oriented thin-

sections are all registered and kept as “Velitzelos Collec-

tion” inside the Collection of the Faculty of Geology and 

Geoenvironment of the National and Kapodistrian Uni-

versity of Athens (NKUA). These sections have been 

palaeoxylotomically studied under transmitted light mi-

croscope and all the anatomical details were described for 

each specimen, using the scientific terms as defined by 

the “IAWA list of microscopic features for softwood 

identification”, from the Compendium edited by IAWA 

Comittee in 2004 (Richter et al., 2004). The photos of the 

xylotomical details were captured with on an “EverFo-

cus” video-camera adapted to the microscope, using the 

software “AVerMedia”, and the images were processed 

with specialized computer programs. The identification of 

the unknown original tree was subsequently performed by 

comparison with previously described similar aspects of 

fossil or current wood structures, from published scien-

tific papers (all included in the References chapter). The 

systematics follows APG (2009, 2016), Christenhusz et 

al. (2011) and the ICN-Shenzhen Code (Turland et al., 

2018). 

 

SYSTEMATICS 

 

Gymnosperms 

Division Pinophyta Cronquist, Takht. & Zimm., ex Re-

veal, 1996  

Order Cupressales Link, 1829 

Family Cupressaceae Bartlett, 1830 (sensu lato – Gadek 

et al., 2000) 

Genus Cupressinoxylon Göppert emend. Dolezych, 2005 

Cupressinoxylon akdikii Özgüven-Ertan, 1977 

Fig. 2, a-i. 

 

Material 

 

The studied material comes from Greece, Aegean area – 

both from insular and continental part. It is represented 

by 24 samples of petrified (silicified) wood with cupres-

saceous structure, collected from Evros, from late Oligo-

cene volcano-sedimentary deposits: from Lefkimi, the 

samples numbered with the field numbers Lfk.78, 82, 

156, 217, 219, 259, 260, 272, 281; from Sappes, the sam-

ples Spp.6, 1081, 1091, 1102, 1108; and from Aetohory – 

the sample Aet.1134. Also, some samples were collected 

from early Miocene volcano-sedimentary deposits, from 

Lesbos Island - the samples numbered with field numbers 

Lsv.2, 360, 361, 406, 408; and from Limnos – the sam-

ples numbered with Li.195, 196, 198, 237. All these sam-

ples are registered as “Velitzelos Collection” and stored 

inside the Collection of the Faculty of Geology and Ge-

oenvironment of the National and Kapodistrian Universi-

ty of Athens (NKUA). 

 

Microscopic description 

 

Growth rings – appear variably sized in cross section, 

often wide, of over 50 cells, with abrupt transition (some-

times almost gradual) from the early wood to the late 

wood, which is represented by 3-5 rows of smaller and 

radially flattened cells, marking the growth rings bounda-

ries which become quite distinct, since the early wood 

always starts with larger cells. Normal resin canals - ab-

sent. 

Tracheids – have a polygonal shape with rounded corners 

in cross-section, sometimes deformed by compression.   
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In the early wood, their radial / tangential diameter is of 

15–35(50) / 15–30(40) μm, and the wall thickness is of 

4–7 μm the double wall. In the transitional wood their 

diameters are quite similar, slightly diminishing in size 

toward the final 3-5 rows of late wood smaller tracheids, 

of 8-15 / 10-15 μm in diameter and slightly thicker 

walled, of 8-11 μm the double wall. In cross section, the 

cells appear regularly arranged in 2-9 radial rows be-

tween two successive rays, and intercellular spaces be-

tween are often present. Their density is 1600-1716 tra-

cheids per mm2. On the radial walls, the pits appear in 

uniseriate arrangement or sometimes biseriate, spaced, 

opposite, and are slightly molded by the tangential walls. 

The pits are round, of bordered type, with 17-22 μm in 

diameter, with large chamber and round to elliptic aper-

ture. On the tangential walls the pitting is usually absent 

or rarely appear as smaller pits of 12-15 μm, uniseriately 

arranged. Helical thickenings absent but striations, in 

longitudinal view, sometimes are present. Crassulae are 

sometimes present. Callitroid thickenings are not present. 

Organic deposits are usually absent.  

Axial parenchyma – is present in cross section and appear 

few, in diffuse arrangement, scattered throughout the 

entire growth ring, as smaller cells, usually with some 

dark content. In vertical sections the string of parenchyma 

cells shows transverse end walls thin and smooth, and 

sometimes resin content as rare, small or big, dark glob-

ules or granules.  

Rays – appear thin and linear, in cross section. In tangen-

tial view they appear as exclusively uniseriate, sometimes 

with some biseriate storeys, are low to medium tall, with 

1-10(-15) cells, to taller of 16 to 27 cells, or more. Ray 

density is 5-9 rays per tangential mm. Regarding the ray 

composition,  the  rays  are  homogeneous,  composed  by  

 

parenchymatous ray cells, the marginals slightly taller. 

Ray tracheids are not present. The end-walls of ray pa-

renchyma cells are smooth. The horizontal walls of ray 

parenchyma cells are smooth and pitted. Indentures ab-

sent. Cross fields with small cupressoid pits of 7-10(-12) 

μm in diameter, as 1-2(-3) pits in one row arranged in 

normal cross fields, to 4-6 in the taller cross fields, when 

in 2 superposed rows arranged, and with inclined slit-like 

apertures. Sometimes globules of resin or granules are 

present inside the ray cells.  

Resin canals – are absent.  

Mineral inclusions – are not present.  

 

Affinities and discussions  

During the paleoxylotomical study, we observed that 26 

samples of petrified wood coming from Aegean area 

show coniferous structure with distinct growth rings, no 

resin canals, few parenchyma, uniseriate or biseriate pits 

on the radial walls of the tracheids, the pits often located 

in a kind of nest formed by crassulae and the tracheidal 

wall which molds the pits, tangential pits smaller and 

cross field pitting of cupressoid type, anatomical features 

suggesting a great affinity to cupressaceous wood-type  

(Vaudois & Privé, 1971; Watson & Dallwitz, 2008; Ibra-

him, 2015; InsideWood, 2004). A very similar structure 

appears at the extant Cupressus L., as described by Gre-

guss (1955) and Schweingruber (1990), an important 

member of the Subfamily Cupressoideae Rich. ex Sweet, 

1826 - as appear in the last classification of family Cu-

pressaceae - sensu lato (Gadek et al., 2000; Farjon, 

2005a; Christenhusz et al., 2011).  

For this type of fossil wood, Goeppert (1850) created the 

fossil genus Cupressinoxylon Goeppert, describing more 

specimens, but not specifying a very clear diagnosis.  

Table 1. List of Cenozoic conifers identified by paleoxylotomical studies, from Greece (according with Mantzouka 

et al., 2013 and Velitzelos et al., 2014, with modifications). 

 

No. Species described from Lesbos Current equivalent 

1 Ginkgoxylon lesboense Süss et Velitzelos, 2003 
Ginkgoales, Ginkgo wood type 

2 Ginkgoxylon diversicellulatum Süss et Velitzelos, 2003 

3 Podocarpoxylon articulatum Süss et Velitzelos, 2000 
Podocarpaceae wood type (?) 

4 Podocarpoxylon graciliradiatum Süss et Velitzelos, 2000 

5 Chimairoidoxylon lesboense Süss et Velitzelos, 1999 
Conifer indet. 

6 Chimairoidoxylon conspicuum Süss et Velitzelos, 2001 

7 Lesbosoxylon paradoxum Süss et Velitzelos, 2010  

Conifer wood of Piceoxylon-type or Pinuxylon-type(?) 

8 Lesbosoxylon pseudoparadoxum Süss et Velitzelos, 2010 

9 Lesbosoxylon diversiradiatum Süss et Velitzelos, 2010 

10 Lesbosoxylon graciliradiatum Süss et Velitzelos, 2010 

11 Lesbosoxylon ventricosuradiatum Süss et Velitzelos, 2010  

12 Tetraclinoxylon velitzelosii Süss, 1997  Tetraclinis wood type 

13 Thujoxylon antissum Süss et Velitzelos, 1998 Thuja root-wood type 

14 Taxaceoxylon biseriatum Süss et Velitzelos, 1994 Conifer of Taxus type? 

15 Taxodioxylon gypsaceum (Göppert) Kräusel, 1949  

Sequoia wood-type, 

___________________________ 

Sequoia root-wood (Süss &Velitzelos, 1997)  

16 Taxodioxylon albertense (Penhallow) Shimakura, 1940 

17 Taxodioxylon pseudoalbertense Nishida & Nishida, 1985 

18 Taxodioxylon megalonissum Süss et Velitzelos, 1997 

19 Taxodioxylon lesbium (Unger) Mantzouka et Sakala, 2017 Taxodium wood type? 

20 Glyptostroboxylon microtracheidale Süss et Velitzelos, 1997 Cunninghamia lanceolata (Lambert) Hooker 
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Fig. 2 a-i, (graphic scale). Cupressinoxylon akdikii Özgüven-Ertan, 1977 (Specimen Lfk.156). 

a–c: Cross section - abrupt transition, distinct growth rings; parenchyma few, diffuse; rays uniseriate; d–f: Tangential section - 

pitting on tracheids absent or rare, as uniseriate small pits (arrow); rays uniseriate; g–i: Radial section - tracheidal pitting 1(-2)-

seriate, opposite; rays homogeneous, badly preserved cross fields with 1-2(-3) cupressoid pits (arrow). 
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Vaudois & Privé (1971) cited a diagnosis reformulated 

after many previous authors. Bamford et al. (2002) made 

a proposal to conserve the name Cupressinoxylon against 

Retinodendron, even if it was previously considered a 

“wastebasket” taxon (Müller-Stoll & Schultze-Motel, 

1990; Wang et al., 1996). The 'diagnosis' attributed to 

Goeppert was emended by Dolezych (2005). Interesting 

observations on it were also made by Bodnar et al. (2015) 

and Ruiz & Bodnar (2019). 

We compared the description of the studied specimens 

with some other cupressaceous fossil forms previously 

described, as for example Chamaecyparixylon (Iamandei 

& Iamandei, 2000a, 2017; Iamandei et al., 2013), or even 

Cupressinoxylon sp. of Thuja type (Iamandei et al., 

2008a, c; 2011; 2012), which show some general xy-

lotomical resemblances. In fact, the presence of fossil 

Thuja is debatable for the Aegean area, and maybe for 

Europe, since the current genus has, and maybe had, a 

disjunctive distribution in the Northern Hemisphere, in 

Eastern Asia and Northern America. However, some fos-

sil forms equivalent to this genus were described from 

Cretaceous rocks of northern Europe and up to Pliocene it 

appears to have had a migration to more southern regions; 

after Pliocene it would have disappeared from Europe 

(Farjon, 2005). In the Aegean area no fossil wood remain 

of this this genus was described till now (Velitzelos D. et 

al., 2014), except a form of fossil wood from Lesbos Is-

land described as Thujoxylon antissum by Süss et Ve-

litzelos (2008), and interpreted as root-wood. 

• A comparison of the here studied specimens 

with other previously described "cupressaceous" fossil 

structures shows many similarities with the forms of Cu-

pressinoxylon described by Kräusel (1919, 1949) and by 

Zalewska (1953), as generic xylotomical features. 

• The species Cupressinoxylon saxonicum of 

Schönfeld (1957) has large pits on radial tracheidal walls 

and nodular tangential walls of ray parenchyma, so it is 

slightly diferent from our specimens. 

• The form of Cupressinoxylon described Van der 

Burgh (1964) is similar to C. gothani Kräusel, having 

numeous radial tracheidal pits with visible crassulae, pit-

ted axial parenchyma with thick and smooth horizontal 

walls, and typical cupressoid cross-section. These details 

slightly different at here studied specimens.  

• Greguss (1967) described some very poorly pre-

served specimens as forms of Cupressinoxylon sp. (Sa-

kala et al., 2018), so we exclude them from comparison. 

• Özgüven-Ertan (1977) described a new species, 

Cupressinoxylon akdikii, studiing a fossil wood collected 

from a Turkish Miocene site, close to Aegean area, hav-

ing a xylotomy very similar to the extant mediterranean 

cypress, Cupressus sempervirens L., and our studied 

specimens are very similar to this species. 

• Dupéron-Laudouéneix (1979) described a Ceno-

zoic wood of Cupresinoxylon from Charente, France, 

which resemble our specimens, having similar cupressoid 

cross-fields. 

• Dolezych-Mikolai (2005) and Dolezych & 

Schneider (2006a), described some European Cenozoic 

forms of Cupressinoxylon, identifed as C. cupressoides 

Kräusel, C. kostyniukii Dolezych & Schneider, C. xan-

thocyparioides Dolezych & Schneider, compared with 

some possible extant equivalents from the world as Tai-

wania Hayata, Calocedrus Kurz and, respectively, Xan-

tocyparis Farjon & T.H. Nguyên. Their xylotomy is dif-

ferent from the here studied specimens. 

• Kłusek (2014) described a Cupressinoxylon 

canadense (Schroeter) Kräusel which has ray-tracheids 

and a C. polonicum (Kostyniuk) Kräusel which has abun-

dant parenchyma, so both are different from our speci-

mens. 

• Asensi Amorós (2016), studying some actual or 

sub-fossil woods (archaeological wood-remains from 

Egypt), and described them as having the typical xyloto-

my of the Mediterranean Cypress (i.e. Cupressus semper-

virens L.), resembling much that of our specimens. 

• The petrified wood recently studied from Tur-

key, by Güngör et al. (2019) resulted in the description of 

12 fossil taxa and between them a Cupressinoxylon 

wood, which has “gradual transition from earlywood to 

latewood and growth-ring boundary distinct, uniseriate 

tracheidal pitting on radial and on tangential walls, abun-

dant axial parenchyma with slightly nodular end-walls, 

low rays with cupressoid cross field pits”, similar to the 

current Cupressus sempervirens, which is living now 

across the Mediterranean region, in coastal areas. And 

also, is very similar to our studied specimens.  

• Also, Akkemik (2019) described from Pliocene 

deposits of central-northern Turkey a Cupresssinoxylon 

pliocaenica Akkemik, as perfectly similar to Cupressus 

sempervirens L., having “roughly the same wood fea-

tures” with the current species, as is described by Greguss 

(1955) or Schweingruber (1990), and is very similar to 

our specimens’ description. 

The studied specimens, even if sometimes poorly pre-

served, present xylotomical characters very similar to the 

forms described by Özgüven-Ertan (1977), by Güngör et 

al. (2019) and by Akkemik (2019), and to the single cur-

rent Mediterranean species, Cupressus sempervirens L., 

as is also described by Asensi Amorós (2016). Based 

upon these, we assign our studied specimens to the Mio-

cene species Cupressinoxylon akdikii Özgüven-Ertan, 

1977 as having very similar cupressoid pits in cross 

fields, similar radial pitting on tracheids, and similar axial 

parenchyma. It represents a fossil equivalent of the cur-

rent species, Cupressus sempervirens L., known as the 

Mediterranean cypress, present in Mediterranean coun-

tries and in Middle East (Farjon, 2005; Akkemik & Ya-

man, 2012).  
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Genus Juniperoxylon Kräusel, 1949, emend. van der 

Burgh, 1973 

Juniperoxylon acarcae Akkemik, 2020 

Fig. 3, a-i. 

 

Material 

The studied samples of fossil wood were collected from 

Greece, the Aegean area, both from continental and insu-

lar part. All of them showed a similar cupressaceous xy-

lostructure, of Juniperus-type and were grouped under 

the genus Juniperoxylon. There are 13 fragments of petri-

fied (silicified) wood and were collected from late Oligo-

cene deposits from Evros, i.e. from Lefkimi - the samples 

numbered with field numbers Lfk.2, 4a, 5a, 52, 60, 72, 

176, 261, 266, 282, 306 and from Sappes – the sample 

Spp.1077; and also, from the early Miocene of Limnos 

island – the sample Li.203. The studied samples are regis-

tered as “Velitzelos Collection” and stored in the Collec-

tion of the Faculty of Geology and Geoenvironment, of 

the NKUA.  

 

Microscopic description  

Growth rings – usually narrow, but sometimes larger, and 

with distinct ring-boundaries which appear often wavy in 

cross-section. The transition from early wood to late 

wood is sometimes gradual, but often abrupt. Axial resin 

canals not present. 

Tracheids – in the early wood have polygonal rounded in 

cross section, (15-)26-40 / 15-22 μm the radial / tangen-

tial diameter and relatively thick walls, of 4-7 μm double 

wall. In the late-wood they are smaller, with diameters of 

5-12 / 9-20 μm and thick walls 8-10 μm (double wall). 

Intercellular spaces present. Tracheid length could not be 

measured. On their radial walls round bordered pits are 

present, sometimes ornate, of 15-17 μm in diameter, uni-

seriate, sometimes biseriate. On the tangential walls 

smaller round pits of 6–7 μm diameter appear, showing 

round to slightly oval and obliquely oriented apertures. 

Helical thickenings and callitroid thickenings absent, but, 

sometimes, warty areas appear. Organic deposits, as resin 

remains, sometimes are present inside tracheids.  

Axial parenchyma – is often abundant, dispersed or in 

short tangential rows, especially in transitional and late 

wood. The parenchyma transverse end walls are nodular. 

Rays – exclusively uniseriate and in tangential view usu-

ally appear of low to medium height, having 1-9(-15) 

cells tall, sometimes more. Ray density is 6-12 rays per 

tangential mm.  Regarding their composition, the rays are 

homogeneous, with cells all procumbent and ray-

tracheids absent. The horizontal walls of ray cells are 

thick, smooth and pitted, and the tangential end-walls are 

inclined, distinctly pitted and with typical juniperoid 

nodules, beadlike. The cross-field pits are of cupressoid 

type, usually as 1−2(4) small pits, of 6-8 μm, with 

oblique slit-like apertures and in vertical or horizontal 

arranged. Indentures not observed or absent. The ray cells 

often keep resinous remains inside.  

Resin canals – are absent.  

Mineral inclusions – are absent. 

 

Affinities and discussions  

The cupressaceous xylotomy of the studied 13 speci-

mens marked by the presence of ‘juniperoid nodules’, i.e. 

the nodular end walls of ray-cells, suggest a wood-type of 

Juniperus L., a genus which belong to Cupressoideae 

subfamily (Gadek et al., 2000; Farjon, 2001, 2005; Chris-

tenhusz et al., 2011). Here you are the essential xylotomic 

characters of the genus Juniperus: tracheids with exclu-

sively uniseriate radial small pits; axial parenchyma 

abundant, with transverse end-walls pitted and nodular; 

low rays, with cupressoid cross-fields and juniperoid 

nodules (Greguss, 1955; Watson & Dallwitz, 2008, on-

wards). The xylotomy of Juniperus-type appear to be 

very similar to that of Cupressus-type, but ray-height and 

ray-frequency are different (rays smaller in height, but 

more numerous in Juniperus) and mainly the end walls of 

ray-cells, which are typically nodular in Juniperus (as 

‘juniperoid nodules’), smooth or rarely weakly nodular in 

Cupressus, details which can help in distinguishing be-

tween these two genera (Greguss, 1955; Schweingruber, 

1990; Akkemik & Yaman, 2012; Crivellaro & 

Schweingruber, 2013; Román-Jordán, 2016; Román-

Jordán et al., 2017).  

• The genus Juniperoxylon was created firstly by 

Houlbert (1910), but it was Kräusel who have imposed it 

by publishing the species Juniperoxylon silesiacum (Prill) 

Kräusel (in Prill & Kräusel, 1919). Also, Kräusel (1949) 

validated the genus name and wrote a short protologue 

for it: “Wood, similar to Cupressinoxylon. Ray cell walls, 

at least the terminal ones, more or less strongly pitted, so 

determining the 'juniperoid nodules' on the end-wall of 

ray cells, (‘Juniperustüpfelung’, Gothan, 1905), and 

traumatic wood never with resin pockets”. The type-

species stated was Juniperoxylon turonense Houlbert, 

described from the Miocene of Touraine, France (Kłusek, 

2014; Dolezych, 2016). However, this species was recon-

sidered by Philippe & Bamford (2009) and revised as not 

correctly identified, having a structure of Taxodioxylon-

type, devoid of ‘Juniperustüpfelung’. But, since the origi-

nal material of the type-species is lost and this genus 

name should be typified, the authors concluded that its 

use should not be recommended. 

• Vaudois & Privé (1971), had revised all the Cu-

pressaceous fossil lignotaxa published to date, and have 

imagined an identification key for ‘cupressaceous’ wood 

structures, specifying that Juniperus wood-type has “spe-

cific juniperoid nodules on the inclined tangential walls 

of ray-cells, in radial view”. 
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Fig. 3 a-i. (graphic scale). Juniperoxylon acarcae Akkemik, 2020. (Specimen Lfk.266). 

a–c: Cross section - transition abrupt, distinct growth rings; parenchyma few, diffuse; rays uniseriate; d–f: Tangential section - 

pitting on tracheids absent; nodular parenchyma end walls (arrow); rays uniseriate; g–i: Radial section - tracheidal pitting unise-

riate; rays homocellular, cells all procumbent, marginals taller; tangential end-walls with juniperoid nodules (inclined arrow); 

poorly preserved cross fields with 1-2 cupressoid pits, usually arranged as vertical pairs pits (horizontal arrow). 
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• But a well documented discussion on the validi-

ty of the Juniperoxylon genus was made by Dolezych 

(2016), who also described a new species, Juniperoxylon 

schneiderianum, and discussed the validity of some Eu-

ropean previously described species, probably ignoring 

the recommendation of Philippe & Bamford (2009). This 

species has diffuse axial parenchyma and cross-fields 

with cupressoid pits but also taxodioid and no indentures, 

so it is slightly different from our studied specimens. 

• Recently, Ruiz & Bodnar (2019), revising the 

type material of Cupressinoxylon zamunerae described 

by Bodnar et al. (2015), have transferred it to Juniperoxy-

lon, as a new combination: J. zamunerae (Bodnar et al.) 

Ruiz et Bodnar, taking into account the presence of juni-

peroid nodules on the end walls or ray-cells, the aspect of 

the cross-fields with vertical pairs, the scarce and diffuse 

axial parenchyma, and the rays tall of up to 34 cells and 

radial pits on the tracheids, spaced or contiguous, features 

partially present in our specimens as well. 

• In the same paper, the authors discuss some pre-

viously described species of Juniperoxylon, reassigned in 

time to other taxa (Ruiz & Bodnar, 2019) and made a 

revision of the described species of Juniperoxylon, result-

ing only 9 species that can be considered correctly identi-

fied. However, since Philippe & Bamford (2009) have 

infirmed the identification of J. turonense Houlbert, there 

are only 8 valid species left, which we add to the species 

recently described by Akkemik (2020a). 

• Similar fossil wood remains were described by 

Akkemik et al. (2016), and by Acarca-Bayam et al. 

(2018) from central Anatolia, as wood of Juniperus type 

and, more recently, a new species named Juniperoxylon 

acarcae was described by Akkemik (2020a), a form clos-

es to the current Mediterranean forms, and which presents 

a xylotomical details very similar to those of the here 

studied specimens. 

Thus, our studied specinmens present a typical xy-

lotomy of Juniperus, as described by Greguss (1955), 

Vaudois & Privé (1971), Dolezych (2016) and Ruiz & 

Bodnar (2019). According to the two comparative tables 

of Ruiz & Bodnar (2019), including the description and 

discussion accompanying the recent new species de-

scribed by Akkemik (2020a), a species which has many 

similarities with our specimens regarding the tracheidal 

pitting, the axial parenchyma, the pits from cross-fields, 

we attribute the studied specimens to the species Juniper-

oxylon acarcae Akkemik, 2020. 

The xylotomical details are also very similar to the extant 

species of the junipers characteristic to Eastern Mediter-

ranean (Aegean) area, as Juniperus macrocarpa 

Sibth. et Sm., J. drupacea Labill., J. excelsa M.Bieb., J. 

communis L. or J. phoenicea L., as Asensi Amorós 

(2016) cite also from the current Egyptian indigenous 

flora, also present in Sinai.  

According with Farjon (2001, 2005), Adams (2004, 

2007) and Mao et al. (2010), Juniperus is a genus that has 

numerous species distributed almost all around the world, 

but especially in the Northern Hemisphere, as a result of 

the Oligocene – Miocene diversification and migration in 

Eurasia and North America, related to climate evolution. 

Some of Juniperus species appear distributed in Europe 

and Mediterranean Sea, including also the Canary Is-

lands, Azores, Northern Africa and Asia Minor, and have 

migrated as far as the Arabian Peninsula and the “Af-

romontane zones” of Eastern Africa, like Juniperus 

procera Hochst. ex Endl. (Mao et al., 2010, Fig. 1,5,6). 

 

Genus Tetraclinoxylon Grambast, 1951 

Tetraclinoxylon velitzelosii Süss, 1997 

Fig. 4, a-i.  

 

Material 

11 samples from the studied material showed a similar 

cupressaceous xylostructure of Tetraclinis-type, marked 

by the round lumina of the thick-walled tracheids and 

were grouped under the genus Tetraclinoxylon Grambast. 

The samples were collected from Greece, Aegean area, 

from late Oligocene volcano-sedimentary deposits from 

Evros region: from Lefkimi – the samples with the field 

numbers Lfk.151, 300, 311, 312; from Sappes – the sam-

ples Spp 25, 33, 35; from Trifili – the sample Tf.132. 

Also, some samples come from early Miocene deposits of 

Limnos – the samples Li.133, 211, and of Lesbos – the 

sample Lsv.13b. The studied material is registered as 

“Velitzelos Collection and stored in the Collection of the 

Faculty of Geology and Geoenvironment”, of the NKUA. 

 

Microscopic description 

Growth rings – are variably wide in the cross section, 

having sometimes over 25-30 rows of thick-walled cells 

with rounded lumina, with quite abrupt size-transition, 

sometimes gradual, to the late-wood, which is represented 

by 3-5(-7) rows of smaller, very thick-walled cells and 

radially flattened, distinctly marking the growth ring 

boundary. Resin canals are absent (Fig. 4a-c). 

Tracheids – have polygonal shape with rounded corners 

in  cross  section,  in  the  early  wood  showing obviously 

The pits have ornate chamber and round to slightly ellip-

tic aperture. In tangential view, sometimes, uniseriate 

smaller pits of 12-15 μm can appear, often with irregular 

arrangement, or even slightly alternate. Helical thicken-

ings not present, but striations, in longitudinal view, often 

appear. Crassulae rarely present. Callitroid thickenings 

not present. Organic deposits absent.   

Axial parenchyma – appear as few cells in diffuse ar-

rangement in cross section, scattered throughout the en-

tire growth-ring as smaller cells, relatively thin-walled 

and, usually, with some dark content, as plugs, globules 

or granules.  

In vertical view, the string of parenchyma cells shows 

and  smooth  transverse  end-walls  of 2-3 μm,  or  feebly 

https://en.wikipedia.org/wiki/John_Sibthorp
https://en.wikipedia.org/wiki/James_Edward_Smith
https://en.wikipedia.org/wiki/Friedrich_August_Marschall_von_Bieberstein


Stănilă Iamandei, Eugenia Iamandei, Dimitrios Velitzelos & Evangelos Velitzelos 

74 

 

 
Fig. 4 a-i. (graphic scale). Tetraclinoxylon velitzelosii Süss, 1997. (Specimen Tf.132). 

a-c: Cross section - quite abrupt transition, distinct growth rings; tracheids with typicaly round lumina (arrow); parenchyma 

few; d-f: Tangential section - pitting on tracheids absent; parenchyma with dark remains; low rays (arrow); g-i: Radial sec-

tion - stiations on tracheids (arrow) and pitting 1(2)-seriate, opposite or irregular; poorly preserved cross fields (arrow). 
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nodular, with 2-3 small nodules, often difficult to observe 

because of the resin content. 

Rays – are exclusively uniseriate and, in tangential sec-

tion, show cells with round to wide-oval shape, of 20-25 

μm in diameter, usually as rays of low type, mostly of 3-5 

cells tall, but sometimes of even more than 25 cells. Ray 

density is 9-12 rays per tangential mm. In radial section 

the rays are of homogeneous type, with cells all procum-

bent and without ray-tracheids. The ray-cells have 

smooth horizontal walls, less pitted, of 2-5 μm thick, and 

the tangential walls not pitted, of 2.5 μm thick. Indentures 

– are not visible or absent. In cross field, 1-2(-4) cu-

pressoid pits appear, mostly in 1-2 horizontal rows, some-

times irregularly arranged. They appear as round cu-

pressoid pits of 10-12 μm in diameter and with oblique 

slit-like apertures.  

Resin canals – are not present.  

Mineral inclusions – are not present. 

 

Affinities and discussions 

The xylotomical characters observed in 11 studied speci-

mens of fossil wood, indicate a structure of ‘cupressa-

ceous’ type, and the thick-walled tracheids with round 

lumen in cross-section (a detail of high taxonomic value), 

together with other microscopic details, like the specific 

radial pitting, the smooth or weakly nodular horizontal 

wall of the axial parenchyma and the cupressoid pits in 

cross field suggest a similarity to the current genus Tetra-

clinis Mast. (Gothan, 1905; Prill, 1913; Peirce, 1937; 

Phillips, 1948; Kräusel, 1949; Greguss, 1955). There is 

the single species of this genus, Tetraclinis articulata 

(Vahl) Mast., which appear as a small tree of 6-8 m tall, 

rarely reaching 15 m, or only with shrub habit. It occurs 

now as a “living fossil” in the extreme South of Spain, in 

Morocco, North Algeria, North Tunisia, and in Malta, 

also perhaps North-Eastern Libya, as endangered species 

or vulnerable populations (Farjon, 2005; Earle, 2020). 

Previously it was considered “the single member of Calli-

troideae group without callitroid thickenings” (Greguss, 

1955) but, in the last classification of the family Cupres-

saceae lato sensu, the genus Tetraclinis Mast. is a mem-

ber of Cupressoideae subfamily (Gadek et al., 2000; 

Farjon, 2005a; Christenhusz et al., 2011), side by side 

with Cupressus L., Juniperus L., Xanthocyparis Farjon et 

Hiep, Microbiota Komarov, Platycladus Spach, Calo-

cedrus Kurz, Chamaecyparis Spach, Fokienia Henry et 

Thomas, Thuja L., and Thujopsis Endl. 

• The fossil genus Tetraclinoxylon was created by 

Grambast (1951) having T. boureaui Grambast as type-

species, which was described from the Oligocene (Chatti-

an) of Paris Basin, as a perfect correspondent of the cur-

rent Tetraclinis Mast. (Grambast, 1962). The original 

diagnosis of Tetraclinoxylon Grambast, 1951 sounds like 

this: «Wood showing structure of Cupressinoxylon s.s. 

(sensu stricto) (Gothan, 1905). Cross section of the tra-

cheids are rounded. Cross field pits with inclined slit-like 

apertures. Indentures absent and there are no thickenings 

of the tangential wall of the ray cells. No callitroid thick-

enings. Average height of ray cells - less than 25 µm» 

(translated from French). Our studied specimens fit with 

this diagnosis. 

• Such a fossil cupressoid wood which was de-

scribed by Vallin (1966) from Portugal as Cupressinoxy-

lon lusitanense Vallin, but having a very a similar xylot-

omy with the current Tetraclinis, was renamed by Süss 

(1997) Tetraclinoxylon lusitanense (Vallin) Süss as new 

combination, as having xylotomical details similar to the 

current Tetraclinis. Our specimens have quite similar 

details. 

• Privé (1973) described T. vulcanense from the 

Pliocene of Puy-de-Dôme, France, with xylotomy, also 

very similar to the current Tetraclinis. Sakala (2003), 

identified a T. vulcanense by the study of a big petrified 

late Eocene trunk from Kučlín, Czech Rep., initially 

wrongly determined by Březinová et al. (1994) as Podo-

carpoxylon helmstedtianum Gottwald, 1966. Some simi-

larities with our specimens were observed. 

• A Mediterranean fossil species from Miocene 

deposits from northern Sardinia – Tetraclinoxylon anglo-

nae Biondi – was described by Biondi (1979), having, 

also, many similarities to the current Tetraclinis, and also 

with our studied material.  

• Desplats (1983), studying a Cretaceous (Albian) 

fossil wood collected from Pas-de-Calais area, described 

a new species as Tetraclinoxylon amedroi, having xy-

lotomical details similar to the current Tetraclinis.  

• Süss, 1997 has described Tetraclinoxylon ve-

litzelosii, as a new Mediterranean fossil species, from the 

early Miocene of Lesbos, with xylotomy similar to the 

current Tetraclinis: tracheids pitting 1-2 seriate, axial 

parenchyma with nodular horizontal walls, relatively high 

rays with cupressoid cross-fields. Very similar details we 

observed in our studied specimens. 

• The study of numerous specimens from the Car-

pathian area revealed another Cenzoic species was de-

scribed as Tetraclinoxylon romanicum Iamandei et 

Iamandei, 2000, as presenting minor xylotomical differ-

ences considered as representing intraspecific variability 

(like the variable frequency of the crassulae); they were 

assigned to the same species (Iamandei & Iamandei, 

2000b; Iamandei et al., 2005b; 2008a,b; 2011). The here 

studied specimens present some similarities with this 

carpathian species. 

Also, we cite here Sakala (2011, pers. comm.), who ob-

served such variability on slides prepared from wood of 

living Tetraclinis articulata (Vahl) Mast. (No. 2280, 

UPMC, Paris): “very often 3-4 typically cupressoid pits 

per field appear, mostly in marginal ray cells; very rare 

biseriate portions of pitting on radial tracheid walls and 

crassulae are present especially on the wider tracheids of 

early wood, but no biseriate portion in rays were ob-

served”, thus completing the descriptions found in Kräu-
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sel (1949), Grambast (1951), Greguss (1955), Vaudois & 

Privé (1971), Privé (1973). 

Thus, we observed in our specimens that have gradual 

transition from the early wood to the late-wood, some-

times quite abrupt in cross section, and the polygonal-

rounded tracheids have thick to very thick walls, with 

round or rounded lumina. Also, uniseriate to biseriate and 

opposite radial pits, sometimes slightly irregular, often 

separated by crassulae. Axial parenchyma is present, few, 

in diffuse arrangement, with smooth and thin transverse 

end-walls, rarely feebly nodular. The rays are usually 

uniseriate, of low to medium type, mostly of 3-5 cells 

tall, but sometimes up to 25 cells or more, with lateral 

intercellular spaces and cross fields with 1-2(-4) cu-

pressoid pits. 

Since the description of the studied specimens perfectly 

agree with that of the species diagnosis of Süss (1997), a 

species created on fossil wood collected from the same 

area, the Lesbos Island, we decided to attribute them to 

the species Tetraclinoxylon velitzelosii Süss, 1997.  

The current corespondent has presently a very restricted 

Mediterranean distribution, but we must imagine that this 

genus had a more extended Cenozoic area in Europe, 

around the Paratethys Sea, indicating, for that span of 

time, a subtropical to warm-temperate paleoclimate of 

Mediterranean type. Otherwise, by the study of the Oli-

gocene-Miocene leaf imprints found throughout Europe, 

a Tetraclinis salicornioides (Unger) Kvaček was de-

scribed, that perfectly corresponds to the present-day spe-

cies (Stancu & Ţicleanu, 1975; Kvaček et al., 1989; 

Givulescu, 1997; Kvaček & Hably, 1998), as well as in 

North America (Kvaček et al., 2000). However, Kvaček 

(2002) quote the existence of a fossil subxerophytic form, 

identified as Tetraclinis brachyodon (Brongniart) Mai & 

Walther, as humid subtropical element coming from Mid-

Eocene to Pliocene, in all Europe, probably from Cauca-

sus up to Italy or to Germany - where it was first de-

scribed. Kovar-Eder & Kvaček (1995) cited it from Croa-

tia, and Givulescu (1997) cited it from Transylvania. 

These two fossil species coexisted, and it is very possible 

that this subxerophytic form have had a special wood 

structure, still unknown up to this day. Further studies 

may add better arguments to such a hypothesis. The 

“whole plant” principle (Sakala, 2004) could be helpful. 

 

Genus Taxodioxylon (Hartig) Gothan, 1905 

Taxodioxylon gypsaceum (Göppert) Kräusel, 1949 

Fig. 5, a-i. 

 

Material 

From the studied samples, 7 specimens with cupressa-

ceous xylostructure of "taxodiaceous" type closer to that 

of current Sequoia, were grouped under the genus Tax-

odioxylon.  These samples were collected from Aegean 

area, either from dispersed fragments of petrified wood, 

or from in situ big silicified trunks found in the continen-

tal part of Greece, in the late Oligocene deposits of Evros: 

sample Aet.315 from Aetohory and sample Lfk.313 from 

Lefkimi. Also, some samples were collected from the 

insular part, from early Miocene deposits of Limnos Is-

land: Li.134, 135, and of Lesbos Island, the samples 

Lsv.335, 336 and 337. The studied material is registered 

under the above specified numbers as “Velitzelos Collec-

tion” and stored in the Collection of the Faculty of Geol-

ogy and Geoenvironment, of NKUA. 

 

Microscopic description 

Growth rings – are relatively wide in cross section, of 11-

40(-65) cells or more, often with slightly gradual transi-

tion from earlywood to latewood, sometimes quite ab-

rupt, giving a distinct aspect to the growth-rings bounda-

ries, marked by some rows of smaller thick walled late-

wood tracheids, as final wood. Normal resin canals ab-

sent, but sometimes tissue or even canals with traumatic 

character appear. 

Tracheids – with polygonal shape (with 4-5-6 sides) in 

cross section, often variably sized, having the radial / 

tangential diameter of 35-65(-80) / 25-45(-70) μm and 

relatively thin walls - of 3-5 μm the double wall in the 

early-wood, usually gradually diminishing in size toward 

the late-wood, which is represented by 2-5(-13) rows of 

tracheids with smaller lumen, of 10-18 / 15-25 μm in 

diameters and thicker walls – of 6-10 μm double wall. 

The cells are regularly arranged in 1-9 radial rows be-

tween two successive rays, sometimes with intercellular 

spaces. Their density is 1500-1716 tracheids per mm2. In 

longitudinal view, the tracheids show rounded or tapered 

endings, are of high type but their length is often difficult 

to measure. Tracheidal pitting on the radial walls are usu-

ally 1-3-seriate, oppositely arranged, as abietinean round 

bordered pits, with 18-22 μm in diameter, with large 

chambers and round to slightly elliptic apertures. Some-

times certain irregularities appear, as storeys of opposite 

pairs of pits in the uniseriate row, or even as small por-

tions biseriate. Crassulae are usually present. On the tan-

gential tracheidal walls pitting is absent but, few uniseri-

ate smaller pits, of 8-10(15) μm can seldom appear. Also, 

sometimes, on the endings of tracheids, warty areas ap-

pear. Helical or callitroid thickenings absent. Organic 

deposits absent. 

Axial parenchyma - appears rather abundant in cross sec-

tion, in short tangential lines or in diffuse arrangement, 

dispersed throughout the entire growth ring as smaller 

cells among the tracheids, or in the terminal wood as 

slightly irregular short tangential lines, usually with dark 

content. In the longitudinal sections, the parenchyma 

shows thin and smooth transverse end-walls or, some-

times, with 1(-2) weak nodules. Inside the parenchyma 

cells, globular or granular resin content appear. 

Rays - appear numerous, linear and thin in cross section. 

In tangential section they appear exclusively uniseriate 

sometimes with some biseriate storeys, of middle to high 

type,  having   1-16   cells  or   up   to   30  cells  high  or, 
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Fig. 5 a-i, (graphic scale). Taxodioxylon gypsaceum (Göpp.) Kräusel, 1949. (Specimen Lfk.313).  

a-c: Cross section - quite gradual transition, distinct growth rings; parenchyma few, diffuse, or in small lines;  

d-f: Tangential section - unpitted tracheids; parenchyma with end-wall smooth or weakly nodular; g–i: Radial section - 

tracheidal pitting 1-3-seriate, opposite; rays homocellular, cells all procumbent; poorly preserved cross fields with 1-3 tax-

odioid pits (arrow), more numerous in taller marginal cross fields, in 2 superposed rows or slightly irregular. 
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sometimes, even more than 60 cells. The ray cells, in 

tangential view, appear usually polygonal-rounded or 

oval of 12-16-20 μm, rarely cribrated by small simple 

pits. Often lateral intercellular spaces are present. The 

ray-density is 6-10 rays per tangential mm.  Regarding 

their composition, the rays are homogeneous, without 

ray-tracheids, having all procumbent parenchymal ray-

cells with smooth tangential end-walls. Their horizontal 

walls are smooth and pitted. Indentures are not visible or 

are missing. The cross-field pitting is of taxodioid type, 

usually with 1-3 pits in one horizontal row in the normal 

cross fields, but up to 6 pits in the taller marginal cross 

fields, where they are arranged in two superposed rows. 

These pits appear as taxodioid oculipores of 5-8 / 8-10 

μm, with large to very large inclined apertures. In cross 

fields with axial parenchyma small cupressoid pits ap-

pear.  

Resin canals – are usually absent but, sometimes, axial 

traumatic canals appear. 

Mineral inclusions – are absent. 

 

Affinities and discussions 

The microscopic description of the studied samples of 

fossil wood collected from Aegean area, from late Oligo-

cene and early Miocene sediments, showed xylotomical 

details that are characteristic to Cupressaceae family of 

"taxodiaceous" type, having radial pits on tracheids up to 

triseriate, opposite and with crassulae, end-wall of ray-

cells thin and smooth and 1-3 taxodioid pits in horizontal 

line in the cross-fields. These xylotomical details are very 

specific to Sequoia wood-type (Greguss, 1955; 1967).  

Fossil wood with such anatomical details was described, 

in time, either as Taxodioxylon (Hartig) Gothan, 1905 or 

as Sequoioxylon Torrey, 1923, both fossil genera being 

considered, in time, as valid fossil members of the former 

“Taxodiaceae family”. Today, after advanced studies, all 

the “taxodiaceous genera" are incorporated in the family 

Cupressaceae sensu lato (Gadek et al., 2000). This family 

includes now 27–30 genera distributed in 7 subfamilies, 

some of them more exotic, like Taiwanioideae L.C. Li, 

Athrotaxidoideae L.C. Li and Callitroideae Saxton. The 

main subfamilies are: Cupressoideae Rich. ex Sweet, 

Sequoioideae Saxton, Taxodioideae Endl. ex Koch and 

Cunninghamioideae (Zucc. ex Endl.) Quinn, which com-

prise most the known cupressaceous taxa, living especial-

ly in the Northern hemisphere (Gadek et al., 2000; Xiang 

& Li, 2005; Farjon, 2005a, 2010; Christenhusz et al., 

2011). 

The fossil genus Taxodioxylon was created by Hartig 

(1848), taking as type-species the Taxodioxylon goep-

pertii Hartig. This species was considerd by Philippe 

(1993) as equivalent to the current Sequoia sempervirens 

(D. Don) Endl., and this fact was admitted long before, 

by Gothan (1905, 1906), who emended first time the fos-

sil genus Taxodioxylon. And, evaluating the structure of 

many previously described fossil "taxodiaceous” wood 

remains, it can be observed that many of them show simi-

larities, with both the genera, Sequoioxylon and Taxodi-

oxylon, so that the separation of the two genera remained 

problematic for long time.  

But, Kräusel (1949) has established Taxodioxylon as a 

comprehensive fossil genus that became a “pocket-

genus” for the fossil correspondents of many current 

members of the former “Taxodiaceae” family, making 

difficult to differentiate between several taxodiaceous-

wood types. 

Later, Greguss (1967) considered that the name Taxodi-

oxylon should remain reserved for structures character-

ized by the presence of up to 8 nodular thickenings on the 

horizontal end-walls of the axial parenchyma, which is 

typical to the current Taxodium. For fossil wood of Se-

quoia-type he used the name Sequoioxylon as a new ge-

nus since, most probably, he hasn't n the published paper 

of Torrey (1923) and he described some new species 

(Greguss, 1967), transferring the species name ‘gyp-

saceum’ from Taxodioxylon to Sequoioxylon, as new 

combination.   

However, Privé-Gill (1977) considered that the diag-

nosis of the Taxodioxylon-genus is sufficiently compre-

hensive and that establishing new areas of competence 

for other genera is likely to complicate the determination 

of fossil wood, since a great intraspecific variability can 

be observed even in the current genus Sequoia, especially 

regarding the aspect of the axial parenchyma. A con-

sistent discussion on the nomenclatural and taxonomical 

treatment of the taxodiaceous wood genera is conducted 

by Dolezych (2011), who suggested a revision of the 

morphogenus Taxodioxylon, and till there she proposed to 

continue to use the name Taxodioxylon, with a more pre-

cise description regardind the distinct growth rings, the 

ray cell walls predominately smooth, the radial pitting on 

tracheids mostly biseriate, the presence of wood paren-

chyma, and the cross-field pits which are predominantely 

taxodioid. 

• Using the table of Kräusel (1949, p. 168) in or-

der to identify our studied specimens, in which we ob-

served that the transverse wall of the axial parenchyma is 

usually thin and smooth and the cross-field pits are tax-

odioid or even cupressoid in the cross-fields with axial 

parenchyma, details which are typical also to the current 

Sequoia sempervirens.  Such fossil wood-structure is 

usually identified as Taxodioxylon gypsaceum (Göpp.) 

Kräusel. The next presented identifications of T. gyp-

saceum are very similar to our studied specimens. 

• van der Burgh (1973) described a T. gypsaceum 

and a T. germanicum (Greguss) van der Burgh (initially 

described by Greguss, in 1967 as Sequoioxylon germani-

cum), both considered as extinct forms corresponding to 

the extant Sequoia sempervirens, noting that the thin end-

walls in the ray-cells could be an important differentiator 

to other Taxodioxylon species.  

• Later, by the study of some wood specimens 

from the quarry Schleenhainn, Germany, near Leipzig, 
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collected from an upper Eocene brown coal seam, a Tax-

odioxylon gypsaceum (in van der Burgh & Meijer, 1996), 

which is very similar to our specimens. Here is made an 

interesting discussion on this species considered as a 

highly variable polyphyletic species, which was probably 

widespread in the European Cenozoic, and had a wide 

range of variation. However, since too few fossils wood 

samples have been studied to describe a fossil species, 

not sufficient to justify a biological variability.  

• Gottwald (1992) described a Taxodioxylon sp. 

from the Eocene of Helmstedt, Germany, as having xy-

lotomic details of Sequoia-type. 

• Süss & Velitzelos (1997) have described some 

species of Taxodioxylon as: T. gypsaceum, T. albertense 

(Penhallow) Shimakura, 1940 and T. pseudoalbertense 

Nishida et H. Nishida, 1985 - as stem-wood, and a new 

species - T. megalonissum Süss & Velitzelos - as root-

wood, which mostly resembles that of the current Sequoia 

sempervirens. Also, compiling about 48 Mesozoic and 

Cenozoic species of Taxodioxylon, they made a revision 

of this genus, the first one after Kräusel (1949), and they 

gave a new genus diagnosis, in order to include also de-

tails characteristic for the root-wood (Süss & Velitzelos, 

1997), but they did it without a corect emendation, as 

Dolezych (2011) observed, and it was not followed by all 

the palaeoxylotomists. 

• Biondi, E., Brugiapaglia, E. (1991, 2000) identi-

fied some fossil woods from Dunarobba (Italy) as Tax-

odioxylon gypsaceum but, some xylotomical arguments 

point to Glyptostrobus wood-type (Martinetto, 1994; 

Vassio et al., 2008). 

• Selmeier (2001), describing a fossil wood from 

Czech Rep., identified it as Taxodioxylon gypsaceum and 

said that most of the Cenozoic wood-remains (not from 

upper Cretaceous) assigned to this species confirm a 

highly variable polyphyletic species in which the pits of 

cross field vary from taxodioid to glyptostroboid or cu-

pressoid.  

• More recently, Teodoridis & Sakala (2008), 

Koutecký & Sakala (2015) and Koutecký et al. (2019) 

describing a Taxodioxylon gypsaceum (stem and root-

wood) from Czech Rep., confirm the equivalence with 

the xylotomy of the modern Sequoia, citing Privé-Gill 

(1977), Dolezych & van der Burgh (2004), Dolezych & 

Schneider (2006b). In fact, they send to Sequoia wood-

type or to an extinct form, Quasisequoia couttsiae (Heer) 

Kunzmann 1999, a species also described by van der 

Burgh & Meijer (1996) from the Late Eocene of Schleen-

hain, Germany, in a coal-layer with the wood of Taxodi-

oxylon gypsaceum and leaves and cones belonging exclu-

sively to Quasisequoia couttsiae. More than this, is pro-

posed for wood of Quasisequoia Srinivasan et Friis a 

genus name - Quasisequoioxylon Dolezych et Van der 

Burgh (in Dolezych, 2005), which would be intermediate 

between Cupressinoxylon Goeppert, characterized by 

cupressoid cross field pits and Taxodioxylon (Hartig) 

Gothan, with 2-3 taxodioid cross field pits on radial tra-

cheidal walls (Dolezych 2005: 256; Dolezych & Schnei-

der, 2006b).  

In the same time, there were many palaeoxylologists in 

the world (U.S., Canada, Russia, Hungary, Romania, 

Ukraine, China, Turkey) who have admitted the validity 

of the genus Sequoioxylon Torrey 1923, and have de-

scribed species under this genus name: Andrews 

(1936); Greguss (1967); Nagy (1969); Mathiensen 

(1970); Roy & Stewart (1971); Petrescu & Popa (1971); 

Petrescu & Dragastan (1971); Petrescu & Popa (1971); 

Petrescu (1978); Özgüven (1971); Blokhina (1997-

2004); Blokhina et al. (2000); Sakınç et al. (2007); 

Iamandei & Iamandei (2000, 2016, 2017); Iamandei et 

al. (2004; 2008a; 2012a, 2020); YiTiemei et al. (2013); 

Afonin (2013); Uhl et al. (2014); Tian et al. (2018); Li 

et al. (2018); Akkemik, (2019a); Akkemik et al., (2005, 

2009, 2013, 2019acd, 2020); Acarca-Bayam et al. 

(2018); Özgenc et al. (2018); Güngör et al. (2019); Po-

lat et al. (2019).  

Bu, as a conclusion, the genus name Sequoioxylon Tor-

rey, 1923 should not be more usable, since is no more 

considered a valid genus (IFPNI, 2014), being in contra-

diction with ICN rules (Turland et al., 2018 - Shenzen 

Code) and all the described species under this genus must 

be reconsidered as species of Taxodioxylon. 

Thus, our studied specimens show xylotomical characters 

which are very similar to those of the extant Sequoia 

sempervirens, having relatively wide growth rings, abrupt 

transition, distinct boundaries, no resin canals, (but some-

times traumatic canals can appear); tracheids polygonal in 

cross section, with radial pitting 1-3-seriate, as round pits 

of 18-22 μm, sometimes slightly irregularly arranged, and 

with crassulae; tangential pitting usually absent; axial 

parenchyma in short tangential lines or in diffuse ar-

rangement, with transverse end walls thin and smooth, 

rarely weakly nodular; rays exclusively uniseriate, rarely 

with biseriate storeys, of middle to high type, with lateral 

intercellular spaces, homogeneous, with smooth end-wall, 

no indentures, 1-3 taxodioid type pits in cross fields, or 4-

6 in 2(-3) superposed rows. These xylotomical details are 

similar or almost identical to those described as on fossil 

wood from the European sites and identified as Taxodi-

oxylon gypsaceum.  

Based upon all these discussions which show great simi-

larity in xylotomical features between the studied materi-

al and the species diagnosis and other published descrip-

tions of Taxodioxylon gypsaceum, we assign our studied 

specimens to Taxodioxylon gypsaceum (Göpp.) Kräusel, 

1949, taking also into account the paper of Süss & Ve-

litzelos (1997) who described the same species, also from 

the Aegean area. 

 

Taxodioxylon taxodii Gothan, 1906 

Fig. 6, a-i. 
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Material 

Under this name were grouped 18 studied samples of 

silicified wood with typical taxodiaceous xylostructure. 

They were found either as dispersed fragments or as in 

situ big petrified trunks, preserved by late Oligocene to 

early Miocene volcano-sedimentary deposits from Aege-

an area, both from continental and insular part. Thus, 

from Evros were collected from Lefkimi the samples 

numbered with these field-numbers: Lfk.70, 253, 268, 

269, 270 and from Trifili - the samples Tf.108, 110, 122, 

126, 127, 127a, 127b. Also, some samples were collected 

from early Miocene of Limnos Island, numbered with 

Li.189, 190, 206, 208, 210, 251. The studied material is 

registered as “Velitzelos Collection”, and stored in the 

Collection of the Faculty of Geology and Geoenviron-

ment, of the NKUA. 

 

Microscopic description 

The growth rings – have variable wideness in transverse 

section, from low to often high (8-15 cells, to over 50 

cells) with quite abrupt transition from early-wood to 

late-wood or, sometimes, slightly gradual. The late wood 

is represented by few rows of smaller cells, flattened and 

thick walled, the growth rings boundaries are distinct, 

whereas usually the early wood always starts with larger 

and with thinner-walled cells. 

The tracheids – are in polygonal cross-section, often rec-

tangular and with rounded corners, are sometimes de-

formed by compression. In the early-wood, they have the 

radial / tangential diameters of 20-50 / 17-40 μm and wall 

thickness of 4-7 μm (double wall); in the transitional 

wood, when present, the diameters are quite similar, di-

minishing in size slightly gradually toward the late-wood, 

which is represented by (3-)5-7 rows of tracheids with 

smaller lumens, with diameters of 8-17 / 10-15 μm, and 

thick walls of 8-12 μm (double wall) in the final wood. 

Between two successive rays there are 2-9 radial rows of 

tracheids, regularly arranged. Intercellular spaces are of-

ten present. Tracheid density is (980-)1600-1716 trache-

ids per mm2. However, the tracheid length is difficult to 

measure. The tracheid pitting on radial walls appear uni-

seriate or biseriate, spaced and oppositely arranged. The 

pits are of bordered type, round shaped, 18-21 μm in di-

ameter, with large chambers and round and large elliptic 

aperture. Torus less visible. On the tangential walls pit-

ting is usually missing, or it appears sometimes as unise-

riate, smaller, round, bordered pits, of 12-15 μm in diam-

eter, sometimes slightly irregularly arranged. Helical 

thickenings on tracheids are not present but, sometimes, 

striations can appear on the slightly bent endings. Crassu-

lae are absent. Callitroid thickenings - absent. Organic 

deposits absent. 

The axial parenchyma – present and appear in cross sec-

tion few, in diffuse arrangement, scattered throughout the 

entire growth ring, as smaller cells, usually with dark 

content. In longitudinal sections, the string of parenchy-

ma cells shows transverse end walls, thick of 2-5 μm, 

nodular with up to 8 bead-like knots or even denticles, 

often badly preserved. Inside the cells a resin content can 

appear, as black globules or granules, or as plugs, or 

compact and with convex empty spaces. 

The rays – are exclusively uniseriate, and in tangential 

sections appear sometimes with some biseriate storeys up 

to almost biseriate; they are of low to middle type (from 

1-3 to 7-15 cells) or of taller type (of 16-30 cells, some-

times more). In radial section the rays are homogeneous, 

with parenchymal ray-cells all procumbent, of 16-20 μm 

tall, the marginals being usually taller (up to 24 μm), and 

without ray tracheids. The horizontal walls of the ray 

cells are thick, the double-wall has 5-8 μm, smooth and 

pitted (they are not ray tracheids). The tangential end-

walls are thick, of 3 μm simple-wall, smooth or slightly 

rugose or nodular, straight or inclined or arcuated. Inden-

tures  were  not  observed or are missing. The cross fields 

have 1-2(-4) taxodioid pits, arranged in horizontally pairs 

or superposed in the taller cross fields. These pits are 

oculipores of taxodioid type, of (7-)9-12 μm, with large 

inclined apertures, rarely with cupressoid or glyptostro-

boid aspect. Globules of resin or granules are often pre-

sent inside the ray-cells. 

Resin canals – are absent.  

Mineral inclusions – are not present. 

 

Affinities and discussions 

The synthetic xylotomical description of the 18 studied 

specimens, showed a characters’ combination similar to 

the "taxodiaceous” wood type from Cupressaceae family, 

namely the absence of resin canals, biseriate radial pitting 

on tracheids, the nodular transverse end wall of the axial 

parenchyma and the cross field pitting typical taxodioid, 

xylotomical details which characterise the current Tax-

odium wood-type (Fairon-Demaret et al., 2003; Dolezych 

and van der Burgh, 2004; Phillipe & Bamford, 2008; 

Dolezych, 2011; Ibrahim, 2015). Advanced genetic and 

morphologic studies on the members of Cupressaceae 

family (discussion above) allowed a better organization 

of them, distributed now in seven subfamilies (Gadek et 

al., 2000; Farjon, 2005). The former "taxodiaceus” genera 

are now redistributed (discussion above), and the Taxodi-

oideae subfamily includes only three genera with disjunct 

living-area in North America and East Asia: Taxodium 

Rich. Cryptomeria D. Don. and Glyptostrobus Endl. 

(Gadek et al., 2000; Farjon, 2005; Schulz & Stützel 2007; 

Mao et al., 2012). 

• Regarding the “taxodiaceous” fossil wood, we 

have presented above the fossil genus Taxodioxylon Har-

tig 1848, whose type species T. goeppertii Hartig was 

considered an equivalent to Sequoia sempervirens (Go-

than,1905, 1906; Philippe, 1993). However, Kräusel 

(1949) established the genus Taxodioxylon for taxodia-

ceous fossil wood, and it became a “pocket genus” for 

many fossil correspondents of many current members of 

the former “Taxodiaceae” family (Dolezych, 2011). 
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Fig. 6 a-i, (graphic scale). Taxodioxylon taxodii Gothan, 1906. (Specimen Tf.122). 

a-c: Cross section - quite gradual transition, distinct growth rings; large tracheids; parenchyma few, diffuse; d-f: Tangential 

section - pitting on tracheids absent; axial parenchyma end-walls nodular (arrow); rays uniseriate; g-i: Radial section - trachei-

dal pitting 1-2-seriate, pairs opposite; rays homocellular, cells all procumbent; poorly preserved cross field pitting with 1-2(4) 

taxodioid oculipores. 
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• Greguss (1967) considered that the name Tax-

odioxylon should remain reserved for structures charac-

terized by the presence of numerous nodular thickenings 

(up to 8) on the horizontal end-walls of the axial paren-

chyma, which is typical to the extant genus Taxodium. 

• But Privé-Gill (1977) considered the diagnosis 

of the Taxodioxylon-genus as sufficiently comprehensive, 

therefore establishing new areas of competence for other 

genera could complicate the determination of fossil 

wood. 

• A much-documented discussion on the fossil 

cupressaceous xylotaxa, especially on Taxodioxylon ge-

nus, is made by Dolezych (2011), who also proposed a 

revision of it.  

• Anyway, despite some confusion inside the Tax-

odioxylon fossil genus concerning its modern affinities 

(Fairon-Demaret et al., 2003; Dolezych & van der Burgh, 

2004, Phillipe & Bamford, 2008; Dolezych, 2011), the 

generic identification of the studied material here is cor-

rect and the described xylotomical details corespond to 

those described for Taxodioxylon taxodii by Gothan 

(1906), a fossil species often present in the coal-deposits 

as an important Cenozoic coal-generator tree and often 

identified in Europe (Zalewska,1953; Greguss, 1967; 

Gottwald,1966, 1992; Selmeier, 2001; Iamandei & 

Iamandei, 2000b, 2017; Iamandei et al., 2001b,c; 2005a; 

2008b,c; 2012b; Teodoridis & Sakala, 2008;  Akkemik et 

al., 2009; Uhl et al., 2014). It has usually 1-2-seriate pit-

ting on the radial walls of the tracheid, nodular end-walls 

of the axial parenchyma and cross fields with 1-2(-4) 

taxodioid pits. 

In a synthetic description all the here studied specimens 

show distinct growth rings without resin canals, tracheids 

with 1-2-seriate radial pits, without crassulae, diffuse 

parenchyma with nodular transverse end-walls (with up 

to 8 knots), uniseriate homogeneous rays, ray cells with 

nodular end-walls and cross fields with 1-2(-4) taxodioid 

pits, details that perfectly fit to the diagnosis of the classic 

species of Gothan, Taxodioxylon taxodii.  

Thus, based on all the above discussions on the possible 

affinities and on the comparison with other descriptions 

of fossil wood of Taxodium-type, from Kräusel (1949) to 

Greguss (1967), up to Dolezych & van der Burgh (2004) 

and Dolezych (2011), we assign all the 18 studied speci-

mens to the species Taxodioxylon taxodii Gothan, 1906. 

We also note the fact that Dolezych (2011) affirms that 

this fossil species, T. taxodii Gothan, appears to be the 

closest to current Taxodium mucronatum Ten., not only 

because of the small difference in cross fields where cu-

pressoid pits can appear (or not), but also by the habitat 

type, as a coal-generating species. 

 

Genus Glyptostroboxylon Conwentz emend. Dolezych & 

van der Burgh, 2004 

Glyptostroboxylon rudolphii Dolezych & van der Burgh, 

2004 

Fig. 7, a-i. 

 

Material 

The studied material is represented by 36 samples of pet-

rified wood, collected from the Aegean area, both from 

insular and continental part. Thus, some of them were 

collected from Evros region, from late Oligocene depos-

its, from Lefkimi - the samples Lfk.1, 56(3), 152, 255, 

256, 257, 258, 262, 263, 273, 284, 288 and from Trifili - 

the samples Tf.5, 9, 15, 23, 27, 45, 47, 50, 137, 309, 314. 

Also, some samples were collected from early Miocene 

deposits of Limnos island - the samples numbered with 

Li.131, 132-2, 205, 471, 474, 474-14, 480, 481, and from 

Lesbos Island - the samples Lsv.45, 112, 428, 455 and 

470.  

The studied material is registered as “Velitzelos Collec-

tion”, and stored in the Collection of the Faculty of Geol-

ogy and Geoenvironment, of the NKUA. 

 

Microscopic description 

Growth rings – are variable, from low to wide (i.e. from 

8-15 cells to over 50 cells), usually with quite abrupt 

transition from the early-wood to the narrow late-wood, 

which has 2-3-5 rows of smaller flattened cells, so, the 

growth rings boundaries are quite distinct, since always 

the early-wood starts with larger cells. Normal axial resin 

canals absent. 

Tracheids – have polygonal lumen in cross-section in the 

early-wood, with radial / tangential diameters of (20-)35-

60 / (17-)30-40 μm and the wall thickness of 3-6 μm 

(double wall); in the late-wood the diameters are quite 

similar, only in the final 1-3 rows, the tracheids are di-

minishing, having 8-15 / 10-15 μm in diameters, and the 

wall thickness reach 7-9 μm the double wall. The trache-

ids, in cross section, appear regularly arranged in 2-9 

radial rows between two successive rays, and intercellular 

spaces are often present. The density is 1300-1700 trache-

ids per mm2. The length of the tracheids is medium to 

large type, but difficult to measure. The pitting on the 

radial walls is 1-4 seriate, spaced, in opposite arrange-

ment and often with crassulae. The pits, of bordered type, 

are round, with (12-)15-20 μm in diameter, with large 

chamber and round to slightly elliptic aperture. On the 

tangential walls, few uniseriate smaller pits of 8-9 μm in 

diameter appear, sometimes localy irregularly biseriate. 

Helical thickenings absent, but striations sometimes are 

present on the endings which, sometimes, can be slightly 

bent. Crassulae sometimes present and, when present, the 

pits are located in a kind of nest and are slightly molded 

by the tracheidal wall. Callitroid thickenings not present. 

Organic deposits absent.  

Axial parenchyma – is present and appear in cross section 

as few smaller cells, in diffuse arrangement, scattered 

throughout the entire growth ring and usually with some 

dark content. 
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Fig. 7 a-i (graphic scale). Glyptostroboxylon rudolphii Dolezych et van der Burgh, 2004; (Specimen Li.481)  

a-c: Cross section - abrupt transition, quite distinct growth rings; thick-walled tracheids; d-f: Tangential section - few pits 

on tracheids, parenchyma with nodular transverse wall; rays exclusively uniseriate; g-i:. Radial section - radial pitting 1-3-

seriate, opposite; rays homogeneous, parenchymal cells sll procumbent, marginals taller; poorly preserved cross-fields with 

1-4 glyptostroboid to taxodioid pits (arrows). 
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In vertical section, the string of parenchyma cells shows 

transverse end-walls thin and smooth to moderately nodu-

lar, and also resin content as rare small and black glob-

ules or granules, inside.  

Rays –appear linear and thin in the cross sections, usually 

exclusively uniseriate. In tangential section they appear 

sometimes with biseriate storeys to almost biseriate. Lat-

eral intercellular spaces are often present. The rays are of 

low type, having 1-10 cells, to mid type, with up to 20 

cells, sometimes taller. In radial section the rays are usu-

ally homogeneous, with parenchymal ray-cells all pro-

cumbent, the marginals taller. The horizontal walls of the 

ray-cells are smooth, with simple pits, and the end-walls 

are smooth. Indentures - not visible. The cross-field pit-

ting is of glyptostroboid type, usually having glyptostro-

boid pits or, sometimes, taxodioid, of 10-12 μm, with 

round to large-eliptic appertures. They appear as 1-4 pits 

in one horizontal row in normal cross fields, or 4-6 pits in 

the taller cross fields, when they are in 2 superposed rows 

or slightly irregularly arranged. In the late-wood cross 

fields the pits tend even to cupressoid type as smaller 

pits, of 6-8 μm, and with inclined lens-like apertures. 

Sometimes, globules or granules of resin are present in-

side the ray cells.  

Resin canals – are absent.  

Mineral inclusions – are absent. 

 

Affinities and discussions 

The synthetic description of the above specified 36 spec-

imens provided xylotomical details typical for a cupres-

saceous wood of ‘taxodiaceous’ type, caracterized by 

absence of the resin ducts, cross-section and wall-

thickness of the tracheids and especially by the presence 

of radial pitting as 1-4-seriate on tracheids, sometimes 

with crassulae and the cross-field with typical glyptostro-

boid pits, tending sometimes to taxodioid or even cu-

pressoid aspect. These xylotomical details have been 

compared with other extant or fossil structures of ‘taxodi-

aceous’ type, as published by Greguss (1955), Visscher & 

Jagels (2003), InsideWood (2004 – onwards), Dolezych 

& van der Burgh (2004), Dolezych (2011) and Wheeler 

(2011) that suggested us the most possible affinity to 

Glyptostrobus wood-type. This genus belongs to the fam-

ily Cupressaceae (s.l.), subfamily Taxodioideae Endl. ex 

K. Koch - together with Taxodium Rich. and Cryptomeria 

D. Don, as is presented above. The current Glyptostrobus 

Endl. has a single species living in a disjunct area in East 

Asia: G. pensilis (Staunton ex D. Don) K. Koch, (Chinese 

swamp cypress) in subtropical southeastern China (Fu-

jian, Yunnan) and locally, in northern Vietnam and east-

ern Laos (Lao PDR) (Greguss, 1955; Earle, 2018).  

It typically grows in river banks, ponds and swamps, 

even in water up to 60 cm deep, similar to the related 

genus Taxodium, having also ‘cypress knees’ which help 

the roots to breath. Arguably even before, but surely dur-

ing the Cenozoic, the distribution of these genera was 

different than today, they were present in Europe, from 

where a lot of fossilized wood remains and other vegeta-

tive plant parts were found and described. Often, these 

genera were deeply implied within coal-genesis, the fossil 

forms of Taxodium and Gyptostrobus probably had a typ-

ical and similar behaviour as today preferring the wet 

environments or even swamps, or peat-bogs (Greguss, 

1955; Earle, 2015).  

Also, comparing the anatomical structure of the studied 

specimens with other ‘taxodiaceous’ fossil genera (Gre-

guss, 1967) we observed some similarities also with the 

fossil forms of Taxodioxylon (Hartig) Gothan, but espe-

cially with Glyptostroboxylon Conwentz, 1884. In fact, 

the distinction between these fossil genera is sometimes 

problematic enough, as they have many similar xylotomi-

cal details. But, in a more recent revision of these fossil 

cupressaceous morphogenera (Dolezych & Van der 

Burgh, 2004) the authors tried to solve this problem and 

created a new species of Glyptostroboxylon by reviewing 

the original material described by Kraus (1864), from 

Wetterau, which was found as comparable with the wood 

of modern Cunninghamia R.Br. (Dolezych, 2011), so 

emending the genus diagnosis. We reproduce here the 

diagnosis of the genus Glyptostroboxylon Conwentz, 

emend. Dolezych & van der Burgh, 2004: “Coniferous 

wood with distinct growth rings. Tracheids in the ear-

lywood wider than in the latewood. On the radial walls of 

tracheids, pits in 1–3(4) vertical rows. Wood parenchyma 

with thin and smooth to moderately thick and pitted ter-

minal (horizontal) walls. Rays are homogeneous, mostly 

uniseriate. Cross-field pits in the early wood are predom-

inantly glyptostroboid, but also some cupressoid and tax-

odioid pits may be present”.  

In our studied specimens we observed and described very 

similar details regarding the shape of the tracheids in 

cross-section and their radial pitting as 1-2 to 3-4 vertical 

rows, spaced or sometimes slightly irregularly arranged; 

then, the presence of axial parenchyma with smooth to 

slightly nodular horizontal walls; and the rays, which are 

uniseriate, often with biseriate storeys, or even as biseri-

ate rays, homogeneous with ray cells all procumbent, 

tangential walls smooth, and no ray-tracheids; the cross-

fields with 1-4 glyptostroboid pits, sometimes tending to 

taxodioid, more numerous in the marginal fields which 

are taller and the pits are smaller cupressoid pits arranged 

in two horizontal rows or slightly irregularly. Such de-

scription corresponds to the genus diagnosis. 

• Dolezych & van der Burgh (2004), in their revi-

sion of Glyptostroboxylon genus, showed that the species 

Glyptostroboxylon tenerum (Kraus) Conwentz was the 

initial basionym for the genus (whose former name was 

Glyptostrobus tener Kraus, 1864). This basionim was 

commented by Seward (1919, p. 198) and by Jurasky 

(1933), and corrected by Kraüsel (1949), respecting he 

ICBN Rules of that time. However, he noted the wide 

variability of the glyptostroboid pits in the cross fields, 

toward taxodioid or cupressoid type. Now, Glyptostro-

boxylon tenerum is interpreted as fossil wood of Cun-
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ninghamia. In fact, it was known that Gothan (1905) and 

later, Rudolph (1935), Watari (1948), Süss & Velitzelos 

(1997) and Fairon-Demaret et al. (2003) have observed 

an affinitiy between the wood of Glyptostroboxylon tene-

rum and that of the current Cunninghamia,  and the new 

investigation on the original material from Wetterau, the 

type-locality, made by Dolezych & van der Burgh (2004), 

have proved that the affinity of this wood is not to Glyp-

tostrobus, but clearly to Cunninghamia ( also Dolezych, 

2011). 

• In the same paper Dolezych & van der Burgh 

(2004) described a new species, Glyptostroboxylon ru-

dolphii Dolezych & van der Burgh, designating it as new 

basionym for the genus Glyptostroboxylon Conwentz 

emend. Dolezych & Van der Burgh 2004 (cited above, 

the emended diagnosis). The species name come from the 

name of a scientist who, first time discussed the affinity 

of the described fossil wood as Glyptostroboxylon as be-

ing to the recent wood of Glyptostrobus not of Cunning-

hamia (Rudolph, 1935), observing that the pits in cross 

field of the studied fossil wood are glyptostroboid and 

taxodioid, in a random distribution.  This new species 

described, Glyptostroboxylon rudolphii, represents, most 

probably, the fossil wood of Glyptostrobus europaeus 

(Brongniart) Unger, which was described on the basis of 

adpressions of shoots, leaves and cones, and was fre-

quently found in the European Cenozoic formations 

(Greguss, 1967; Hofman, 1952; Ramanujam, 1960; 

Zalewska, 1953). Together with their revision of Glyp-

tostroboxylon genus, Dolezych et van der Burgh (2004) 

described more material of “taxodiaceous wood” in Lusa-

tia (Central Europe) with clear affinity to the current 

Glyptostrobus. Also, they suggested that many other de-

scriptions of similar coniferous woods previously de-

scribed by Kräusel (1949), Schönfeld (1952), Kostyniuk 

(1967), Visscher & Jagels (2003), van der Burgh (1973), 

could be revised and assigned to Glyptostroboxylon ru-

dolphii.  

• Teodoridis & Sakala (2008) identified a Glyp-

tostroboxylon rudolphii, and observed the disproportion 

between the abundance of leaves and cones and ds of 

Glyptostrobus in Most Basin (Czech Republic), and only 

one specimen of fossil wood found preserved as xylite, 

rather difficult to identify and attributable to this genus, 

traditionally considered as the main coal-generating ele-

ment in “the association of Glyptostrobus” sensu Kvaček 

& Bůžek, 1982 (in Kvaček, 1999 and in Teodoridis & 

Sakala, 2008, p.304).  

• Biondi & Brugiapaglia (1991) described a Tax-

odioxylon gypsaceum on a specimen from the Pliocene of 

Umbria region, central Italy, having commonly with 4-

seriate bordered pits on the radial walls of the tracheids, 

presumably in early wood and also, axial parenchyma 

with smooth horizontal walls. In a later work, refering to 

the same material, Biondi & Brugiapaglia (2000) affirm 

that the 4-seriate bordered pits are rare, and they are 

mostly 1- to 2-seriate, and suggested that the wood anat-

omy of the Dunarobba wood could be similar to the one 

of the current Sequoia. However, Martinetto (1994) 

pointed out that in the Dunarobba deposits the conifer 

foliage, ds and cones belong uniquely to Glyptostrobus 

europaeus, so we think that a revision of the fossil wood 

of Dunarobba Fossil Forest is necessary, since we believe 

that we talk about Glyptostroboxylon rudolphii (also 

Vassio et al., 2008). 

• Also, Ravazzi & Van der Burgh (1995) have 

identified several wood samples from the Leffe brown 

coal (Early Pleistocene, N-Italy), and some specimens 

that were assigned to Glyptostroboxylon tenerum (Kraus) 

Conwentz, found together with pollen of Glyptostrobus, 

Chamaecyparis, Picea and Pinus. However, the Leffe 

wood identifications would need revision too ( Vassio et 

al. 2008), because the described wood shows some char-

acteristics that point to Glyptostroboxylon rudolphii: in 

the radial walls of earlywood tracheids bordered pits are 

biseriate, crassulae are present, rays are uniseriate and up 

to 22 cells high; cross field pits vary from cupressoid to 

taxodioid and to glyptostroboid ( Fairon-Demaret et al., 

2003; Richter et al., 2004).  

• Some Miocene fossil wood remains described 

by Iamandei et al. (2001) from Eastern Carpathians 

(Leucuşeşti-Fălticeni) and by Nagy et al. (2002) from 

South Apuseni Mts. (Prăvăleni) were identified as Glyp-

tostroboxylon tenerum, but having cross fields with 3-4(-

6) glyptostroboid pits, most probably must be revised to 

Glyptostroboxylon rudolphii. 

• Teodoridis & Sakala (2008) have studied a 

fragment of sideritized wood from Bílina Mine, from the 

Most Basin, described as G. rudolphii, having crassulae, 

large intercellular spaces between ray-cells and cross-

field pits exclusively glyptostroboid. 

• Vassio et al. (2008), also described G. rudolphii 

from Middle Pliocene, studying the in-situ stumps from 

Stura di Lanzo right riverbank, NW Italy, based on their 

typical features, especially the presence of exclusively 

glyptostroboid cross-field pits.  

• Dolezych (in Erdei et al., 2009), studied the 

stumps from the Miocene Fossil Forest from the opencast 

lignite mine of Bükkábrány (Hungary) and described 

wood structures atribuable to Glyptostroboxylon Con-

wentz emend. Dolezych and van der Burgh, as having 

glyptostroboid cross field pits. This fact is confirmed also 

by the presence of the organic-rich sediments underlying 

and embedding the stumps, which provided a high abun-

dance of wood remains, foliage, cones and ds of Glyp-

tostrobus.  

• Gryc & Sakala, (2010), studied also the xyloto-

my of the big trunk of fossil wood found in the Miocene 

opencast lignite mine of Bükkábrány (Hungary) and ex-

posed in the Visitor Centre of the Ipolytarnóc Fossils 

Nature Reserve and, have identified it as Glyptostroboxy-
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lon rudolphii, having cross-field pits, mainly glyptostro-

boid.  

• Dolezych (2011) made new xylotomical investi-

gations in the Miocene peat formation in Lusatia trying to 

reconstruct the woody plant communities and described 

again the presence of G. rudolphii with its typical xy-

lotomical features, besides other taxa. 

• Havelcová et al. (2013) have described a G. ru-

dolphii, in the Stump Horizon from the Bílina open cast 

mine (Czech Republic), as having the typical glyptostro-

boid pits in the cross-fields. 

• Koutecký & Sakala, (2015) described G. ru-

dolphii from Doupovské hory, Czech Republic, as having 

glyptostroboid and taxodioid pits (1–2, occasionally up to 

4) in cross-field, and low rays, up to 12 cells tall. 

• The fossil wood remains signalled by Mustoe 

(2018) at high latitudes of North America (from Yukon to 

Elsemere Island and around), were studied by Dolezych 

et al. (2018) who described more Cretaceous - Paleogene 

conifers, and between them a Glyptostroboxylon cf. ru-

dolphii and also, a G. tenerum. 

• Li et al. (2018), described a new species, a wood 

from the Paleocene of Carneyville, Wyoming (US) as 

Sequoioxylon carneyvillense Li, Jin et Manchester but 

having cross-fields with 1-4 taxodioid pits and being as-

sociated with twigs, fossil leaves and d cone remains, 

identified as of Glyptostrobus europaeus, we presume it 

could be a wrong identification, and it is probably a Glyp-

tostroboxylon rudolphii. 

• Recently, Akkemik et al. (2017) published a 

Glyptostroboxylon (of rudophii type) from central Tur-

key, and then Akkemik et al. (2018; 2019a,b; 2020b) 

identified G. rudolphii from another sites in Turkey, 

based on the typical features such as 2-5 pits per cross 

field, predominantly glyptostroboid, but also taxodioid 

and, apparently, much higher rays. 

• Very important, Mantzouka et al. (2019a) found, 

presented and redescribed the original material of the 

holotype of Glyptostrobus europaeus, housed in the col-

lections of the Muséum National d'Histoire Naturelle, 

Paris, originally collected from the Alonissos Island, 

Greece, an also, they show that such fossil remains of 

Glyptostrobus europaeus have been described in several 

localities in Greece during the Cainozoic up to Pleisto-

cene. 

• And, in a recent study on some Miocene materi-

al from Bozovici area (SW Romania) was described by 

Iamandei et al. (2020b) a Glyptostroboxylon rudolphii, as 

having typical tracheidal radial pitting 1-4-seriate, and 1-

4 glyptostroboid and taxodioid cross-field pits, in hori-

zontal row. 

Thus, after this discussion, and based on the synthetic 

description of a numerous population of samples (39 

specimens) collected from the Aegean area, it is obvious 

that there is a great similarity of the xylotomical charac-

ters of our studied specimens with those comprised in the 

generic and specific diagnosis, and with those showed by 

the numerous previous identifications, discussed above, 

as well as with the characters of the curent correspondent, 

we attribute all the studied specimens to Glyptostroboxy-

lon rudolphii Dolezych et van der Burgh, 2004, as a per-

fect fossil equivalent of the extant living fossil Glyp-

tostrobus Endl. 

 

Glyptostroboxylon tenerum (Kraus) Conwentz 1884 

Fig. 8, a-i. 

 

Material 

The fossil material studied, represented by 53 samples of 

silicified wood, comes from Aegean area - insular and 

also continental part. Thus, some of them were collected 

from Evros, from late Oligocene volcano-sedimentary 

deposits, from Lefkimi - the samples with the field num-

bers Lfk.153, 155, 157, 166, 174, 190, 191, 254, 264, 

271, 275, 283, 290, 291, 292, 293, 295, 296, 297, 299, 

301, 302, 308, 310, 318, 321a, 321b, 325, 328b, 333; and 

from Trifili - the samples Tf.1, 2, 7, 9a, 14, 16, 30, 109, 

119. Also, other samples were collected from early Mio-

cene volcano-sedimentary deposits from Limnos Island – 

the samples Li.187, 193, 194, 197, 200, 209, 230, 236, 

467, 469, 473, 483, 484, 485a. The studied material is 

registered as “Velitzelos Collection”, and stored in the 

Collection of the Faculty of Geology and Geoenviron-

ment, of the NKUA. 

 

Microscopic description 

Growth rings – show a variable width, from low to often 

large of over 50 cells, with quite abrupt transition, even if 

sometimes a gradual size diminution is visible, from the 

early-wood to the late-wood, which is represented by 2-5 

rows (sometimes more) of smaller flattened cells, and the 

growth rings boundaries are quite distinct, since the early 

woodalways starts with larger cells. Normal resin canals 

are absent. 

Tracheids – have a polygonal cross section, sometimes 

deformed by compression. In the early-wood, they have 

the radial / tangential diameters of the tracheids of 20-35 

(60) / 17-30 (45) μm and are not too thick walled, having 

3-6 μm (double wall); in the late wood the diameters are 

between 8-15 / 4-15 μm (r/tg d.) and the wall thickness 

reach 7-10 μm (double wall). The cells are regularly ar-

ranged in 2-9 radial rows between two successive rays, 

and intercellular spaces are often present. The density is 

between 1200-1700 tracheids per mm2. Tracheid length 

difficult to measure, and sometimes, at cross fields meet-

ing, the tracheids are bent. Radial pitting is usually unise-

riate, sometimes biseriate, spaced, opposite, but often 

loosely arranged, partly touching each other. The pits, of 

bordered type, are round, with 10-18(-20) μm in diame-

ter, with ornate chambers, apertures sometimes notched. 

Torus less visible. In tangential view uniseriate pits ap-

pear, small, of 9-10 μm in diameter, sometimes larger and 

slightly irregularly arranged. Helical thickenings absent,  
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Fig. 8 a-i, (graphic scale). Glyptostroboxylon tenerum (Kraus) Conwentz, 1884; (Specimen Li.483). 

a-c: Cross section - quite abrupt transition, distinct growth rings; large thin-walled tracheids; parenchyma few, diffuse; d-f: Tan-

gential section - irregular uniseriate small pits on tracheids; parenchima with nodular end walls (arrow); rays exclusively uniseri-

ate; g-i: Radial section - tracheidal pitting 1-2-seriate, opposite; rays homocellular, cells all procumbent; cross field with 1-2(-3) 

cupressoid pits or taxodioid (arrows), more numerous in marginal cross fields, and slightly irregular. 
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but striations sometimes are present. Crassulae some-

times present. Often, the pits are located in a kind of nest 

and are slightly rounded by the tracheidal wall. Callitroid 

thickenings absent. Organic deposits absent. 

Axial parenchyma - appear in cross section as few, dark, 

smaller cells and diffusely arranged, scattered or as short 

tangential lines. In longitudinal section the vertical string 

of cells shows transverse walls thin and smooth, some-

times nodular. Also, resin content is present as rare, small 

and big black globules or granules. 

Rays - in cross section appear thin, linear and exclusively 

uniseriate in tangential section have sometimes some 

biseriate storeys, up to almost biseriate rays. The rays are 

of low type, having from 1-12 cells in height, sometimes 

more. Regarding the ray composition, the rays are homo-

geneous, with the parenchymal cells all procumbent, of 

15-20 μm high, marginals taller, of up to 27-30 μm. Ray 

tracheids - absent. The horizontal and the tangential end-

walls of ray parenchyma cells are smooth and simply 

pitted. Indentures present, but often difficult to observe. 

In cross field, the pits are of cupressoid or taxodioid type 

or with glyptostroboid aspect, in one row arranged as 1-2 

pits of 8-12 μm, and more numerous, 3-5 (-6) pits, in the 

taller cross fields, when are in 2 superposed rows, or 

slightly irregularly arranged. Sometimes, globules of res-

in or granules are present inside the ray cells.  

Resin canals – are absent.  

Mineral inclusions – are not present. 

 

Affinities and discussions 

Glyptostroboxylon Conwentz emend. Dolezych & van der 

Burgh, but closer to the current Cunninghamia R. Br., 

than to Glyptostrobus Endl. emend. Dolezych & van der 

Burgh, 2004 

In fact, as was showed above, long time ago, Kräusel 

(1913: 45, 46) had already observed such affinity and 

difference in specimens assigned to Glyptostroboxylon, 

and considered as separating the fossil wood of Cunning-

hamia-type from that of Glyptostrobus-type, especially 

based on the presence of cupressoid cross-fields rather 

than glyptostroboid ones. Eventually, he rejected the idea 

and the two distinct taxa have remained united as Glyp-

tostroboxylon tenerum Conwentz (Kräusel 1913, 1919, 

1949;  Dolezych & van der Burgh, 2004). It is known that 

the genus Glyptostrobus Endl. was described firstly in 

fossil (as Glyptostrobus tener by Kraus, 1864) and only 

later it was found as living tree in China and described by 

Henry & McIntyre (1926) as Glyptostrobus pensilis 

(Staunton ex D. Don) K. Koch, known as “Chinese 

swamp cypress”, and they considered it as a living fossil.  

Now, Glyptostroboxylon tenerum is interpreted as fossil 

wood of Cunninghamia type, because Gothan (1905) and 

later, Rudolph (1935), Watari (1948), Süss & Velitzelos 

(1997) and Fairon-Demaret et al. (2003) have also ob-

served structural affinities between the wood of Glyp-

tostroboxylon tenerum and the one of the extant Cun-

ninghamia R.Br. 

Dolezych & van der Burgh (2004), after a new investiga-

tion on the original material from Wetterau, the type-

locality, decided that the affinity of this wood is not to 

Glyptostrobus Endl., but clearly to Cunninghamia R. Br., 

genus belonging now to the Subfamily Cunninghamioi-

deae (Zucc. ex Endl.) Quinn, not to Taxodioideae Endl. 

ex K. Koch, so that it could be subject for a new revision 

even if it is admitted now as species of Glyptostroboxylon 

(Dolezych, 2011). We discuss below many other wood 

remains described as Glyptostroboxylon tenerum espe-

cially from Europe, and which are very similar to our 

studied material: 

• Kräusel (1919) has determined from several Si-

lesian sites, some xylites as Glyptostroboxylon tenerum 

and, for example, the specimen of Laasan has clear affini-

ty to the recent Cunninghamia-wood, having in the cross-

field three relatively large taxodioid and glyptostroboid 

pits, almost filling it ( Dolezych & van der Burgh, 2004). 

• Stockmans & Willière (1934) have described a 

Glyptostroboxylon tenerum, from the Eocene from Bel-

gium, with affinity to Cunninghamia-wood, having unise-

riate radial pitting, loosely arranged. 

• Schönfeld (1952) has described a Glyptostro-

boxylon tenerum, on an Eocene wood from Borna lignite 

mining area (Germany), also with a clear affinity to Cun-

ninghamia, especially by the aspect of the cross-field pits. 

• Kostyniuk (1967) has investigated some samples 

of xylite from the Cenozoic lignites of Turów (Poland), 

describing a Glyptostroboxylon tenerum, with glyptostro-

boid and taxodioid pits in cross field, which points to the 

affinity to Cunninghamia wood type. 

• Greguss (1967) determined a silicified wood 

from late Miocene of Hungary as Glyptostroboxylon No. 

2, having uniseriate tracheidal pitting, suggesting affinity 

to Cunninghamia wood. 

• Mathiesen (1970: 50-52) identified a wood from 

the lignite of Troldhede (Danemark), as Glyptostroboxy-

lon tenerum, and even if he made a slightly confusing 

description, the illustrations clearly suggest the affinity to 

the current Cunnnghamia wood. 

• Ravazzi & van der Burgh (1995) described a 

Glyptostroboxylon tenerum, from the brown coal of Leffe 

palustrine deposits (Early Pleistocene, Lombardy, N-

Italy) as having the radial pitting of tracheids and cross 

field pitting which suggest clear affinity to the wood of 

Cunninghamia (Dolezych & van der Burgh, 2004). 

• The specimens described as Glyptostroboxylon 

tenerum, by Iamandei et al. (2001), from Eastern Carpa-

thians and by Nagy et al. (2002) from South Apuseni mts. 

are probably wrongly identified, having glyptostroboid 

cross-field pits (see above). 

• Fairon Demaret et al. (2003) have described an 

in situ Glyptostroboxylon tenerum, from the Eocene For-

est of Hoegaarden (Belgium), the wood structure showing 

clear affinity to the wood type of Cunninghamia. 
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• Süss & Velitzelos (1997, 2008) have studied 

some wood remains of Glyptostroboxylon-type from Les-

bos, describing a new species (Glyptostroboxylon micro-

tracheidale Süss et Velitzelos), as having ‘ovoid’ pits in 

cross-fields (i.e. glyptostroboid pits), suggesting that it is 

probably a root wood and specifying that it m to be simi-

lar with that of Cunninghamia lanceolata (Lamb.) Hook., 

an extant Chinese species. 

• Dolezych, M., (2011) identified some taxodia-

ceous woods in Lusatia (Central Europe), but also a Glyp-

tostroboxylon tenerum with affinity to the wood-type of 

Cunninghamia. In fact, some years ago, Dolezych & Van 

der Burgh (2004) have studied fossil wood from Wet-

terau, the locus tipicus for the original material of Kraus 

(1864), which proved similar to the current Cunning-

hamia (see above) 

• And, also, Dolezych et al. (2018) studying some 

material from high latitudes of North America (Yukon, 

Elsemere Island and around), have described some Creta-

ceous-Paleogene conifers, among them a Glyptostroboxy-

lon tenerum with its typical xylotomy. 

Thus, taking into account the above disscussion for the 

first species of Gyptostroboxylon and the comparative 

discussion for this studied material, and based on the 

great similarity of the xylotomical characters of this stud-

ied rich material (53 specimens), with the details com-

prised in the specific diagnosis and with other identifica-

tions of fossil wood presented above and also, with the 

xylotomy of the current correspondent (Greguss, 1955), 

we attribute all the studied specimens to Glyptostroboxy-

lon tenerum (Kraus) Conwentz, 1884. It is a perfect fossil 

equivalent of the actual Cunninghamia R.Br. ( Dolezych, 

2011), and is confirmed, also, by the presence of other 

fossil plant parts frequently described in the Aegean area 

as Cunninghamia miocenica Ettingshausen ( Velitzelos 

D. et al., 2014). 

 

Order Pinales Gorozhankin, 1904 

Family Pinaceae Lindley, 1836 

Pinuxylon Gothan, 1905  

Pinuxylon pineoides (Kraus) Koeniguer, 1967 

Fig. 9, a-i. 

 

Material 

From all the studied samples of petrified wood collected 

from the Aegean area, some of them presented a pina-

ceous xylostructure, marked by the presence of axial resin 

canals of Pinus type. From them, 11 samples were 

grouped here as presenting a very similar xylotomy. They 

were collected from Lesbos Island - the samples num-

bered with Lsv334, 349, 365, 371, 380, 445, 451, 537, 

558, 578 and from Limnos island - the sample Li.228. 

The studied material is registered as “Velitzelos Collec-

tion” and stored in the Collection of the Faculty of Geol-

ogy and Geoenvironment, of the NKUA. 

 

Microscopic description  

Growth rings – are relatively wide, of 20-40 cells or 

more, show gradual transition or sometimes quite abrupt 

and distinct ring-boundaries in cross section. The early-

wood is more or less developed, with relatively thin-

walled tracheids, sometimes compressed and deformed, 

usually gradually diminishing in size up to the late-wood. 

Axial resin canals of pinoid type are present, with thin-

walled epithelial cells sometimes destroyed, detailed de-

scribed below. 

Tracheids – have a polygonal cross section, with rounded 

corners and relatively thin walls in the early-wood, of 3-5 

μm the double wall, and the radial / tangential diameter is 

of 25-45 / 15-35 μm. The transitional wood is represented 

by thicker walled polygonal rounded tracheids, of 6-7 μm 

the double wall and with diameters of 15-25 / 10-15 μm 

(r/tg d.). The final wood which is represented by 6-8 rows 

of radially flattened thick-walled cells, having 8-10 μm 

the double wall, and smaller sized of 10-15/5-10 μm (r/tg 

d.). Between two succesive rays, 2-11 radial rows of tra-

cheids can be counted. Also, intermingled between them, 

radial rows of tracheids with narrower-lumened tracheids 

can be n, having smaller tangential diameter. Angular 

intercellular spaces between tracheids also appear. The 

density is 1150-1640 tracheids per mm2. The tracheidal 

pitting appears usually poorly preserved. On the radial 

walls, abietineous pits of 16-20 μm in diameter appear, 

with round apertures of 5-7 μm, predominantly uniseriate 

arranged, less biseriate, spaced or contiguous and without 

crassulae. Sometimes, on the tangential walls, small 

round to oval pits of (5-)8-12 μm in diameter appear, with 

small round aperture, spaced or contiguous and arranged 

in a single row. Organic deposits as resin inside the tra-

cheids sometimes are present. Tracheid length could not 

be measured, due to poor preservation. The late-wood 

tracheid are thick walled. Helical thickenings absent, but 

sometimes inclined striations can be guessed. 

Axial parenchyma – is absent. 

Rays – appear in tangential view as uniseriate and multi-

seriate fusiform rays, with 1-2(3) resin canals sometimes 

with remains of epitelial cells. The uniseriate rays have of 

2-15(-20) cells in height, so the average height is of me-

dium type and have sometimes some biseriate storeys. 

The fusiform rays bear 1-2(3) resin canals, are of 2-3 

cells wide and of 12-20 cells in height, having long unise-

riate endings of 3-6 cells. Lateral intercellular triangular 

spaces are common. The ray-density is of 12-18 rays on 

tangential millimeter. In radial view the rays appear het-

erogeneous, with parenchymal ray-cells of 17-20 μm tall, 

and transversal ray-tracheids which appear either inside 

the ray-body or marginally arranged. Often, they are dif-

ficult to separate from the parenchymal body-cells, since  

https://en.wikipedia.org/wiki/John_Lindley
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Fig. 9 a-i. (graphic scale). Pinuxylon pineoides (Kraus) Koeniguer, 1967; (Specimen Lsv.365). 

a-c: Cross section - gradual transition, distinct growth rings; parenchyma absent; resin canals of pinoid type, with thin walled-

epithelial cells, partially destroyed; d-f: Tangential section - tracheids, uniseriate rays, axial canal (4), fusiform ray with ray-canal 

(5-6); g-i: Radial section - tracheidal pitting 1-2-seriate, opposite (8); rays homocellular, cells all procumbent, ray-tracheids 

weakly dentate; poorly preserved cross-field with 1-3(4) pinoid pits. 
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they have smooth walls also, or slightly rough, maybe 

with some thickenings suggesting small denticles. The 

parenchymal ray-cell walls are smooth or slightly rough 

and unpitted, not too thick (2.5-3.5 μm double wall), 

while the tangential walls (or end-walls) are relatively 

thin, of 1.5-2 μm the simple wall, or slightly nodular, but 

usually poorly preserved. The ray-tracheids are slightly 

taller, up to 25-35 μm or more, show wavy and rough 

outer wall, and are devoid of spiral thickenings. The nor-

mal cross fields show poorly preserved pitting as 1-2(-3) 

pinoid pits, often with taxodioid to cupresoid aspect of 8-

10 μm with large inclined lens-like apertures, arranged in 

a single row, or as 4-6 pits in two superposed rows or 

slightly irregular. The pits on the ray-tracheids are slight-

ly smaller and more rounded that the normal ones, but 

usually poorly preserved. Indentures absent. 

Radial resin canals – are present and appear intercellular-

ly inside the ray-body, as 1-2(3) canals of 15-30 μm in 

diameter, often with resin grains inside and are lined by 

thin epitelial cells, most often destroyed. 

Axial intercellular resin canals – are in circular or radial-

ly-oval shape, are surrounded by thin-walled epithelial 

parenchyma cells sometimes with small thickenings and 

are usually destroyed. The canals appear isolated or 

grouped in the growth ring, sometimes in the transitional 

wood, usually in the late wood but not close to the ring 

boundary. In cross section the canals are often narrow, 

having (30-) 100-150 (-200) μm tangential diameter. 

Traumatic canals are absent. 

Mineral inclusions – are absent. 

 

Affinities and discussions  

In the first stage of the palaeoxylotomical study of a part 

of “Velitzelos Collection” there were selected the speci-

mens showing coniferous structure with typical axial res-

in canals lined by thin-walled epithelial cells, that clearly 

indicate secondary wood of Pinus type. Even if often 

present poorly preserved, 11 specimens of them were 

grouped and studied here as having very similar xyloto-

my.  

Thus, the studied petrified wood samples show a 

homoxylous structure in cross section, with typical nor-

mal axial resin canals not too large, lined by thin-walled 

epithelial cells usually destroyed, and appear isolated or 

grouped in the transitional wood and late-wood, but 

sometimes not only there, so defining a pinaceous sec-

ondary wood of Pinus type. This wood-type is different 

from other pinaceous genera, which have a very specific 

number of epithelial thick-walled cells lining the resin 

canals: Pseudotsuga has 5-7 cells, Picea has 8-10 cells 

and Larix has 10-14 cells, but they are thin-walled in Pi-

nus, and often destroyed (Greguss, 1955, p.121-123; Ick-

ert-Bond, 2001).  

Also, the presence of ray-tracheids having rough or 

slightly dentate walls is observed, an important taxonom-

ic detail which leads to the pines of Diploxylon-type, the 

hard pines, classified under subgenus Pinus L. (Gernandt 

et al., 2005). This important detail distinguishes them 

from the pines of Haploxylon-type, the soft pines, classi-

fied under the subgenus Strobus Lemmon (Gernandt et 

al., 2005; Mantzouka et al., 2019a), which are character-

ized by smooth-walled ray-tracheids.  The cross-fields 

show fenestriform or pinoid pits, which appear more or 

less numerous in both types of pines, so this detail could 

be of specific taxonomic value. Further details regarding 

the characteristics of the Pinus wood type derive from the 

papers of Bailey (1910), Phillips (1941), Jane (1956), 

Greguss (1955, 1962), Hudson (1960), Esau (1965), Patel 

(1971), van der Burgh (1973), Panshin & De Zeeuw 

(1980), Süss (1989), Ickert-Bond (2001), Schoch et al. 

(2004), Farjon (2005b). 

As a principle, we suppose that the extant European pines 

had mostly European Cenozoic ancestors and we enu-

merate here all the current European (many of them Med-

iterranean) pines of Diploxylon type (subgenus Pinus): 

Pinus halepensis, P. brutia, P. pinaster, P. pinea, P. ca-

nariensis, P. nigra, P. sylvestris, P. heildrichii, P. uncina-

ta and of Haploxylon type (subgenus Strobus): Pinus 

peuce and P. cembra (Gernandt et al., 2005; Earle, 2020). 

In this context it was interesting to consult the paper of 

Barbero et al. (1998) who present the ecological status of 

the few current species of Pinus and their biogeography 

in the Mediterranean Basin.  

As for the xylotomy of the European species, they have 

usually 1-2(3-6) pinoid (or piceoid) pits in cross fields, 

superposed or paired or in other arrangement, the radial 

traheidal pitting shows 1(-2)-seriate pits, and the paren-

chyma is usually absent or appear only exceptionally 

(Greguss, 1955, 1972; Dolezych et al., 2011). 

The fossil genus Pinuxylon was defined by Gothan 

(1905), with Pinuxylon succiniferum Goeppert (Kräusel) 

as type-species which was emended later (Dolezych et 

al., 2011) after revising the original material of the ba-

zionim Pinites succinifer Goeppert (in Goeppert & Ber-

endt, 1845), which was identified as a pine of Haploxy-

lon-type. During the time, a large number of European 

species were referred to this fossil genus (Dolezych et al., 

2011).  

In order to identify the studied specimens, we have com-

paratively analyzed the European fossil pines described 

and published till now, specifying, when possible, their 

current equivalents, trying to find similarities with our 

studied material:  

• Kräusel (1920) described Pinuxylon taedioides 

Kräusel and P. paxii Kräusel as pines of Diploxylon-type 

and, some years later, also Kräusel (1949) described a P. 

zobelianum (Göppert) Kräusel a fossil pine of Haploxy-

lon-type, from cembra-group, giving also a synthesis of 

all the previous described forms, reported as fossil equiv-

alents of the extant genus Pinus L., so, m to be different 

from our specimens. 
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• Rössler (1937) described the species Pinuxylon 

cembraeforme Rössler, similar to extant Pinus cembra - 

Strobus subsection (= of Haploxylon type); also, he de-

scribed Pinuxylon vateri (Platen) Rössler which has simi-

larities with the current Pinus taeda L., or with P. bank-

siana Lamb., and Pinuxylon paxii Kräusel - similar to 

Pinus pinaster Aiton, as pines of Dipoxylon-type, all 

from Germany ( also, by van der Burgh, 1973). All of 

them m to be different from our specimens. 

• Some forms of Cenozoic fossil pines with tax-

odioid or round pits in cross fields, were described by 

Greguss (1954, 1967) as Pinuxylon haploxyloides Gre-

guss, and also P. albicauloides Greguss, P. tarnocziense 

(Tuzson) Greguss and Pinuxylon sp., most probably all of 

them of Diploxylon type. The presence of spiral thicken-

ings in P. albicauloides Greguss, described also by Roy 

& Hills (1972), m to represent only shrinkage fissures 

due to diagenesis, as Dolezych & Reinhardt (2020) ob-

served. Anyway, there is no similarity with our speci-

mens. 

• Huard (1966, 1967) has described Pinuxylon ar-

juzanxianum Huard and P. landensis Huard both with 

pine wood of Diploxylon type and similar structure of 

pines from Pinaster subsection, but are different. 

• Lecointre & Koeniguer (1965) and Koeniguer 

(1967) described from Maroc a Pinuxylon pineoides 

(Kraus) Koeniguer, emmending a pine initially described 

by Kraus (1886), from Sicily, as species of Pityoxylon. 

This species has xylotomical details similar to the extant 

Pinus pinea L. and is also very similar to our here studied 

specimens, in regard to axial resin canals and cross field 

pitting. 

• Some other pines characterized by small pinoid 

and even fenestriform pits in cross fields were identified 

only as Pinuxylon sp. by Petrescu & Nuţu (1970) or by 

Comble et al. (1973); they are, probably, of Diploxylon 

type, but are not very similar to our studied speci-

mens.Also, van der Burgh (1973) described two species 

also slightly different: Pinuxylon ponderosoides van der 

Burgh and P. halepensoides van der Burgh, both of 

Dipoxylon-type, similar to the current species of Pinaster 

subsection, based on the similarities of the aspect of the 

resin canals with their thin-walled epithelial cells. The 

last has a very similar wood structure with the current 

Pinus halepensis Miller (=Aleppo pine) in regard to the 

radial biseriate pits on tracheids and the ray-cells with 

nodular end-walls and pitted horizontal walls. Both spe-

cies are different from our studied specimens. 

• Privé-Gill & Watelet (1980) described a Pinuxy-

lon sp., quite similar to the P. parryoides (Gothan) Kräu-

sel emend. van der Burgh, of Haploxylon-type, so it is 

different from our specimens. 

• Iamandei & Iamandei (2000) have described a 

species of pine of Haploxylon-type – Pinuxylon marinasii 

Iamandei et Iamandei – quite similar to P. parryoides 

(Gothan) Kräusel emend. van der Burgh, having large 

resin canals, radial uniseriate pitting on tracheids, some-

times irregularly paired or already biseriate, spaced or 

contiguous, and small taxodioid pits, therefore different 

from our specimens. 

• By the study of some fossil wood remains col-

lected from Miocene volcano-sedimentary sediments of 

Lemnos and Lesbos, Süss & Velitzelos (1993, 1994, 

2009) have described some species of Pinoxylon Knowl-

ton emend. Read. But this is a Mesozoic genus of “pro-

topinaceous” type, with internal wood structure of Pinus-

type, without fusiform rays with radial canals, as it is 

specified in the original diagnosis of Knowlton (1900, 

p.420). The genus Pinoxylon was considered by Medlyn 

& Tidwell (1979) and by Stewart & Rotwell (1993) as 

equivalent to Protopiceoxylon Gothan, so this taxonomic 

identifications of Süss & Velitzelos remained problematic 

regarding the equivalence to an extant genus. Therfore, 

the authors preferred to create a new genus, Lesbosoxylon 

Süss et Velitzelos 2010, describing a new species and 

designating as type-species Lesbosoxylon ventricosuradi-

atum Süss et Velitzelos 2010, instead of  Pinoxylon, de-

scribed as having “idioblast-cells” in rays, and reattrib-

uting to this genus all the species described before, as 

follows: Lesbosoxylon parenchymatosum - with paren-

chyma; L. paradoxum - having spiral thickenings on tra-

cheids; L. pseudoparadoxum - having very high rays; L. 

diversiradiatum - with 1-2-seriate rays; and L. gracili-

radiatum - having also “idioblast-cells” in rays ( Süss & 

Velitzelos, 2010). Recently, a new species was described 

by Akkemik et al. (2020) as Lesbosoxylon kemaliyensis 

Akkemik & Mantzouka, having a Pinus wood structure, 

with typical axial and radial resin canals, heterogeneous 

rays with smooth-walled ray-tracheids (Haploxylon 

type?), and pinoid cross fields. However, we consider the 

genus Lesbosoxylon Süss et Velitzelos as identical with 

Pinuxylon Gothan, so that a revision of the original mate-

rial of all these species is still required. Anyway, all these 

species are different from our studied specimens. 

• Petrescu & Bican-Brişan (2004) described a Pi-

nuxylon sp., studying a charcoalified material collected 

from the salt-mine of Ocna Dej (Romania). It has a pine 

structure, with resin canals, cross fields with 2-3 small 

pinoid pits in horizontal row, and ray tracheids which 

suggest Diploxylon-type of pine, slightly different of our 

material.  

• Iamandei et al. (2011, 2016) also described Car-

pathian pines of Diploxylon type, characterized by large 

normal axial resin canals with moderately thick-walled 

epithelial cells, which was assigned to Pinuxylon sp. cf. 

Pinus sylvestris L., slightly different of our studied spec-

imens. 

• Dolezych et al. (2011) redescribing the original 

material on which Goeppert (1883) has described Pinites 

succinifer Goepp. (transfered by Gothan, 1906 - to Pi-

nuxylon, as nov. comb.) and later confirmed by Kräusel 

as type-species for the genus Pinuxylon (Kräusel 1919, 
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p.248-249; 1949, p.135), but without giving a diagnosis 

for it. Thus, after the original material of the bazionim 

was restudied, a diagnosis was offered by Dolezych (in 

Dolezych et al., 2011) for this type-species, correctly 

named Pinuxylon succiniferum (Goeppert) Kräu-

sel emend. Dolezych, identified it as a pine of Haploxy-

lon-type, combining features of pines from subgenus 

Strobus, with pinoid and ooporoid pits in cross fields, ray 

cell walls smooth or with thikenings and with thin-walled 

epithelial cells lining the axial resin canals. It is clearly 

different from our specimens. 

• More recently Dolezych & Reinhardt (2020) de-

scribed Pinuxylon selmeierianum Dolezych & Reinhardt 

from the Paleogene of northern Ellesmere Island, Canada, 

but anatomically similar to the current species Pinus lam-

bertiana, an American pine of Haploxylon-type, also, 

different from our specimens. 

• Mantzouka et al. (2019) described from Alonis-

sos island, Greece, a new fossil species named Pinuxylon 

alonissianum Mantzouka et Sakala, of Diploxylon-type, 

considered as similar to some current species of Pinus 

especialy from Central America as Pinus arizonica 

Engelmann ex Rothrock, P. arizonica var. cooperi (C.E. 

Blanco) Farjon, P. engelmannii Carrière, P. jeffreyi Gre-

ville et Balfour, so, are different from our specimens.  

• Recently, Akkemik et al. (2021) have identified 

also in the Anatolian area a Pinuxylon cf. P. tarnocziense 

(Tuzśon) Greguss, having subsidiary parenchyma cells 

around the resin canals, so, it is different of our speci-

mens. 

After this comparative analysis, we consider that the xy-

lotomy of our studied specimens resembles well the 

structure of the current Pinus pinea L., as is described and 

figured by Greguss (1955), Schweingruber (1990), 

Akkemik & Yaman (2012), and Crivellaro & 

Schweingruber (2013). Pinus pinea L., known as the 

‘Stone pine’, or ‘Umbrella pine’ is native to the Mediter-

ranean region, occurring in Southern Europe, and Middle 

East (Earle, 2020). Xylotomically, the secondary wood of 

this pine has growth rings with gradual to abrupt transi-

tion from earlywood to latewood and axial resin canals of 

Pinus-type, with thin epithelial cells partially destroyed 

and usually located in the late wood. The tracheids have 

rectangular rounded cross-section in earlywood, smaller 

and radially flattened in latewood and, on the radial walls 

has uniseriate pits. The axial parenchyma is absent. The 

rays are uniseriate and low, of 1-8 cells, and fusiform, of 

2-3 cells wide, and up to 15 cells tall, with 1-2(3) resin 

canals lined by thin-walled epithelial cells. The end walls 

of ray parenchyma cells are nodular, the horizontal walls 

pitted. Cross-fields with 1-2 cupressoid pits (as vertical 

pair) or more numerous, in 2-3 rows in the marginal 

cross-fields of ray-tracheids (heterogeneous rays). The 

ray tracheids have usually smooth walls or slightly rough, 

suggesting tiny denticles. The xylotomy of our studied 

specimens shows relatively wide growth rings, with 

gradual transition, sometimes quite abrupt, and distinct 

ring-boundaries. The normal resin canals are relatively 

narrow, and are located sometimes in the transitional 

wood, but usually in the late-wood, having thin walled-

epithelial cells, sometimes destroyed. The tracheids have 

polygonal-rounded cross section, not too large, with rela-

tively thin-walls in the early wood, thicker in late-wood. 

The radial pits are predominantly in uniseriate arrange-

ment, less biseriate, and without crassulae. Sometimes, 

tangential smaller pits appear. Parenchyma is absent. The 

rays, of medium height, are uniseriate and 2-3-seriate and 

fusiform, with long uniseriate endings and have 1-3 resin 

canals. The cells from the ray-body have the end-walls 

relatively thin or slightly nodular, and the ray-tracheids 

have smooth or rough wavy outer walls, rarely with some 

thickenings suggesting small denticles, and no spiral 

thickenings. Cross fields with 1-3 pinoid pits of 8-10 μm 

with cupressoid to taxodioid aspect, with inclined lens-

like apertures, horizontally arranged, in a single row, or 

4-6 pits in two superposed rows. Sometime, organic de-

posits appear inside of tracheids. 

All these details, synthetically described for the studied 

specimens, suggest a pine of Diploxylon-type, classified 

under subgenus Pinus L. (Gernandt et al., 2005) and are 

similar to those described to the extant Pinus pinea L., as 

well as to those of the fossil species as it was described 

by Koeniguer (1967), so we decided to assign them, to 

the species Pinuxylon pineoides (Kraus) Koeniguer, 

1967. 

 

Pinuxylon halepensoides van der Burgh, 1973   

Fig. 10, a-i. 

 

Material 

From the studied samples of petrified wood collected 

from Aegean area (insular part), 21 specimens showed a 

particular pinaceous xylostructure were selected. Those 

samples of silicified wood, were collected from early 

Miocene deposits from Lesbos: the samples Lsv.353, 

354, 355, 356, 359, 362, 462, 539, 547, 550, 551, 555, 

559, 560, 560a, 564, 569, 569a, 572, 579, and one from 

Limnos: Li.201. The studied material is registered as 

“Velitzelos Collection” and stored in the Collection of the 

Faculty of Geology and Geoenvironment, of the NKUA. 

 

Microscopic description  

Growth rings – relatively wide, often of more than 60 

cells, showing quasi-gradual transition, but often abrupt 

or quite abrupt from the early wood to the late-wood, 

which has some rows of thick to very thick-walled trache-

ids, smaller and radially flattened, marking distinctly the 

ring boundaries. Normal axial resin canals of Pinus-type 

(described below) are present and appear isolated or in 

small groups usually in the late-wood.  In some speci-

mens (Lsv.353-356), the entire structures are invaded by 

large    zoned  crystals,   and   some  dark  remains,  most  
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Fig. 10 a-i, (graphic scale). Pinuxylon halepensoides van der Burgh, 1973; (Specimen Lsv.569). 

a-c: Cross section - gradual transition, very thick walled latewood, distinct growth rings; pinoid resin canals; d-f: Tangential sec-

tion: tracheids, uniseriate rays with resin-canal (d,e); g-i: Radial section - tracheids with 1-2 seriate pits, opposite; ray-tracheids 

(i); badly preserved cross-fields with 1-3 pinoid pits. 
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probably of secondary origin. Sometimes false growth-

rings are present, suggesting probably climatic variations. 

Also, sometimes the early-wood appears collapsed, due to 

compression.  

Tracheids – have moderately thick walls in the early-

wood (3-8 μm the double-wall) and appear polygonal 

with slightly rounded corners and with radial / tangential 

diameters of 25-45 / 17-35 μm. In some specimens the 

cell walls are slightly corrugated. Toward the late-wood 

there is quite abrupt transition. The final late-wood com-

prises 6-13 rows of smaller and radially flattened trache-

ids of 8-18 / 5-15 μm in diameters and thick-walled, of 

10-12 μm the double wall. Between two rays, 2-11 radial 

rows of tracheids can be counted, rarely more. The densi-

ty is of 1100-1600 tracheids per mm2. Intercellular spaces 

throughout the wood structure are present. Often, in 

transversal view, radial rows of narrower tracheids can be 

n between the normal ones. The pitting on the radial walls 

appears of abietineous type, of 18-20(-22) μm in diameter 

and with round apertures of 4-7 μm. The tracheidal pit-

ting is usually poorly preserved, the pits are predominant-

ly uniseriately arranged and appear spaced or contiguous, 

without crassulae. The pits are 1-2-seriately arranged, 

spaced or contiguous and without crassulae. No visible 

detail on the torus. On the tangential walls small, round to 

oval pits appear, of 8-12(15) μm in diameter, with small, 

round aperture, uniseriately arranged, spaced, and usually 

badly preserved. The length of the tracheids could not be 

measured, due to poor preservation. In longitudinal view, 

helical thickenings are absent but, sometimes, inclined 

striations were observed. Organic deposits as resin inside 

tracheids are often present.  

Axial parenchyma – is absent. 

Rays – are of two types: uniseriate rays, sometimes with 

some biseriate storeys, and fusiform rays 2-3(-4)-seriate, 

having 2-16(-20) cells in height, so they are of low to 

medium type. The fusiform rays are of 2-3 cells wide, 

have long uniseriate endings of 3-6 cells and bear 1-3 

resin canals of 15-35 μm in diameter, with thin epithelial 

cells, usually destroyed. Their height is of 12-20 cells. 

Resin canals may appear in the uniseriate rays also. Lat-

eral, triangular intercellular spaces are common. The ray 

density is of 9-14 rays on tangential millimeter. In radial 

sections the rays appear heterogeneous, showing two 

kinds of cells, all procumbent. The parenchymal cells are 

of 15-20 μm tall have smooth walls or slightly rough and 

unpitted, not too thick (2.5-3.5 μm double wall), but the 

tangential end-walls have 1.5-2 μm (simple wall) and are 

slightly nodular. The ray-tracheids are slightly taller and 

appear either inside the ray-body, or more commonly, are 

marginally arranged and often they are difficult to differ-

enciate from the parenchymal body-cells, having smooth 

walls and unpitted and not too thick (2.5-3.5 μm double 

wall). When marginal, the ray-tracheids are taller, of 25-

35(-45) μm, and show slightly wavy outer wall, rough or 

with small thickenings to inside, suggesting tiny denti-

cles. In the cross-fields, which are poorly preserved, can 

be guessed 1-3 pinoid pits of 8-10 μm (or with taxodioid 

aspect), horizontally arranged, having large, inclined, 

oval to lens-like apertures of 3-4.5 μm. In the taller cross 

fields, there can be more pits, up to 6, in 1-2 rows. On the 

ray tracheids the pits are rounded. Indentures are absent. 

Spiral thickenings are absent. 

Radial resin canals – appear in the fusiform rays, but in 

the uniseriates also, as 1-3 narrow canals, among the ray-

body cells, having 15-35 μm in diameter, and lined with 

thin epithelial cells, usually destroyed. Sometimes resin 

grains appear inside. 

Axial resin canals – are present, with large, circular to 

oval cross section and appear isolated or in small groups, 

usually in the late-wood or close to it. The canals are rela-

tively large-sized, of 75-250 μm the tangential diameter 

(150 μm mean diameter) and are lined by thin-walled 

epithelial cells which are often partially broken or de-

stroyed.  Traumatic canals absent.  

Mineral inclusions – are usually absent but they were 

observed in some specimens (Lsv.353-356) as polygonal, 

large, zonated crystals, together with granular dark re-

mains, irregularly arranged over all the structural ele-

ments. It ms that they formed secondary, during petrify-

ing processes. 

 

Affinities and discussions  

From the studied material, 21 specimens with a similar 

pinaceous xylostructure and were grouped here by their 

particular features. So, they show in cross-section distinct 

growth rings, well developed, with thick-walled tracheids 

and axial canals lined by thin-walled epithelial cells, usu-

ally destroyed, which is typical for the secondary wood of 

Pinus-type (Greguss, 1955, p.121-123). Horizontal resin 

canals within fusiform rays are also present, and the rays 

are heterogeneous, with taller ray-tracheids with tiny den-

ticles, detail which suggest a pine of Diploxylon-type, i.e. 

from subgenus Pinus L. (Ickert-Bond, 2001, p. 361). In 

some specimens (Lsv.353-356), the sections reveal large, 

zonated crystals or granular dark remains, most probably 

of secondary origin since the entire structure is invaded. 

• Based on the supposition that the studied fossil 

pines are the ancestors of the current subtropical or Medi-

terranean pines, we tried a comparison with the current 

Pinus halepensis Miller, commonly known as the Aleppo 

pine (Earle, 2018), as xylotomically described by Esteban 

et al. (2010) since we observed some similarities to our 

specimens, like the quite thick-walled tracheids, even in 

the early-wood, with uniseriate radial and tangential pit-

ting, with no crassulae. Also, the parenchyma is absent 

and in the uniseriate and fusiform rays appear 1-3 resin 

canals, cross-fields have 1-3(-6) piceoid to pinoid small 

pits and ray-tracheids have tiny denticles. 

• All these details are present also in the species 

Pinuxylon halepensoides, an equivalent fossil species was 

described by van der Burgh (1973) and which have also 
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been identified and described by Dolezych (2005) and 

Dolezych & Schneider (2006) as having "not too thick 

walled tracheids, with radial pitting usually uniseriate, 

with pits relatively small, with no crassulae and with pit-

ted tangential walls; parenchyma sparse or absent; rays 

uniseriate and low, the multiseriates having resin canals 

and ray-height of 10-12 cells. The walls of the ray-cells 

are thick and pitted. In cross fields there are usually one, 

rarely two piceoid to pinoid small pits of 6 μm. The ray-

tracheids appear mostly marginal, and have serrations of 

medium size in their walls suggesting small denticles. 

Resin canals of Pinus type, with thin-walled epithelial 

cells are present" ( Dolezych & Schneider, 2006). 

• Esteban et al. (2010), studying the current spe-

cies Pinus halepensis, remark a great similarity with Pi-

nus brutia Tenore, another Mediterranean species with 

xylostructure close to our studied specimens, having, for 

example, the axial resin canals located only in the late-

wood. In fact, both Pinus halepensis and P. brutia have 

very similar woods and separating them with wood na-

tomical features are almost impossible (Schweingruber, 

1988; Akkemik and Yaman, 2012). For that reason, both 

two species may be evaluated in their fossil forms, as 

Pinuxylon halepensoides. 

• In fact, long before them, Greguss (1955, p. 231) 

described Pinus halepensis and P. brutia, specifying that 

“there is no difference in the walls of early and late tra-

cheids”, refering to their thickness, and “teeth barely 

emerge from the walls of transverse tracheids”, detail 

similar to our studied specimens. Also, Greguss (1972, 

p.127) has described Pinus brutia var. eldarica Medv. as 

having beside the typical features of the species, "thick 

walled to very thick-walled tracheids from early- to late 

wood", which is quite similar to our studied specimens. 

Anyway, this difference is not clear even in modern 

woods (Akkemik, 2021, pers. communication).  

• Moreover, the short descriptions and figuration 

presented in Schweigruber (1990), Akkemik & Yaman 

(2012) and Crivellaro & Schweingruber (2013) for Pinus 

brutia are very similar to our studied material.  

Our specimens present very similar xylotomy to the 

original description of Pinuxylon halepensoides and, also, 

to the description of the curren species Pinus halepensis 

as presented above after Esteban et al. (2010), compiled 

with those of other authors cited above, having axial ca-

nals isolated or in small groups, usually in the transitional 

and late wood and sometimes, close to ring boundary, 

heterogeneous rays with canals, crystals. Based on this 

discussion on the affinities of the xylotomy of the studied 

specimens, we decided to attribute all of them to the fos-

sil species Pinuxylon halepensoides Van der Burgh, 

1973. 

 

Pinuxylon sp. aff. Pinus canariensis C. Sm. 

Fig. 11, a-i. 

 

Material 

Some samples of petrified wood showing similar pina-

ceous xylostructure, were grouped as having parenchyma 

of a special type. These four samples with field numbers 

Lsv.4, 357, 389, 543 represent fragments of petrified (si-

licified) wood and were collected from Lesbos Island. 

The studied material is registered as “Velitzelos Collec-

tion” and stored in the Collection of the Faculty of Geol-

ogy and Geoenvironment, of the NKUA. 

 

Microscopic description 

Growth rings – are well developed, wide of more than 60 

cells, with gradual transition from early- to late-wood, 

sometimes quite abrupt and with distinct growth-ring 

boundaries, in cross-section. Normal axial resin canals of 

Pinus-type are present, with thin-walled epithelial cells 

often destroyed and accompanied, sometimes, by some 

axial parenchyma as subsidiary tissue, details described 

below. The wood structure is quite compressed in the 

early wood, or is locally collapsed. 

Tracheids – are relatively thin-walled in the early-wood, 

showing a quasi-polygonal cross section, large and often 

deformed by compression and show slightly corrugated 

walls. They have radial / tangential diameters of (25)40-

60 / (20)35-50 μm, and wall thickness of 4-6 μm (double 

wall), in the early wood. When transition is gradual a 

well-developed transitional wood is visible, with trache-

ids relatively thicker-walled (of 6-8 μm the double wall), 

and their cross-section is of 10-20 / 20-30 μm in diame-

ters (ra/tg), gradually diminishing to the final rows of 

late-wood where they appear as radially flattened cells, 

thick-walled (8-10 μm the double wall), marking the 

growth-ring boundary. Between two successive rays 1-9(-

15) radial rows of tracheids were counted. Sometimes 

radial rows of smaller tracheids are intermingled. The 

tracheid density is around 1500 tracheids per mm2. In 

longitudinal view, the tracheids present 1(-2)-seriate pit-

ting on the radial walls, more or less contiguous, some-

times with crassulae. The pits are of abietineous type, are 

17-24 μm in diameter and round apertures of 4-5 μm. 

Because of poor preservation, no visible details on torus 

were n. On the tangential walls, a few, uniseriate, small 

round pits of 5-8 μm in diameter and with small round 

aperture were observed. Organic deposits inside the tra-

cheids are often present as resinous plugs or sometimes 

irregular dark patches covering other structural elements 

also. Tracheids’ length could not be measured. Intercellu-

lar spaces often present. Late-wood tracheids - thick 

walled. Helical thickenings on tracheids absent. 

Axial parenchyma – is exceptionally present, either as 

some parenchyma cells more or less accompanying the 

axial canals as a subsidiary parenchyma either aliform, or 

as diffuse small insular groups of moderately thick-

walled cells, with some granular content of resin or 

starch. In longitudinal view they appear as groups of rec-

tangular cells. 
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Fig. 11 a-i, (graphic scale). Pinuxylon sp. aff. Pinus canariensis C. Sm.; (Specimen Lsv.389). 

a-c: Cross-section - resin canals of pinoid type, with thin-walled epithelial cells and subsidiary tissue (arrow); d-f: Tangential 

section - tracheids, parenchyma (arrow), rays uniseriate and fusiform; g-i: Radial section - tracheidal pitting 1-2-seriate; rays cells 

all procumbent, ray-tracheids weakly dentate; cross-field with 1-3(4) pinoid pits (arrow). 



Stănilă Iamandei, Eugenia Iamandei, Dimitrios Velitzelos & Evangelos Velitzelos 

98 

 

Rays – are of two kinds: uniseriate and multiseriate. The 

uniseriates have sometimes some biseriate storeys and 

can have up to 16 cells high or more, the average height 

is of about 180 μm. The fusiform rays are 2-3 seriate with 

uniseriate endings of 3-6 cells, having 15-20 cells in 

height and can include 1-3 resin canals. Lateral triangular 

intercellular spaces are common. Ray density is of 17-18 

rays per tangential millimeter. In radial view the hetero-

geneous character can be observed. Thus, beside the 

parenchymal body-cells have 10-15(-18) μm in height, 

ray-tracheids appear, either inside the ray-body or mar-

ginally arranged and sometimes difficult to differentiate 

them from the other ray-cells, since they resemble. The 

horizontal walls of the parenchymal cells are smooth or 

slightly rough and probably pitted and are relatively thin-

walled (2-3.5 μm double wall), while the tangential walls 

(the end-walls) are thin, of 1.5-2 μm the simple wall and 

smooth or slightly nodular. The indentures are missing. 

The ray-tracheids are slightly taller, of 25 μm or more, 

and show harsh horizontal walls, sometimes with small 

thickenings suggesting tiny denticles and, when margin-

ally arranged, have the outer wall slightly wavy. Helical 

thickenings were not observed. In cross fields the pitting 

appears as 1-3(4) pits or more in 1-2 rows horizontally 

arranged. They are small inclined pinoid pits, or piceoid 

to taxodioid, of 9-11 / 5-8 μm in diameters, with lens-like 

apertures, of 3-4.5 μm. On the ray-tracheids they are 

slightly rounded. Often the cross-field pitting is difficult 

to observe due to bad preservation or to presence of or-

ganic content. 

Radial resin canals – appear as 1-2(3) inside the ray-

body, are narrower, of 10-17(25) μm in diameter (average 

diameter 14-15 μm). Resin grains can be observed inside 

them. The epithelial cells are usually destroyed, or less 

visible.  

Axial resin canals – are of Pinus-type and have circular 

or slightly oval shape in cross section. They appear usual-

ly isolated or in small groups in the growth ring, often in 

the early wood, but also in transitional toward the late 

wood. The canals are quite large, of 150-200-350 / 120-

250 μm the radial / tangential diameter, sometimes with 

resin-remains inside and are lined by the thin-walled epi-

thelial cells sometimes with starch grains inside, often 

destroyed. The canals are accompanied by subsidiary 

tissue, sometimesc with aliform aspect. Traumatic canals 

are absent. 

Mineral inclusions – absent but sometimes starch grains 

appear, inside radial or axial parenchyma. 

 

Affinities and discussions  

Four samples of petrified wood collected from Lesbos 

Island, all sharing a special pinaceous wood structure 

which, even if poorly preserved, is characterized by the 

presence of axial resin canals of Pinus-type, lined by thin 

epithelial cells. These axial canals are often accompanied 

by groups of parenchymal cells, most probably represent-

ing a subsidiary tissue, similar to that described by 

Esteban et al. (2005) for the xylostructure of Pinus canar-

iensis C. Sm., an evergreen subtropical pine, endemic 

now in Canary Islands were grows at 1500-2000 m alti-

tude (Earle, 2018). In radial section, our specimens pre-

sent heterogeneous rays with taller ray-tracheids and with 

rough horizontal walls or even slightly dentate, detail 

which confirms that it is a pine of Diploxylon-type, from 

subgenus Pinus L., (Ickert-Bond, 2001 and Gernandt et 

al., 2005). 

• Greguss (1955, p.232) made a short description 

of the xylotomy of Pinus canariensis C.Sm., noting that 

this pine native to the Canary Islands and has a great xy-

lotomical similarity to Pinus halepensis Mill. 

• However, Esteban et al. (2005) doing a very de-

tailed xylotomical study of Pinus canariensis, have de-

scribed a lot of microscopical details that are very specif-

ic and useful in wood identification of this pine, as fol-

lows: "Growth rings distinct, with relatively gradual 

change. Axial resin canals with thin epithelial cells bear-

ing starch grains and located in the transitional-wood or 

in the late-wood, rarely in the early-wood and having 

mean tangential diameter of 221 μm. Tracheids with ir-

regular to hexagonal or square cross-section, of 40-50 μm 

and with intercellular spaces. Large radial pits, of 24 μm, 

1(-2)-seriate and with crassulae. Tangential pits not ob-

served. Parenchyma as subsidiary tissue appear, close to 

axial canals, in aliform to confluent or diffuse groups, 

bearing starch grains. Rays uniseriate of 2-32 cells high, 

and fusiform multiseriate rays with resin canals, hetero-

geneous and homocellular. The thick-walled ray-

parenchyma cells with horizontal walls pitted and end-

walls smooth, with high content of starch grains and cross 

field pits of pinoid type, 1-2(-4) per field. The ray-

tracheids appear marginally or in ray-body, with irregular 

thickenings sometimes as small dentations and smaller 

pits".  

• As already suggested by the presence of subsidi-

ary tissue, sometimes of aliform type, also observed in 

our studied specimens, most likely we talk about a fossil 

pine with many xylotomical affinities with Pinus canar-

iensis, as described by Esteban et al. (2005). Microscopic 

observation revealed other similar details, but the pres-

ence of the typical subsidiary tissue definitely indicates 

affinity of our studied specimens to the above specified 

pine. 

• Recently a new Miocene fossil pine species, 

from eastern Turkey, was described as Lesbosoxylon ke-

maliyense Akkemik & Mantzouka (in Akkemik et al., 

2020a). The specific diagnostic features of the new spe-

cies are: transition from earlywood to latewood mostly 

gradual; axial and radial resin canals with thin-walled 

epithelial cells; latewood tracheids thin to thick walled; 

bordered pits on radial walls of tracheids 1-2(-3) seriate; 

crassulae common; rays uniseriate, partly biseriate; unise-

riate rays up to 27 cells high; fusiform rays up to 30 cells 

high; axial parenchyma occasionally present; ray trache-
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ids 2-3 rows; cell walls of ray tracheids smooth; cross 

field pitting pinoid, 1-2(-6) pits per cross field. Anyway, 

after detailed investigation of the botanical affinities of 

the new fossil wood, it is suggested that the most closely 

related modern species is Pinus canariensis. This “living 

fossil” could be close to our described specimens, but it is 

slightly different by having higher rays and no typical 

subsidiary tissue, even if is noted in description: "axial 

parenchyma is occasionally present". 

• In another recent study, Akkemik et al. (2021) 

described from Turkey a mid Eocene pine with paren-

chymal cells around the resin canals interpreted as sub-

sidiary tissue and identified as Pinuxylon cf. P. tar-

nocziense (Tuzśon) Greguss and could be similar to our 

specimens.  

Therefore, taking into account the above discussion on 

the xylotomical similarity of the studied material with the 

structure of the current Pinus canariensis, (in Esteban et 

al., 2005), with weakly dentate ray-tracheids, large axial 

resin-canals of Pinus type with thin-walled epithelial 

cells, and accompanied by aliform subsidiary tissue, we 

assign our studied specimens to Pinuxylon sp. aff. Pinus 

canariensis C. Sm. since we had few specimens in study, 

rather poorly preserved, with not enough xylotomical 

details to identify a known species or to describe a new 

one. 

 

DISCUSSION AND CONCLUSION 

 

This paper is a new part of the xylotomic study of “Ve-

litzelos Collection” of petrified wood from Aegean area, 

Greece, which is a public collection registered and kept in 

the "Collections of the Faculty of Geology and Geoenvi-

ronment", of the National and Kapodistrian University of 

Athens. In this study, fossil conifer remains were selected 

and studied representing 200 samples collected from con-

tinental part (Evros area), as well as from island part of 

Greece (Lesbos, Limnos), from late Oligocene and early 

Miocene deposits. From those samples, 10 species were 

identified, sometimes only at generic level and with pos-

sible affinity for some current species, and this due to 

poor preservation state of the structural details. The iden-

tified taxa are listed below:  

 

1. Cupressinoxylon akdiki Özgüven-Ertan, 1977 - as 

fossil equivalent of the extant Cupressus L. 

2. Juniperoxylon acarcae Akkemik, 2020 - as fossil 

equivalent of Mediterranean Juniperus L.  

3. Tetraclinoxylon velitzelosii Süss, 1997 - as fossil 

equivalent of Tetraclinis Mast.  

4. Taxodioxylon gypsaceum (Goepp.) Kräusel, 1949 

- as fossil equivalent of Sequoia Endl.  

5. Taxodioxylon taxodii Gothan, 1906 - as fossil 

equivalent of Taxodium Rich.  

6. Glyptostroboxylon rudolphii Dolezych & van der 

Burgh, 2004 - as fossil equivalent of Glyptostrobus Endl.  

7. Glyptostroboxylon tenerum (Kraus) Conwentz, 

1884 - as fossil equivalent of Cunninghamia R.Br.  

8. Pinuxylon pineoides (Kraus) Koeniguer, 1967 - as 

fossil equivalent of Pinus pinea L. 

9. Pinuxylon halepensoides Van der Burgh, 1973 - as 

fossil equivalent of Pinus halepensis Mill. and P. brutia 

Ten. 

10. Pinuxylon sp. aff. Pinus canariensis C. Sm. - with 

the specified affinity. 

 

As a principle, we have considered that the Cenozoic 

fossil tree taxa should be the ancestors of the current spe-

cies living in the same area, but some of them may be 

extinct, at least from the studied area. Anyway, the nu-

merous fossil plant remains from Greek territory pre-

served in different ways suggest that during the Cenozoic 

time these regions evolved as highly forested lands, and 

the fossil plant associations already described so far 

strongly support this theory. The synthesis of Velitzelos 

et al. (2014) suggest a succession of mixed mesophytic 

forests that lived in a subtropical palaeoclimate to warm-

temperate, strongly influenced by the neighboring of the 

sea, within the Aegean area. As it was shortly presented 

in the introductive chapter of the first part of this study 

(Velitzelos et al., 2019), and more detailed in Velitzelos 

et al. (2014), all the emerged regions were covered by 

extended forests of conifers, of arboreal dicotyledons as 

Laurales, Fabales, Myrtales and monocotyledons, espe-

cially Arecales, as we have described and discussed in the 

first part of our study (Velitzelos et al., 2019). 
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