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ABSTRACT 

The presence of plant (macro) fossils in Greece is known since ancient times and is 

of high significance by the Greek and International scientific community because of: 

their age, the species and plant organs diversity and the information about the 

palaeoenvironment and paleoclimate which can be excluded. The present work is 

dealing with: the research for new plant fossiliferous localities of Cenophytic age at 

the Eastern Mediterranean (Lesbos, Lemnos, Alonissos, Gavdos Islands), the study 

of the new findings under the perspective of palaeobotanical analysis (petrified wood 

anatomy with the usage of microscope, study of leaves imprints) and use of older 

(method of the Nearest Living Relative) and new methodologies (e.g., CLAMP, IPR) 

in order to export significant conclusions about the geological history of the Eastern 

Mediterranean and of Greece. 

SUBJECT AREA: Eastern Mediterranean (Lesbos, Lemnos, Alonissos, Gavdos 
Islands). 
KEYWORDS: Palaeobotany, plant macrofossils, Lesbos, Lemnos, Alonissos, 

Gavdos, Eastern Mediterranean, Neogene, Miocene, fossil plants, fossil wood 

anatomy, modern wood anatomy, leaves‘ imprints, Lauraceae, Laurinoxylon types, 

Laurinoxylon aff. czechense, Laurinoxylon cf. daberi, Laurinoxylon aff. diluviale, 

Laurinoxylon cf. ehrendorferi, Cinnamomoxylon seemannianum, Cryptocaryoxylon, 

Quercoxylon, Cedroxylon lesbium, Cedrus, Taxodioxylon, Sequoia abietina, 

Glyptostrobus europaeus, Pinuxylon, Fagus gussonii, Sapindus graecus, Ailanthus 

pythii, plant taphonomy, lignites, xylites. 
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ΠΔΡΗΛΖΦΖ 

Η ύπαξμε θπηηθώλ (καθξν)απνιηζσκάησλ ζηνλ ειιαδηθό ρώξν είλαη γλσζηή από ηελ 

αξραηόηεηα θαη ραίξεη ηδηαίηεξεο ζπνπδαηόηεηαο από ηελ ειιεληθή θαη παγθόζκηα 

επηζηεκνληθή θνηλόηεηα ιόγσ ηεο ειηθίαο, ηεο πνηθηιόηεηαο εηδώλ θαη νξγάλσλ θαη 

ησλ πιεξνθνξηώλ γηα ην παιαηνπεξηβάιινλ θαη ην παιαηνθιίκα. Μέζα από ηελ 

παξνύζα εξγαζία πξαγκαηνπνηείηαη: έξεπλα λέσλ ζέζεσλ εύξεζεο θπηηθώλ 

απνιηζσκάησλ Καηλνθπηηθήο ειηθίαο ζηελ Αλαηνιηθή Μεζόγεην (λήζνο Λέζβνο, 

Λήκλνο, Αιόλλεζνο, Γαύδνο), πξνζπάζεηα πξνζέγγηζεο ησλ λέσλ επξεκάησλ από 

ηε ζθνπηά ηεο παιαηνβνηαληθήο αλάιπζεο κε ό,ηη απηή πεξηιακβάλεη (αλαηνκία 

απνιηζσκέλνπ μύινπ κε ρξήζε κηθξνζθνπίνπ, κειέηε απνηππσκάησλ θύιισλ) αιιά 

θαη ρξήζε παιαηόηεξσλ (κέζνδνο ηνπ Πιεζηέζηεξνπ εκεξηλνύ πγγελή) θαη λέσλ 

κεζνδνινγηώλ (π.ρ. CLAMP, IPR) κε ζηόρν ηελ εμαγσγή ζεκαληηθώλ 

ζπκπεξαζκάησλ γηα ηε γεσινγηθή ηζηνξία ηεο Αλαηνιηθήο Μεζνγείνπ θαη γεληθόηεξα 

ηνπ ειιαδηθνύ ρώξνπ.  

ΘΔΜΑΣΗΚΖ ΠΔΡΗΟΥΖ: Αλαηνιηθή Μεζόγεηνο (Νήζνη: Λέζβνο, Λήκλνο, Αιόλλεζνο, 

Γαύδνο). 

ΛΔΞΔΗ ΚΛΔΗΓΗΑ: Παιαηνβνηαληθή, θπηηθά καθξναπνιηζώκαηα, Λέζβνο, Λήκλνο, 

Αιόλλεζνο, Γαύδνο, Αλαηνιηθή Μεζόγεηνο, Νενγελέο, Μεηόθαηλν, απνιηζσκέλα θπηά, 

αλαηνκία απνιηζσκέλνπ μύινπ, αλαηνκία ζύγρξνλνπ μύινπ, απνηππώκαηα θύιισλ, 

απνιηζσκέλεο Γαθλίδεο, ηύπνη Laurinoxylon, Laurinoxylon aff. czechense, 

Laurinoxylon cf. daberi, Laurinoxylon aff. diluviale, Laurinoxylon cf. ehrendorferi, 

Cinnamomoxylon seemannianum, Cryptocaryoxylon, Quercoxylon, Cedroxylon 

lesbium, Cedrus, Taxodioxylon, Sequoia abietina, Glyptostrobus europaeus, 

Pinuxylon, Fagus gussonii, Sapindus graecus, Ailanthus pythii,ηαθνλνκία θπηώλ, 

ιηγλίηεο, μπιίηεο. 
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Η παξνύζα κειέηε επηθεληξώλεηαη ζηελ έξεπλα ηνπ παιαηνβνηαληθνύ αξρείνπ 

ηεο Αλαηνιηθήο Μεζνγείνπ (Νήζνη: Λέζβνο, Λήκλνο, Αιόλλεζνο θαη Γαύδνο) θαηά ηε 

δηάξθεηα ηνπ Καηλνθπηηθνύ. 

Η πιεηνλόηεηα ησλ ζπιιερζέλησλ δεηγκάησλ (κε κόλε εμαίξεζε όζσλ 

πξνέξρνληαλ από ηε λήζν Γαύδν) αλήθεη ζε ηκήκαηα απνιηζσκέλνπ μύινπ (από ηε 

Λέζβν, ηε Λήκλν θαη ηελ Αιόλλεζν).  

Γηα ην ιόγν απηό, ηο πρώηο θεθάιαηο ποσ αποηειεί ηο εηζαγωγηθό ηκήκα 

ηεο παξνύζαο δηαηξηβήο πξαγκαηεύεηαη ηελ απνζαθήληζε ησλ όξσλ «μύιν» ή 

«μύιεκα», «μπιώδεο ηζηόο» θαη «αλαηνκία θνξκνύ ή μύινπ», ηελ εμέιημε ηνπ μύινπ 

θαηά ην πέξαο ησλ γεσινγηθώλ πεξηόδσλ, ηε δηάθξηζε κεηαμύ αγγεηόζπεξκσλ θαη 

θσλνθόξσλ κε βάζε ηελ αλαηνκία ηνπ μύινπ. Γηα ηελ πιεξέζηεξε θαηαλόεζε ηνπ 

θεηκέλνπ ηεο εηζαγσγήο έρνπλ ρξεζηκνπνηεζεί επηιεγκέλεο εηθόλεο θαη ηξηζδηάζηαηεο 

απεηθνλίζεηο πνπ παξνπζηάδνπλ ηηο ηξεηο ηνκέο (εγθάξζηα, αθηηληθή θαη εθαπηνκεληθή) 

πνπ απαηηνύληαη γηα ηε κειέηε θαη ηνλ πξνζδηνξηζκό ησλ απνιηζσκέλσλ θαη 

ζύγρξνλσλ αληηπξνζώπσλ κε μπιώδε ηζηό. Δλ ζπλερεία (ζηα θεθάιαηα 2 έσο 5) 

αλαιύνληαη ιεπηνκεξώο νη πεξηπησζηνινγηθέο κειέηεο. 

ηο δεύηερο θεθάιαηο παροσζηάδεηαη ε έρεσλα ποσ πραγκαηοποηήζεθε 

ζηε Νήζο Λέζβο. ην ηκήκα απηό ηεο δηαηξηβήο απνθαιύπηεηαη αξρηθά ην ηζηνξηθό 

ηεο αλαγλώξηζεο θαη ηεο ηαπηνπνίεζεο ηνπ παιαηνρισξηδηθνύ ζεζαπξνύ ηεο 

Λέζβνπ. Αθνινύζσο δίδνληαη ηα απνηειέζκαηα ηεο κειέηεο ηνπ πξνζδηνξηζκνύ ησλ 

λέσλ απνιηζσκέλσλ επξεκάησλ θαζώο θαη ε πεξίιεςε ηεο λέαο πξνηεηλόκελεο 

κεζνδνινγίαο γηα ηνλ πξνζδηνξηζκό ησλ απνιηζσκέλσλ Γαθλίδσλ θαη ην 

ζπζρεηηζκό ηνπο κε ηα ζεκεξηλά είδε, ε νπνία βαζίζηεθε ζε λενζπιιερζέληα 

πνιπάξηζκα δείγκαηα από ηηο έξεπλεο πνπ πξαγκαηνπνηήζεθαλ ζην λεζί ην 2011 γηα 

ηηο αλάγθεο εθπόλεζεο ηεο παξνύζαο δηαηξηβήο θαη εθδόζεθε πξόζθαηα ζε 

ζεκαληηθό επηζηεκνληθό πεξηνδηθό (IAWA Journal) ηνπ Γηεζλνύο Οξγαληζκνύ ησλ 

Αλαηόκσλ Ξύινπ (International Association of Wood Anatomists-IAWA), ελώ 

ππνγξακκίδνληαη θαη νη ππνιεηπόκελεο αλαθνινπζίεο ζρεηηθά κε πξνζδηνξηζκέλα 

είδε θαη πξνηείλνληαη πηζαλέο ιύζεηο ζηα παξαηεξεζέληα πξνβιήκαηα.  

Πην αλαιπηηθά, λέεο απνιηζσκαηνθόξεο ζέζεηο ειηθίαο Καησηέξνπ Μεηνθαίλνπ 

αλαθαιύθζεθαλ ζην λόηην ηκήκα ηεο Νήζνπ Λέζβνπ, ζηηο πεξηνρέο Αισλέιηα, 

Χνλδξνθνύθη, Ρνγθάδα, Γακάλδξη, Πιάθεο θαη Μεζόηνπνο. Κάπνηα από ηα λέα 

επξήκαηα ησλ σο άλσ αλαθεξζέλησλ πεξηνρώλ πξνζδηνξίζηεθαλ λα αλήθνπλ ζην 

γέλνο Laurinoxylon. Σν γεγνλόο απηό ζε ζπλδπαζκό κε ηελ εθ λένπ κηθξνζθνπηθή 

κειέηε απνιηζσκέλνπ μύινπ ηξηώλ νιόηππσλ από ηηο πεξηνρέο ηεο Σζερίαο θαη ηεο 
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Οπγγαξίαο (= Laurinoxylon diluviale, L. czechense θαη L. müller–stolli), νδήγεζε ζηε 

γέλεζε κηαο λέαο πξνηεηλόκελεο παγθόζκηαο θιείδαο πξνζδηνξηζκνύ γηα ην 

απνιηζσκέλν μύιν ησλ Γαθλίδσλ. 

Σν Laurinoxylon είλαη έλα απνιηζσκέλν γέλνο πνπ ρξεζηκνπνηείην θαηά 

θόξνλ γηα ηα απνιηζσκέλα γέλε θαη είδε Γαθλίδσλ (μύινπ πάληα) πνπ δελ ζα 

κπνξνύζαλ λα δώζνπλ ζπζρεηηζκνύο κε ζεκεξηλά γέλε Γαθλίδσλ. Η πξνηεηλόκελε 

ηαμηλόκεζε ηνπ γέλνπο Laurinoxylon είλαη παγθόζκηα θαη παξέρεη άκεζε ζύλδεζε κε 

ηε ζύγρξνλε βνηαληθή. Χάξε ζηελ αθζνλία ησλ επξεκάησλ ηνπ γέλνπο Laurinoxylon 

ζην αξρείν απνιηζσκάησλ, απηή ε λέα κεζνδνινγία κπνξεί λα ρξεζηκνπνηεζεί 

απεπζείαο ηόζν από παιαηνβνηαληθνύο/παιαηνληνιόγνπο όζν θαη από γεσιόγνπο σο 

έλα θαιό εξγαιείν γηα πεξαηηέξσ κειέηεο ζηε ζπζηεκαηηθή, ηε ζηξσκαηνγξαθία θαη 

ην παιαηνθιίκα. 

Η δηαθνξεηηθόηεηα ηεο κειέηεο απηήο ζπγθξηηηθά κε αληίζηνηρεο παιαηόηεξεο 

ζρεηίδεηαη κε ηελ εμέηαζε ηεο αθξηβνύο ζέζεο θαη ηεο θαηαλνκήο ησλ ηδηόβιαζησλ 

θπηηάξσλ (ειαηνθόξσλ ή βιελλνθόξσλ) θαη ησλ ζπλδπαζκώλ ηνπο σο ην ηειεπηαίν 

ζηάδην ηεο πξνηεηλόκελεο κεζνδνινγίαο (θαη όρη κεκνλσκέλα όπσο γηλόηαλ ζε 

αξθεηέο πξνγελέζηεξεο δεκνζηεπκέλεο κειέηεο) κηαο ζεηξάο «θίιηξσλ» 

(θξηηεξίσλ/ραξαθηεξηζηηθώλ απνθιεηζκνύ) ηα νπνία ν Richter (1981a) είρε νξίζεη σο 

«ραξαθηεξηζηηθά πςειόηαηεο ζπνπδαηόηεηαο». 

Η επξεία απηή κειέηε γηα ηελ εμέηαζε ηεο ζεκαζίαο ησλ ηδηόβιαζησλ 

θπηηάξσλ σο ελόο απαξαίηεηνπ εξγαιείνπ γηα ηελ εύξεζε ησλ ζεκεξηλώλ βνηαληθώλ 

ζπγγελεηώλ ησλ απνιηζσκέλσλ αληηπξνζώπσλ ηεο νηθνγέλεηαο ησλ Γαθλίδσλ (θαη 

εηδηθά ηνπ γέλνπο Laurinoxylon) βαζίζηεθε α) ζηελ εξγαζία ησλ Richter (1981a) θαη 

van der Werff & Richter (1996) γηα ηα ζύγρξνλα γέλε ησλ Γαθλίδσλ, β) ζηηο λέεο 

ιεπηνκεξείο πεξηγξαθέο ηεο αλαηνκίαο μύινπ πνιπάξηζκσλ δεηγκάησλ 

πξνεξρόκελσλ από ηέζζεξηο πεξηνρέο ηεο Ννηην-Αλαηνιηθήο θαη Κεληξηθήο Δπξώπεο 

από ην Οιηγόθαηλν έσο ην Μεηόθαηλν θαη γ) ζε δεκνζηεπκέλα δεδνκέλα θαη 

αλαηνκηθέο πεξηγξαθέο πνπ αθνξνύλ ζε απνιηζσκέλνπο θαη ζύγρξνλνπο 

αληηπξνζώπνπο ηεο νηθνγέλεηαο ησλ Γαθλίδσλ όπσο αλαθέξνληαη ζε πνιπάξηζκεο 

δεκνζηεύζεηο θαη όπσο ζπγθεληξώλνληαη ζηε βάζε δεδνκέλσλ ηνπ InsideWood 

Database. 

ύκθσλα κε ηνπο Metcalfe & Chalk (1957, ζ. 111) ην πην μερσξηζηό 

ραξαθηεξηζηηθό ηνπ μύινπ, ηα ειαηνθόξα ή βιελλώδε (= ηδηόβιαζηα) θύηηαξα ησλ 

αθηίλσλ θαη ηνπ παξεγρύκαηνο, ζπλήζσο ππνδειώλνπλ ζπζρεηηζκό κε ηηο 

νηθνγέλεηεο ησλ Μαγλνιηίδσλ (Magnoliaceae) θαη ησλ Γαθλίδσλ (Lauraceae). Δίλαη 

επίζεο ζεκαληηθό λα ππνγξακκηζηεί πσο νη πεξηζζόηεξεο δηαθνξέο αλάκεζα ζηηο 

νηθνγέλεηεο ησλ Καλειιίδσλ (Canellaceae) θαη ησλ Γαθλίδσλ (Lauraceae) ζα 
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κπνξνύζαλ λα εξκελεπηνύλ όηη νθείινληαη ζηα δηαθνξεηηθά επίπεδα εμεηδίθεπζεο. Σν 

κήθνο ησλ αγγείσλ θαη θάπνηα άιια ραξαθηεξηζηηθά θαηαδεηθλύνπλ όηη ε νηθνγέλεηα 

ησλ Καλειιίδσλ (Δηθ. 11) είλαη ιηγόηεξν εμεηδηθεπκέλε ζε ζρέζε κε απηή ησλ 

Γαθλίδσλ (ε νπνία πεξηιακβάλεη ίλεο πνπ ρσξίδνληαη κε δηαθξάγκαηα θαη απιέο θαη 

πνιιαπιέο/θιηκαθσηέο πιάθεο δηάηξεζεο, εηθ. 10) πνπ κε ηε ζεηξά ηεο είλαη ιηγόηεξν 

εμεηδηθεπκέλε ζε ζρέζε κε απηή ησλ Μαγλνιηίδσλ (πνπ πεξηιακβάλεη κόλν 

θιηκαθσηέο πιάθεο δηάηξεζεο, εηθ. 12). 

Η αλαζεσξεκέλε δηάγλσζε ηνπ γέλνπο Laurinoxylon (Dupéron et al. 2008) 

επέηξεςε ηε ζπγθεθξηκελνπνίεζε ησλ ραξαθηεξηζηηθώλ πνπ πξνζδηνξίδνπλ πνηνη 

απνιηζσκέλνη μπιώδεηο αληηπξόζσπνη δελ κπνξνύλ λα αληηζηνηρνύλ ζην 

Laurinoxylon. Σα ραξαθηεξηζηηθά απηά πεξηγξάθνληαη αθνινύζσο: 

A. Χαξαθηεξηζηηθά αμνληθνύ παξεγρύκαηνο (απνηξαρεηαθνύ - παξαηξαρεηαθνύ): 

A1. Πεξηζσξηαθό αμνληθό παξέγρπκα, A2. Πηεξπγηνεηδέο έσο πηεξπγηνεηδέο-ζπξξένλ 

παξαηξαρεηαθό παξέγρπκα, 

B. Χαξαθηεξηζηηθά αθηίλσλ: B1. Αθηίλεο ςειόηεξεο από 1 mm, B2. Απνθιεηζηηθά 

νκνγελείο/νκνθπηηαξηθέο αθηίλεο, B3. Αθηίλεο κε πεξηζζόηεξα από 5 θύηηαξα θαηά 

πιάηνο, B4. Αθηίλεο «δεζκηδσηέο» ή «ζε ζηξώζεηο» (=storied rays). 

C. Πνξώδεο: Σύπνπ «δαθηπιίνπ» ή «δαθηπιηόπνξνπ», 

D. Ιδηόβιαζηα θύηηαξα: Απνπζία ησλ ηδηόβιαζησλ θπηηάξσλ. 

Η εθαξκνγή ησλ αλσηέξσ αλαθεξζέλησλ ηεζζάξσλ θξηηεξίσλ απνθιεηζκνύ (A1+2, 

B1+2+3+4, C θαη D) έδσζε σο απνηέιεζκα ηνπο ζεκεξηλνύο βνηαληθνύο ζπγγελείο 

ηνπ Laurinoxylon. Σν απνιηζσκέλν γέλνο Laurinoxylon πιεζηάδεη πεξηζζόηεξν ηα 

ζύγρξνλα γέλε ησλ ηαμνλνκηθώλ θαηεγνξηώλ α) Laureae (Lindera A θαη B, North 

American Persea, Litsea, Actinodaphne, Laurus, Neolitsea) θαη β) Perseae (Persea, 

Cinnamomum, Nothaphoebe, Phoebe, Dicypellium, Urbanodendron, Dehaasia, 

Systemonodaphne, Aiouea, Pleurithyrium, Nectandra, Ocotea, Aniba, Licaria θαη 

Cryptocarya Μαδαγαζθάξεο), πνπ αληηπξνζσπεύνπλ ην Βόξεην Ηκηζθαίξην θαη ηελ 

Νενηξνπηθή (= πεξηιακβάλεη ηελ Κεληξηθή θαη Νόηηα Ακεξηθή κε ην ηξνπηθό λόηην 

ηκήκα ηνπ Μεμηθνύ θαη ηεο Καξατβηθήο) ή ηε Νενηξνπηθή/Αζηαηηθή δώλε, θαζώο 

επίζεο θαη γ) ηα γέλε Apollonias θαη Iteadaphne. 

Η παξαηήξεζε ηεο αθξηβνύο ζέζεο ησλ ηδηόβιαζησλ θπηηάξσλ καο επέηξεςε 

λα αλαγλσξίζνπκε ηέζζεξηο νκάδεο εηδώλ ηνπ γέλνπο Laurinoxylon: 

 Σύπνο 1 κε ηδηόβιαζηα θύηηαξα πνπ ζρεηίδνληαη κόλν κε ηα αθηηληθά 

παξεγρπκαηηθά θύηηαξα, 

 Σύπνο 2a κε ηδηόβιαζηα θύηηαξα πνπ ζρεηίδνληαη κε δύν ηύπνπο 

παξεγρπκαηηθώλ ζηνηρείσλ: κε ην αθηηληθό θαη ην αμνληθό παξέγρπκα, 
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 Σύπνο 2b κε ηδηόβιαζηα θύηηαξα πνπ ζρεηίδνληαη κε δύν δηαθνξεηηθνύο 

ηύπνπο ζηνηρείσλ: ηηο αθηίλεο θαη ηηο ίλεο, θαη  

 Σύπνο 3 κε ηδηόβιαζηα θύηηαξα πνπ ζρεηίδνληαη κε ηξεηο ηύπνπο ζηνηρείσλ: κε 

ην αθηηληθό θαη αμνληθό παξέγρπκα θαη κε ηηο ίλεο.  

Σν επόκελν βήκα ήηαλ ε εύξεζε ησλ ζπζρεηηζκώλ πνπ ζα ζπλέδεαλ ηνπο 

απνιηζσκέλνπο αληηπξνζώπνπο ησλ θαηεγνξηώλ ηνπ Laurinoxylon κε ηα ζύγρξνλα 

γέλε ησλ Γαθλίδσλ. Σα απνηειέζκαηα ηεο κειέηεο έδεημαλ όηη ηα ζύγρξνλα γέλε πνπ 

πιεζηάδνπλ πεξηζζόηεξν ζηνλ Σύπν 1 ηνπ Laurinoxylon είλαη ηα αθόινπζα: 

Dicypellium, Systemonodaphne, Urbanodendron, Persea Βνξείνπ Ακεξηθήο, Litsea 

chinensis group, Laurus. Από απηά, ηα γέλε πνπ εκθαλίδνπλ κεγάιν πνζνζηό εηδώλ 

κε θξπζηάιινπο είλαη ηα: Laurus, Litsea chinensis group & Systemonodaphne, ενώ τα 

γένη τωρίς κρσστάλλοσς είναι τα: Dicypellium, North American Persea & 

Urbanodendron. 

Σα απνιηζσκέλα είδε πνπ αλήθνπλ ζηνλ ηύπν 2a ηνπ Laurinoxylon είλαη 

πιεζηέζηεξα ζηα ζύγρξνλα γέλε: Aniba, Licaria, Aiouea, Pleurothyrium, Cryptocarya 

Μαδαγαζθάξεο, Dehaasia, Nothaphoebe, Phoebe, Persea, Apollonias, Lindera 

group A. Από απηά, ηα γέλε κε πςειό πνζνζηό εηδώλ κε θξπζηάιινπο είλαη ηα: 

Aniba, Apollonias, Dehaasia, Phoebe, Licaria & Pleurothyrium, ελώ ηα γέλε ρσξίο 

θξπζηάιινπο είλαη ηα: Cryptocarya Μαδαγαζθάξεο, Nothaphoebe, θαζώο θαη ην 70% 

ησλ εηδώλ ησλ: Aiouea, Persea & Lindera group A. 

Σα είδε ηνπ ηύπνπ 2b ηνπ Laurinoxylon είλαη πην θνληά ζηα ζεκεξηλά γέλε: 

Actinodaphne p.p., Neolitsea p.p. θαη Nectandra p.p. Σν 25% ησλ εηδώλ ηεο 

Actinodaphne, ην 40% ησλ εηδώλ ηεο Nectandra  θαη ην 50 % ησλ εηδώλ ηεο Neolitsea 

δελ πεξηέρνπλ θξπζηάιινπο (επίζεο, ην 90% ησλ εηδώλ ηεο Actinodaphne & 

Neolitsea θαη ην 84% ηεο Nectandra δελ πεξηιακβάλνπλ ηδηόβιαζηα θύηηαξα ζηηο 

ίλεο, παξά κόλν ζην αθηηληθό θαη αμνληθό παξέγρπκα θαη αλήθνπλ ζε απηήλ ηελ 

θαηεγνξία).  

Σέινο ηα είδε ηνπ ηύπνπ 3 ηνπ Laurinoxylon (ζπλώλπκν: Cinnamomoxylon) είλαη 

πιεζηέζηεξα ζηα ζύγρξνλα γέλε: Actinodaphne p.p., Nectandra p.p., Ocotea, 

Endlicheria, Cinnamomum, Neolitsea p.p. Από ηα πξναλαθεξζέληα γέλε απηά πνπ 

εκθαλίδνπλ κεγάιν πνζνζηό εηδώλ κε θξπζηάιινπο είλαη ηα: Actinodaphne p.p., 

Endlicheria, Nectandra p.p. & Neolitsea p.p. (γηα ηελ αθξίβεηα, κόλν ην 10% ησλ 

εηδώλ ηεο Actinodaphne & Neolitsea θαη ην 16% ησλ εηδώλ ηεο Nectandra 

πεξηιακβάλνπλ ηδηόβιαζηα θύηηαξα θαη ζηηο ίλεο θαη αλήθνπλ ζε απηήλ ηελ 

θαηεγνξία). Σα γέλε Cinnamomum & Ocotea δελ εκθαλίδνπλ θξπζηάιινπο. 

Η κεηνλνκαζία θαη ε εθ λένπ κειέηε θάπνησλ εηδώλ ηνπ γέλνπο Laurinoxylon πνπ 

έρνπλ ήδε πεξηγξαθεί (θαη ιαλζαζκέλα ζεσξήζεθε όηη αλήθνπλ ζην ελ ιόγσ γέλνο) 
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από άιινπο ζπγγξαθείο απνηειεί έλα αθόκε από ηα απνηειέζκαηα ηεο παξνύζαο 

κειέηεο.  

ην ίδην θεθάιαην δίδνληαη θαη νη ζπζηεκαηηθέο πεξηγξαθέο αξθεηώλ «ηύπσλ 

μύινπ» (=―wood types‖) (Wiemann et al. 1988) λέσλ επξεκάησλ αγγεηόζπεξκσλ θαη 

θσλνθόξσλ από ην λεζί ηεο Λέζβνπ. Μεηαμύ ησλ επξεκάησλ πεξηγξάθνληαη 

ηνπιάρηζηνλ 13 «ηύπνη μύινπ» αγγεηόζπεξκσλ θαη 5 «ηύπνη μύινπ» θσλνθόξσλ. 

Αλάκεζα ζηα κειεηεζέληα αγγεηόζπεξκα πνπ αλαγλσξίζηεθαλ είλαη ηα 

αθόινπζα: Laurinoxylon aff. czechense Prakash, Březinová & Bůžek, Laurinoxylon 

cf. daberi Greguss, Laurinoxylon aff. diluviale (Unger) Felix emend. Dupéron et al., 

Cinnamomoxylon seemannianum Mädel. Σα είδε απηά ηνπ γέλνπο Laurinoxylon & 

Cinnamomoxylon εκθαλίδνληαη γηα πξώηε θνξά ζηελ Διιάδα. Δπηπιένλ έρεη 

πξνζδηνξηζηεί ην γέλνο Quercoxylon Kräusel θαη Cryptocaryoxylon Leisman. Όζνλ 

αθνξά ην ηειεπηαίν απνιηζσκέλν γέλνο, θαηά ηελ εθπόλεζε ηεο παξνύζαο κειέηεο 

πξνζδηνξίζηεθε θαη ζε επξήκαηα ηεο λήζνπ Λήκλνπ θαη αληηπξνζσπεύεη ηελ πξώηε 

εκθάληζε ηνπ γέλνπο γηα ην Νενγελέο ηεο Δπξαζίαο. 

Μεηαμύ ησλ κειεηεζέλησλ θσλνθόξσλ ήηαλ θαη ην Cedroxylon lesbium Kräusel 

(Peuce lesbia Unger) ην νπνίν αλαθαιύθζεθε ζε ζπιινγή κνπζείνπ ηνπ εμσηεξηθνύ, 

κειεηήζεθε ζην κηθξνζθόπην, πεξηγξάθεθε ιεπηνκεξώο θαη θσηνγξαθήζεθε γηα 

πξώηε θνξά ζρεδόλ 2 αηώλεο κεηά από ηνλ πξώην πξνζδηνξηζκό ηνπ.  

Σο ηρίηο θεθάιαηο πραγκαηεύεηαη ηε κειέηε περίπηωζες ηες λήζοσ 

Λήκλοσ. Σν ηζηνξηθό ηεο παιαηνρισξίδαο ηεο λήζνπ Λήκλνπ έρεη δνζεί ιεπηνκεξώο 

ζην θεθάιαην απηό. 30 λέα δείγκαηα από λέεο απνιηζσκαηνθόξεο ζέζεηο από ηηο 

πεξηνρέο ηνπ Μνύδξνπ, ηνπ Βάξνπο θαη ηνπ Θάλνπο βξέζεθαλ θαη κειεηήζεθαλ. 

Παξάιιεια κειεηήζεθαλ 44 δείγκαηα απνιηζσκέλνπ μύινπ πνπ θπιάζζνληαη ζην 

Γεκαξρείν ηνπ Μνύδξνπ. 

Μεηαμύ ησλ κειεηεζέλησλ αγγεηόζπεξκσλ είλαη ην είδνο Laurinoxylon cf. 

ehrendorferi Berger ην νπνίν βξέζεθε θαη κειεηήζεθε 63 ρξόληα κεηά ηελ πξώηε ηνπ 

αλαγλώξηζε θαζώο επίζεο θαη ην γέλνο Cryptocaryoxylon Leisman, ην νπνίν (καδί κε 

ην δείγκα πνπ βξέζεθε ζηε Λέζβν, ε κειέηε ηνπ νπνίνπ έδεημε όηη αλήθεη ζην ελ ιόγσ 

γέλνο) απνηειεί ηελ πξώηε εύξεζε θαη ηαπηνπνίεζε ηνπ ζπγθεθξηκέλνπ γέλνπο γηα ην 

Νενγελέο ηεο Δπξαζίαο. 

Ο πξνζδηνξηζκόο ησλ απνιηζσκέλσλ θσλνθόξσλ από ηε λήζν Λήκλν 

πεξηιακβάλεη ηνπιάρηζηνλ ηξεηο ηύπνπο ηνπ γέλνπο Taxodioxylon Hartig emend. 

Gothan. Πξόθεηηαη γηα ηελ πξώηε αλαθνξά ηνπ ζπγθεθξηκέλνπ γέλνπο ζηε λήζν 

Λήκλν. 

Σο ηέηαρηο θεθάιαηο έτεη ως ζέκα ηελ κειέηε περίπηωζες ηες λήζοσ 

Αιολλήζοσ. ην ελ ιόγσ θεθάιαην, εθηόο από ην ηζηνξηθό θνκκάηη πνπ ζρεηίδεηαη κε 
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ηελ αλαγλώξηζε θαη ηνλ πξνζδηνξηζκό ησλ θπηηθώλ απνιηζσκάησλ ζην λεζί, έλα 

κεγάιν ηκήκα είλαη αθηεξσκέλν ζηελ (επηηπρή) πξνζπάζεηα αλαθάιπςεο ηεο 

αθξηβνύο ζέζεο όπνπ πξηλ από ζρεδόλ 2 αηώλεο βξέζεθε θαη πξνζδηνξίζηεθε γηα 

πξώηε θνξά ην είδνο Taxodium europaeum (Brongniart) Unger. Μεηαμύ ησλ 

λενζπιιερζέλησλ επξεκάησλ είλαη θαη έλα ηδηαίηεξν μπιηηηθό δείγκα πνπ 

πξνζδηνξίζηεθε όηη αλήθεη ζην γέλνο Pinuxylon Gothan.  

Σο πέκπηο θεθάιαηο αζτοιείηαη κε ηε λήζο Γαύδο. Πεξηζζόηεξα από 100 

απνηππώκαηα θύιισλ από ηε ζέζε Μεηόρηα ζην Βόξεην ηκήκα ηνπ λεζηνύ 

κειεηήζεθαλ θαη πξνζδηνξίζηεθαλ. Αλάκεζα ζηα είδε πνπ πξνζδηνξίζηεθαλ 

πεξηιακβάλνληαη θαη νη εκθαλίζεηο ησλ: Fagus gussonii (ε λνηηόηεξε εκθάληζε ηνπ 

είδνπο), Sapindus graecus (επηβεβαίσζε ηεο πεξηνξηζκέλεο εμάπισζήο ηνπ κόλν 

ζηε ΝΑ Δπξώπε), Ailanthus pythii (πξώηε εκθάληζε γηα ηε Μεζόγεην) Η αλαγλώξηζε 

κεγάινπ αξηζκνύ αγγεηόζπεξκσλ επέηξεςε ηε ρξήζε αξθεηώλ ηερληθώλ ζρεηηθώλ κε 

ηελ αλαζύζηαζε ηεο παιαηνβιάζηεζεο [π.ρ. Φπηνθνηλσληνινγηθή πξνζέγγηζε 

(=Phytosociological approach) θαη Αλάιπζε βιάζηεζεο ηνπ νινθιεξσκέλνπ θπηηθνύ 

αξρείνπ (=Integrated Plant Record vegetation analysis – IPR vegetation analysis)], 

θαη ηνπ παιαηνθιίκαηνο [π.ρ. Αλάιπζε ηνπ πεξηζσξίνπ ησλ θύιισλ (=Leaf Margin 

Analysis), Πνιππαξαγνληηθό πξόγξακκα αλάιπζεο θιίκαηνο-θύιισλ (=Climate Leaf 

Analysis Multivariate Program – CLAMP) θαη ε κέζνδνο ηνπ πιεζηέζηεξνπ ζεκεξηλνύ 

ζπγγελή (Coexistence Approach)]. 

ηο έθηο θεθάιαηο παροσζηάδοληαη ηα αποηειέζκαηα ηες δηαηρηβής κε 

ζπδεηήζεηο ζρεηηθά κε ηα πην ελδηαθέξνληα λέα επξήκαηα από ηηο λήζνπο Λέζβν, 

Λήκλν, Αιόλλεζν θαη Γαύδν θαη ε ζπνπδαηόηεηά ηνπο.  

Σν θείκελν ζπλνδεύεηαη από δύν παξαξηήκαηα: ην πξώην αθνξά ζηα θπηηθά 

(καθξν-) απνιηζώκαηα μύινπ θαη θύιισλ (θηέξεο, θσλνθόξα θαη αγγεηόζπεξκα) από 

ηε λήζν Λέζβν θαη ην δεύηεξν πξαγκαηεύεηαη ηα έσο ηώξα απνιηζσκέλα θπηηθά 

(καθξν- θαη κηθξν-) επξήκαηα μύινπ, θύιισλ θαη γύξεο πνπ αλήθνπλ ζε θσλνθόξα 

θαη αγγεηόζπεξκα από ην λεζί ηεο Λήκλνπ. 

Πνιπάξηζκα ζρήκαηα θαη 41 πίλαθεο κε πιεζώξα καθξνζθνπηθώλ θαη (θπξίσο) 

θσηνγξαθηώλ νπηηθνύ θαη ειεθηξνληθνύ κηθξνζθνπίνπ έρνπλ δεκηνπξγεζεί. Γηα 

πεξαηηέξσ ιεπηνκέξεηεο αλαθνξηθά κε ζπγθεθξηκέλα θεθάιαηα ηεο δηαηξηβήο (π.ρ. 

αλάπηπμε ηεο λέαο κεζνδνινγίαο γηα ηνλ πξνζδηνξηζκό ηνπ Laurinoxylon θαη ησλ 

ζεκεξηλώλ γελώλ ζηα νπνία αληηζηνηρεί κε βάζε ηα ηδηόβιαζηα θύηηαξα, ή ζρεηηθά κε 

ηε κειέηε ηεο παιαηνρισξίδαο ηεο λήζνπ Γαύδνπ) ν αλαγλώζηεο θαιείηαη λα 

ζπκβνπιεπηεί ηα ζπλεκκέλα παξαξηήκαηα ζην ηέινο ηνπ θεηκέλνπ πνπ απνηεινύλ 

ηκήκαηα ηεο παξνύζαο δηαηξηβήο δεκνζηεπκέλα ζε επηζηεκνληθά πεξηνδηθά κεηά από 

αμηνιόγεζε θξηηώλ. 
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1. INTRODUCTION 

 

The research of the palaeobotanical record of specific regions at the eastern 

Meditteranean (Lesbos, Lemnos, Alonissos and Gavdos Islands) during the 

Cenophytic is a demanding issue.  

The Cenophytic era is composed by the palaeo- (Late Cretaceous-Neogene) 

and neo-cenophytic (Quaternary) floras (Meyen 1987). The age of the findings the 

present study deals with is mainly Miocene. Popov et al. (2004, Map 4–Map 9) have 

visualized the palaeogeography of the early, middle and late Miocene. 

The structure of the study includes an ―introduction‖ chapter, four ―case study 

areas‖ chapters (Lesbos, Lemnos, Alonissos and Gavdos) with the typical order 

(introduction-localities and geology-material and methods-historical part of the plant 

fossil findings-systematic descriptions with comparisons and discussion-fossil flora 

appendix for each area) followed on the development of each research area and at 

the end a ―discussion and conclusions‖ chapter. This order has been chosen as the 

most appropriate for the purposes of this research and the most convenient to be 

followed by the readers. 

New plant fossiliferous localities with hundreds new specimens have been 

revealed. Leaves‘ imprints have been studied only from Gavdos Island. The majority 

of the collected samples (from Lesbos, Lemnos and Alonissos Islands) belong to 

fossil wood remnants therefore this study has been focused primarily on the fossil 

wood anatomy. For the purposes of the examination of possible nearest living 

relatives of the fossil species there were special references to modern wood anatomy 

(e.g. Cedrus). An introduction to the wonderful world of the fossil wood seems to be 

necessary and is given below. 

 

1.1 Wood definition 

The term ‗wood‘ or ‗xylem‘ is used for plants with secondary radial thickening 

(Carlquist, 2001) as also for the lignified specimens. Schweingruber & Büntgen 

(2013) have recommended the botanically more neutral term ‗stem anatomy‘ instead 

of ‗wood anatomy‘, which further implies integration of the xylem and bark of all 

terrestrial plants.  

The distinction among wood, stem and roots is also a matter of several 

studies concerning the identification of fossil representatives. Regarding to the 

evolution, the fossil record shows that wood evolved in small stature plants prior to 
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the evolution of a distinctive leaf-stem-root organography (Strullu-Derrien et al. 

2013). 

 

 

1.2 Distinction concerning the wood 

The main wood categories include angiosperms (or hard woods) and conifers 

(or soft woods). The latter wood categories are discussed in detail by Baas et al. 

(2004, p. 275).  

 

1.3 Identification of angiosperm wood 

Concerning the history of the angiosperms, pollen grains from the Valanginian 

(ca 135 mya) of Israel, are considered as the oldest record of angiosperm (Singh 

2009). Archaefructus from Upper Cretaceous (nearly 124 mya) of China, a follicle 

with clearly defined spirally arranged conduplicate carpels enclosing ovules without 

petals and sepals and with 3 species up to now (Archaefructus liaoningensis, A. 

sinensis and A. eoflora), is regarded as the oldest record of angiosperm flower (Sun 

et al. 2002, Qiang et al. 2004, Singh 2009). Undoubtedly, the knowledge on the 

evolution of stem-group angiosperms is still very poor. 

The phyllogeny of the ―flowering plant families‖ (Fig. 1) is continuously 

revisited and updated by Stevens (Angiosperm Phylogeny Website, 2001-onwards), 

and a different visualization of the seed plant universe is available also from the 

Botanical Chart website (http://www.botanicalchart.org.uk). 

The angiosperms have as their synonym the term ―hardwood‖ because of 

their anatomy (= the density of the cells, the amount of lignin in the cell walls, and the 

percentage of tiny air spaces or pores within the cell walls) which confers to the wood 

weight and hardness (also known as the ‗specific gravity‘, a scale method invented 

thousands years ago by Archimedes based on the comparison measures using 1.0 

for pure water). 

 

http://www.botanicalchart.org.uk/
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Fig. 1: The “flowering plant families” (=Angiosperms) phyllogeny (Stevens, Angiosperm Phylogeny 

Website, 2001-onwards). 
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The characteristic of the angiosperm wood concerning its anatomy is the 

occurrence of vessels (Fig. 2), although they are absent in some angiosperms 

(Winteraceae) and on the contrary they are present in some gymnosperms 

(Gnetales) (Singh, 2009). If one could search through time in order to explore the 

diversity of the angiosperms (= flowering plants), he could be astonished. Magallón & 

Castillo (2009) have examined angiosperms diversification since the Lower 

Cretaceous noting, at their introduction, that even Charles Darwin has been 

wondering about the diversification of the angiosperm concerning its rhythm through 

time (constant or not) and the start point which lead to modern species whole image. 

The identification of angiosperm woods based on their anatomical 

characteristics (Fig. 2) is a really demanding process. According to IAWA (1989) 

several anatomical features must be identified and measured for the identification of 

a hardwood, concerning the growth ring (boundaries), the vessels (porosity, 

arrangement and grouping, outline, the perforation plates, the intervessel pits 

arrangement and size, the vestured pits, the vessel-ray pitting, the helical 

thickenings, the tangential diameter of the vessel lumina, the number of the vessels 

per square millimeter, the mean vessel element length, the occurrence of tyloses and 

deposits inside them), the tracheids and fibres, the axial parenchyma (apotracheal, 

paratracheal, banded, storied structures), the rays (width, height, cellular 

composition, size, number per millimetre, aggregate or not, with sheath  or tile cells, 

perforated) the secretory elements and cambial variants (oil and mucilage cells, 

intercellular canals, tubes), the mineral inclusions (prismatic crystals, druses and 

other crystal types), etc. The Inside Wood Database (InsideWood. 2004-onwards) 

uses the same features for search through the fossil and modern record. 
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Fig. 2: 3D interpretation of the xylem anatomy showing the three planes needed for the identification 

of a fossil and modern angiosperm wood specimen. TS = Transverse, RLS= Radial and TLS= 

Tangential Section. Photo by the courtesy of U.S. Forest Service, modified. 

 

1.4 Identification of conifers 

The wood of the conifers have as their synonym the term ―softwood‖ because 

according to their anatomy, their wood is composed mainly of tracheids (= water-

conducting cells) without fibre cells. According to Farjon (2001) the families which 

belong to the softwoods (Fig. 3) include the Pinopsida (Coniferales) and 

Ginkgoopsida [Araucariaceae, Cephalotaxaceae, Cupressaceae (including 

Taxodiaceae), Ginkgoaceae, Phyllocladaceae, Pinaceae, Podocarpaceae, 

Sciadopityaceae and Taxaceae]. The University of Berlin has presented the 

tracheophyte and gymnosperms (conifers) phylogeny as shown below (Fig. 3). 
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Fig.3: Systematics and characteristics of the vascular plants presented by the University of Berlin. The 

gymnosperms (conifers) phylogeny is shown in brown colour. 
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The identification of ―gymnosperm‖ woods (= conifers) follows the ―Softwood 

identification‖ terminology based on their anatomical characteristics by IAWA (2004). 

The anatomical features which must be identified and measured for the identification 

of a softwood (Fig. 4) concern the growth rings (boundaries and transition from early- 

to late-wood), the tracheids (pitting in radial walls, arrangement, organic deposits, 

average length, intercellular spaces throughout the wood, latewood tracheid wall 

thickness, torus, torus extensions, pits with notched borders, warty layer), helical and 

other wall thickenings (e.g. in tracheids), axial parenchyma (arrangement, transverse 

end walls), ray composition (ray tracheids, cell walls of ray tracheids, pit borders, end 

walls, horizontal walls, indentures), cross-field pitting categories (and number of pits 

per cross-field), ray size (height, width), intercellular canals (axial, radial, traumatic, 

average diameter of the canals, epithelial cells), mineral inclusions (crystals, their 

type and location). 

 

 

Fig. 4: 3D interpretation of the xylem anatomy showing the three planes needed for the identification 

of a fossil and modern conifer wood specimen. TS = Transverse, RLS= Radial and TLS= Tangential 

Section. Photo by the courtesy of U.S. Forest Service, modified. 
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2. LESBOS ISLAND 

 

2.1.1 Introduction 

In 2012 Lesbos Island has faced the ultimate recognition as one of Unesco‘s 

Global Geoparks, an honor for its geological treasure as revealed by the variety of its 

geosites. This unique geological and palaeobotanical heritage, focused on the 

occurrence of the Petrified Forest at the Western part of the Island has been notified 

since the 3rd century B.C. by the famous Greek botanist Theophrastus from Eressos 

(Lesbos Island, Greece).  

The scientific research and identification of the plant fossils of the western 

peninsula of the Island started at the 19th century by F. Unger (1845, 1847, 1850) 

and P. Fliche (1898). More intensive efforts were made the last decades of the 20th 

century by the University of Athens and by the Natural History Museum of the Lesvos 

Petrified Forest (e.g., Velitzelos & Zouros 2008). The research during the last two 

centuries has revealed 25 species of conifers and 5 species of angiosperms 

concerning the wood occurrences while the foliage findings certify the opposite 

(Mantzouka et al. 2013a, Annex 1).  

The main focus of this study is: 1) to reveal the historical part of Lesbos 

palaeofloristic treasure, 2) to draw the new fossil–wood identification results of a new 

research started in 2011 and 3) to underline the remaining inconsistencies and 

propose solutions. 

The discovery of new Lower Miocene fossiliferous localities (Fig. 5) since 

2011 at the Southern part of the Island (Mantzouka et al. 2013a) along with the new 

results originated from the new studies and also based on the new and previous data 

allow to apply the Whole Plant Concept (Sakala 2004, Teodoridis & Sakala 2008) 

and a new proposed methodology on Lauraceae (Mantzouka et al. in press) with 

interesting results for the Oligo–Miocene palaeoflora of Europe. 

The study of the xylotomical anatomy of the fossil tree–remnants – with the 

preparation of thin slides for each and every one of the decades of the newly 

discovered fossils – revealed various coniferous samples along with numerous 

angiosperms among the findings. 

Not only the new evidence on the palaeofloristic catalogue but also the variety 

of the fossilization (taphonomical processes with several parameters strongly 

connected to volcanism) and preservation types (leaf impressions, molds and casts, 

permineralized, silicified and lignified trunks, fossiliferous block assemblages, lignitic 

horizons) interpreted for each fossiliferous locality and also the extension of the plant 
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fossil assemblages with – not only sporadic occurrences but – numerous fossil plants 

at the Southern part of the Island are of great importance (Mantzouka et al. 2013b). 

 

 

 

2.1.2 Localities and Geology 

 

Lesbos Island is highly appreciated by the scientific community because of the 

occurrence of the famous Miocene Petrified Forest at the western peninsula of the 

Island.  

Since 2012 the whole Island of Lesbos (and not only the area of the Petrified 

Forest) has been declared as a European and Global Geopark under the auspices of 

UNESCO (belonging to the EGN and GGN) and on November 2015 Lesbos Island 

has received the ultimate recognition of its international significance honored as a 

UNESCO Geopark. Geoparks represent the holistic approach of unique and 

important territories which combine the protection and promotion of geological 

heritage with sustainable local development (Zouros 2004). 

 

 

Fig. 5: Geological map of Lesbos Island by Katsikatsos et al. (1986), modified. The region of 

Polichnitos and Mesotopos, which represent our study areas, are included in the rectangular and inside 

the circle respectively. 

 

Lesbos Island is located at the NE part of Aegean and it belongs to the 

Pelagonian geotectonic zone of Greece which represents a fragment of the 
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Cimmerian Continent (Mountrakis 1983; 1986) with the bending of the geotectonic 

zones to the E / NE to the Sakaraya zone of Asia minor (Thomaidou 2009) or to the 

Lesbos geotectonic zone (and in three different terrains) according to Papanikolaou 

et al. (2004). 

 

The geology of Lesbos has been described by several scientists, for instance: 

Fytikas et al. (1984), Hecht (1971; 1974; 1975), Katsikatsos et al. (1982; 1986), 

Mountrakis et al. (1983; 2001), Pe–Piper (1978), Thomaidou (2009), as well as its 

palaeogeographical evolution through time (Dermitzakis 1996, Dermitzakis & Drinia 

1999, Drinia et al. 2002). Hecht (1971; 1974) presented the geological map of the 

Island (1: 50.000 scale). The geology of Lesbos Island consists of: 

• An autochthonous unit of Permo–Triassic age, including mica schists, 

quartzites, metasandstones and phyllites. A carbonate sequence, often more than 

400m thick, occurs in the upper part of this unit. These rocks extend widely in the 

south–eastern part of the Island, while in the north–western part they have a rather 

smaller extension. Although the origin of this autochthonous unit remains 

undocumented, it is considered a probable remnant of the Cimmerian continent 

(Katsikatsos et al. 1986, Mountrakis et al. 1983, Papanikolalou 1999). 

• Two allochthonous units representing the volcanosedimentary nappe and the 

ophiolite nappe. The first one consists of metabasites and metamorphic sedimentary 

rocks such as crystalline limestones, amphibolitic schists, metapellites and meta–

cherts of Triassic age. The ophiolite nappe consists mainly of serpentinized 

peridotites and dunites, as well as metamorphic rocks, amphibolites and amphibole 

schists – parts of the metamorphic sole. The initial placement of both allochthonous 

units took place during Jurassic times (Papanikolaou 1999) and they represent 

remnants of an old Tethyan oceanic crust (Mountrakis et al. 2001) that was obducted 

(= overthrusted) over the Eurasian continental margin. 

The central and western part of the Island is covered by Neogene volcanic rocks 

(of calcium–alkaline and shoshonitic composition) originating from the volcanic 

activity which took place at the Central–Northern Aegean area (volcanic arc) and 

ended at the Western Anatolia during the Upper Oligocene – Middle Miocene. 

(Fytikas et al. 1984).  
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Plate 1.  

A: Lesbos Island palaeogeographic sketch during the Neogene period with the volcanic centres, 

palaeolakes and the fossiliferous localities of the Island pointed. B: Lapsarna lignitic horizon and the 

stratigraphic column of the section. C: Mesotopos limonitic block assemblage filled with plant fossil 

remnants on the ground surface. D: New fossiliferous site: Alonelia section. E: New fossiliferous site: 

Rogkada section. 
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The specimens described herein are from new fossiliferous localities of the 

Southern part of Lesbos Island from Aegean Sea in northeastern Greece, namely 

Alonelia (Fig. 6, 7), Hondrokouki, Rogkada, Damandri, Plakes, Mesotopos (Plate 1). 

Rogkada new fossiliferous site is close to the locality found in 1994 by Professor E. 

Velitzelos. 

 

 

Fig. 6: An example of the outcrops of the localities in Polichnitos region (Locality: Alonelia, date: 

21/08/11). 

 

 

 

 

Fig. 7: An example of the outcrops of the localities in Polichnitos region. The car as a scale. 

(Locality: Alonelia, date: 21/08/11). 
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The stratigraphic sequence of our section fits almost perfectly with the one 

presented by Katsikatsos et al. (1982) for Polichnitos area, with the difference of a 

tephra horizon (formation ‗e.i‘ in Fig.8) – which can be attributed to the ‗volcanic 

rocks (+) formation‘ – under Polichnitos ignimbrite (formation ‗c‘ in Fig.8) as it is 

shown in Figure 8. 

 

 

 

Fig. 8: “Polichnitos – Vatera” area stratigraphic column (from the bottom to the top layer) 

according to Katsikatsos et al. (1982), modified (right) and correlated with the geological setting of the 

new fossiliferous sites (left). The geology and the stratigraphic sequence of the newly discovered 

localities have been studied and described in detail recently (Mantzouka et al. 2013a).  

 

According to our studies the plant fossiliferous outcrops (from the bottom to the 

top layer) consist of:  

– Miocene Terra rossa with a thickness of approximately 12 m (formation ‗b‘ in 

Fig.8). This is the layer which has the same stratigraphic position with the thick 

deposits of conglomerates and pyroclastic materials of the area of Sigri – Antissa, 

which are also lying under the ignimbrites and have at their lower  part (and mainly at 

their basis) marly layers which host small lignitic deposits (Katsikatsos et al., 1986). 

According to Lamera (2004) it might represent a ‗lahar‘ formation. The basement / 

underlying layer is not seen at the outcrop but the general view of the area shows 

that the basement consists of ultrabasic rocks which belong to the allocthonous unit 
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of the ophiolite tectonic nappe with pyroxenic peridotites, dunites, serpentinite 

peridotites and serpentinites. 

– Over the Terra rossa there is a tephra horizon of 1,5 m thickness (formation ‗e. i‘ 

in Fig.8, left column) and over this there are volcanics of beige color – consisting of 2 

horizons, one of 0,4 m (‗e. ii‘ formation in Fig.8, left column) and one of 2 m thickness 

(‗e. iii‘ formation in Fig.8, left column) – with a total thickness of 2.4 m which are 

underlying the  

– Ignimbrite of Polichnitos with a thickness of 4 m (formation ‗c‘ in Fig.8). 

According to Pe–Piper & Piper, 1993 the only radiometric date of Polichnitos 

ignimbrite in 17.2 ± 0.5 Ma ‗was made by Borsi et al. (1972) with the geological 

dating method of K40/Ar40 based on the biotite of the ignimbrites corrected to the 

Steiger & Jäger, (1977) decay constant‘.  

Polichnitos ignimbrite formation belongs to the magnetic epoch 17 (Fig. 9) with an 

age of ~ 18.4 – 17.2 Ma (Pe–Piper, 1980; Pe–Piper & Piper, 1993 while, according to 

the proposed categorization of Lesbos ignimbrites by Lamera (2004), it represents 

the PU unit. The fossil plants of this study come from the layers which are underlying 

Polichnitos ignimbrite and especially from the upper and lower part of the tephra 

horizon (ei, eii, b in Fig. 8, left column). 

The new plant fossiliferous localities of Polichnitos region, Southern part of Lesbos 

Island, have been discovered inside a volcanic layer that underlies the ignimbrite of 

Polichnitos (PU unit), the age of which is 17.2 Ma (early Miocene) and it belongs to 

the magnetic epoch 17 (Borsi et al. 1972; Pe–Piper 1980; Pe–Piper and Piper 1993; 

Lamera 2004; Lamera et al. 2004).  
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Fig. 9: Lesbos Island geological map according Pe–Piper & Piper (1993), modified. The magnetic 

epochs are represented with different colours as follows: 1) in red colour: the vigorous volcanic activity 

restricted to about one million years (18.4–17.3 Ma: Magnetic epoch 17) which included the Skoutaros, 

Sigri, Kapi formations & Polichnitos & Skopelos ignimbrites, 2) in blue colour: an earlier minor 

volcanic phase (21.5±0.5 Ma: Magnetic epoch 19) with the occurrence of Eressos formation and 3) in 

green colour: a younger minor volcanic phase (16.5–16.2 Ma: Magnetic epoch 16) which includes the 

formation of Mytilene and the dykes of Mesotopos. 

 

This sequence of ours in the general geological setting of Polichnitos region is 

followed by the formations shown below: 

- River–terrestrial and pyroclastic materials‘ horizon with volcanic rocks: They 

are water–permeable formations of terrestrial, river and volcanic origin 

interchangeable in the vertical and the horizontal which consist of 

conglomerates, small to large and of great consistency, clay–sandy materials, 

red clay with scattered conglomerate breccia, cohesive pyroclastic breccia 

and tuff materials having a thickness from a few to 100m. Inside these 

formations, in many localities and mainly in the form of veins, there is the 

occurence of masses of volcanic rocks.  
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- Volcanic rocks: They are mainly basalts, dacites and andesites 

belonging to the upper lava system of Lesbos occuring mainly in the form of 

spills into the horizon of river–terrestrial and pyroclastic formations above. In 

some localities (as at ―Plakes‖ region which is located at the SW part of 

Polichnitos region), the basalts are under the river–terrestrial and the 

pyroclastic formations of the area, while in others the basaltic bodies are over 

the river–terrestrial and pyroclastics formation (as at ‗Monastiraki‘ region 

which is located at the western part of Polichnitos region). In some other 

localities they are inside the river–terrestrial – pyroclastic formations while 

sometimes penetrate even into the base of the marly lake layers of the 

Pliocene. 

- Pliocene lacustrine sediments: These are tight non water – permeable 

formations consist of marls and marly limestones with sandstones and 

conglomerates interference, with a thickness of more than 100 meters in 

some cases. In many places these formations are strongly opalised. The 

lacustrine formations of the area of Polichnitos host a great amount of 

macrofossils, mainly Planorbis sp., as well as thin lignitic appearances of 

Upper Pliocene age. 

- Pleistocene conglomerates: They consist of conglomerates and 

breccias with diversity in lithological content and size, while in some localities 

there are also some interference of clays, marls and sands of river–terrestrial 

origin. 

 

 

Among the new fossiliferous sites there is a limonitic site (M: Mesotopos) with 

material not proper for identification but with information about the occurrence of 

hydrothermal source in the area (Plate 2). This site contains mixed fragments of 

branches and roots not well preserved (Plate 2: B, C, E, F). We were only able to 

identify a fragmented remnant of a Quercus type leaf (Plate 2: D).  
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Plate 2. Close to Mesotopos village a new fossiliferous locality has been found in 2011. The 

hydrothermal origin of the material is clearly seen if one notices the limonitic mass which includes 

plant fossil remnants. 

A: The basement of the area represents the limonitic fossiliferous block assemblage. 

B: A closer photo of the limonitic fossiliferous block assemblage. 

C, E, F: Mixed plant fossil remnants (branches and roots). 

D: Fragment of Quercus type leaf. 
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2.1.3 Material and Methods 

 

During 2011 and 2012 almost 400 specimens were collected from six new 

localities in Polichnitos region (Southern Lesbos Island). The specimens are stored at 

the Natural History Collection of Vrisa–Cultural, Research and Education Center 

(annex of the Museum of Palaeontology and Geology of the National and 

Kapodistrian University of Athens, hosted by the Faculty of Geology and 

Geoenvironment), Lesbos Island, Greece. After their collection, the dimensions of the 

fossil woods from Lesbos were measured and photographed (with a Canon EOS 

1000D) and then they were catalogued. Thin slides for more than 70 samples were 

prepared (three for each sample: transversal, radial and tangential) in order to study 

their anatomical features with the light microscope. The thin slides‘ preparation took 

place at the Laboratory of the Department of Historical Geology & Paleontology, 

Faculty of Geology & Geoenvironment, National and Kapodistrian University of 

Athens. 

The thin sections were observed with: 1) an Olympus BX51 microscope with an 

Olympus DP73 camera and QuickPHOTO MICRO 3.0 image analysis software, in 

the facilities of the Institute of Geology and Paleontology, Faculty of Science, Charles 

University in Prague, 2) at the facilities of the Department of Historical Geology & 

Paleontology, Faculty of Geology & Geoenvironment (with a Leitz Ortholux II Pol–MK 

and a Leica DM LP microscope) and 3) at the Faculty of Botany, Department of 

Biology (with an Olympus CX41 optical microscope, Nikon D5000, 12.3 megapixel 

camera), National and Kapodistrian University of Athens, 4) at the National Museum 

in Prague and 5) at the Agricultural University of Athens. Data tables were 

subsequently created using the Microsoft Office Excel. The anatomical descriptions 

of the recently found fossil wood samples are in accordance with the IAWA 

Hardwood List (IAWA Committee 1989), Wheeler (1986) and Crivellaro & 

Schweingruber (2013) for angiosperms and the IAWA Softwood List (IAWA 

Committee 2004) for conifers. Concerning the angiosperm fossil woods each vessel 

was counted separately, both for density and vessel grouping percentage, as 

proposed by Wheeler (1986). Identifications were made with reference to the 

InsideWood Web site (InsideWood 2004–onwards; Wheeler 2011). Due to the 

preservation, for the identification of the pits we have followed Gerards et al. (2007) 

(IAWA Journal, Vol. 28 (1):49–60). In several steps of the study the ArcMap – ArcGIS 

Program was used, in order to have the already existing knowledge and the new data 

of the palaeogeographical history of Lesbos Island portrayed. 
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For the purposes of species comparison and for the creation of a new 

methodology on Laurinoxylon (Lauraceae) thin slides of important (and unique) 

Czech and Hungarian material have been prepared at the facilities of the Czech 

Geological Survey in Prague. 

As far as the study on fossil Lauraceae is concerned, the counting of idioblasts 

has been made in cross section only for the efficiency of comparison reasons with – 

and among – the already described species. Concerning Lesbos wood, some values 

of the vessel elements lengths seem low because they come from small axes which 

might have such short vessel elements. Some of the Laurinoxylon types photos are 

the result of the synthesis of almost 40 pictures of each specimen taken by an 

Olympus BX51 microscope, Olympus DP73 camera and QuickPHOTO MICRO 3.0 

image analysis software (provided by the Charles University of Prague, Czech 

Republic). 

The study of Peuce lesbia (= Cedroxylon lesbium) was efficient, thanks to the 

original material and slides provided by the Natural History Museum of Vienna. 

The following abbreviations were used throughout the manuscript: NHMW: Natural 

History Museum of Vienna, NHMLPF: Natural History Museum of the Lesvos 

Petrified Forest, A: Alonelia, H: Hondrokouki, R: Rogkada, D: Damandri, P: Plakes, 

M: Mesotopos. 

 

 

 

2.1.4 History of the recognition and identification of the plant fossils in Lesbos 

 

Investigating the first traces of Palaeobotany in Lesbos Island we evaluated 

several references from the ancient philosophers about the existence of the 

fossiliferous localities and fossil plants. The original descriptions of the past provided 

unique information about the studied material and they were also used as sources for 

highlighting important inconsistencies. The same procedure has been followed also 

for the references of the 20th century and led to a collection of the most important of 

them presented bellow. 

The first palaeobotanical research and study of the fossil flora of Lesbos and 

of Greece in general took place at the 3rd century B.C. by Theophrastus (372–287 

B.C.) from Eressos, Lesbos Island, Greece.  

Among the works ascribed to Theophrastus by Diogenes Laertius is a treatise 

On Petrifactions in two books. This lost work probably contained a systematic 

treatment of the fossil trees of Lesbos. What is also interesting in the references on 
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the lost book is the recognition of different types of fossilization with the usage of 

different words (e.g., for describing petrification, carbonization, lignites of several 

kinds, petrified Indian reed).  

Inside his book ―On Stones‖ there are indications about fossil trees while 

there are also some references for the book ―On Petrifactions‖. More specifically 

taking into account the work by Caley & Richards, (1956, p. 45, 66–67), supplying 

critical notes on the original text of Theophrastus book ―On Stones‖, there is a 

reference of the verb ‗petrify‘ [«απνιηζώλσ»] at the first chapter, at the 4th 

paragraph: ―And some show a number of differences in the actual process of being 

set on fire and burnt, and some, like the smaragdos can make the color of water the 

same as their own, whereas others can turn what is placed on them entirely into 

stone‖. 

In the second chapter (Caley & Richards 1956, p. 47), in the 12th paragraph 

there is a reference of the ‗carbonization‘ and of ‗lignites‘: ―Some of those that can be 

broken are like hot coals when they burn, and remain like this for some time, such as 

those found in the mine at Binai which are brought down by the river; for when they 

are covered with charcoal they burn as long as air is blown onto them, then they die 

down and afterwards can be kindled again, so that they can be used for a long time, 

but their odor is very harsh and disagreeable‖. According to the historians analysts 

the text refers to lignite or non–asphaltic pyrobitumen from Bina or solid bitumen from 

Thrace. 

Also, in the same chapter (2nd) and in the 16th and 17th paragraphs (Caley & 

Richards 1956, p. 48, 85–90) there is a reference for the co–existence of carbonised 

plants and amber: ―Among the substances that are dug up because they are useful, 

those known simply as coals are made of earth, and they are set on fire and burnt 

like charcoal. They are found in Liguria, where amber also occurs, and in Elis as one 

goes by the mountain road to Olympia; and they are actually used by workers in 

metals. In the mines at Scapte Hyle a stone was once found which was like rotten 

wood in appearance. Whenever oil was poured on it, it burnt, but when the oil had 

been used up, the stone stopped burning, as if it were itself unaffected. These are 

roughly the differences in the stones that burn‖. The comments from the specialists 

are focused on the use of lignite (which typically is found in Liguria as well as in other 

places in Greece) and the fact that apart from Antigonus of Carystus – who says that 

according to Theopompus coals were dug up for use in the neighborhood of the 

Thesprotians – Theophrastus appears to be the only ancient writer who touches on 

the subject. Scapte Hyle of the 17th paragraph was a mining district in Thrace 

opposite Thasos Island in the Northern Aegean. The reference on ―rotten wood‖ most 
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probably refers to brown fibrous lignite. Theophrastus uses also, as well as Aristotle 

– and the Peripatetic philosophers – the word ―anthrax‖ with which he describes a 

transparent incombustible precious stone of a deep red color.  

The most important and clear reference of his work on the fossil plants can be 

noticed in the 38th paragraph of the 6th chapter (Caley & Richards 1956, p. 53, 140–

142):―Coral, which is like a stone, is red in color and rounded like a root, and it grows 

in the sea. And in a way the petrified Indian reed is not very different in its nature 

from coral. But this is a subject for another inquiry―. Theophrastus has described the 

Indian reed in his History of Plants as a species of bamboo. The "petrified Indian 

reed" according the analysts could be a bamboo or some other reed incrusted with 

calcareous sinter or a true plant fossil. The final sentence of this section may be an 

indication that his treatise, ―On Petrifactions‖, was written after the work ―On Stones‖. 

Almost 2000 years after the very first recording of Lesbos plant fossils, the 

scientific interest returns on Lesbos. In 1842 during the annual fossils‘ exhibition at 

the Landesmuseum Joanneum in Austria some samples of fossil plants from Lesbos, 

which have been collected by the Archduke Johann are also exposed. What should 

be underlined is the fact that the Professor of Botany and Director of the famous 

Botanical garden of this institution from 1835 until 1849 was Franz Unger. 

The Austrian botanist Franz Unger was the expert who started to describe the 

fossil plants from Lesbos in several works of him (Unger 1845, 1847, 1862): 

Thujoxylum peucinum, Taxoxylum priscum (= Taxoxylon priseum Ung.), Peuce lesbia 

(= Cedroxylon lesbium Kr.), Juglandinium mediterraneum (= Juglandoxylon 

mediterraneum Ung.), Mirbellites lesbius (=Juglandoxylon mediterraneum Ung.), 

Brongniartites graecus. 

Prokesch–Osten (1852) knowing already the publication of F. Unger about 

the plant fossils of Lesbos Island publishes his notes from the visit that he had made 

in Lesbos in 1829 in which he was describing the images that he was seeing from the 

port of Sigri from where he could see hundreds of petrified tree trunks. He was 

describing a trunk of 3 m (10 ⅓ feet) in diameter and 2,7 m (9 feet) in length with 

three branches, trunks of 0,6 m to 1 m (24 to 40 inches) thick and 5,5 m to 7 m (3 to 

4 fathoms) long, a trunk of 0,5 m (1 ½ feet) in diameter and more than 4,5 m (15 feet) 

high and some very close and under the sea, while he seemed to be sure that some 

of them should belong to pine trees because of their growth rings and their barks, 

and thinking of some olive trees as well.  

In 1898 Fliche, a professor at the Forestry School of Nancy was giving the 

determination of fossilized and silicified trees from the region of Ordymnos Mountain 
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(western peninsula) with references to the fossil plants Cedroxylon, Palmoxylon and 

Ebenoxylon from the Island of Lesbos. 

It seems that he was also the first who noticed the existence of fossilized 

trees not only at Ordymnos (and at its NE part along with Sigri) but also at the islet of 

Nissiopi, while he believed that the majority of the fossils belonged to the genus 

Cedroxylon and Pityoxylon and he was giving to the lignite of Ordymnos a Pontian 

age (7.246 ± 0.005 to 5.332 ± 0.005 mya) similar to the fauna fossiliferous areas of 

Kumi (Euboea) and Attique (Megara, Markopoulo) which had been described by 

Fuchs. The lignites of Ordymnos most probably are the lignites of Lapsarna area 

which have been studied the last years with combined results on palaeobotany and 

geochemistry–mineralogy (Kelepertsis & Velitzelos 1992) and on the palaeolake‘s 

inhabitants and age (Mantzouka 2009a; 2009b, Vasileiadou & Zouros 2012). 

The significance of this unique monument was first underlined by Richard 

Kräusel (1965) who was comparing the scientific value of the Lesbos Petrified Forest 

with the one of Gilboa (N.Y., U.S.), Chemnitz (Germany) and Yellowstone (Wyoming, 

U.S.) 

Sixteen years later, a great effort for the promotion of Lesbos palaeofloristic 

evidence started with the initiative of Greek scientists. The first results were 

published by Velitzelos, Petrescu and Symeonidis (1981a, 1981b) (and revised by 

Velitzelos et al. 2014) focused on the composition of the palaeoflora, the 

identification of leaf imprints [Cinnamomum polymorphum (= Daphnogene 

polymorpha (A. Braun) Ettingshausen), Laurus sp. (=Lauraceae vel Fagaceae gen. et 

spec. indet.), Litsea primigenia (=Lauraceae vel Fagaceae gen. et spec. indet.), 

Lindera ovata (= Dicotylophyllum sp. 2), Oreodaphne heeri (=Laurophyllum sp.), 

Lauraceae (= Lauraceae vel Fagaceae gen. et spec. indet.), Quercus 

apocynophyllum (= Lauraceae vel Fagaceae gen. et spec. indet.), Carpinus pliofaurei 

forma helladae, Carpinus uniserrata, Alnus cycladum, Populus balsamoides, Populus 

sp., Tilia sp., Diospyros brachysepala (= Laurophyllum sp. and Lauraceae vel 

Fagaceae aff. Castanopsis bavarica Knobloch et Kvaček), Myrsinites sp. (= 

Dicotylophyllum sp. 1 – aff. Cedrela attica (Unger) Palamarev), Rhus sp., 

Sapotaceae (= Dicotylophyllum sp. 3)] and the determination of the palaeoclimatic 

conditions (subtropical climate relative to the continental subtropical zone of SE Asia 

and N America) and the forest‘s relative age (Upper Oligocene – Middle Miocene).  

The protection of the important floristic fossiliferous sites of Greece was 

another issue which had to be developed in parallel with the scientific identification 

and promotion. Two Academics from the University of Athens, Velitzelos & 

Symeonidis (1984) started the attempt of awareness rising of the scientists, 
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politicians and inhabitants of the areas of interest through a paper connecting the 

fossilized woods of the petrified forests of Greece (Lesbos, Thrace and N. Euboea) 

with suggestions for their preservation. 

Since then there has been interest at the Western peninsula of Lesbos which 

has been declared as a Protected Natural Monument since 1985 with a special 

Presidential Decree (No 443/1985) and mainly at the localities of the five petrified 

forest parks: Petrified Forest park or Bali Alonia; Nissiopi park; Sigri park; Plaka park; 

Skamiouda park. 

Later on, a fossil wood of approximately 600 years old trunk from the area of 

the petrified forest of Lesbos was studied and described as a new species: 

Taxaceoxylon biseriatum. More publications followed with the descriptions of 

Pinoxylon paradoxum and Pinoxylon pseudoparadoxum, Taxodioxylon gypsaceum, 

the first occurrence of T. albertense, T. pseudoalbertense in Greece which was also 

the first for the Tertiary of Europe, the identification of Dicotyledonous wood (mainly 

Lauraceae and Fagaceae) and of new species: Taxodioxylon megalonissum, 

Glyptostroboxylon microtracheidae, Tetraclinoxylon velitzelosi, Thujoxylon antissum, 

Chimairoidoxylon lesboense, Podocarpoxylon articulatum, P. graciliradiatum, 

Chimairoidoxylon conspicum, Ginkgoxylon lesboense, G. diversicellulatum, 

Lesbosoxylon (Pinoxylon) diversiradiatum, Lesbosoxylon (Pinoxylon) graciliradiatum, 

L. ventricosuradiatum, along with the identification of leaves‘ imprints: Pronephrium 

stiriacum, Tetraclinis sp., Pungiphyllum crutiatum (= Quercus cruciata), Phoenix sp. 

(=Phoenicites sp.), Platanus sp., Acer sp., Laurus primigenia (= vel Fagaceae gen. et 

spec. indet.), Daphnogene polymorpha, Quercus sp., Pinus sp., Sequoia abietina (= 

Sequoia abietina (Brongniart) Knobloch vel Taxodium sp.), Tetraclinis salicornoides, 

Rubus sp., Engelhardia orsbergensis, Rubus niacensis (partly Alnus cycladum), 

Sabal major (Süss & Velitzelos 1994a; 1994b; 1997; 1998; 2000; 2001; 2009; 2010, 

Süss 1997; 2003, Selmeier & Velitzelos 2000, Velitzelos 1993, Velitzelos et al. 1999, 

Velitzelos & Zouros 2008, revisions by Velitzelos et al. 2014).  
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2.2 New suggested methodology 

 

2.2.1 A New Proposed Identification Key for Fossil Lauraceous Wood 

 

Studies for more than three years on lauraceous wood anatomy for the 

purposes of the description of the new findings from Lesbos Island gave birth to a 

new proposed identification key for fossil lauraceous wood published recently 

(Mantzouka et al. 2014; Mantzouka et al. in press, Annex 2).  

Based on anatomical description of new fossil woods from Lesbos (Greece) 

as well as re–investigation of three holotype specimens from the Czech Republic and 

Hungary (= Laurinoxylon diluviale, L. czechense and L. müller–stolli), a more natural 

classification of the large and rather artificial fossil genus Laurinoxylon and its linking 

with relative groups of modern lauraceous genera has been proposed. 

The suggested classification of Laurinoxylon of this study is universal and 

directly linked to modern botany. Thanks to the abundance of Laurinoxylon in the 

fossil record, it can be directly used both by palaebotanists/palaeontologists and 

geologists as a good tool for further systematic, stratigraphic and paleoclimatic 

studies. 

The fossil woods studied microscopically for the establishment of this 

methodology cover time interval from early Oligocene to early Miocene and the 

numerous published descriptions studied in detail cover the Tertiary. Two of the 

described sites, i.e., Lesbos in Greece and Ipolytarnóc in Hungary, are famous as 

they are both members of the European and UNESCO Global Geoparks Network 

(EGN and GGN). 

Moreover, another fossil wood, described for the purposes of this study, came 

from mineralogically famous locality Jáchymov in the Czech Republic which 

represents the worldwide oldest (historically) plant fossil ever found and mentioned 

(already in 16th century) and mainly the nomenclatoric type of the whole genus 

Laurinoxylon, which is, re–discovered now. 

The significance of the present study is related with the examination of the 

exact occurrence and distribution of the idioblasts (oil &/or mucilage cells) and their 

combinations only as the last step of the proposed methodology (and not separately 

as in several previously published studies), after the application of a number of 

‗filters‘ (= excluding criteria/features) which Richter (1981a) had defined as 

―characters with the highest significance‖. 

This broader study on the examination of the importance of idioblasts as an 

essential tool for botanical affinities of the Lauraceae (and especially Laurinoxylon) 
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was based on the work of extant lauraceous genera by Richter (1981a) and van der 

Werff and Richter (1996), and the new detailed anatomical descriptions of several 

wood samples from four different areas of South–Eastern and Central Europe from 

Oligocene to Miocene age, along with the published descriptions and data from the 

InsideWood Database, both modern and fossil. 

Lauraceae is a family distributed worldwide with about 50 genera (van der 

Werff and Richter 1996; Stevens 2001; Schweingruber et al. 2011; Johansson 2013) 

and more than 2500 species of mainly evergreen woods and shrubs with the great 

majority of the genera of tropical and subtropical distribution (Fig. 10). In Europe 

today this family is represented only by the genus Laurus L. (Mai 1995). 

 

 

Fig. 10: Lauraceae present day distribution (Stevens 2001 onwards). 

 

According to Mai (1995), the fossil Lauraceae of Europe – which 

phytogenetically belong to the palaeotropical elements – are important because they 

are the most common trees among the Cenozoic wood formations and are generally 

indicators of warm climate with high humidity at the atmosphere even during the 

coolest season. The categorization of this family contains various widely defined 

fossil genera based on fossil leaves (e.g., Laurophyllum Göppert or Laurophyllites 

Weyland & Kilpper) or wood anatomy (e.g., Ulminium Unger in Endlicher or 

Laurinoxylon Felix emend. Dupéron et al.). The abundance of Lauraceae in the fossil 

record is explained if one considers that Lauraceous woods are easily recognizable 

by the anatomists due to the occurrence of the idioblasts and also because their 

heartwood has a serious possibility becoming silicified being resistant to decay 

(Wheeler & Manchester 2002).  
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Precise botanical affinities of fossil lauraceous stems have always been 

difficult to determine. Laurinoxylon is a fossil genus for fossil lauraceous wood 

genera or species that are impossible to be directly related to a botanical genus. The 

diagnosis of Laurinoxylon was recently emended by Dupéron et al. (2008) as follows: 

heteroxylous fossil wood with average solitary vessels or in radial groups; perforation 

plates simple and sometimes scalariform; intervascular pits alternate and moderately 

large; tyloses present; paratracheal parenchyma; uni– to 5-seriate rays, slightly 

heterocellular and less than 1mm high; ray–vessel pits large, sometimes stretched; 

fibres libriform or pits on radial walls; oil or mucilage (idioblasts) cells present. The 

term ―average‖ represents the English translation of the ―vaisseaux moyens‖ which 

according to Boureau (1957, p. 542) is used for vessels with a diameter from 100 to 

200 κm. 

The presence of the oil &/or mucilage cells, hereafter referred to as idioblasts, 

is not common through plant families. Idioblasts occur only in the Lauraceae and 

other Magnoliid families – Annonaceae, Canellaceae, Hernandiaceae, Magnoliaceae 

(p. 1347–1354 in Metcalfe & Chalk 1950; Carlquist 2001).  

According to Metcalfe & Chalk (1950) the most outstanding feature of the 

wood, the oil or mucilage cells of the rays and wood parenchyma, usually suggests 

affinity with the Magnoliaceae and the Lauraceae. What is important is that most of 

the points of difference between the Canellaceae and the Lauraceae, might be 

explained as due to different levels of specialization. Vessel member length and 

some other characters suggest that the Canellaceae (Fig. 11) are less specialized 

than the Lauraceae (which have septate fibres and simple and scalariform 

perforation plates) and are even less specialized than the Magnoliaceae (Fig. 12) 

(which have scalariform perforation plates).  
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Fig. 11: Canellaceae present day distribution (Stevens 2001 onwards). 

 

 

Fig. 12: Magnoliaceae present day distribution (Stevens 2001 onwards).  

 

The idioblasts cells, as suggested by their name, can be recognized due to their 

size and colour – they are usually bigger and different in colour than the surrounding 

cells of the tissue in which they are embedded. The first idioblasts‘ observation took 

place in a lauraceous wood in 1676 by Antoni van Leeuwenhoek (Fig. 13), so the 

observations on idioblasts are connected to the Lauraceae (Baas and Gregory 1985). 

This, in collaboration with the fact that the first fossil wood ever found and described 

in a scientific way – Ulminium diluviale Unger [Laurinoxylon diluviale (Unger) Felix] 

from Jáchymov, Czech Republic (Dupéron et al., 2008) – has also idioblasts, shows 
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that the Lauraceae are among the families which have played a very important role 

for the observation of the idioblasts. 

The revised diagnosis of the genus (Dupéron et al. 2008) allowed us to suggest 

that the features indicating that a fossil wood should not be assigned to Laurinoxylon 

are the following: 

A. Axial parenchyma features*: A1. Marginal axial parenchyma, A2. Aliform to 

aliform–confluent paratracheal parenchyma, 

B. Ray features: B1. Rays higher than 1 mm, B2. Exclusively homocellular rays, 

B3. Rays with more than 5 cells in width, B4. Rays storied. 

C. Porosity: Ring–porous wood, 

D. Idioblasts: Absence of idioblasts  

 

 

Fig. 13: Antoni van Leeuwenhoek, the father of microbiology. In 1676 he was the researcher who 

made the first idioblasts observation ever described in Lauraceae. Photo from the room dedicated to the 

microscopic scientific research in the National History Museum of Vienna (NHMW) (photo by D. 

Mantzouka 11/5/2014). 

 

What has to be also mentioned is the fact that taking into account Richter‘s 

observations on vessels size (as well as older publications on this subject) has been 

avoided by prudence because his monograph was published in 1981 and most 

probably his measurements didn‘t follow Wheeler‘s proposal (1986). 
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The application of the above mentioned four excluding criteria (A1+2, 

B1+2+3+4, C and D) has given as a result the botanical affinities of Laurinoxylon 

(Fig. 14). Laurinoxylon is closer to modern genera of the Laureae (Actinodaphne, 

Laurus, Lindera A and B, Litsea, Neolitsea, North American Persea) and Perseae 

tribes (Aiouea, Aniba, Cinnamomum, Cryptocarya of Madagascar, Dehaasia, 

Dicypellium, Endlicheria, Licaria, Nectandra, Nothaphoebe, Ocotea, Persea with the 

North American species, Phoebe, Pleurithyrium, Systemonodaphne, 

Urbanodendron), which are representatives of the Northern Hemisphere and of the 

Neotropical or Neotropical/Asian zone, and also to Apollonias and Iteadaphne 

(Mantzouka et al. in press). 

 

*The decision for using as first criterion the axial parenchyma type was based on the 

observation of the correlation between the type of the parenchyma and its 

occurrence in specific lauraceous genera (Richter 1981a, 1990). Richter (1981a, 

1990) reported the existence of axial paratracheal and marginal parenchyma by 

describing the occurrence of paratracheal mostly abundant vasicentric to aliform, 

often confluent with multiseriate bands (2–6(–10)) cell wide (Richter 1981a, Abb. 

17a) in Beilschmiedia, Endiandra, Potameia/Syndiclis and Triadodaphne, the 

existence of paratracheal mostly sparse to slightly vasicentric multi–seriate bands 2–

4(–8) cell wide (Richter 1981a, Abb. 17b) in Cryptocarya and Ravensara and the 

occurrence of paratracheal incomplete to closed vasicentric bands of exclusively 

one–cell wide line in Licaria wilhelminensis as also marginal (or seemingly marginal), 

fine, up to three cell wide bands in L. subbullata Kosterm. (Richter & Dallwitz 2000–

onwards); the latter two species are apparently synonyms according to The Plant List 

(2013).  

The observation of the exact occurrence of the idioblasts allowed us to 

recognized four groups of Laurinoxylon species: 

 Type 1 with idioblasts associated only with ray parenchyma cells; 

 Type 2a with idioblasts associated with two types of parenchyma elements, 

i.e., with rays and axial parenchyma; 

 Type 2b with idioblasts associated with two different elements, with rays and 

present among the fibres; and  

 Type 3 with idioblasts associated with three types of elements, i.e., with ray 

and axial parenchyma cells and present among the fibres. 
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Fig. 14: Laurinoxylon botanical affinities concerning wood anatomy. (Richter 1981a, van der Werff 

and Richter 1996 modified). 

 

The description of new fossil woods from Lesbos (Types 1, 2b and 3) and 

Ipolytarnóc (Type 2a) as well as the re–interpretation of the original slides of the type 

species of L. czechense from Kadaň–Zadní Vrch Hill (Type 1) and L. diluviale from 

Jáchymov (Type 2b) which represents the type species of the fossil genus 

Laurinoxylon, where only some of the important species on which our new proposed 

methodology was applied, showing that the taxonomical importance of Laurinoxylon 

in the Cenozoic fossil wood record had been underestimated (Table 1). More 
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Laurinoxylon fossil species were discussed in the published paper (see Annex 2, 

Mantzouka et al. in press) and linked to the Laurinoxylon Types 1–3. 

The renaming – or at least the introduction of further discussion – and the 

new investigation of some already described Laurinoxylon species has been also one 

of the results of our recent published paper (Mantzouka et al. in press) as follows : 

 From Laurinoxylon type 1 species (with idioblasts associated only with ray 

parenchyma cells): 

 Laurinoxylon intermedium Huard has only scalariform perforation plates, 

abudant axial (vasicentric–confluent) parenchyma forming concentric bands 

of 4–12 cells and seemingly terminal bands (Huard 1967). Therefore, it 

cannot be attributed to Cryptocaryeae tribe and moreover it cannot be 

attributed to Lauraceae). The hypothesis of its assignment to Magnoliaceae is 

supported. The sample needs to be examined to determine to which 

magnoliaceous genus it belongs. Moreover, according to Kvaček et al. (2011) 

the leaf flora of this area includes one species of Magnoliaceae, Magnolia 

liblarensis (Kräusel et Weyland) Kvaček. A possible correlation between this 

wood and Magnolia liblarensis leaves needs investigation. 

 Laurinoxylon microtracheale Süss has almost homocellular rays (Süss 1958), 

so it seems more possible that it belongs to Umbellularia. 

More fossil species from the InsideWood Database (InsideWood 2004–onwards), 

which could be included in this category based on their anatomical description are 

Laurinoxylon perseamimatus Petrescu, L. namsangensis Lakhanpal et al. and L. 

neagui S. Iamandei et E. Iamandei. 

 

 From Laurinoxylon type 2a species (with idioblasts associated with ray and 

axial parenchyma): 

 Laurinoxylon nectandrioides Kräusel & Schönfeld has confluent parenchyma 

(and at least seemingly marginal bands) and it has also septate fibres and 

crystals (Kräusel & Schönfeld 1924; van der Burgh 1964, 1973). 

Consequently, it could belong to Perseae tribe, although more study should 

be provided for its identification. 

 Laurinoxylon endiandroides Süss has aliform to confluent axial parenchyma 

(Süss 1958), which is not in accordance with the emended diagnosis of 

Laurinoxylon. Maybe it could be closer to Cinnamomoxylon, although its 

possible attribution to Cryptocaryeae Nees tribe should be also investigated. 
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 Laurinoxylon annularis Gottwald should be also observed since it is a ring 

porous wood and there is a strong possibility that its parenchyma is not 

simply (scanty) paratracheal vasicentric but confluent–aliform (Gottwald 

1997). It should belong to Sassafrasoxylon Brezinová & Süss.  

 Laurinoxylon hasenbergense Süss has rays up to 1–2 mm height, crystals 

and only simple perforation plates (Süss 1958) recommending a possible 

assignment to Licaria.  

 L. aniboides Greguss emend. Süss & Mädel has rays up to 1.23 mm height, 

crystals and only scalariform perforation plates (Süss & Mädel 1958). 

Therefore it should be excluded from Lauraceae and its possible assignment 

to Magnoliaceae family (or to specific species of Canellaceae) could be 

investigated. 

This category could also include Laurinoxylon sp. from Karlovy Vary, Czech Republic 

(Březinová 1981) and Laurinoxylon stickai Boonchai & Manchester from the Eocene 

of Wyoming, USA (Boonchai and Manchester 2012). 

 

 From Laurinoxylon type 2b species (with idioblasts associated with rays and 

present among the fibres): 

 Laurinoxylon compressum Huard has ring porous and short rays (Huard 

1967), so maybe it could belong to Sassafrasoxylon Březinová & Süss. 

 Laurinoxylon perfectum Huard has scanty paratracheal parenchyma which in 

some cases has a trend to be aliform with 1–3 rows of cells (Huard 1967). 

This is a characteristic not in accordance with the emended diagnosis of 

Laurinoxylon. Therefore the specimen should be re–studied. 

A search of InsideWood (2004–onwards), suggests also some non–European 

species which could be included in Type 2b such us: Laurinoxylon siwalicus Prasad, 

L. varkalaensis Awasthi & Ahuja, L. naginimariense Awasthi & Mehrota, L. 

deccanensis Bande & Prakash and L. deomaliensis Lakhanpal et al. 

 

Through this study it has been supported, with arguments, our suggestion 

according which the Laurinoxylon type 3 species having idioblasts in ray and axial 

parenchyma and among the fibres along with aliform–confluent parenchyma should 

be transferred to the fossil genus Cinnamomoxylon. 

 From Laurinoxylon type 3 species (with idioblasts associated with ray and 

axial parenchyma and present among the fibres): 
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 Laurinoxylon cf. seemannianum described by Selmeier (1967, 1969, 1984) 

and Gottwald (1992) has idioblasts associated only with the ray parenchyma. 

I believe that Laurinoxylon cf. seemannianum specimens require a re–

examination in order to be compared with the fossil Laurinoxylon species of 

Type 1 group. 

 Laurinoxylon variabile Privé–Gill & Pelletier has aliform–confluent axial 

parenchyma forming oblique or tangential bands (Privé–Gill & Pelletier 1981) 

and that‘s why it should be transferred to Cinnamomoxylon. We propose the 

new combination Cinnamomoxylon variabile (Privé-Gill & Pelletier) 

Mantzouka, Karakitsios, Sakala, & Wheeler. 

A search of InsideWood (2004–onwards) suggests including Laurinoxylon tertiarum 

Prakash & Tripathi in this category. 

 

The next step was to find the botanical affinities of the Laurinoxylon wood 

categories by linking the fossil species with the modern wood. According to our study 

the representatives of Laurinoxylon Type 1 are closer to the extant genera: 

Dicypellium, Laurus, Litsea chinensis group, North American Persea, 

Systemonodaphne, Urbanodendron (Fig. 15).  
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Fig. 15: Laurinoxylon Type 1 (with idioblasts associated only with ray parenchyma cells) botanical 

affinities concerning wood anatomy. (Richter 1981a, van der Werff and Richter 1996 modified). 

 

Laurinoxylon Type 2a fossil species are closer to modern Aiouea, Aniba, 

Apollonias, Cryptocarya from Madagascar, Dehaasia, Licaria, Lindera group A, 

Nothaphoebe, Persea, Phoebe and Pleurothyrium (Fig. 16).  
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Fig. 16: Laurinoxylon Type 2a (with idioblasts associated with two types of parenchyma elements, i.e., 

with rays and axial parenchyma) botanical affinities concerning wood anatomy. (Richter 1981a, van 

der Werff and Richter 1996 modified). 

 

The species of Laurinoxylon Type 2b are closer to modern Actinodaphne p.p., 

Nectandra p.p. and Neolitsea p.p. Crystals are present in 75% of Actinodaphne 

species, 60% of Nectandra species, and 50% of Neolitsea species (Fig. 17). Crystals 

are absent in 25% of Actinodaphne species, 40% of Nectandra species, and 50% of 

Neolitsea species. (90% of Actinodaphne and Neolitsea species, and 84% of 

Nectandra don‘t contain idioblasts among the fibres – only in rays and axial 

parenchyma – and belong in this category). 
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Fig. 17: Laurinoxylon Type 2b (with idioblasts associated with two different elements, with rays and 

present among the fibres) botanical affinities concerning wood anatomy. (Richter 1981a, van der Werff 

and Richter 1996 modified). 

 

Finally, the species of Laurinoxylon Type 3 (syn. Cinnamomoxylon) are closer 

to the extant genera: Actinodaphne p.p., Cinnamomum, Endlicheria, Nectandra p.p., 

Neolitsea p.p. and Ocotea (Fig. 18). From the genera mentioned above 

Cinnamomum and Ocotea don‘t have crystals and Actinodaphne p.p., Endlicheria, 

Nectandra p.p. and Neolitsea p.p. have a high percentage of crystals (in fact only 
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10% of Actinodaphne and Neolitsea species, and 16% of Nectandra contain 

idioblasts also among the fibres and belong in this category). 

 

 

Fig. 18: Laurinoxylon Type 3 (with idioblasts associated with three types of elements, i.e., with ray and 

axial parenchyma cells and present among the fibres) botanical affinities concerning wood anatomy. 

(Richter 1981a, van der Werff and Richter 1996 modified). 

 

The existence of idioblasts in four unique combinations (Type 1, 2a, 2b and 3) 

together with the preceding application of four excluding criteria or ‗filters‘ (A1+2, 

B1+2+3+4, C and D) allowed a more natural classification of the large and rather 
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artificial fossil genus Laurinoxylon where the fossil species can be linked to the group 

of modern lauraceous genera.  

The observation on the existence of crystals and crystalliferous masses and 

septa in fibres along with the application of the Whole–Plant concept (e.g., Sakala 

2004) for the co–occurring leaves and other organs, can make possible the depiction 

of only one modern genus, which would correspond to a concrete fossil Laurinoxylon 

species. 

As far as the Whole Plant concept is concerned, in order to achieve the best 

possible inferences for our studies we have theoretically consult whole plant 

reconstruction approaches – which are usually based on co–occurrence, anatomical 

similarities, and taxonomic affinities – because their importance has been underlined 

from the earliest days of paleobotanical research up to now. A great number of 

recent studies focused especially on fossil angiosperms and the contribution to a 

more complete understanding of angiosperm evolution with interpretations in 

palaeoecology, climatology, phytostratigraphy, paleobiogeography, phylogenetics, 

systematics, evolution, distribution, diversification (Kvaček 2008; Manchester et al. 

2014). We decided to apply, finally the Whole Plant Concept (Sakala 2004) because 

it uses as the main discipline palaeoxylology on condition that ―it should respect the 

results based on other palaeobotanical remains such as foliage, seeds, fruits, pollen, 

etc.‖  

In this point it would be prudent to give some explanations reasoning why in 

the fossil wood record of Laurinoxylon there are no representatives with idioblasts 

associated only with fibres or only with axial parenchyma or associated with fibres 

and axial parenchyma. Richter (1981a; p.78; Table 11) has found that a) the genera 

(or species) which have idioblasts only associated with fibres (―Is‖ in the original text) 

are: 10% of Actinodaphne species, 10% of Endiandra species, 50% of Neolitsea 

species, 1 species of Ravensara, Triadodaphne, Beilschmiedia, Endiandra, 

Potameia, Triadodaphne, b) the genera (or species) which have idioblasts only in 

axial parenchyma (―Sp‖ in the original text) are: 5% of Litsea species, 25% of 

Nothaphoebe species, Caryodaphnopsis, Eusideroxylon melagangai/E. zwageri, 

Hypodaphnis (it has no idioblasts but oily contents in the parenchyma), Umbellularia, 

Litsea, Lindera B, Anaueria, Clinostemon, Neocinnamomum and c) the genera (or 

species) which have idioblasts in fibres (―Is‖) and in axial parenchyma (―Sp‖) are: 

10% of Beilschmiedia species, 10% of Cinnamomum, 10% of Cryptocarya, 50% of 

Endlicheria, 15% of Ocotea, 90% of Beilschmiedia, 100% of Endiandra, 80% of 

Potameia, 75% of Cryptocarya (although at the 20% there are also in rays), 90% of 

Ravensara (although at the 30% there are also in rays). One could advice Richter‘s 
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Table 11 (1981a) for further information complementary to the text (p. 78) having in 

mind the meaning of the symbols he used: x = when the feature generally exists, xx = 

when the feature is especially pronounced, o = when the feature in only part of the 

species exists, (_) = when the feature is weakly pronounced. From all the genera 

listed above, only 10% of Actinodaphne species, 50% of Neolitsea species, 5% of 

Litsea species, 25% of Nothaphoebe species, Lindera B, 10% of Cinnamomum, 50% 

of Endlicheria, 15% of Ocotea could be found (scarced) in the future in the fossil 

record of Laurinoxylon representing the previously undescribed categories. 

 

 

 

 

 

 

 

 

 

 

Plate 3 Laurinoxylon and its types associated with modern genera of Lauraceae subdivided 

into three tribes based on wood anatomy (Richter 1981; Van der Werff & Richter 1996, modified). The 

erased genera have been excluded from being attributed to Laurinoxylon after the usage of specific 

features described in Mantzouka et al. (in press).  

A: Laurinoxylon botanical affinities among Lauraceae corresponding to its emended 

diagnosis, after the usage of four features. 

B: Botanical affinities of Laurinoxylon Type 1 species with idioblasts associated only with ray 

parenchyma cells. 

C: Botanical affinities of Laurinoxylon Type 2a species with idioblasts associated with ray 

and axial parenchyma. 

D: Botanical affinities of Laurinoxylon Type 2b species with idioblasts associated with rays 

and present among the fibres. 

E: Botanical affinities of Laurinoxylon Type 3 (syn. Cinnamomoxylon) species with idioblasts 

associated with ray and axial parenchyma and present among the fibres. 
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PPllaattee  33  
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TTaabbllee  11  

 

 

 

Table 1. Comparison of the anatomical characteristics for the four Laurinoxylon types from the 

Cenozoic of southern part of Lesbos Island (Greece), Kadaň-Zadní Vrch Hill and Jáchymov (Czech 

Republic) and Ipolytarnóc (Hungary), as categorised by the occurrence of the idioblasts.The last 

column is renamed as Cinnamomoxylon seemannianum. 

 

 

 

 

 

Laurinoxylon aff. 

czechense

Laurinoxylon czechense 

(type)

Laurinoxylon mueller-

stolli  (?type)

Laurinoxylon aff. 

diluviale

Laurinoxylon diluviale 

(type)

Laurinoxylon cf. 

seemannianum

Laurinoxylon  Type 2a Laurinoxylon  Type 3

Locality
Southeastern Lesbos, 

Greece

Kadaň-Zadní vrch Hill, 

Czech Republic

Ipolytarnóc (Hungary) 

and Wiesa at Kamenz 

(Germany)

Southeastern Lesbos, 

Greece

Jachymov (Boheme) 

Czech Republic

Southeastern Lesbos, 

Greece

Age Early Miocene Early Oligocene
Early Miocene (A. 

Burdigalian)
Early Miocene ?Oligocene Early Miocene

Growth ring boundaries Distinct Distinct Distinct Distinct Distinct Distinct

Wood porosity Diffuse Diffuse Diffuse Diffuse Diffuse Diffuse 

Vessel density (per 

mm²)
52-74 15–25 12-18  20-100 9-33 40-100

Vessel grouping

often solitary (18%) and 

clusters (21%), mainly 

in radial multiples of 2 

(50%), sometimes in 

radial multiples of 3 

(7,5%), rarely in radial 

multiples of 4 (3,5% )

Mainly solitary, 

sometimes in radial 

multiples of 2–4 and 

clusters

mainly solitary (56%), 

often in radial 

multiples of 2 (25%) and 

3-4 (19%)

Often solitary (29%) and 

in radial multiples of 3 

(17%), mainly in radial 

multiples of 2 

(50%),rarely in radial 

multiples of 4 (4%)

mainly solitary (75%), 

often in radial 

multiples of 2 (20%), 

rarely in clusters (3%) 

and in radial multiples 

of 3-4 (2%) 

Mostly in radial 

multiples of 2 (32.5%), 

often solitary (17.3%), 

and in radial multiples  

of 3 (14.1%), of 4 

(14.8%) and clusters 

(21.3%)

Mean (range) vessel 

tangential diameter 

(μm)

60 (40-85) 100 (50–150) 160 40-110 
100-154 (early wood), 

44-72 (late wood)
45-50

Mean (range) vessel 

element length (μm)
73 (50-110) 125 (60–195) 175 (85-240) 50-150 300-550 60-110

Tyloses Present Present Present Present Present Present 

Solitary vessel outline 

(in transversal section)
Rounded to oval Rounded to oval Rounded to oval Rounded to oval

Rounded but 

sometimes angular
Mainly angular

Perforation plates 

simple/scalariform
Yes/No

Yes/Yes (10–15 bars, 

rarely in narrow 

vessels)

Yes/Yes Yes/Yes (6-12 bars) Yes/Yes (6-12 bars) Yes/No

Intervessel pits, size 

(μm)

Alternate polygonal, 10 

in DM 13.1

Oval to polygonal with 

lenticular apertures, 

8–12

Alternate, 10-15 (large)

Alternate/Small to 

medium (but also in 

some cases large)

Bordered, Alternate, 

round or elliptical/3 x 7-

10  (small?) 7–10 

(medium) & 10–15 × 

7–10 (large)

Alternate

Vessel-ray pitting Not preserved Not preserved

with distinct or much 

reduced borders; 

similar to intervessel 

pits in size and shape 

throughout the ray cell 

(100 - 200 μm)

? Yes ?

Axial parenchyma
(scanty?) paratracheal 

vasicentric

Scanty paratracheal to 

vasicentric

scanty paratracheal 

vasicentric

(scanty?) paratracheal, 

vasicentric

 paratracheal, 

vasicentric (1-2 cells 

wide rows)

(scanty?) paratracheal, 

vasicentric

Ray seriation 1-3, mostly 2-3 1–3, mostly 3 1-3, mostly 2 1-4 (mostly 2-3)
1-5 [mostly 3 (51%) and 

4 (29%)]
1-5

Rays density (per mm) (15) 9-24 5-8 11-16
6-9 (transversal)   (or 12-

18 tangential)
7-14 (mostly 9)

Ray width (μm) 25-30 12–40 25-30 20-60 50-60

Ray height (μm) 280-520 80–900 260-500 160-650
60-820 (frequently: 220-

420 
300 – 500

Fibers Probably non-septate Non-septate Septate Probably septate Probably septate Possibly septate

Idioblasts density (per 

mm²) 
35-65 37 35–65 in general 35-70

0-18 (with big 

dimensions)
15-33

Idioblasts size (μm)
Radial: 15-45, 

tangential: 10-36

Radial: 20-25, 

Tangential: 40-50

tangential height: 

40–75 μm, width: 30–50 

μm 

radial: 25-70,  

tangential: 15-40 (in 

transversal)

At the edges of the rays: 

radial: 50-80,  

tangential: 27-60 μm. 

Inside the rays: 

37(rd)x27(tg) 

Radially: 30-50, 

tangential: 90-175 

Laurinoxylon  Type 1 Laurinoxylon  Type 2b
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2.3 Systematic Descriptions 

 

Wiemann et al. (1988) had introduced the usage of ―wood type‖ as the 

taxonomic unit (most often a genus and occasionally a species or group of species) 

because isolated wood can rarely be identified to individual species. Great effort has 

been done in this PhD for the identification of the species of fossil specimens. When 

this wasn‘t feasible wood types were identified based on the anatomical 

characteristics of the fossil woods, allowing a first level grouping according to the 

observed features and an evaluation on how these identifications‘ results should be 

better used in the future. 

When it was possible by the wood anatomy, additional information was given 

concerning the ―wood structure and palaeoenvironment‖ because in most 

angiosperms, the anatomical structure reflects morphological adaptations (Baas and 

Schweingruber 1987), or the possible identification of climatic region (e.g., woods of 

tropical rain forests trees contain big vessels accompanied by groups of parenchyma 

cells instead of dry sites where the trees have small vessels and apotracheal and 

paratracheal parenchyma, Schweingruber et al. 2008), even of drought (or flooded) 

and drainage periods (Schweingruber 2007) and the correlations of anatomical 

features with the ecology (still not absolutely proven if they are constant or varied 

over time, Wheeler & Baas 1993). 

Moreover the ―dwarfism‖ of some of the studied specimen could be another 

possible explanation concerning some strange anatomical characteristics, interpreted 

as stress effects, especially in conifers (e.g., vessel frequency is higher and vessel 

diameter lower in dwarfs, Baas 1984). 
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2.3.1 Identification of angiosperm wood from Lesbos Island 

 

2.3.1.1  

Family―Lauraceae Juss. 

Fossil Genus―Laurinoxylon Felix emend. Dupéron, Dupéron–Laudoueneix, 

Sakala & De Franceschi 

Laurinoxylon Type 1 

Fossil Species―Laurinoxylon aff. czechense Prakash, Březinová & Bůžek 

(Plate 4A–4E, Plate 10M; Table 1, Annex 2, Lesbos Island Fossil Flora 

Appendix) 

 

Material: DM 10 (2 slides), DMDA 13.1 (3 slides) 

Locality: Hondrokouki and Damandri (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite (PU unit), inside volcanics 

Age: early Miocene 

 

Macroscopic description. The specimens are from small stems of a 

diameter of 2.5 cm that were enclosed in volcanic material (Pl. 4A), they are silicified, 

light, porous, whitish red–brown with distinct growth ring boundaries that can be seen 

with naked eye. There is also a strange colouration type of circles (due to 

fossilization processes). 

Microscopic description. Growth rings: distinct (Pl. 4A). ― Wood: diffuse–

porous (Pl. 4A). — Vessels: 40–100 (52–74) vessels/sq. mm., 18% solitary, 50% 

groups of two, 7.5% in groups of 3, 3.5% in groups of 4 and 21% clusters; tangential 

diameter 40 to 85 κm, mean: 60 κm; radial diameter of the solitary vessels 50 to 110 

κm, mean: 73 κm; outline of solitary vessels round to oval (Pl. 4A, 4B, 4D); vessel 

walls thin; perforation plates exclusively simple; tyloses common (Pl. 4C); intervessel 

pits alternate and polygonal in shape, about 10 κm across. ― Rays: heterocellular 

(Pl. 4E) up to 3 cells wide (25–30 κm) (Pl. 4B–4D), commonly 2–3–seriate and 280–

520 κm high, body of multiseriate rays composed of procumbent cells with one row of 

upright cells (Pl. 4E); no crystals observed; 9–24 (mean 15) rays per tangential 

millimeter.― Axial parenchyma: scanty paratracheal (Pl. 4D) with a tangential width 

of 15–20 κm. — Fibres: most probably (due to the bad preservation) non–septate. ― 

Idioblasts: associated with the ray parenchyma cells only (Pl. 4B–4E). Mean radial x 

tangential diameter of the idioblasts in transverse section: 15–22 × 26–36 κm; 

Number of idioblasts per sq. mm (transverse section): 35–65.  
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Comparison among Laurinoxylon species with similar type of idioblasts 

– only associated with the ray parenchyma (Table 1). The two specimens from 

Lesbos have wood diffuse porous, growth ring boundaries distinct, vessels solitary, in 

radial multiples of 2–3 or sometimes in clusters with simple perforation plates and 

alternate pitting, scanty paratracheal (vasicentric) axial parenchyma, heterocellular 

2–3–seriate rays, tyloses (common) and idioblasts associated only with the ray 

parenchyma cells. These features are characteristic of Laurinoxylon Type 1 and 

there are several similar previously described fossil species that would fit this type as 

well.  

Laurinoxylon czechense Prakash, Březinová & Bůžek, appears the most similar to 

the Lesbos material based on microscopic examination of the holotype slides G 

4036, G 4037, G 4038, G 4063, G 4064 of the specimen CNB–2 (Mantzouka et al. in 

press). It has idioblasts associated only with the ray parenchyma cells occurring in 

the body of the rays as well as at the margins. It differs from the Lesbos wood in 

having slightly bigger vessel diameters, occasional presence of scalariform 

perforation plates, and slightly higher rays. Therefore, we refer to these Lesbos fossil 

woods as Laurinoxylon aff. czechense Prakash, Březinová & Bůžek. 

Botanical affinities. Based on the work of Richter 1981a and van der Werff 

& Richter 1996, and excluding those which have crystals in great percentages of their 

species, Mantzouka et al. (in press) have found that the modern genera closest to 

Laurinoxylon type 1: are: Dicypellium, Urbanodendron and North American Persea 

(Pl. 3B). 

Concerning the material from Lesbos and because most probably it doesn‘t have 

septate fibres it seems more closely related to North American Persea (which, in 

contrary with other Persea species is close to Laureae tribe which has non–septate 

fibres). Velitzelos et al. (1981a,b; 1999) described numerous leaf findings related to 

the Lauraceae from Lesbos (appendix in Mantzouka et al. 2013a-Annex 1), so there 

will be a possible correlation with the fossil wood. 
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Plate 4 Laurinoxylon Type 1: PL. 4A–4E Laurinoxylon aff. czechense Prakash et al. (Lesbos) 

(DM13.1: Pl. 4A, 4B, 4C, 4D, 4E) 

A: Silicified small stem of a diameter of 2.5 cm, enclosed by volcanic material, Growth rings distinct, 

diffuse-porous wood. B: Outline of solitary vessels round to oval; idioblasts: associated with the ray 

parenchyma cells. C: Tyloses, rays up to 3-seriate, idioblasts: associated with the ray parenchyma cells, 

mainly at the margins and less commonly in the body of the rays. The bottom left arrow shows tyloses. 

D: Outline of solitary vessels round to oval, vasicentric (scanty paratracheal) parenchyma, tyloses 

(indicated by the arrow), idioblasts associated with the ray parenchyma cells. E: Rays heterocellular, 

body of multiseriate rays composed of procumbent cells with one row of upright cells, Idioblasts: 

associated with the ray parenchyma cells. Scale bar = 50 μm in E; 100 μm in B, C; 250 μm in D ; 1000 

μm in A. A, B, D = TS; C = TLS; E = RLS. 
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2.3.1.2 

Laurinoxylon Type 2a 

Fossil Species―Laurinoxylon cf. daberi Greguss  

(Plate 5A–5I, Table 1, Lesbos Island Fossil Flora Appendix) 

 

Material: DM 05 (5 slides) 

Locality: Damandri, Southeastern Lesbos Island, Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene  

 

Macroscopic description. Part of a small branch (stem) of 4 cm diameter. 

The pith is preserved and well seen (Pl.5A).  

Microscopic description. Growth rings: distinct (Pl. 5B). ― Wood: diffuse–

porous — Vessels: mainly solitary, but also in groups of two and in clusters; outline of 

solitary vessels round to oval (Pl. 5B); perforation plates simple (Pl. 5E, 5G); tyloses 

common (Pl. 5B), intervessel pits alternate, polygonal, small in size, about 5–7 κm, 

most probably vessel–ray pits with much reduced borders to apparently simple (Pl. 

5D, 5E, 5G, 5H). ― Rays: heterocellular, up to 3 cells wide, commonly 2–seriate (Pl. 

5B, 5C), body of multiseriate rays composed of procumbent cells with one row of 

upright and/or square marginal cells (Pl. 5F), crystals observed inside the axial 

parenchyma idioblastic cells (Pl. 5C, 5D, 5G, 5H, 5I) ― Axial parenchyma: 

vasicentric paratracheal (Pl. 5B, 5C), fibres septate (Pl. 5C) ― Idioblasts: associated 

with the ray and axial parenchyma (Pl. 5B, 5C) ― Crystals: present with the form of 

prisms, especially inside the axial (and ray) parenchyma idioblasts (Pl. 5D, 5F, 5G, 

5H, 5I). Possibility of crystalliferous masses inside the fibres (Pl. 5F, 5G, 5H). 

Comparison among Laurinoxylon species with similar type of idioblasts 

– associated with the ray and axial parenchyma (Table 1): DM05 sample from 

Lesbos Island has been compared with Laurinoxylon mueller–stolli Greguss emend. 

Süss & Mädel of Lower Miocene (A. Burdigalian) age from Ipolytarnóc (Hungary), 

with Laurinoxylon hasenbergense Süss (Süss 1958) and Laurinoxylon cf. 

hasenbergense (Greguss 1969), Laurinoxylon endiandroides Süss, Laurinoxylon 

annularis Gottwald, Laurinoxylon aniboides Greguss emend. Süss & Mädel, 

Laurinoxylon nectandrioides Kräusel & Schönfeld and Laurinoxylon ehrendorferi 

Berger.  

Our specimen (DM05) from the southern part of Lesbos Island has a lot of 

similarities with Laurinoxylon cf. hasenbergense (Greguss 1969) basically due to the 

occurrence of the crystals–prisms related especially to the axial parenchyma 
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idioblasts, as also Greguss had observed. Süss (1958) had noticed that the shape of 

the oil cells in L. hasenbergense was never conical. What is quite interesting in 

Greguss‘s (1969) description is the observation of granular content (probably 

residues of extractives in parenchyma cells), possibly of starch grains, inside the ray 

and axial parenchyma cells and also the occurrence of frequent diamond–shaped, 

pentagonal or hexagonal crystals inside the idioblasts and axial parenchyma cells. In 

this point we should notice that the occurrence of crystals is not clearly defined at the 

emended diagnosis of Laurinoxylon sensu Duperón et al. 2008. On the other hand, 

Laurinoxylon hasenbergense Süss (Süss 1958) and Laurinoxylon cf. hasenbergense 

(Greguss 1969) have rays up to 1200 κm. This problematic characteristic is 

discussed in detail in Mantzouka et al. (in press) where the hypothesis of the 

assignment of the latter two species in Licaria is supported. 

DM05 sample could be very close to L. nectandrioides Kräusel & Schonfeld, 

but not in the sense of van der Burgh (1964, 1973) (because he describes also the 

presence of tracheids). The main problem is the type of parenchyma which is 

confluent with seemingly marginal bands in L. nectandrioides. This characteristic is 

problematic for the assignment of this species to Laurinoxylon (see in Mantzouka et 

al. in press).  

Laurinoxylon ehrendorferi Berger has no crystals. Laurinoxylon endiandroides 

Süss, Laurinoxylon annularis Gottwald and Laurinoxylon aniboides Greguss emend. 

Süss & Mädel, are discussed in detail in Mantzouka et al. (in press) where there are 

all the evidence proving that the latter species should not belong to Laurinoxylon and 

L. aniboides shouldn‘t belong even to the Lauraceae. 

Greguss (1969) had described Laurinoxylon daberi giving the following 

diagnosis: ―there is a remarkable great amount of diffuse axial parenchyma, seen in 

cross–section as white dots within brown ground substance, idioblasts both in rays 

and parenchyma (= directly connected with Laurinoxylon type 2a of our studies), 

however those in rays are not so pronounced and remarkable numerous crystals 

(e.g. the photo below)‖. This diagnosis of Laurinoxylon daberi has been also 

confirmed by J. Sakala in his last scientific visit at the Natural History Museum of 

Budapest (Sakala pers. com. 08/2015). Our sample (DM05) from Lesbos Island 

could be assigned to L. daberi from Ipolytarnóc (Fig. 19). 

 



 Chapter 2: Lesbos Island Case Study 

 

49 

 

Fig. 19: Laurinoxylon daberi Greguss: A crystal (arrow) inside the axial parenchyma idioblast. Photo 

by J. Sakala (published with permission). 

 

Botanical affinities. According to Mantzouka et al. (in press), the list of the 

genera to which Laurinoxylon Type 2a corresponds (Pl. 3C) is the following: Aniba, 

Licaria, Aiouea, Pleurothyrium, Cryptocarya from Madagaskar, Dehaasia, 

Nothaphoebe, Phoebe, Persea, Apollonias, Lindera A. DM05 sample is closer to the 

sub–group which includes the genera with the high percentage of crystals (Aniba, 

Licaria, Pleurothyrium, Dehaasia, Phoebe, Apollonias). 

We could exclude from this list Pleurothyrium because it has simple and 

scalariform perforation plates. In case our sample had terminal bands then we could 

assign it to Licaria wilhelminensis.  

Finally, it seems that Licaria, Phoebe, Apollonias, Aniba and Dehaasia (which 

has simple or simple and scalariform perforation plates but not so pronounced) are 

the most possible modern analogues of our sample. All the latter are Neotropical / 

Neotropical–Asian genera belonging to Perseae Nees tribe.  

Discussion. In some cases, at the radial section there is an impression of 

crystals because of the existence of vessel–ray parenchyma pits the occurrence of 

which is connected with tyloses. Wood forms tyloses when vessels become air–filled. 

The occurrence of tyloses (as also of gums) generally is related to the size of the 



 Chapter 2: Lesbos Island Case Study 

 

50 

interconnections (pits) between vessels and ray parenchyma (Chattaway 1949, 

Bonsen & Kučera 1990, Saitoh et al. 1993). 

 

Fig. 20: Crystals types observed in Lauraceae (Richter 1981a). 

 

Crystals in form of quadratic prisms (or table–like) are obvious inside 

parenchyma cells at the radial section (also Greguss had commented for 

Laurinoxylon aniboides and Süss did so in the original diagnosis of Laurinoxylon 

endiandroides). Rough silica bodies in rays can be seen at the radial section. 

Taking into account the work by Richter (1981a) and the figure 20 (above) the 

genus Licaria has crystals of the categories A, C ,E, Phoebe has crystals of A 

category, Apollonias has crystals of A and C categories, Pleurothyrium has crystals 

of C category, Aniba has crystals belonging to the categories Ac, D and E and 

Dehaasia has crystals of A and C category, SiO2 of B category and crystalliferous 

masses inside the fibres. In our sample DM05 from Damandri, Polichnitos area 

(Lesbos Island) there is the occurrence of big quadratic prisms which are shown in 

Ac and E categories of Richter‘s sketch as also a possible occurrence of silica bodies 

(maybe it could be more similar to Dehaasia). 

 

Plate 5 Laurinoxylon Type 2a: Pl. 5A–5I Laurinoxylon cf. daberi Greguss (Lesbos) (DM05: Pl. 5A 

–5I) 

A: Preserved pith, distinct growth rings. B: Round outline of solitary vessels, tyloses, vasicentric 

parenchyma, idioblasts associated with the ray and axial parenchyma, rays up to 3 cells wide. C: Rays 

up to 3 cells wide, Idioblasts associated with the ray and axial parenchyma, crystals observed inside the 
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axial parenchyma idioblastic cells, fibres septate. D: Intervessel pits alternate, polygonal, small in size, 

about 5-7 μm, most probably vessel-ray pits with much reduced borders to apparently simple, crystals 

present with the form of prisms observed inside the axial (and ray) parenchyma idioblastic cells. E: 

Perforation plates simple, intervessel pits alternate, polygonal, small in size, about 5-7 μm, most 

probably vessel-ray pits with much reduced borders to apparently simple. F: Body of multiseriate rays 

composed of procumbent cells with one row of upright and/or square marginal cells, crystals: present 

with the form of prisms, especially inside the axial (and ray) parenchyma idioblasts, possibility of 

crystalliferous masses inside the fibres. G: Perforation plates simple, intervessel pits alternate, 

polygonal, small in size, about 5-7 μm, most probably vessel-ray pits with much reduced borders to 

apparently simple, crystals observed inside the axial (and ray) parenchyma idioblastic cells, possibility 

of crystalliferous masses inside the fibres. H: Intervessel pits alternate, polygonal, small in size, about 

5-7 μm, most probably vessel-ray pits with much reduced borders to apparently simple, crystals 

observed inside the axial (and ray) parenchyma idioblastic cells, possibility of crystalliferous masses 

inside the fibres. I: Enlarged detail of Pl. 5H showing the crystals inside the axial parenchyma 

idioblastic cells. A, B = TS; C = TLS; D, E, F, G, H, I = RLS. 
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2.3.1.3 

Laurinoxylon Type 2b 

Fossil Species―Laurinoxylon aff. diluviale (Unger) Felix emend. Dupéron et al. 

(Plate 6A–6J, Plate 10B, 10G; Table 1, Annex 2, Lesbos Island Fossil Flora 

Appendix) 

 

Material: DMKO 1 (3 slides), DMDA 2 (4 slides), DMDA 7 (5 slides) 

Locality: Damandri (Southeastern Lesbos Island) Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. The two specimens are from small stems (the pith 

is preserved) which are enclosed to the surrounding volcanic material with the 

following dimensions (in cm): 18 × 9 × 4, 12 × 3.5 × 2 and from a part of a stem with 

knots (the pith wasn‘t observed), which is silicified, heavy, red–brown with the 

dimension of: 31 × 21 × 11 cm. They are silicified, light, whitish brown with distinct 

growth ring boundaries that can be seen with naked eye. There is a strange 

colouration type of circles, due to fossilization processes (Pl. 6A). 

Microscopic description. Growth rings: distinct. — Wood: diffuse–porous. 

— Vessels: 20–100 vessels/sq.mm, 29% solitary, 50% in groups of two, 17% in 

groups of 3, and 4% in groups of 4; tangential diameter 40–110 κm, mean: 70 κm; 

radial diameter 50–150 κm, mean: 90 κm; outline of solitary vessels round to oval 

(Pl. 6A, 6B); vessel walls thin; perforation plates simple (Pl. 6C, 6D) and scalariform 

with 6–12 bars (Pl. 6D); tyloses common (Pl. 6A, 6B), — Rays: heterocellular up to 3 

cells wide (extremely rare of 4 cells), (20–60 κm), and 160–650 κm high (Pl. 6C), 

body of multiseriate rays composed of procumbent and upright cells, marginal rows 

of 1–4 upright cells; no crystalliferous elements observed; Rays per millimetre: 11–16 

— Axial parenchyma: scanty paratracheal (Pl. 6B), cells with a tangential width of 

15–30 κm— Fibres: probably septate— Idioblasts: associated with the ray 

parenchyma cells and among the fibres (Pl. 6C–6D), idioblasts in transverse section 

with radial diameter × tangential diameter (in κm) from 25 × 15 up to 70 × 40; 

Number of idioblasts per sq. mm in transverse section: in general 35–70/sq. mm.  

Comparison among Laurinoxylon species with similar type of idioblasts 

– only associated with the ray parenchyma and among the fibres (Table 1). The 

material from Lesbos has been compared with Laurinoxylon compressum Huard, 

Laurinoxylon perfectum Huard, Laurinoxylon diluviale Unger and has been identified 

as Laurinoxylon aff. diluviale because is similar to Laurinoxylon diluviale from 
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Jáchymov. In Mantzouka et al. (in press) there are the details about the comparison 

as well as the discussion about the problematic Laurinoxylon species (Laurinoxylon 

compressum Huard and Laurinoxylon perfectum Huard) and the proposals for their 

new assignment.  

What should be also discussed in this category is the observation at the 

tangential slides of some idioblastic cells (which used to be the edges of the rays) 

looking as if they had been dragged some distance away from the rays‘ bodies (as if 

the idioblast‘s edge was detached from the rest of the ray).  

 

Botanical affinities. The modern genera which belong to Laurinoxylon Type 

2b according to Mantzouka et al. (in press) are: Nectandra, Actinodaphne and 

Neolitsea (Pl. 3D) and they are characterised by the occurrence of crystals. 

According to Richter (1981a) crystals occur in 60% of Nectandra species, in 75% of 

Actinodaphne species and in 50% of Neolitsea species. The absence of crystals in 

Laurinoxylon aff. diluviale from Lesbos (and in Laurinoxylon diluviale from 

Jachymov), allows us to suggest that it could be close to the species of these three 

modern genera which do not have crystals. However, leaves of these genera have 

not been found in the area of the Petrified Forest of Lesbos (Velitzelos et al. 1981a,b; 

1999, appendix in Mantzouka et al. 2013a) so we cannot combine the wood with 

other organs. The observation of septate fibres in this material allows the hypothesis 

that Laurinoxylon aff. diluviale is more closely related to Nectandra, and especially to 

the 40% of Nectandra species which do not have crystals. 
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Plate 6 Laurinoxylon Type 2b: Pl. 6A–6D Laurinoxylon aff. diluviale (Unger) Felix emend. 

Dupéron et al. (DMDA7: Pl. 6A, B; DMDA2: Pl. 6C; DMKO1: Pl. 6D). 

A: Distinct growth ring boundaries, diffuse porous, circular regions with strange coloration, due to 

fossilization processes (?), outline of solitary vessels round to oval, tyloses, scanty paratracheal 

parenchyma, idioblasts: associated with the ray parenchyma cells and among the fibres. B: axial 

parenchyma: scanty paratracheal, tyloses, idioblasts associated with the ray parenchyma cells and 

among the fibres. C: Idioblasts: associated with the ray parenchyma cells and among the fibres. D: 

Idioblasts: associated with the ray parenchyma cells and among the fibres, perforation plates simple 

(Si) and scalariform (Sc). Scale bar = 50 μm in B, C, D; 500 μm in A. A, B = TS; C, D = TLS. 
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2.3.1.4 

Cinnamomoxylon Gottwald (= Laurinoxylon Type 3) 

Fossil Species―Cinnamomoxylon seemannianum (Mädel) Gottwald  

(Plate 7A–7G, Plate 10F; Table 1, Annex 2, Lesbos Island Fossil Flora 

Appendix) 

 

Material: DMDA 6 (7 slides) 

Locality: Damandri (Southeastern Lesbos Island) Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene  

 

Macroscopic description. The specimen belongs to one of three small 

stems found enclosed in volcanic material with the following dimensions (in cm): 4.5 

× 2 × 2. This stem and the other two are silicified, light, whitish brown with distinct 

growth ring boundaries that can be seen with naked eye. 

Microscopic description. Growth rings: distinct. — Wood: diffuse–porous. 

— Vessels: 40–100 vessels/sq.mm, 17% solitary, 33% groups of two, 14% in groups 

of 3, 15% in groups of 4 and 21% in clusters; mean tangential diameter 47 κm; radial 

diameter 60–110 κm (mean 90 κm); outline of solitary vessels mainly angular (Pl. 

7B); vessel walls thin; perforation plates simple (Pl. 7D, 7E); tyloses common (Pl. 

7A); intervessel pits alternate — Rays: heterocellular up to 5–seriate (mostly 2–3–

seriate) (50–60 κm), and 300–500 κm high, body of multiseriate rays composed of 

procumbent body ray cells with one row of upright and/or square marginal cells (Pl. 

7F, 7G); no crystalliferous elements observed; Rays per tangential millimetre typically 

9 (7–14). — Axial parenchyma: scanty paratracheal with a tangential width of 15–40 

κm (Pl. 7A, 7B, 7D, 7E). The parenchyma tends to form bands being slightly 

confluent (Pl. 7A). — Fibres: probably non–septate. — Idioblasts: associated with the 

ray and axial parenchyma cells and among the fibres (Pl. 7A–G). Measurements of 

the idioblasts in the transverse view radial × tangential diameter in κm) from 30 × 135 

to 50 × 160; Number of idioblasts per sq. mm in transverse (mean): 15–33/sq. mm. 

Comparison among Laurinoxylon species with similar type of idioblasts 

–associated with the ray and axial parenchyma and among the fibres (Table 1). What 

has been discovered during this study is that the more ‗delicate‘ type of parenchyma 

(= tending to aliform/confluent) in combination with the existence of idioblasts 

associated with ray and axial parenchyma and distributed among the fibres – which 

represent the main characteristics of Laurinoxylon type 3 – correspond better to the 

genus Cinnamomoxylon (or even to modern Cinnamomum).  
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The features characteristic of Laurinoxylon Type 3 and the reason for which 

Cinnamomoxylon sensu Gottwald (1997) would be the most appropriate genus for 

this category are discussed in detail in Mantzouka et al. (in press).  

The description of Cinnamomoxylon sensu Gottwald (1997) includes the 

following wood anatomical characteristics: ―Vessels diffuse porous to slightly semi–

ring, in short radial chains and solitary, diameter >80κ; perforation plates simple or 

scalariform; pits alternate, diameter 8 to 12; often with thin–walled tyloses, rays 

heterogeneous predominantly weak, diameter 2 to 4 cells, height 250 to 450; cross 

fields type I/II (after Richter 1981a); idioblast secretory cells (oil cells) with different 

frequencies at the edges, parenchyma vasicentric to aliform also limited confluent; 

secretory cells vary frequently and vary in size, supporting tissue of fibres, thin to 

moderately thick–walled, septa interspersed mostly absent or only very occasionally; 

idioblastic secretory cells vary frequently between the fibres‖. 

Something also important is the fact that the diagnosis of Cinnamomoxylon 

Gottwald as it is – if one takes into account the work by Richter 1981a on Lauraceae 

– comes to the conclusion that the description of the fossil genus refers to the 

characteristics of the present day genera Cinnamomum and Ocotea. Therefore there 

is the proposal (in Mantzouka et al. in press) of the addendum of the following 

feature: ―the rays‘ width of Cinnamomoxylon should be 2–5 cells‖ (as also described 

in for the present day genus Cinnamomum) and not only 2–4 cells (in order to be 

used as a diagnostic feature separating Cinnamomum from Ocotea and 

consequently Cinnamomoxylon from Ocoteoxylon – the latter being invalid although 

maybe it shouldn‘t)  

Lesbos material has been compared with Laurinoxylon variabile Privé–Gill & 

Pelletier, Cinnamomoxylon limagnese (Privé–Gill & Pelletier) Gottwald, Laurinoxylon 

bergeri Süss and Cinnamomoxylon seemannianum (Mädel) Gottwald. We are 

referring to the specimen from Lesbos as Cinnamomoxylon seemannianum, because 

it is very close to Cinnamomoxylon seemannianum (Mädel) Gottwald. In Mantzouka 

et al. (in press) there is also the proposal of the combination Cinnamomoxylon 

variabile (Privé-Gill & Pelletier) Mantzouka, Karakitsios, Sakala, & Wheeler. 

Botanical affinities. Of the extant genera we focus on the ones which are 

similar to Laurinoxylon Type 3 (Pl. 3E) and don‘t have crystals &/or crystalline 

masses inside their fibres in great percentages of their species: Ocotea and 

Cinnamomum. Taking into account the work by Mantzouka et al. (in press) a fossil 

wood remnant is attributed to Cinnamomoxylon and consequently to the present day 

genus Cinnamomum when: the axial parenchyma is vasicentric to confluent or 

aliform to confluent, it has 2–5–seriate rays and septate or not fibres and on the other 
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hand we can refer to a fossil as a representative of the present day genus Ocotea 

when its wood anatomy has the following characteristics: (scanty?) vasicentric 

paratracheal parenchyma (up to confluent), 2–4–seriate rays with a height up to 1.2 

κm, septate fibres and possible crystal masses and SiO2 occurrences inside the 

fibres.  

Lesbos wood is assigned to Cinnamomoxylon and to the present day 

Cinnamomum having up to 5 ray cells and vasicentric to confluent axial parenchyma. 

Velitzelos et al. (1981 b) had described leaves of Cinnamomum polymorphum Heer 

sensu Grangeon at the area of the Petrified Forest of Lesbos (appendix in 

Mantzouka et al. 2013a). Therefore, the suggestion that this wood may correspond to 

Cinnamomum is being reinforced. 
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Plate 7 Cinnamomoxylon Gottwald (= Laurinoxylon Type 3): Pl. 7A–7G. Cinnamomoxylon 

seemannianum (Mädel) Gottwald (DMDA6a, DMDA6b, DMDA6c) 

A: Vasicentric paratracheal parenchyma, slightly confluent forming bands, rays up to 5- seriate, 

idioblasts: associated with the ray and axial parenchyma cells and among the fibres. B: Outline of 

solitary vessels mainly angular, axial parenchyma: (scanty) vasicentric paratracheal, idioblasts: 

associated with the ray and axial parenchyma cells and among the fibres. C: Idioblasts: associated with 

the ray parenchyma cells and among the fibres. D: Idioblasts: associated with the axial and ray 

parenchyma cells and among the fibres. E: Axial parenchyma: scanty paratracheal with a thickness of 

15-40 μm, Idioblasts: associated with the ray and axial parenchyma cells and among the fibres. F: 

Heterocellular rays, body ray cells procumbent with one row of upright and/or square marginal cells, 

idioblasts associated with ray parenchyma cells. G: Heterocellular rays, body ray cells procumbent 

with one row of upright and/or square marginal cells, idioblasts associated with ray parenchyma cells 

and among the fibres. Scale bar = 50 μm in B; 100 μm in D, E, F, G; 200 μm in A, C. A, B = TS; C, D, 

E = TLS; F, G = RLS.  
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2.3.1.5  

Fossil genus: Cryptocaryoxylon Leisman  

(Plate 8A–8D, Lesbos Island Fossil Flora Appendix) 

 

Material: DM 17 (3 slides) 

Locality: Damandri (Southeastern Lesbos Island) Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene  

 

Macroscopic description. This sample belongs to a small stem of a 

diameter of 2.5 cm which is enclosed to the surrounding volcanic material. It is 

silicified, light, porous, whitish red–brown with distinct growth ring boundaries that 

can be seen with naked eye. The pith of square/rectangular or polygonal shape with 

cell contents (terminology sensu Crivellaro & Schweingruber 2013) is preserved (Fig. 

21). 

 

Microscopic description. Pith and bark preserved. — Growth rings: distinct 

(Pl. 8A), 6 at least in number. — Wood: diffuse–porous. — Vessels: 60–70 

vessels/sq.mm, 19% solitary, 50% groups of two, 13% in groups of 3, 2% in groups 

of 4 and 16% in clusters; mean tangential diameter 70 (50–90) κm; radial diameter 

80 (50–110) κm; outline of solitary vessels rounded to oval; vessel walls thin; 

perforation plates simple; tyloses common (Pl. 8D); intervessel pits alternate, 

polygonal, medium to large in size — Rays: heterocellular up to 3–seriate (mostly 2–

3–seriate) (25–30 κm), and 180–550 κm high, body of multiseriate rays composed of 

procumbent body ray cells with one of upright and/or square marginal cell; no 

crystalliferous elements observed; Rays per tangential millimetre: 13–20. — Axial 

parenchyma: scanty paratracheal with a tangential width of 15–25 κm; axial 

parenchyma in marginal bands with 1–3 celled width (Pl. 8B). — Fibres: non–septate 

(although there are some artificial cracks). — Idioblasts: associated with the ray 

parenchyma cells (Pl. 8C). Measurements of the idioblasts in the transverse view 

radial × tangential diameter in κm) from 12.5 × 25 to 30 × 50; Number of idioblasts 

per sq. mm in transverse (mean): 35–45/sq. mm. 
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Fig. 21: Preserved pith of square/rectangular or polygonal shape with cell contents present (following 

the terminology proposed by Crivellaro & Schweingruber 2013) of DM 17 sample. The details of the 

pith are enlarged. 

 

Comparison with fossil wood. The characteristics of the anatomical study 

of DM17 sample could ―describe‖ Laurinoxylon genus of Type 1, with idioblasts 

associated only with the ray parenchyma cells. The only feature not in accordance 

with the emended diagnosis of this genus was the existence of axial parenchyma in 

marginal bands. This is the main characteristic of the tribe Cryptocaryeae Nees. 

Searching fossil Lauraceae we found out that the fossil genus Cryptocaryoxylon 

could be close to our sample. 

 

Botanical Affinities.The occurrence of axial parenchyma in marginal bands 

of up to 3–celled width is a characteristic not so common. After searching through 

Lauraceae we found that this characteristic in lauraceous genera usually occurs in 

combination with the existence of aliform to aliform confluent paratracheal 

parenchyma (e.g. Beilschmiedia, Triadodaphne, Eusideroxylon and Potoxylon, 

Hypodaphnis). Ravensara could be also a possible match but there are crystals in 

100% of its species (crystals were not observed in our sample).Taking into account 

the anatomical characteristics of our sample and the work by Richter (1981a) we 
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come to the conclusion that this fossil wood could be the fossil representative of 

Potameia/Syndiclis or Cryptocarya or Licaria wilhelminensis or Caryodaphnopsis 

tonkinensis. It seems more possible that this wood is close to the present day genus 

Cryptocarya because the 20% species of this genus have idioblasts in rays and the 

25% of the species of this genus have no crystals. 

 

Discussion. This genus has been found during this study also in Lemnos 

Island. The material from Lemnos is better preserved and therefore the reader is 

kindly advised to consult the pages 135-142 where the detailed description, 

comparison and discussion of Lemnos material are presented. 
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Plate 8. Cryptocaryoxylon Leisman (DM17: Pl. 8A, 8B, 8C, 8D) 

A: Growth rings distinct, diffuse-porous wood. B: Growth rings distinct, wood diffuse-porous, outline 

of solitary vessels round to oval, rays up to 3-seriate, idioblasts: associated with the ray parenchyma 

cells, axial parenchyma in marginal bands (MB). C: Idioblasts: associated with the ray parenchyma 

cells (usually at the edges of the rays, but also inside their body). D: Vessels with common tyloses. 

Scale bar = 50 μm in C; 100 μm in B, D; 1000 μm in A. A, B = TS; C, D = TLS. TS, TLS, and RLS 

denote transversal, tangential longitudinal and radial longitudinal sections, respectively. Also, IR 

denotes Idioblasts associated with Rays (IR). MB denotes Axial Parenchyma in Marginal Bands (MB). 
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2.3.1.6 

Family―Fagaceae Dumortier  

Fossil Genus―Quercoxylon Kräusel (Plate 9, Lesbos Island Fossil Flora 

Appendix) 

 

Material: DM 16 (4 slides) 

Locality: Southeastern Lesbos Island, Greece (Plakes, Polichnitos region) 

Stratigraphic horizon: Under Polichnitos Ignimbrite (PU unit), inside volcanics 

Age: early Miocene 

 

Macroscopic description. The specimen comes from a small stem of a few 

centimeters diameter. 

 

Microscopic description. Growth rings: distinct. ― Wood: Semi–ring to 

diffuse–porous (gradual porosity) (Pl. 9A). — Vessels: exclusively solitary with more 

than 90% solitary vessels/sq. mm. (Pl. 9A–C), 14– 26 vessels/sq.mm; tangential 

diameter 55 to 150 κm, mean: 100 κm; radial diameter of the solitary vessels 80 to 

170 κm, mean: 120 κm; outline of solitary vessels round to oval (Pl. 9A–F); in some 

cases the vessels‘ arrangement: seems diagonal to dendritic (Pl. 9B); perforation 

plates exclusively simple; tyloses common (Pl. 9A–F) intervessel pits alternate about 

2.5–5 κm across. ― Rays: of two distinct sizes a) uni/bi–seriate and b) multiseriate: 

aggregate, compact and compact–compound (Pl. 9G, 9H) up to 320 κm wide (Pl. 

9A–C) and more than 1 mm high (2–11 mm) (Pl. 9G). — Axial parenchyma: 

apotracheal diffuse in aggregates (Pl. 9A–F), vasicentric, scanty paratracheal (Pl. 

9D–F) with a tangential width of 15–20 κm and even confluent (but not in large bands 

– the bands in our specimen are of 1 cell wide) (Pl. 9D–F) — Fibres: vasicentric 

tracheids present with simple to minutely/distictly bordered pits of 2.5–5 κm diameter. 

 

Comparison with other fagaceous wood – Discussion. The gradual 

porosity of the vessels, the existence of two types of rays (uni–seriate and 

multiseriate) along with the oval shape of the solitary vessels outline allow as to 

believe that the sample belongs to oak trees.  

Privé (1975) had described different types of the fossil genus Quercoxylon 

Kräusel (1939) emend. Müller–Stoll & Mädel (1957), having botanical affinities with 

the modern genera Quercus L. and Lithocarpus BL. (= Pasania) occurring at the 

warm temperate regions of the Northern Hemisphere and of East Indies (= Southeast 

Asia and India including the Islands) with the following characteristics: oak trees with 
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simple perforation and vessels of radial up to dendritic pattern, rays of two types: 

multiseriate and very long and narrow uni– &/or bi–seriate. The diffuse porosity 

characterizes the evergreen species of these two genera (Quercus and Lithocarpus); 

the ring porosity is represented at the deciduous species of Quercus and at the 

Northern (septentrionales) species of Lithocarpus. At the root wood of deciduous 

species, the vessels have a tendency often to lose their disposal inside the growth 

rings, showing a more ―diffuse porosity‖ as at the evergreen species. Concerning the 

large multiseriate rays sometimes are made of aggregate rays (individual rays very 

closely associated looking as a single large ray). This characteristic is noted at the 

evergreen species and at the root wood of the deciduous species Privé (1975). 

 

Generally, there are 3 types of oaks (e.g. see in Hadziev & Mädel 1962, Privé 

1975, Gros 1983, Selmeier 1992): 

a) ―white oak–type‖: with ring porous, closely spaced latewood vessels with thin 

walls, usually angular in cross–section, numerous between two rays, with abrupt 

transition from early to latewood (logs of the mostly deciduous species of 

Lepidobalanus section as also of the section Macrobalanus of the genus Quercus, 

b) ―red oak type‖: with ring porous, latewood vessels relatively large, rounded and 

thick walled (woods from the deciduous section of Erythrobalanus and some species 

of the section Lepidobalanus), 

c) ―evergreen oaks‖ of the genera Quercus (section Cyclobalanopsis) and 

Lithocarpus (section Lepidobalanus) species of ―sempervirent type‖ with diffuse or 

semi–ring porous, scanty and relatively close spaced vessels with radial pattern 

(radially oriented) with tendency to form aggregate rays (false rays). A similar 

character can be seen in root wood with diffuse porosity, numerous large vessels, 

indistinct growth rings and tendency to form false rays (aggregate rays). 

 

Unger in 1842 presented a generic diagnosis for Quercinium, revised by 

Felix. The genus Quercoxylon was created by Hofmann in 1929 (although without a 

type species was considered nomen nudum), and defined by Kräusel in 1939. The 

history of this genus has been given in detail by Iamandei et al. (2011, 2012). 

According to Petrescu (1976) and Petrescu et al. (1980) the key of the 

generic identification of fagaceous fossil woods is mainly focused on two levels: the 

first one includes the perforation plates with the vessels‘ groupings and the second 

one is dealing with the rays‘ category, as it is shown in the Key for fagaceous fossil 

woods given below (Fig.22).  
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Type 

A 

Structures with 

solitary vessels or 

grouped (2–3 or 

more), with simple 

and scalariform 

perforations. 

Fine rays (1–3–

seriate) and 

multiseriate 

compact. 

Fagoxylon 

Nothofagoxylon 

Type 

B 

Structures with 

solitary vessels, 

simple perforated, 

sometimes some 

scalariform, with few 

bars. 

Exclusively 

uniseriate rays. 
Castanoxylon 

Uniseriate and 

multiseriate 

compact, sometimes 

compact–composed 

or partially 

aggregate rays. 

Quercoxylon 

Uniseriate and 

multiseriate 

aggregate rays. 

Lithocarpoxylon 

Fig. 22: Key of generic identification of fagaceous fossil woods (Petrescu, 1976). 

 

Petrescu et al. (1980) have given the definition of compact, compound, 

aggregate rays and their combinations for the Type B of the fagaceous fossil woods 

(Fig. 22). The existence of aggregate rays occurs in few taxonomic groups, i.e. in 

Fagaceae: Castanopsis, Lithocarpus, Quercus–evergreen species (IAWA 1989). 
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Fig. 23: Types of multiseriate rays in Quercineae in tangential section (after Petrescu et al. 1980): 1. 

Compact, 2. Compact–Compound, 3. Compound, 4. Compact–Aggregate, 5. Compound–Aggregate, 6. 

Aggregate rays. 

 

The microscopic study of the specimen from Plakes, Polichnitos region 

(Southern Lesbos Island) as is described above, with the recognition of more than 

90% solitary vessels, simple perforation and uni– (and bi–seriate in some cases) and 

multi–seriate aggregate rays allowed its identification as Quercoxylon. 

A further detailed anatomical study of the specimen and especially of the 

tangential section shows the occurrence of compact–compound aggregate rays (as 

they are shown in Fig. 23), a characteristic which is typical for Quercoxylon as is 

shown in Fig 22. Taking into account the work by Müller–Stoll & Mädel (1957) we 

compared our fossil with several Quercoxylon species and found out that Polichnitos 

Quercoxylon is different from Q. densum, Q. staubii and Q. böckhiannum since it is 

diffuse up to semi–ring porous and not ring porous as these species. It differs from Q. 

viticulosum in the dimensions of the vessels and of the rest of the characteristics and 

it is close to Quercoxylon helictoxyloides from the Pontian (upper Miocene) of Austria 

(with an exception of the growth rings boundaries which in Q. helictoxyloides are 

indistinct but in our sample are distinct). 
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Species of fossil 

oaks (in Oligocene) 

Growth 

ring type 

Ø mean vessel 

diameter (at the 

transversal section) 

Wood rays 

Early 

wood 

Late 

wood 

Uni–

seriate 

(height) 

Multi–

seriate 

(width) 

Quercoxylon 

praehelictoxyloides 

Ring–

porous 

Diffuse–

porous 

Ø R 

165–225 

κm 

Ø Tg 

120–180 

κm 

Ø R 

120–180 

κm 

Ø Tg 

75–120 

κm 

(1)–4– 

12(20) 

cells 

300–700 

κm 

Q. justiniani Diffuse–

porous 

Ø R 150–225 κm 

Ø Tg 120–150 κm 

(1)6–20 

(32) cells 

200–600 

κm 

Q. mixtum Ring–

porous 

Ø R 

200–330 

κm 

Ø Tg 

150–225 

κm 

Ø R 

100–180 

κm 

Ø Tg 

75–125 

κm 

(2)4–

18(30) 

cells 

180–

1200  

κm 

Q. intermedium Diffuse–

porous 

Ring–

porous 

Ø R 

200–320 

κm 

Ø Tg 

145–240 

κm 

Ø R 95–

220 κm 

Ø Tg 

75–160 

κm 

(2)8–

22(30) 

cells 

300–500  

κm 

Fig. 24: Comparison of the anatomical elements from several fossil oaks from the Oligocene of 

Moldavia (Q. praehelictoxyloides, Q. mixtum), Romania (Q. justiniani) and Thrace–NE Greece (Q. 

intermedium) (Petrescu & Velitzelos 1981, modified). 
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Among Greek species of Quercoxylon (Petrescu & Velitzelos 1981) our 

specimen seems to be closer to Quercoxylon praehelictoxyloides and Q. 

intermedium but not identical (Fig. 24). Quercoxylon praehelictoxyloides, Q. 

justiniani, along with Q. mixtum were found in the north–western Transylvania and Q. 

intermedium was identified at the fossil forest of Thrace, Northeastern Greece (Fig. 

24). Quercoxylon praehelictoxyloides Petrescu has as a synonym Lithocarpoxylon 

praehelictoxyloides (Petrescu) Suzuki & Ohba. Although we have studied in detail 

Lithocarpoxylon genus as well, we don‘t believe that DM16 belongs to that genus but 

to Quercoxylon. 

 

Botanical affinities. The specimen from the Southern part of Lesbos Island 

is identified as Quercoxylon. 

The studied sample has similarities with Q. intermedium, which according to 

Petrescu & Velitzelos (1981) must have descendants (living relatives) among the 

exotic tropical and subtropical Oaks of Southeast Asia (in the subgenus 

Cyclobalanopsis). In the Oligocene of Thrace, as in several European countries 

(Roumania, Austria, Czech Republic, Slovakia, Bulgaria), Quercoxylon is found in 

association with wood specimens (trunks) of Lithocarpoxylon and Laurinoxylon. 

Taking into account the fact that there are several findings of different Laurinoxylon 

types from Polichnitos region (Southeastern Lesbos Island, Greece) the existence of 

fagaceous representatives like Quercoxylon and Lithocarpoxylon is expected. 

According to Selmeier (1986) who identified the first occurence of evergreen 

Quercus trees of the Upper Tertiary in Southern Bavaria, the modern species of 

Cyclobalanopsis and Lithocarpus are represented in the mountainous areas of Indo–

Malaysian and Sino–Japanese floras, while a kind of Lithocarpus is common in 

California (Fig. 25).  

According to Privé (1975) the modern representatives of Quercus L. and 

Lithocarpus BL. are found in temperate regions of the North Hemisphere and of East 

Indies (= Southeast Asia including India and the Islands) (Fig. 25). 
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Fig. 25: Quercus and Lithocarpus distribution (in Müller–Stoll & Mädel 1957). 

 

Fagaceous leaves have been found at the western peninsula of Lesbos 

[Quercus sp., Quercus apocynophyllum Ett, Pungiphyllum crutiatum (Al. Braun) 

Frankenhäuser et Wilde (= Quercus cruciata Al. Braun) referred by Velitzelos 1993, 

Velitzelos et al. 1981, 1999]. According to Selmeier & Velitzelos 2000 there were 

possible fagaceous findings (? Fagus, ? Quercus) in the western part of Lesbos 

(Eressos, Mesotopos. Tab. 1, p. 218]. In the same paper (Selmeier & Velitzelos 

2000) there is the identification from fossil trunks from Mesotopos (Lesbos Island) 

belonging to Quercoxylon or to ―evergreen Quercus‖ type and a proposal of grouping 

the findings belonging to Quercoxylon and Lithocarpoxylon as the fossil trunks of 

Eotrigonobalanus furcinervis. 

This study supports the opinion of the latter scientists stating that the 

specimen DM 16 from Polichnitos belongs to a ―Quercoxylon‖ of the ―evergreen 

Quercus type‖ representing a possible part of a trunk of Eotrigonobalanus furcinervis. 

The identification of E. furcinervis leaves from this area in the future is possible and 

could establish the previously mentioned theory and contribute to the upgrade of our 

knowledge on the ―evergreen oaks–type‖ evolution and distribution (Fig. 25). 

The new finding of a fagaceous wood representative in the Island along with 

its description supports the hypothesis by Selmeier & Velitzelos (2000). 
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Plate 9 Quercoxylon Kräusel (DM 16: Pl. 9A–9H) 

A, B, C: Distinct growth ring boundaries, semi-ring to diffuse porous, vessels exclusively solitary with 

more than 90% solitary vessels/sq. mm, outline of solitary vessels round to oval, vessels’ arrangement: 

seems diagonal to dendritic (but it is not), tyloses, rays of two distinct sizes (uni/bi-seriate and 

multiseriate), axial parenchyma: apotracheal diffuse – in – aggregates. D, E, F: outline of solitary 

vessels round to oval, 55 to 150 μm, mean: 100 μm; radial diameter of the solitary vessels 80 to 170 

μm, mean: 120 μm, tyloses, axial parenchyma: apotracheal diffuse – in – aggregates, vasicentric, scanty 

paratracheal and even confluent. G: Rays: aggregate (Ag), compact (Ct) and compact-compound (Cd) 

with a width of up to 320 μm and with a height of more than 1 mm (2000-11000 μm). H: Enlarged 

detail from Pl. 9G. 

Scale bar = 50 μm in F; 100 μm in E; 250 μm in A, B, C, D, H; 500 μm in G. A, B, C, D ,E, F = TS; G, 

H = TLS. TS and TLS denote transversal and tangential longitudinal sections, respectively. Also, Ct 

denotes Compact, Cd denotes Compound and Ag denotes Aggregate rays. 
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2.3.1.7 

Xylotype 5: DMDA 1 (7 slides), DMDA 9 (3 slides), DM 04 (3 slides), DM 09 (4 

slides). 

(Plate 10A, 10I) 

 

Locality: Damandri (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene  

 

Macroscopic description. The dimensions of the dicotyledonous specimens 

from Damandri (in cm) are the following: 

DMDA 1: 15 x 4 x 2 , DMDA 9: 22 x 18 x 10. Specimen DM 09 represents a very 

impressive fossil: is a branch enclosed inside the volcanic material. Unfortunately, we 

didn‘t expect that it could be well preserved because even with naked eyes one can 

see cubes of volcanic material having replaced the internal structure of the branch. 

Microscopic description. DMDA 1, DMDA 9: very bad preserved wood, 

which used to be an angiosperm. 

DM 04: Bad preserved wood. Only vessels groupings, homocellular rays and all ray 

cells procubent could be seen. More slides are needed for its identification.  

DM 09: Radial groups of vessels, heterocellular rays with long uniseriate extremities. 

More slides are needed for its identification.  

 

 

 

 

 

 

Plate 10: Studied specimens from Damandri area and their dimensions (in cm). 

A: DMDA 1: 15 x 4 x 2. Angiosperm. B: DMDA 2: 18 x 9 x 4. Angiosperm. C: DMDA 3: 11 x 3 x 2. 

D: DMDA 4: 11 x 3 x 2. E: DMDA 5: 9 x 7 x 3. F: DMDA 6 represented by three pieces: 6 x 7 x 3, 7 

x 4 x 2, 4.5 x 2 x 2. Angiosperm. G: DMDA 7: 12 x 3.5 x 2. Angiosperm. H: DMDA 8 represented by 

four pieces: 11 x 3 x 2, 4 x 7 x 9, 10 x 7 x 3.5, 10 x 5 x 3. Conifer. I: DMDA 9: 22 x 18 x 10. 

Angiosperm. J: DMDA 10: 6 x 3 x 2. K: DMDA 11 represented by three pieces: DMDA 11.1: 15 x 8 x 

5, DMDA 11.2: 9 x 6 x 5, DMDA 11.3: 10 x 6.5 x 5. Conifers. L: DMDA 12: 9 x 3 x 1.5. M: DMDA 

13: 9 x 3 x 1.6. Angiosperm. 
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2.3.1.8 

Xylotype 6: DMPL 6 (5 slides). 

(Plate 11A–11F) 

 

Locality: Plakes (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. The dimensions of DMPL 6 specimen from 

Plakes area (in cm) are the following: 9 x 4 x 2.5. 

 

Microscopic description. Numerous narrow growth rings, ring porous wood 

with big vessels and clusters (especially in latewood), vessels with tyloses (Plate 

11A–11C), occurrence of sheath or tile cells connected to the rays (Plate 11E), rays 

not typically homogenous or heterogenous, coalescent apertures of alternate 

intervessel pits mimicking helical thickenings (Plate 11D, 11E). 

What we could also note about this wood is the fact that the great number of 

the vessels along with the fact that there are so many narrow growth rings very close 

to one another can give us some details about the palaeoenvironment. This is an 

image of ―flooded woods‖ according Schweingruber (2007, p. 93-96). It could also 

belong to a shrub or a branchwood of tree (Wheeler & Baas 1993).This is a very 

important specimen that requires more slides and study for its identification. 
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Plate 11 Angiosperm (DMPL 6).  

A, B, C: Numerous narrow growth rings, ring porous wood with big vessels and clusters, tyloses. D, E: 

Coalescent apertures of alternate intervessel pits mimicking helical thickenings. F: Occurrence of 

sheath or tile cells connected to the rays. 

The intension of this plate was to show the observed features, therefore the scale bar wasn’t used in the 

majority of the figures. A, B, C = TS; D, E = RLS; F = TLS. TS, TLS, and RLS denote transversal, 

tangential longitudinal and radial longitudinal sections, respectively. 
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2.3.1.9 

Xylotype 7: DM 15 (3 slides)  

(Plate 12A–12F) 

Locality: Plakes (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

Microscopic description. This specimen has distinct growth ring 

boundaries, marginal parenchyma, vessels solitary in dendritic pattern (or diagonal 

vessel aggregations) (Pl.12A–12C), simple and scalariform perforation plates, 

vascular tracheids (Pl. 12D–12F).  
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Plate 12 Angiosperm (DM 15) 

 

A: Distinct growth ring boundaries, vessels in dendritic pattern. B: Distinct growth ring boundaries, 

marginal parenchyma, vessels solitary in dendritic pattern, tyloses and vascular tracheids. C: Marginal 

parenchyma and vascular tracheids. D, E: Simple and scalariform perforation plates and vascular 

tracheids. F: Scalariform perforation plates and vascular tracheids. The intension of this plate was to 

show the observed features, therefore the scale bar wasn’t used in the majority of the figures. A, B, C = 

TS; D, E, F = RLS. TS, and RLS denote transversal and radial longitudinal sections, respectively. 
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2.3.1.10 

Xylotype 8: DM 08.1 (4 slides), DM 11 (4 slides), DM 11.1 (4 slides). 

(Plate 13A–13F). 

 

Locality: Plakes (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. These specimens have a few centimeters size. 

 

Microscopic description.  

DM 08.1: Growth ring boundaries distinct, vessels‘ porosity: wood ring–porous to 

wood–semi–ring–porous, vessels solitary, in groups of 1–5 and rarely in clusters (Pl. 

13A), solitary vessel outline rounded/oval, tyloses. Angiosperm with 2 kinds of rays 

(6–seriate and uni–biseriate and 15 κm width of paratracheal parenchyma. 

Intervessel pits alternate (Pl. 13B). Presence of filaments (Pl. 13C). Its detailed 

description requires better and more slides. 

 

DM 11: Growth ring boundaries distinct, wood semi–ring porous with gradual 

transition between early–late wood, vessels usually in radial multiples up to 4 or more 

and some clusters (Pl. 13D), up to 4–seriate rays, vasicentric paratracheal 

parenchyma, intervessel pits alternate, minute to small (1.5–5 κm) (Pl. 13E), 1–3 

cells ray width (spinkle like rays), simple perforation plates 

 

DM 11.1: Growth ring boundaries distinct with a width of 12–22 κm, semi– ring–

porous, early wood vessels‘ tangential diameter: 142 to 117 κm, tangential diameter 

of late wood vessels 64 – 77.1 κm, 27 vessels per mm2, vessels groupings in radial 

multiples of 2–3 generally, with a variable proportion of solitary vessels and the 

presence of a few clusters, solitary vessel outline rounded to oval (Pl. 13F), tyloses 

(Pl. 13G). Polygonal alternate pits with reduced borders. Scalariform perforation 

plates with up to 10 bars. Intervessel pit size medium: 7–10 κm. Although a lot of 

features have been observed, more are required for a detailed identification of this 

sample. 
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Plate 13 Angiosperm (DM 08.1: Pl. 13A, 13B, 13C; DM 11: Pl. 13D, 13E; DM 11.1: Pl. 13F, 13G) 

A: Specimen DM 08.1: Distinct growth ring boundaries, vessels in multiples of up to 5, tyloses. B: 

Specimen DM 08.1: Alternate intervessel pits. C: Specimen DM 08.1: Occurrence of filaments. D: 

Specimen DM 11: Growth ring boundaries distinct, wood semi-ring porous, vessels usually in radial 

multiples up to 4 or more and some clusters. E: Specimen DM 11: Alternate intervessel pits. F: 

Specimen DM 11.1: Growth ring boundaries distinct, wood semi-ring porous, vessels groupings in 

radial multiples of 2-3 generally, with a variable proportion of solitary vessels and the presence of a 

few clusters. G: Specimen DM 11.1: Vessel tyloses. 

The intension of this plate was to show the observed features, therefore the scale bar wasn’t used in the 

majority of the figures. A, D, F, G = TS; E, = RLS; B, C = TLS. TS, RLS and TLS denote transversal, 

radial and tangential longitudinal sections, respectively. 

 

 

Plate 14 Angiosperm (DM 02, DM 04). 

A: Specimen DM 02: Distinct growth ring boundaries, vessels in multiples of up to 4. B: Specimen 

DM 02: Rays b-c-seriate. C: Specimen DM 02: body ray cells procumbent with up to 4 rows of upright 

and / or square marginal cells. The intension of this plate was to show the observed features; therefore 

the scale bar wasn’t used in the majority of the figures. A = TS; C, = RLS; B = TLS. TS, RLS and TLS 

denote transversal, radial and tangential longitudinal sections, respectively. 
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2.3.1.11 

Xylotype 9: DM 02 (5 slides), DM 04 (3 slides). 

(Plate 14A–14C) 

 

Locality: Hondrokouki (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. Specimen DM 02 represents a very impressive fossil: is a 

branch enclosed inside the volcanic material. The dimensions of the dicotyledonous 

specimens from Hondrokouki are of some centimeters. 

 

Microscopic description.  

DM 02, DM 04: Wood semi–ring to diffuse porous, vessels solitary, in groups of 2–4 

and in clusters (Pl. 14A), solitary vessel outline angular (maybe because of the 

preservation), rays up to 3–seriate (commonly biseriate) (Pl. 14B), septate fibres (?), 

body ray cells procumbent with mostly 1–2 to 2–4 rows of upright and / or square 

marginal cells (Pl. 14C), minute alternate vessel ray pits. Not well preserved for 

identification. 
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2.3.1.12 

Xylotype 10: DMRO 28 (2 slides), DMRO 29 (3 slides), DM 14 (2 slides). 

(Plate 15A–15E) 

 

Locality: Rogkada (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Microscopic description.  

DMRO 28: Diffuse porous wood, heterocellular rays, idioblasts in rays. Unfortunately 

this wood is not well preserved so the observation of the exact occurrence of 

idioblasts along with several anatomical features in infeasible and so is its 

identification. 

DMRO 29: So badly preserved that it can only after hard work considered as an 

angiosperm. 

DM 14: Distinct growth ring boundaries, axial parenchyma in marginal bands (Plate 

15A), wood diffuse porous, vessels not in a particular pattern, in radial multiples of 3 

or more, vessels‘ outline mostly oval but in some cases angular, scanty vasicentric 

paratracheal axial parenchyma, tyloses in vessels, idioblasts (oil &/or mucilage cells) 

of great size (Plate 15A–E) related to rays and to fibres, alternate ray pitting, body 

ray cells procumbent with 1–2 rows of upright and/or square marginal cells (Plate 

15B, 15D, 15E), perforation plates simple and possibly reticulate or scalariform (Plate 

15C–E). More slides are needed in order to be described in detail. The reason for 

which it wasn‘t related with the fossil Lauraceous findings is the great size of its 

idioblasts and the fact that more and better slides were needed. 
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Plate 15 Angiosperm (DMRO 28, DMRO 29, DM 14). 

 

A: Specimen DM 14: Distinct growth ring boundaries, axial parenchyma in marginal bands, idioblasts 

(oil &/or mucilage cells) of great size. B: Specimen DM 14: Body ray cells procumbent with 1-2 rows 

of upright and/or square marginal cells, idioblasts related to rays and possibly to fibers. C: Specimen 

DM 14: perforation plates reticulate or scalariform. D: Specimen DM 14: Body ray cells procumbent 

with 1-2 rows of upright and/or square marginal cells, idioblasts related to rays and possibly to fibers, 

perforation plates simple and possibly reticulate or scalariform. E: Specimen DM 14: Body ray cells 

procumbent with 1-2 rows of upright and/or square marginal cells, idioblasts related to rays and 

possibly to fibers, perforation plates simple and possibly reticulate or scalariform. 

The intension of this plate was to show the observed features; therefore the scale bar wasn’t used in the 

majority of the figures. A = TS; B, C, D, E = RLS. TS and RLS denote transversal and radial 

longitudinal sections, respectively. 

 

 

Plate 16 Angiosperm (DMAL 16: Pl. 16A; DMAL 27: Pl 16B; DMAL 31: Pl. 16C, 16D) 

A: DMAL 16: Distinct growth ring boundaries, vessels in dendritic pattern. B: DMAL 27: Distinct 

growth ring boundaries, vessels in dendritic pattern. C: DMAL 31: Distinct growth ring boundaries, 

vessels in dendritic pattern. D: DMAL 31: Idioblasts at the edges of the body ray cells. The intension of 

this plate was to show the observed features, therefore the scale bar wasn’t used. A, B, C = TS; D = 

RLS. TS and RLS denote transversal and radial longitudinal sections, respectively. 
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2.3.1.13 

Xylotype 11: DMAL 16 (2 slides), DMAL 27 (3 slides), DMAL 31 (3 slides), DM 13 

(4 slides). 

(Plate 28P, 28AA, Plate 29C, Plate 16A–16D) 

 

Locality: Alonelia (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. The dimensions of the dicotyledonous specimens 

from Alonelia (in cm) are the following: DMAL 16: 11 x 7.5 x 3.5, DMAL 27: 8 x 8 x 

3.8, DMAL 31: 15 x 4 x 2. The specimens are black in color and carbonized. DMAL 

16 is medium heavy (in weight); DMAL 27 and DMAL 31 are very heavy. 

Microscopic description: DMAL 16 (Pl. 16A), DMAL 27 (Pl. 16B) and DMAL 

31 (Pl. 16C) have distinct growth ring boundaries, vessels in dendritic pattern and 

they contain idioblasts (oil &/or mucilage cells) (Pl. 16D). The latter characteristic 

occurs only in specific families. Most probably they are lauraceous representatives 

but the preservation was poor for a more specific identification.  

DM 13 slides were problematic. New slides are needed for its identification. 
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2.3.2 Identification of coniferous wood (“Gymnosperm”) from Lesbos 

Island 

 

2.3.2.1 

Family Pinaceae Lindley (1836) 

Genus: Cedroxylon Kraus 1870 

Fossil Species: Cedroxylon lesbium Kräusel 1919 (=Peuce lesbia Unger 1844) 

(4 slides) 

(Plate 17A–H, Lesbos Island Fossil Flora Appendix) 

 

 

Basionym: 

1844 Peuce lesbia Unger 

 

Nomenclature synonyms: 

1848 Pinites lesbius Göpp. in Bronn, Band III, p. 976. 

 

Description:  

Transverse section: Nine distinct growth ring boundaries with a width from 

0.4–1.2mm (mean: 0.8mm), transition from earlywood to latewood abrupt. The 

latewood is relatively wide and composed of eleven to nineteen cells, with a mean of 

fourteen cells. The standard deviation is 2.4. False rings are absent. Latewood 

tracheids thin–walled, torus well–defined disc–shaped (Pl. 17A, 17B), axial 

parenchyma in diffuse (and in some cases looks like in tangentially zonate) 

arrangement (Pl. 17A, 17B), resin canals absent.  

Tangential section: axial parenchyma is present, transverse end walls 

smooth (Pl. 17H), the rays are very high, with more than 30 cells (Pl. 17F–17H) and 

up to biseriate in width (Pl. 17F–17H). 

Radial section: Bordered pits in tracheids (Pl. 17C, 17E). The tracheids can 

be uniseriate but mainly they have 2 rows of (bi–seriate) bordered pits (tracheid 

pitting in radial walls biseriate), arrangement of tracheid pitting in radial walls 

opposite (occasionally seems alternate but it is due to the crowded pits), crassulae 

present, circular pits outline (Pl. 17C, 17E) of a diameter of 18 (15–20) κm, cross–

field pitting piceoid up to taxodioid in between two growth rings (Pl. 17D) commonly 

arranged in horizontal rows of two pits per cross–field (but in some cases even 4, 
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e.g. Pl. 17D). The uniseriate pits have a diameter of 20–27 κm (with the majority of 

them at 25 κm) and the biseriate pits have a diameter of 17–20 κm. 

Microscopic study results: Coniferous trees from temperate and boreal 

regions usually have distinct growth ring boundaries and taxa from subtropical or 

higher altitude tropical regions may have more or less distinct growth ring boundaries 

(IAWA 2004). The fact that the ring series have a mean ring–width of 0.8mm 

indicates limited seasonal growth (Fritts 1976). In general, the relative width of the 

growth rings is more–or–less equivalent to the number of cells per ring. 

The standard deviation is low. This fact indicates that the data points tend to 

be very close to the mean, also called expected value. The standard deviation of ring 

width measurements is one method of deducing the variability of growing conditions 

during the life–time of a tree (Morgans 1999). 

The presence of distinct growth rings in the studied specimen indicates that 

the climate in which the tree grew was seasonal. Measurements of the radial 

diameter of cells across individual rings show that the cells decrease in size quite 

rapidly towards the end of each ring, and the latewood may in some cases comprise 

up to nineteen cells (calculated using the method described by Creber and Chaloner 

1984). The regional / local climatic conditions seem that had a dominant affect on the 

length of the growing season (ring width, latewood growth). 

False rings are absent, so there weren‘t any water shortages during the 

growing seasons. Also, although this is a character with limited diagnostic value, an 

abrupt transition (within the same growth ring) as the one of the studied specimen, is 

characteristic for Larix spp., species of the ―hard pines‖ group (Pinus spp., sect. 

Taeda), Pseudotsuga spp., and Keteleeria davidiana, IAWA 2004, p. 18].  

Axial parenchyma is a regular feature of Cephalotaxaceae, Cupressaceae, and most 

Podocarpaceae (IAWA 2004) and not of Pinaceae. 

History of the studied species: According to Unger‘s original description 

(1844, ―Chloris protogaea‖, p. 37) Peuce lesbia had ―growth rings of 0.5–2 mm 

distance, uni–biseriate pits, medullary rays consisted of 1–40 cells and no resin 

ducts‖. The only stratigraphic information which was given is that probably the 

specimen comes from a tertiary formation of Lesbos Island. 

Our description is in accordance with Unger‘s since the distance between the 

growth rings is about 1 mm, the rays are up to biseriate and very high (with even 

more than 30 cells) and there are also no resin ducts. 
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The synonym Cedroxylon lesbium given to our fossil specimen leads us to 

investigate the similarities and differences with the genus Cedroxylon. According to 

Kraus (1870 in W.P.Schimper, A., p. 370) Cedroxylon is the abietineous wood 

without resin ducts and without parenchyma, with radial tracheids and abietineous 

pitting with two small pits on the cross field. It is similar with Cupressinoxylon in the 

arrangement of the pits on the tracheids and in the absence of resin–canals but 

differing in the occurrence of xylem–parenchyma. He underlined the fact that the 

identification of Cedrus nearest living relatives cannot be decided with certainty. 

The synonym Cedroxylon for Lesbos wood was first used for the study of 

specimens from Lesbos by Fliche (1898) who had two samples in hand, only one of 

which was well preserved. According to his descriptions the width of the growth rings 

was about 2.5 mm at the first and 0.75–1.5mm at the second specimen, with rays‘ 

height consisting of 7–11 at the first and 5–13 cells at the second sample, and with 

the characteristics of Cedroxylon. He also observed that the disarrangement of the 

ray tracheids. This observation could indicate high compression during the 

fossilization, a characteristic for the not well preserved specimen. 

 

 

 

 

Plate 17 Cedroxylon lesbium Kräusel 

A: Distinct growth ring boundaries with a mean width of 0.8mm, transition from early- to late-wood 

abrupt, the latewood is wide and composed of eleven to nineteen cells, with a mean of fourteen cells, 

axial parenchyma in diffuse arrangement, no intercellular or traumatic canals or epithelial cells of 

wound ducts. B: Axial parenchyma in diffuse arrangement, no intercellular or traumatic canals or 

epithelial cells of wound ducts, latewood tracheids thin-walled, torus well-defined of disc-shaped 

(indicated by an arrow). C: Bordered pits in tracheids with tori preserved, biseriate tracheid pitting in 

radial walls, opposite arrangement of tracheid pitting in radial walls, crassulae present, circular pits 

outline. D: Taxodioid pits commonly arranged in horizontal rows of two pits per cross-field. E: 

Bordered pits in tracheids with tori preserved, biseriate tracheid pitting in radial walls, opposite 

arrangement of tracheid pitting in radial walls, crassulae present, circular pits outline. F: Rays very 

high, with more than 30 cells and up to biseriate in width. G: Uni- and biseriate rays very high (with 

even more than 30 cells). H: Transverse end walls of axial parenchyma smooth, uni- to biseriate rays. 

A, B = TS; C-E = RLS, F-H = TLS. TS, TLS, and RLS denote transversal, tangential longitudinal and 

radial longitudinal sections, respectively. 
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Remarks on Cedroxylon: According to Schimper & Schenk (1890, p. 862) 

and Seward (1919) parenchyma is mostly representative at the latewood of 

Cedroxylon while in Cupressinoxylon is not limited. In Harland et al. (2007) there is a 

discussion about Cedroxylon and its first representatives: ―Cedroxylon is the 

coniferous wood without either resin canals or conspicuous storage parenchyma. On 

the contrary, woods which are provided with abundant storage parenchyma are 

designated Cupressinoxylon. The pitting in both categories is opposite‖, in Jeffrey 

(1866, p. 349). In the same publication is stated that the xylem parenchyma can be in 

great amounts or completely absent depending on the Cedroxylon species and 

abietineous pitting. Seward (1919) believed that the character of the rays (instead of 

parenchyma) provides a more satisfactory distinction between Cedroxylon and 

Cupressinoxylon. Other characteristics of Cedroxylon include circular and separate 

(and if in more than one row, opposite) bordered pits (Seward 1919; Kräusel 1949; 

Morgans 1999). This characteristic is also seen in our specimen.  

Seward (1919) summarizes the description of Cedroxylon giving the following 

characteristics: ―Annual rings well marked, bordered pits on the radial walls of the 

tracheids usually circular and separate and if in more than one row, opposite, but in 

some species the Araucarian type of pitting also occurs, the pits being contiguous 

and alternate or sometimes arranged in stellate clusters. Xylem–parenchyma 

typically confined to the end of an annual ring, but sometimes absent; Medullary rays 

generally uniseriate and composed exclusively of parenchyma though horizontal 

tracheids may occur; Pits on all the walls of medullary–ray cells as in the Abietineae; 

On the radial walls there may be 1–6 apparently simple circular pits in the field. There 

are no resin–canals except as the result of injury‖. 

According to Kräusel (1949) Cedroxylon has the following characteristics: pits 

on radial walls of tracheids circular and, where multiseriate, oppositely arranged, 

never typically araucarioid, normal wood without resin canals, spiral thickenings 

absent and abietineous ray pitting present. 

In Lemoigne (1988, t.2, p. 157) there is a discussion on the distinction among 

Brachyoxylon Jeffrey, Araucarioxylon Kraus and Cedroxylon Kraus based on their 

wood anatomical features. According to Bamford & Philippe (2001) the latter three 

genera have been in many cases identified wrongly, so the occurrence of the genus 

Cedroxylon in Mesozoic is considered problematic.  

The affinity of Cedroxylon by Nishida & Nishida (1986) with wood 

parenchyma absent (although in Nishida & Nishida 1986, fig. 7, the occurrence of 

parenchyma is clearly seen) is not in accordance with our our specimen. 
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Discussion about the generic name: Even if the generic name of our 

species is Peuce (it should have priority because it was the first one) or if it is 

Cedroxylon (probably it is more appropriate because of the ending –xylon referring to 

a fossil wood part) the problem remains the same. As it is stated with arguments in 

Philippe & Bamford (2008) and Bamford & Philippe (2001) both Peuce Lindley et 

Hutton (1832) and Cedroxylon Kraus (1870) would be better not to be used for 

Mesozoic woods. 

 

 

Reconstruction of the habit & habitat: General Information from 

stratigraphy: Unfortunately the exact locality from where the fossil was found 

remains unknown. Fliche (1898) describes without giving further details 4 types of 

Cedroxyla among his findings from Ordymnos area (Cedroxylon type 1: samples No. 

4, 31, Cedroxylon type 2: samples No 13–16, 23, Cedroxylon type 3: samples No 3, 

18, 24–30, Cedroxylon type 4: sample No 8). From these only one is permineralized 

(Cedroxylon type 4: sample No 8) and the rest are lignitic. Taking into account that 

the lignitic horizon is located in Lapsarna we come to the hypothesis that he did 2 

samplings. One was at the Lapsarna area which some millions years ago (most 

probably in Ottnangian stage, Mantzouka 2009, Vasileiadou & Zouros 2012) hosted a 

palaeolake with a general low palaeoaltitude and the other one, hosting the 

permineralized tree trunks, was at the higher altitudes of Ordymnos mountain where 

the Petrified Forest Park (Bali Alonia) is located. The fossils Franz Unger (Unger 

1844) had in his disposal come very possibly from Sigri area (or from Sigri until 

Ordymnos area) because this area was easily accessible by boat and the fossils in 

hand are permineralized.  

 

 

Comparisons with fossil species: In Unger‘s Chloris protogae (Unger, 

1844, P.34, 37) apart from the brief wood anatomical description of Cedroxylon 

lesbium (= Peuce lesbia) there are descriptions also of other Peuce species which 

differ from P. lesbia because they don‘t have biseriate rays and in some of them 

there are also crystals. In other publications this species is described as the ―strange 

conifer without resin ducts‖. 

The fact that Cedroxylon lesbium (= Peuce lesbia) is identical with no other 

known fossil species is strange (at least up to now) but considering that there are 

already a lot of unique fossil woods in Lesbos {e.g. Lesbosoxylon paradoxum Süss & 

Velitzelos, Lesbosoxylon pseudoparadoxum Süss & Velitzelos, Lesbosoxylon 
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graciliradiatum Süss & Velitzelos, Lesbosoxylon diversiradiatum Süss & Velitzelos, 

Lesbosoxylon ventricosuradiatum Süss & Velitzelos, Taxodioxylon megalonissum 

Süss & Velitzelos, Tetraclinoxylon velitzelosi Süss, Thujoxylon antissum Süss & 

Velitzelos, Chimairoidoxylon lesboense Süss & Velitzelos, Ginkgoxylon lesboense 

Süss, Mirbellites lesbius Unger [= Juglandinium mediterraneum (Unger 1850; Fliche 

1898; Dupéron 1988) = Juglandoxylon mediterraneum (Unger) Kraus], Brongniartites 

graecus Unger} we can conclude that the existence of another ―unique‖ wood of the 

lower Miocene wouldn‘t be something extraordinary. 

 

Comparison with the present day genus Cedrus:  

According to Seward (1919) and as defined by Schimper and Schenk, 

Cedroxylon stands for fossil wood agreeing generally with that of recent species of 

Cedrus, Abies and Tsuga with or without vertical tracheids. The comparison between 

Cedroxylon and Cupressinoxylon has shown that in Cedroxylon the parenchyma is 

confined to the end of each year‘s wood whereas in Cupressinoxylon the 

parenchyma is not so limited in its distribution, but a closer examination of different 

types of wood included in Cedroxylon had shown that the xylem parenchyma is an 

unsafe guide. 

For the purposes of this PhD we had compared – not only via the published 

studies but also – under the microscope our fossil with the modern Cedrus, in order 

to check if this is its modern analogue. The aim of the comparison is to see clearly 

the similarities and the differences between Cedroxylon and Cedrus and investigate 

their possible relationship.  

The reason for which we did this research was a paper by Qiao et al. (2007) 

according to which the divergence between C. atlantica (North African species) and 

C. libani and C. brevifolia (eastern Mediterranean species) happened between 

23.49+3.55 to 18.81+1.25 Myr led Qiao et al. (2007) (Fig. 26) supported the 

hypothesis that the ancestor of Mediterranean cedars most probably reached South 

Europe during the Lower Miocene. The age that this paper referred to was pretty 

much the same with the age of the Petrified Forest of Lesbos. So, a possible ―lost 

link‖ in Cedrus chain should be investigated. 
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Fig. 26: A reconstructed Cedrus phylogeny (molecular clock) places the divergence between C. 

atlantica and the couple C. libani–C. brevifolia at about 19 Ma, significantly after that with C. deodara 

(ca. 55 Ma) and prior to that within the couple C. libani–C. brevifolia (ca. 7 Ma) (Qiao et al., 2007). 

 

According to Esteban & de Palacios (2009) Cedrus has: distinct growth rings, 

transition from early– to late wood abrupt or semi–abrupt or gradual, no resin canals, 

but both axial and radial traumatic resin canals (some authors have placed Cedrus in 

an intermediate position between Pinus and Abies), distinctly pitted horizontal walls 

of the ray parenchyma cells and nodular end walls, with not obvious indentures, 

partially biseriate rays are relatively frequent in species of Abietoideae but do not 

exceed 10% of the total, frequent ray tracheids, taxodioid or piceoid pitting, although 

cupressoid pitting has also been observed, alternate tracheid pitting, well defined 

disc–shaped tori in earlywood pitting, scalloped tori, some species have a warty layer 

in the inner layer of the secondary wall, frequent but sparse axial parenchyma, 

normally distributed along the growth ring boundaries in single cells in the first row of 

earlywood or in the last row of latewood, nodular transverse end walls of axial 

parenchyma, calcium oxalate crystals, ray tracheids (but without resin canals), 

occurrence of degenerated cells, ray parenchyma cells with horizontal walls with 

simple pits, tracheid pitting in radial walls normally uniseriate and when biseriate with 

opposite and rarely alternate arrangement. Unfortunately, the height of the rays of 

Cedrus was not a matter of discussion in this paper. 
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From Pinaceae Cedrus, Abies and Tsuga do not have normal vertical and 

horizontal resin ducts (Phillips 1941, Greguss 1955). Keteleeria and Pseudolarix do 

not produce normal resin ducts, only occasional traumatic cysts (Phillips 1941).  

With the help of karyotype analysis Bou Dagher–Kharrat et al. (2001) 

subdivide the genus into three species, C.atlantica, C. deodara and C. libani, 

considering C. brevifolia as a variety of C. libani. According to Bou Dagher–Kharrat et 

al. (2007) C. brevifolia, the endemic taxon from the Island of Cyprus that is found in 

small and fragmented populations has showed one of the highest levels of diversity. 

This unexpected pattern of diversity and differentiation observed for C. brevifolia 

suggests a recent divergence rather than a relictual, declining population. 

The fossil material in hand had been compared with the modern species of 

Cedrus under the microscope and with a species described by Crivellaro & 

Schweingruber (2013). The main difference with both the modern species described 

in Crivellaro & Schweingruber (2013) is the fact that in the fossil one there is axial 

parenchyma, but in the modern wood there is not. The present day Cedrus species 

have also scalloped tori and the fossil one doesn‘t seem so. The problem with the 

modern genus is the fact that there is not a study concerning the wood anatomy of its 

species (only for C. libani–brevifolia).  

After deciding a further comparison with the modern cedars we got samples 

from small branches of Cedrus deodara (Plate 18: 1a, 1b), Cedrus atlantica (Plate 

18: 2a, 2b, 2c), and Cedrus libani (Plate 18: 3a, 3b) from the trees growing in ―Julia & 

Alexander N. Diomedes‖ Botanical Garden of the University of Athens. 
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Plate 18. Extant Cedrus species 

1a: Cedrus deodara tree (trunk-branches) in its growth position. 1b: Cedrus deodara branch with 

needles. 2a: Cedrus atlantica tree (trunk-branches) in its growth position. 2b, c: Cedrus atlantica 

branch with needles. 3a: Cedrus libani tree (trunk-branches) in its growth position. 3b: Cedrus libani 

branch with needles. 
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Observing their wood anatomy under the light and electron microscope we 

have found the following anatomical details:  

1. Cedrus deodara (Roxburgh ex D. Don) G. Don (Himalayan Cedar): 

Transverse section: Growth ring boundaries distinct, transition from early 

wood to latewood abrupt, no axial parenchyma, no resin/traumatic canals 

observed(Pl. 19A); b. Radial section: Pitting in radial walls of earlywood 

tracheids is predominantly uniseriate (Pl. 19B–19D, 19F), the pits are circular 

(outline), crassulae present (Pl. 19D), torus in earlywood tracheids‘ pits 

scalloped, (Pl. 19A–19E), cross–field pitting taxodioid and cupressoid (Pl. 

19F–19H), even piceoid (Pl. 19I), number of pits per cross–field in earlywood 

1–4 in perpendicular arrangement of up to 2 rows (Pl. 19F–19H). 

Unfortunately we didn‘t have a tangential section. 

2. Cedrus atlantica (Endl.) G.Manetti ex Carrière: a. Transverse section: Pith 

preserved (Pl. 20A–20B). Growth ring boundaries distinct, transition from 

early wood to latewood abrupt (Pl. 20A–20C). No resin/traumatic canals. No 

axial parenchyma (Pl. 20A–20D). Latewood tracheids thick–walled (Pl. 20D); 

b. Radial section: Pitting in radial walls of earlywood tracheids is 

predominantly uniseriate, the pits are circular (Pl. 20E), torus in earlywood 

tracheids‘ pits scalloped, crassulae present (Pl. 20F, 20G, 20J), nodular end 

walls and well pitted horizontal walls, ray tracheids present (Pl. 20K), cross–

field pitting taxodioid and cupressoid (Pl. 20H, 20I, 20K), number of pits per 

cross–field in earlywood 1–4 in perpendicular arrangement of up to 3 rows 

(Pl. 20H, 20I, 20K); c. Tangential section: rays exclusively uniseriate of up to 

10–15 cells, no axial parenchyma observed (Pl. 20L–20N). 

3. Cedrus libani A. Rich.(Lebanese/Asia Minor Cedar): a. Transverse section: 

Pith preserved (Pl. 21A), growth ring boundaries distinct, abrupt transition 

from early to latewood, latewood tracheids thick–walled, no axial 

parenchyma, no resin/traumatic canals observed (Pl. 21A–21C); b. Radial 

section: Pitting in radial walls of earlywood tracheids is uniseriate (in some 

cases seems to be bi–seriate), short tracheids, crassulae (Pl. 21D, 21E), 

torus in earlywood tracheids‘ pits scalloped (Pl. 21F, 21G), cross–field pitting 

taxodioid, number of pits per cross–field in earlywood 1–3 in perpendicular 

arrangement of two rows (Pl. 21E, 21H, 21I). Unfortunately we didn‘t have a 

tangential section. 
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Plate 19 Cedrus deodara (Roxburgh ex D. Don) G. Don (electron microscope images): 

A: Distinct growth ring boundaries, no axial parenchyma or resin/traumatic canals, transition from 

early wood to latewood abrupt. B: uniseriate pitting in radial walls of earlywood tracheids. C: 

uniseriate pitting in radial walls of earlywood tracheids, scalloped torus in earlywood tracheids’ pits. D: 

uniseriate pitting in radial walls of earlywood tracheids, circular outline of pits, crassulae present, 

scalloped torus in earlywood tracheids’ pits. E: Scalloped torus in earlywood tracheids’ pits. F: 

uniseriate pitting in radial walls of earlywood tracheids, taxodioid and cupressoid cross-field pitting, 1-

4 number of pits per cross-field in earlywood in perpendicular arrangement of up to 2 rows. G: 

Taxodioid and cupressoid cross-field pitting, 1-4 number of pits per cross-field in earlywood in 

perpendicular arrangement of up to 2 rows. H: Taxodioid and cupressoid cross-field pitting, 1-4 

number of pits per cross-field in earlywood in perpendicular arrangement of up to 2 rows. I: Piceoid 

cross-field pitting. A = TS; B-I = RLS. TS, and RLS denote transversal and radial longitudinal sections, 

respectively. 
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Plate 20 Cedrus atlantica (Endl.) G.Manetti ex Carrière (electron and light microscope images): 

A: (Light microscope image): Pith preserved, distinct growth ring boundaries, no axial parenchyma or 

resin/traumatic canals, transition from early wood to latewood abrupt. B: (Electron microscope image): 

Pith preserved, distinct growth ring boundaries, no axial parenchyma or resin/traumatic canals, 

transition from early wood to latewood abrupt. C: (Electron microscope image): Pith preserved, 

distinct growth ring boundaries, no axial parenchyma or resin/traumatic canals, transition from early 

wood to latewood abrupt. D: (Electron microscope image): Pith preserved, distinct growth ring 

boundaries, no axial parenchyma or resin/traumatic canals, thick-walled latewood tracheids. E: 

(Electron microscope image): Uniseriate pitting of earlywood tracheids is predominantly, outline of 

tracheid pits circular, crassulae present. F: (Electron microscope image): Scalloped (= festooned) torus 

in earlywood tracheids’ pits, crassulae present. G: (Electron microscope image): Scalloped (= 

festooned) torus in earlywood tracheids’ pits. H: (Electron microscope image): Taxodioid and 

cupressoid cross-field pitting, 1-4 number of pits per cross-field in earlywood, the arrangement is 

perpendicular in up to 3 rows. I: (Electron microscope image): Taxodioid and cupressoid cross-field 

pitting, 1-4 number of pits per cross-field in earlywood, the arrangement is perpendicular in up to 3 

rows. J: (Light microscope image): Scalloped (= festooned) torus in earlywood tracheids’ pits. K: 

(Light microscope image): Taxodioid and cupressoid cross-field pitting, 1-4 number of pits per cross-

field in earlywood, the arrangement is perpendicular in up to 3 rows, nodular end walls and well pitted 

horizontal walls, ray tracheids present. L: (Electron microscope image): Exclusively uniseriate rays of 

medium height (up to 10-15 cells), no axial parenchyma. M: (Electron microscope image): Exclusively 

uniseriate rays of medium height (up to 10-15 cells), no axial parenchyma. N: (Electron microscope 

image): Exclusively uniseriate rays of medium height (up to 10-15 cells), no axial parenchyma. 

A-D = TS; E-K = RLS, L-N = TLS. TS, TLS, and RLS denote transversal, tangential longitudinal and 

radial longitudinal sections, respectively. 
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Plate 21 Cedrus libani A. Rich. (electron microscope image): 

A: Preserved pith, distinct growth ring boundaries, no axial parenchyma or resin/traumatic canals, 

transition from early wood to latewood abrupt. B: Distinct growth ring boundaries, no axial 

parenchyma or resin/traumatic canals, transition from early wood to latewood abrupt, latewood 

tracheids thick-walled. C: Distinct growth ring boundaries, no axial parenchyma or resin/traumatic 

canals, transition from early wood to latewood abrupt, latewood tracheids thick-walled. D, E: 

Uniseriate (in some cases seems also biseriate) pitting in radial walls of earlywood tracheids, short 

tracheids, crassulae, cross-field pitting taxodioid, number of pits per cross-field in earlywood 1-3 in 

perpendicular arrangement of two rows. F, G: Scalloped (= festooned) tori in earlywood tracheids’ 

pits. H, I: Cross-field pitting taxodioid, number of pits per cross-field in earlywood 1-3 in 

perpendicular arrangement of two rows. 

A -C= TS; D-I = RLS. TS, and RLS denote transversal and radial longitudinal sections, respectively. 
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Results: Correlating the present day species of Cedrus with our fossil specimen 

we can see that there are differences concerning the axial parenchyma, the 

scalloped (= festooned) tori, the existence of ray tracheids (they are observed by 

Crivellaro & Schweingruber 2013), the end walls of the tracheids and the 

arrangement of the tracheid pits (uni– or biseriate) and of the bordered pits (in 1 up to 

3 rows perpedicularly). These are the main characteristics which most probably lead 

us to the conclusion that Peuce lesbia is not related to modern Cedrus species. 

 

Discussion: The studied sample represents a holotype or a part of the holotype 

hosted at the Natural History Museum of Vienna (Naturhistorisches Museum Wien) 

with the code: D 38 (Plate 22A–22C), and belongs to the Lesbos samples studied 

and identified by Franz Unger. Unger had identified and published his observations 

on the material from Lesbos Island in his Chloris protogaea (Unger, 1844, P.34, 37). 

In this publication there is also the original brief wood anatomical description of 

Peuce lesbia, with no illustration of its anatomy. The information about the locality is 

unknown, probably Sigri (Mpali Alonia) and there are no anatomical details and 

measurements. The fact that there is no illustration accompanying the description of 

the species is problematic (Kvaček, 2008a). No illustration and anatomy 

accompanied the renaming of the species as Pinites lesbius by Göppert in Bronn 

(1848). In 1898 Fliche studies and describes Cedroxylon sp. (nobody knows if they 

belonged to the same specimens that Unger had studied) lignitic and permineralized 

samples from the western part of Lesbos Island and more specific from Ordymnos 

seashore and NE part of Ordymnos (Fliche 1898, p.143, 148). Unfortunately there is 

no extended description of the specimen and no illustration of its anatomy again. 

Kräusel (1919, p. 191) gives the synonym of Cedroxylon lesbium KRAUS for Peuce 

lesbia UNGER for trees without parenchyma and resin ducts, quoted Peuce lesbia as 

the basionym The specimen that we examine doesn‘t have resin ducts but it has 

parenchyma. 

Until a further study and re–identification on all Peuce lesbia (= Cedroxylon 

lesbium) samples hosted by several museums throughout Europe is made, and 

although the basionym [=the legitimate, previously published name on which a new 

combination or name at new rank is based. ... (Art. 6.10) according to the 

International Code of Nomenclature for algae, fungi, and plants] Peuce lesbia Unger 

should be the official name for this fossil, we would like to keep the name Cedroxylon 

lesbium mainly because of the ending –xylon which is appropriate for the fossil wood 

genera. 
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Plate 22 

A–C: The original material and the slides of Peuce lesbia (= Cedroxylon lesbium) hosted at the Natural 

History Museum of Vienna (Naturhistorisches Museum Wien) with the code: D 38. 
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2.3.2.2  

Xylotype 1: DMDA 8 (3 slides), DMDA 11.1 (4 slides), DMDA 11.2 (4 slides). 

(Plate 10H, 10K; Plate 23A, 23B) 

Locality: Southeastern Lesbos Island, Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene  

 

Macroscopic description. The dimensions of the coniferous specimens from 

Damandri (in cm) are the following: 

DMDA 8: 11 x 3 x 2, 4 x 7 x 9, 10 x 7 x 3.5, 10 x 5 x 3, DMDA 11.1: 15 x 8 x 5, 9 x 6 x 

5, 10 x 6.5 x 5, DMDA 11.2: 15 x 8 x 5, 9 x 6 x 5, 10 x 6.5 x 5.  

Microscopic description. DMDA 8, DMDA 11.1, DMDA 11.2: Growth ring 

boundaries distinct, vessel groupings in radial multiples of up to 4, with almost absent 

clusters, no axial parenchyma and no pitting is observed. There are horizontal canals 

(ducts) very big, inside the rays (Pl. 23B). Axial and radial intercellular canals present 

(Pl. 23A). 

Discussion: The occurrence of axial and radial intercellular canals should 

recall Pinaceae and most probably Pinus, but better slides from this specimen are 

required for a more precise identification. 
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Plate 23 Conifer. [Xylotype 1: DMDA 8 (3 slides), DMDA 11.1 (4 slides), DMDA 11.2 (4 slides)] 

 

A: Distinct growth ring boundaries, occurrence of intercellular canals. B: Horizontal canals inside the 

rays. A = TS; B = TLS. TS and TLS denote transversal and tangential longitudinal sections, 

respectively. 
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2.3.2.3 

Xylotype 2: DMPL 3 (3 slides), DM 08 (3 slides). 

(Plate 24A–24C; Plate 25A) 

Locality: Plakes (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. The dimensions of the coniferous specimens from 

Plakes (in cm) are the following: DMPL 3: 6 x 10 x 5, 12 x 9.5 x 5, 11 x 3.5 x 5. These 

stems are silicified, light, whitish brown with distinct growth ring boundaries that can 

be seen with naked eye. 

Microscopic description. DMPL 3 and DM 08 specimens have distinct 

growth ring boundaries, hypertrophic cells which give at least the impression that it 

belongs to a root (Pl. 24A, 24B), no axial parenchyma, no unusual cells, and no 

canals (horizontal ones).Rays uniseriate of a few cells height (Pl. 24A, 24C). It seems 

that it could have placqued resin canals (vertical axial normal) (Pl. 24A, 24B).  

Discussion. According their anatomical features, the samples DMPL 3, DM 

08 most probably are related to Pinaceae. Such a hypothesis requires more slides in 

order to be proved. 
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Plate 24 Conifer. [Xylotype 2: DMPL 3 (3 slides), DM 08 (3 slides)] 

A, B: Specimen DM 08: Distinct growth ring boundaries, vertical resin canals. This specimen probably 

belongs to a root. C: Specimen DM 08: Rays uniseriate of a few cells height. The intension of this plate 

was to show the observed features; therefore the scale bar wasn’t used in the majority of the figures. A, 

B = TS; C = TLS. TS and TLS denote transversal and tangential longitudinal sections, respectively. 
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Plate 25. Specimens from Plakes area. 

A: Specimen DMPL 3 with the following dimensions (in cm): 6 x 10 x 5, 12 x 9.5 x 5, 11 x 3.5 x 5. 

Conifer. B: Specimen DMPL 4 represents several fragments of angiosperms. C: Specimen DMPL 5 

represents a characteristic rock sample from the locality. D: Specimen DMPL 6 with the following 

dimensions (in cm): 9 x 4 x 2.5. Angiosperm. E: Specimen DMPL 7. Angiosperms. 
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2.3.2.4 

Xylotype 3: DMRO 1 (3 slides), DMRO 2 (4 slides), DMRO 3.1 (1 slide), DMRO 3.2 

(3 slides), DMRO 4 (4 slide), DMRO 5 (2 slides),DMRO 5.1 (1 slide), DMRO 6 (5 

slides), DMRO 7 (3 slides), DMRO 8 (4 slides), DMRO 9 (4 slides), DMRO 10 (3 

slides), DMRO 11 (3 slides), DMRO 12 (3 slides), DMRO 13 (3 slides), DMRO 14 (3 

slides), DMRO 15 (3 slide), DMRO 16.1 (2 slides), DMRO 16.2 (5 slides), DMRO 17 

(3 slides), DMRO 18 (2 slides), DMRO 18.1 (3 slides), DMRO 18.2 (1 slide), DMRO 

19.1 (3 slides), DMRO 19.2 (3 slides), DMRO 20 (3 slides), DMRO 22 (4 slide), 

DMRO 23 (3 slides), DMRO 24 (2 slide), DMRO 25 (3 slides), DMRO 26 (3 slides), 

DMRO 27 (3 slides),DMRO 30 (3 slides), DM 03 (2 slides), DM 06 (1 slide), DM 06.1 

(5 slides), DM 07 (2 slides), DM 14.1 (1 slide). 

(Plate 26A–26Q; Plate 27A–27J) 

 

Locality: Rogkada (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. The dimensions of the coniferous specimens from 

Rogkada (in cm) are the following: 

DMRO 1: 23 x 17 x 13, DMRO 2: 20 x 18 x 18, DMRO 3.1: 21 x 9 x 8, DMRO 3.2: 6.5 

x 3.5 x 3, DMRO 4: 27 x 22 x 8.5, DMRO 5: 25 x 16 x 9, DMRO 6: 23 x 18 x 14, 

DMRO 7: 29 x 15 x 6, DMRO 8: 27 x 19 x 13, DMRO 9: 23 x 14 x 6, 19 x 9 x 6, 13 x 

12 x 9, DMRO 10: 23 x 12 x 6, 29 x 9.5 x 4.5, DMRO 11: 26 x 5 x 11, DMRO 12: 24 x 

14 x 9, DMRO 13: 30 x 12 x 9, 31 x 12 x 5.5, DMRO 14: 19 x 10 x 6, 18 x 7.5 x 5, 16 

x 7 x 10, 18 x 7 x 5.5, 18 x 10 x 5.5, DMRO 15: 12 x 11 x 5, 11 x 5.5 x 6, DMRO 

16.1: 23 x 10 x 7, DMRO 22: 25 x 12 x 4, 18 x 6 x 8, 17 x 7.5 x 5, 19.5 x 5 x 2.5, 18 x 

7 x 5, DMRO 26: 230 x 100.  

 

Microscopic description.  

DMRO 14: Numerous growth ring boundaries distinct (seen with naked eye 

as well). Abrupt transition between early and latewood tracheids. Nothing more could 

be seen. Although the identification is infeasible this sample provides as with 

information about the palaeoenvironment. Most probably this specimen belongs to a 

root or to a conifer from a flooded area because of the numerous transitions of its 

growth (Schweingruber 2007, p. 93-96) or even to a dwarf conifer (Baas 1984).  

DMRO 26: This is the fossil tree which is hosted at the church of Ampeliko 

village. From the same area (Rogkada or Rougada) in 1994 by Professor E. 
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Velitzelos, found a fossil trunk. This trunk was studied by Süss & Velitzelos and 

identified as Taxaceoxylon biseriatum. According to the latter authors (Süss & 

Velitzelos 1994a) Taxaceoxylon Kräusel & Jain (1963) fossil woods have simple 

(homogeneous) rays, tracheids with spiral thickenings and mostly round, bordered 

pits arranged in ane or two rows, as the present day Taxaceae representatives. 

Our observations on DMRO 26 sample include the following features: Growth 

ring boundaries distinct, transition from earlywood to latewood abrupt, latewood 

tracheids thin–walled, axial parenchyma diffuse, transverse end walls of axial 

parenchyma cells smooth, no resin canals, rays uni– and partly b–c– seriate multi–

celled (with 15 cells), bordered pits diameter: 0,2–0,3 mm, there are no callitroid 

(spiral) thickenings. The cross field pits, their arrangement along with the rays and 

the rest of the anatomical features of this wood are representatives of Taxodioxylon 

wood type  

DMRO 27: Growth ring boundaries distinct. Most probably no resin canals. 

Rays uniseriate short (usually 5-cell high). Nothing more could be seen.  

DMRO 30: Numerous growth ring boundaries distinct. Abrupt transition 

between early and latewood tracheids. Nothing more could be seen.  

DM 03: very bad preserved wood. Distinct growth ring boundaries, very high 

rays, axial parenchyma, but nothing more could be seen. 

DM 06: Growth ring boundaries distinct, but not well preserved sample. 

DM 06.1: very bad preserved sample. The only features observed are: axial 

parenchyma and rays. 

DM 07: Distinct growth ring boundaries, existence of abundant axial 

parenchyma, intermediate (opposite–alternate) pitting which recalls protopinoid 

pitting (= this term was used for a transitional type of radial pitting: between 

Araucarioid and Abietoid) by Süss, b–seriate tracheid pitting, cross field pitting 

Taxoidioid and Cupressoid. More and better slides are required for a detailed 

identification of this specimen. 

More and better slides are required for the detailed description of the rest of 

the specimens from Rougkada area. 
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Plate 26. Specimens from Rogkada area. 

A: Specimen DMKO 1 with the following dimensions (in cm): 31 x 21 x 11. Angiosperm. B: 

Specimen DMRO 1 with the following dimensions (in cm): 23 x 17 x 13. Conifer. C: Specimen 

DMRO 2 with the following dimensions (in cm): 20 x 18 x 18. Conifer. D: Specimen DMRO 3 

represents two samples with the following dimensions (in cm): 21 x 9 x 8, 6.5 x 3.5 x 3. Conifer. E: 

Specimen DMRO 4 with the following dimensions (in cm): 27 x 22 x 8.5. Conifer. F: Specimen 

DMRO 5 with the following dimensions (in cm): 25 x 16 x 9. Conifer. G: Specimen DMRO 6 with the 

following dimensions (in cm): 23 x 18 x 14. Conifer. H: Specimen DMRO 7 with the following 

dimensions (in cm): 29 x 15 x 6. Conifer. I: Specimen DMRO 8 with the following dimensions (in 

cm): 27 x 19 x 13. Conifer. J: Specimen DMRO 9 represents three remnants with the following 

dimensions (in cm): 23 x 14 x 6, 19 x 9 x 6, 13 x 12 x 9. Conifer. K: Specimen DMRO 10 represents 

three remnants with the following dimensions (in cm): 23 x 12 x 6, 29 x 9.5 x 4.5, 26 x 5 x 11. Conifer. 

L: Specimen DMRO 11. Conifers. M: Specimen DMRO 12 with the following dimensions (in cm): 24 

x 14 x 9. Conifer. N: Specimen DMRO 13 represents two remnants with the following dimensions (in 

cm): 30 x 12 x 9, 31 x 12 x 5.5. Conifer. O: Specimen DMRO 14 represents five remnants with the 

following dimensions (in cm): 19 x 10 x 6, 18 x 7.5 x 5, 16 x 7 x 10, 18 x 7 x 5.5, 18 x 10 x 5.5. 

Conifer. P: Specimen DMRO 15 represents two remnants with the following dimensions (in cm): 12 x 

11 x 5, 11 x 5.5 x 6. Conifer. Q: Specimen DMRO 16 with the following dimensions (in cm): 23 x 10 x 

7. Conifer. 
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Plate 27 Specimens from Rogkada area. 

A: Specimen DMRO 17. 6 pieces of Conifer fragments. B: Specimen DMRO 18. 14 pieces of Conifer 

fragments. C: Specimen DMRO 19. 36 pieces of Conifer fragments. D: Specimen DMRO 20. 16 

pieces of Conifer fragments. E: Specimen DMRO 21. 14 pieces of Conifer fragments. The one 

examined has the following dimensions (in cm): 30 x 16 x 7. F: Specimen DMRO 22 with the 

following dimensions (in cm): 25 x 12 x 4, 18 x 6 x 8, 17 x 7.5 x 5, 19.5 x 5 x 2.5, 18 x 7 x 5. Conifer. 

G: Specimen DMRO 23. 5 pieces of Conifer fragments. H: Specimen DMRO 24. 16 pieces of Conifer 

fragments. I: Specimen DMRO 25 with the following dimensions (in cm): 160 x 85. Conifer. J: 

Specimen DMRO 26 represents a tree trunk found in Rogkada twenty years ago by Prof. E. Velitzelos 

and hosted at the church of the village Ampelikon. The dimensions (in cm) of this stump are the 

following: 230 x 100. Conifer.  
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2.3.2.5 

Xylotype 4: DMAL 1 (4 slides), DMAL 2 (3 slides), DMAL 3 (3 slides), DMAL 4 (4 

slides), DMAL 5.1 (3 Slides), DMAL 5.2 (3 slides), DMAL 6 (3 slides), DMAL 7 (3 

slides), DMAL 11 (3 slides), DMAL 13 (3 slides), DMAL 18 (3 slides), DMAL 19 (3 

slides), DMAL 20 (3 slides), DMAL 21 (2 slides), DMAL 22 (2 slides), DMAL 25 (2 

slides), DMAL 26 (2 slide), DMAL 28 (3 slides), DMAL 32 (2 slides), DMAL 34 (5 

slides), DMAL 35 (2 slides), DMAL 37 (3 slides), DMAL 40 (3 slides), DM 01 (4 

slides), DM 12 (2 slides), DM 13.1 (3 slides). 

(Plate 28A–28G, 28K, 28M, 28R–28V, 28Y–28Z, 28BB; Plate 29D, 29F, 29G, 29I, 

29L) 

Locality: Alonelia (Southeastern Lesbos Island), Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene 

 

Macroscopic description. The dimensions of the coniferous specimens from 

Alonelia (in cm) are the following: 

DMAL 1: 25 x 15 x 9, DMAL 2: 19 x 18 x 12, DMAL 3: 20 x 15.5 x 12, DMAL 4: 24 x 

19 x 13, DMAL 5: 28 x 18 x 11.5, DMAL 6: 28 x 18 x 11.5, DMAL 7: 43 x 37 x 25, 

DMAL 11: 25 x 12 x 13, DMAL 13: 12.5 x 11 x 7.5, DMAL 18: 9.5 x 7 x 5.5, DMAL 19: 

5.5 x 3 x 3.5, DMAL 20: 6.5 x 4 x 2.5, DMAL 21: 19 x 10 x 9, DMAL 22: 10 x 10 x 9, 

DMAL 25: 10 small pieces, DMAL 26: 24 x 14 x 10, DMAL 28: 23 x 20 x 11, DMAL 

32: 23 x 15 x 9.5, DMAL 34: 11 x 8.5 x 6, DMAL 35: 11.5 x 6.5 x 9. DMAL 37: 7 x 7.5 

x 6, DMAL 40: 17.5 x 15 x 12.  

 

Microscopic description. More and better slides are required for the detailed 

description and identification of the specimens of Alonelia fossiliferous site. 

DM 01: not well preserved. Conifer with uniseriate rays. 

DM 12: Occurrence of pinoid–fenestroid cross field pits, ray tracheids and horizontal 

intercellular canals, dentation of radidal tracheids can be seen. It represents most 

probably a Pine tree (Pinus) with pinoid pits.  

DM 13.1: cupressoid cross–field pits, probably no axial parenchyma. 

 

 

 

 

 

 

 



 Chapter 2: Lesbos Island Case Study 

 

108 

 

 

 

 

 

 

 
Plate 28. Specimens from Alonelia area. 

A: Specimen DMAL 1 with the following dimensions (in cm): 25 x 15 x 9. Conifer. B: Specimen 

DMAL 2 with the following dimensions (in cm): 19 x 18 x 12. Conifer. C: Specimen DMAL 3 with 

the following dimensions (in cm): 20 x 15.5 x 12. Conifer. D: Specimen DMAL 4 with the following 

dimensions (in cm): 24 x 19 x 13. Conifer. E: Specimen DMAL 5 with the following dimensions (in 

cm): 28 x 18 x 11.5. Conifer. F: Specimen DMAL 6 with the following dimensions (in cm): 28 x 18 x 

11.5. Conifer. G: Specimen DMAL 7 with the following dimensions (in cm): 43 x 37 x 25. Conifer. H: 

Specimen DMAL 8 with the following dimensions (in cm): 45 x 40 x 26. Conifer. It represented the 

same tree with DMAL 6 that’s why it wasn’t studied microscopically. I: Specimen DMAL 9 with the 

following dimensions (in cm): 15 x 12 x 7. Conifer. J: Specimen DMAL 10 with the following 

dimensions (in cm): 12 x 7 x 9.5. Conifer. It represented the same tree with DMAL 13 that’s why it 

wasn’t studied microscopically. K: Specimen DMAL 11 with the following dimensions (in cm): 25 x 

12 x 13. Conifer. L: Specimen DMAL 12 with the following dimensions (in cm): 20 x 14 x 10. 

Conifer. It represented the same tree with DMAL 13 that’s why it wasn’t studied microscopically. M: 

Specimen DMAL 13 with the following dimensions (in cm): 12.5 x 11 x 7.5. Conifer. N: Specimen 

DMAL 14 with the following dimensions (in cm): 13 x 9.5 x 13. Conifer. It wasn’t cut for 

microscopical study because of its preservation. O: Specimen DMAL 15 with the following 

dimensions (in cm): 23 x 8 x 9. Conifer. It wasn’t cut for microscopical study because of its 

preservation. P: Specimen DMAL 16 with the following dimensions (in cm): 11 x 7.5 x 3.5. 

Angiosperm. Q: Specimen DMAL 17 with the following dimensions (in cm): 7 x 8 x 7.5. Conifer. R: 

Specimen DMAL 18 with the following dimensions (in cm): 9.5 x 7 x 5.5. Conifer. S: Specimen 

DMAL 19 with the following dimensions (in cm): 5.5 x 3 x 3.5. Conifer. T: Specimen DMAL 20 with 

the following dimensions (in cm): 6.5 x 4 x 2.5. Conifer. U: Specimen DMAL 21 with the following 

dimensions (in cm): 19 x 10 x 9. Conifer. V: Specimen DMAL 22 with the following dimensions (in 

cm): 10 x 10 x 9. Conifer. W: Specimen DMAL 23 with the following dimensions (in cm): 12 x 5 x 5. 

Conifer. X: Specimen DMAL 24 with the following dimensions (in cm): 9 x 5 x 5. Conifer. Y: 

Specimen DMAL 25 with 10 small pieces. Conifer. Z: Specimen DMAL 26 with the following 

dimensions (in cm): 24 x 14 x 10. Conifer. AA: Specimen DMAL 27 with the following dimensions (in 

cm): 8 x 8 x 3.8. Angiosperm. BB: Specimen DMAL 28 with the following dimensions (in cm): 23 x 

20 x 11. Conifer. 
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Plate 29. Specimens from Alonelia area.  

A: Specimen DMAL 29 with the following dimensions (in cm): 13 x 10 x 5.5. Conifer. B: Specimen 

DMAL 30 with the following dimensions (in cm): 18 x 12 x 4.5. Conifer. C: Specimen DMAL 31 

represents 8 small pieces with the dimension of some centimeters. Angiosperm. D: Specimen DMAL 

32 with the following dimensions (in cm): 23 x 15 x 9.5. Conifer. E: Specimen DMAL 33 with the 

following dimensions (in cm): 11 x 7.5 x 7. Conifer. F: Specimen DMAL 34 with the following 

dimensions (in cm): 11 x 8.5 x 6. Conifer. G: Specimen DMAL 35 with the following dimensions (in 

cm): 11.5 x 6.5 x 9. Conifer. H: Specimen DMAL 36 with the following dimensions (in cm): 12 x 8 x 

7. Conifer. I: Specimen DMAL 37 with the following dimensions (in cm): 7 x 7.5 x 6. Conifer. J: 

Specimen DMAL 38 with the following dimensions (in cm): 8 x 7.5 x 6. Conifer. K: Specimen DMAL 

39 represents many small pieces with the dimension of some centimeters. Conifer. L: Specimen 

DMAL 40 with the following dimensions (in cm): 17.5 x 15 x 12. Conifer. M: Specimen DMAL 41 

with the following dimensions (in cm): 9.5 x 3.5 x 2.5. Conifer. 
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2.4 LESBOS ISLAND FOSSIL FLORA APPENDIX (Mantzouka et al. 2013a, 

Velitzelos et al. 2014, modified). The new findings and the re-studied samples are 

shown in bold: 

 

GYMNOSPERM WOOD 

Thujoxylum peucinum Unger emend. Süss & Velitzelos [Lesbos unknown locality: 

?Sigri described by Unger (1847, p.31, 32). The genus has been emended by Süss & 

Velitzelos (1998)]. 

 

Taxoxylum priscum Unger [Lesbos unknown locality: ?Sigri described by Unger 

(1847, p.33, 34). Revised as Taxoxylon priseum by Unger (1850, p.390, 391)]. 

 

Peuce lesbia Unger (= Cedroxylon lesbium Kraus) [Lesbos unknown locality: 

?Sigri described by Unger (1844, p. 34, 37, Tab. X), photographed and restudied by 

D. Mantzouka]. 

 

Cedroxylon sp. [Lesbos – western part: Ordymnos seashore and NE part of 

Ordymnos described by Fliche (1898, p. 143, 148) (lignitic and permineralized 

samples)]. 

 

Pityoxylon sp. [Lesbos – western part: NE part of Ordymnos described by Fliche 

(1898, p. 149) (permineralized sample)]. 

 

Taxaceoxylon biseriatum Süss & Velitzelos [Lesbos: Rogkada – Polichnitos region, 

described by Süss & Velitzelos (1994, p. 259, Taf. I, II)]. 

 

Pinoxylon paradoxum (Süss & Velitzelos) Süss & Velitzelos [Lesbos – western part: 

Bali Alonia, described by Süss & Velitzelos (1994, p. 407, Taf. I, II, III, IV). In 2010 it 

was revised as Lesbosoxylon paradoxum by Süss & Velitzelos]. 

 

Pinoxylon pseudoparadoxum (Süss & Velitzelos) Süss & Velitzelos [Lesbos – 

western part: Bali Alonia, described by Süss & Velitzelos (1994, p. 409, Taf. V). In 

2010 it was revised as Lesbosoxylon pseudoparadoxum by Süss & Velitzelos]. 

 

Taxodioxylon gypsaceum (Goeppert) Kräusel [Lesbos – western part: Sarakina, 

Molyvos, Bali Alonia and Lapsarna–Gavathas (Antissa) described by Süss & 

Velitzelos (1997, p. 5, Taf. I)]. 
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Taxodioxylon albertense (Penhallow) Shimakura [Lesbos – western part: Bali Alonia 

and Sarakina, described by Süss & Velitzelos (1997, p. 7, Taf. II, III)]. 

 

Taxodioxylon pseudoalbertense M. Nishida & H. Nishida [Lesbos – western part: 

Sarakina, described by Süss & Velitzelos (1997, p. 11, Taf. IV)]. 

 

Taxodioxylon megalonissum Süss & Velitzelos [Lesbos – western part: Nisiopi 

(Megalonissi) described by Süss & Velitzelos (1997, p. 12, Taf. V)]. 

 

Taxodioxylon sp. [Lesbos – western part described by Süss & Velitzelos (1997, p. 

14)]. 

 

Glyptostroboxylon microtracheidae Süss & Velitzelos [Lesbos – western part 

described by Süss & Velitzelos (1997, p. 16, 18, 19, Taf. VI, VII)]. 

 

Tetraclinoxylon velitzelosi Süss [Lesbos – western part: Bali Alonia, Sarakina, Sigri, 

Gavathas described by Süss (1997, p. 290, 294, 295, Taf. I, II)]. 

 

Thujoxylon antissum Süss & Velitzelos [Lesbos – western part: Lapsarna (Antissa) 

described by Süss & Velitzelos  (1998)]. 

 

Chimairoidoxylon lesboense Süss & Velitzelos [Lesbos – western part: Nissiopi 

(Megalonissi) and Gavathas described by Süss & Velitzelos (1999, p. 330–334, Taf. 

I, II, III)]. 

 

Podocarpoxylon articulatum Süss & Velitzelos [Lesbos – western part: Bali Alonia 

(main Petrified Forest Park) described by Süss & Velitzelos (2000, p. 138, Taf. I, II)]. 

 

Podocarpoxylon graciliradiatum Süss & Velitzelos [Lesbos – western part: Bali Alonia 

(main Petrified Forest Park), found lying next to Taxodioxylon sp. Süss & Velitzelos 

(1994) described by Süss & Velitzelos (2000, p. 140, Taf. III, IV)]. 

 

Chimairoidoxylon conspicum Süss & Velitzelos [Lesbos – western part: Gavathas, 

Bali Alonia and Eressos described by Süss & Velitzelos (2001, p. 151, Taf. I, II)]. 

 

Ginkgoxylon lesboense Süss [Lesbos – western part described by Süss (2003, p. 

304–307, Taf. I, II)]. 

 

Ginkgoxylon diversicellulatum Süss [Lesbos – western part described by Süss (2003, 

p. 307–310, Taf. III, IV)]. 
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Pinoxylon diversiradiatum Süss & Velitzelos [Lesbos – western part: Eressos, 

described by Süss & Velitzelos (2009, p. 4, Taf. I, II). In 2010 it was revised as 

Lesbosoxylon diversiradiatum by Süss & Velitzelos]. 

 

Pinoxylon graciliradiatum Süss & Velitzelos [Lesbos – western part: Eressos, 

described by Süss & Velitzelos (2009, p. 6, Taf. III, IV). In 2010 it was revised as 

Lesbosoxylon graciliradiatum by Süss & Velitzelos]. 

 

Lesbosoxylon diversiradiatum (Süss & Velitzelos) Süss & Velitzelos [Lesbos – 

western part: Eressos. Revision of the originally described Pinoxylon diversiradiatum 

by Süss & Velitzelos (2009, 2010, p. 22)]. 

 

Lesbosoxylon graciliradiatum (Süss & Velitzelos) Süss & Velitzelos [Lesbos – 

western part: Eressos. Revision of the originally described Pinoxylon graciliradiatum 

by Süss & Velitzelos (2009, 2010, p. 22)]. 

 

Lesbosoxylon ventricosuradiatum Süss & Velitzelos [Lesbos – western part: Eressos, 

described by Süss & Velitzelos (2010, p. 19, Taf I, II)]. 

 

Lesbosoxylon paradoxum (Süss & Velitzelos) Süss & Velitzelos [Lesbos – western 

part: Bali Alonia main Petrified Forest Park. Revision of the originally described 

Pinoxylon paradoxum by Süss & Velitzelos (1994, 2010 p. 22)]. 

 

Lesbosoxylon pseudoparadoxum (Süss & Velitzelos) Süss & Velitzelos [Lesbos – 

western part: Chamandroula. Revision of the originally described Pinoxylon 

pseudoparadoxum by Süss & Velitzelos (1994, 2010, p. 22)].  

 

ANGIOSPERM WOOD 

Juglandinium mediterraneum (Unger) [Lesbos unknown locality: ?Sigri described by 

Unger (1845, p. 241). Syn: Juglandoxylon mediterraneum (Unger) (Kraus 1882 a,b)]. 

 

Mirbellites lesbius (Unger) [Lesbos unknown locality: ?Sigri described by Unger 

(1845, p. 241, 242). Syn: Juglandinium mediterraneum (Unger 1850; Fliche 1898; 

Dupéron 1988) Syn: Juglandoxylon mediterraneum (Unger) (Kraus 1882 a,b)]. 

 

Brongniartites graecus Unger [Lesbos unknown locality: ?Sigri described by Unger 

(1845, p. 264)]. 
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Palmoxylon sp. [Lesbos – western part: Ordymnos seashore described by Fliche 

(1898, p. 144) (lignitic sample, it looked also like Sabal or Chamaerops)]. 

 

Ebenoxylon sp. [Lesbos – western part: Ordymnos seashore described by Fliche 

(1898, p. 146) and related to modern Diospyros (lignitic sample). Note: Süss 1987 

said ?Eben.]. 

 

Betulaceae (? Alnus), Euphorbiaceae (?), Fagaceae (? Fagus, ? Quercus), 

Lauraceae (? Laurus, ? Cinnamomum, ?), Leguminosae (? Robinia), Monimiaceae (? 

), Myrtaceae (?), Platanaceae (? Platanus) [Lesbos – western part: Eressos, 

Mesotopos. Tab. 1, p. 218 in Selmeier & Velitzelos  2000]. 

 

Laurinoxylon aff. czechense Prakash, Březinová & Bůžek [Lesbos – southern 

part: Polichnitos region described by Mantzouka et al. (in press)]. 

 

Laurinoxylon cf. daberi Greguss [Lesbos – southern part: Polichnitos region 

described by D. Mantzouka]. 

 

Laurinoxylon aff. diluviale (Unger) Felix emend. Dupéron et al. [Lesbos – 

southern part: Polichnitos region described by Mantzouka et al. (in press)]. 

 

Cinnamomoxylon seemannianum (Mädel) Gottwald [Lesbos – southern part: 

Polichnitos region described by Mantzouka et al. (in press)]. 

 

Cryptocaryoxylon Leisman [Lesbos – southern part: Polichnitos region described 

by D. Mantzouka]. 

 

Quercoxylon Kräusel [Lesbos – southern part: Polichnitos region described by D. 

Mantzouka]. 

 

 

LEAVES 

FERNS 

Pronefrium stiriacum (Unger) Knobloch & Kvaček [Lesbos – western part: Eressos 

described by Velitzelos (1993)].  

 

 

CONIFERS 

Tetraclinis sp. [Lesbos – western part described by Velitzelos (1993)]  
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Pinus sp. [Lesbos – western part. Referred by Velitzelos & Zouros (2008)]. 

 

Cunninghamia miocenica Ettingshausen [Lesbos – western part. Referred by 

Velitzelos & Zouros (2008)] (Cunninghamia miocaenica Ettingshausen as revised by 

Velitzelos et al. 2014). 

 

Sequoia abietina (Brong.) Knobloch [Lesbos – western part. Referred by Velitzelos & 

Zouros (2008)] (Sequoia abietina (Brongniart) Erw. Knobloch vel Taxodium sp. as 

revised by Velitzelos et al. 2014). 

 

Tetraclinis salicornoides (Unger) Kvaček [Lesbos – western part. Referred by 

Velitzelos & Zouros (2008), Megalonisi islet as referred by Velitzelos et al. 2014]. 

 

ANGIOSPERMS  

Cinnamomum polymorphum Heer sensu Grangeon [Lesbos – western part: at the 

outcrop of the road Antissa–Sigri described by Velitzelos et al. (1981)] [(Daphnogene 

polymorpha (A. Braun) Ettingshausen. as revised by Velitzelos et al. 2014)]. 

 

Laurus sp. [Lesbos – western part: at the outcrop of the road Antissa–Sigri described 

by Velitzelos et al. (1981)] [Lauraceae vel Fagaceae gen. et spec. indet., as revised 

by Velitzelos et al. 2014]. 

 

Laurus primigenia Unger [Lesbos – western part. Referred by Velitzelos et al. (1999)] 

[Lauraceae vel Fagaceae gen. et spec. indet., as revised by Velitzelos et al. 2014]. 

 

Litsea primigenia (Unger) Takht. [Lesbos – western part: at the outcrop of the road 

Antissa–Sigri described by Velitzelos et al. (1981)] [Lauraceae vel Fagaceae gen. et 

spec. indet., as revised by Velitzelos et al. 2014]. 

 

Lindera ovata Kolak. [Lesbos – western part: at the outcrop of the road Antissa–Sigri 

described by Velitzelos  et al. (1981)] [Dicotylophyllum sp. 2, as revised by Velitzelos 

et al. 2014)]. 

 

Oreodaphne heeri Gaudin [Lesbos – western part: at the outcrop of the road 

Antissa–Sigri described by Velitzelos et al. (1981)] [Laurophyllum sp., as revised by 

Velitzelos et al. 2014]. 
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Lauraceae [Lesbos – western part: at the outcrop of the road Antissa–Sigri described 

by Velitzelos  et al. (1981)] [Lauraceae vel Fagaceae gen. et spec. indet., as revised 

by Velitzelos  et al. 2014]. 

 

Daphnogene polymorpha Al.Braun Ett. [Lesbos – western part. Referred by 

Velitzelos et al. (1999)]. 

 

Quercus sp. [Lesbos – western part. Referred by Velitzelos et al. (1999)]. 

 

Quercus apocynophyllum Ett. [Lesbos – western part: at the outcrop of the road 

Antissa–Sigri described by Velitzelos et al. (1981)] [Lauraceae vel Fagaceae gen. et 

spec. indet., as revised by Velitzelos et al. 2014]. 

 

Pungiphyllum crutiatum (Al. Braun) Frankenhäuser et Wilde (= Quercus cruciata Al. 

Braun) [Lesbos – western part described by Velitzelos (1993) as Quercus cruciata].  

 

Pungiphyllum crutiatum (Al. Braun.) Frankenhäuser et Wilde [Lesbos – western part. 

Referred by Velitzelos et al. (1999)]. 

 

Carpinus pliofaurei Ratiani forma helladae Velitzelos et al. [Lesbos – western part: at 

the outcrop of the road Antissa–Sigri described by Velitzelos et al. (1981)]. 

 

Carpinus uniserrata (Kolakovski) Ratiani (?) [Lesbos – western part: at the outcrop of 

the road Antissa–Sigri described by Velitzelos et al. (1981)]. 

 

Alnus cycladum Unger forma parvifolia Velitzelos et al. [Lesbos – western part: at the 

outcrop of the road Antissa–Sigri described by Velitzelos et al. (1981)]. 

 

Alnus cycladum Unger [Lesbos – western part. Referred by Velitzelos et al. (1999)]. 

 

Populus balsamoides Goepp. [Lesbos – western part: at the outcrop of the road 

Antissa–Sigri described by Velitzelos et al. (1981)]. 

 

Populus sp. [Lesbos – western part: at the outcrop of the road Antissa–Sigri 

described by Velitzelos et al. (1981)]. 

 

Tilia sp. [Lesbos – western part: at the outcrop of the road Antissa–Sigri described by 

Velitzelos et al. (1981)]. 
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Diospyros brachysepala Al. Braun. [Lesbos – western part: at the outcrop of the road 

Antissa–Sigri described by Velitzelos  et al. (1981)] [Lauraceae vel Fagaceae aff. 

Castanopsis bavarica Erw. Knobloch et Kvaček, or Laurophyllum sp., as revised by 

Velitzelos et al. 2014]. 

 

Myrsinites sp. [Lesbos – western part: at the outcrop of the road Antissa–Sigri 

described by Velitzelos et al. (1981)] [Dicotylophyllum sp. 1 (aff. Cedrela attica 

(Unger) Palamarev), as revised by Velitzelos et al. 2014)]. 

 

Rhus sp. [Lesbos – western part: at the outcrop of the road Antissa–Sigri described 

by Velitzelos et al. (1981)]. 

 

Sapotaceae (?) [Lesbos – western part:  at the outcrop of the road Antissa–Sigri 

described by Velitzelos et al. (1981)] [Dicotylophyllum sp. 3, as revised by Velitzelos 

et al. 2014)]. 

 

Rubus sp. [Lesbos – western part. Referred by Velitzelos & Zouros (2008)]. 

 

Engelhardia sp. [Lesbos – western part. Referred by Velitzelos et al. (1999)] 

[Engelhardia orsbergensis (Weber) Jähnichen, Mai etWalter, as revised by Velitzelos 

et al. 2014)]  

 

Engelhardia orsbergensis (Wessel et Weber) Jähnichen et al. [Lesbos – western 

part. Referred by Velitzelos & Zouros (2008)]. 

 

Phoenix sp. [Lesbos – western part described by Velitzelos (1993)] [Phoenicites sp., 

as revised by Velitzelos et al. 2014]. 

 

Platanus sp. [Lesbos – western part described by Velitzelos (1993)]  

 

Acer sp. [Lesbos – western part described by Velitzelos (1993)]  

 

―Rubus niacensis‖ Marty [Same; partly Alnus cycladum Unger, as revised by 

Velitzelos et al. 2014]. 

 

Sabal sp. [Sabal major (Unger) Heer, as revised by Velitzelos et al. 2014]. 
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3. LEMNOS ISLAND 

 

3.1.1 Introduction 

Lemnos Island is situated at the North-East part of the Aegean Sea and 

covers an area of 476 Km2. 

The present contribution brings new scientific data for the palaeoflora of 

Lemnos Island based on the discovery and study of new and old collections of plant 

fossils which were found in 2012 from six localities. This new palaeobotanical study 

with numerous new samples of fossilized wood from the Miocene tuffs of Lemnos 

Island gives new information about the palaeobotanical and palaeontological content 

of this area.  

Regarding the protection frame of the Island, Lemnos has been characterized 

by the Hellenic Constitution as a Landscape of Outstanding Natural Beauty 

(1278/20–10–2000) and it is protected by the Biodiversity Law (3937/2011), while the 

necessity of being protected also for its geodiversity (following the example of Lesbos 

western peninsula, Presidential Decree No 443/1985) and even its declaration as a 

Geopark seems essential. 

The importance of the fossils of Lemnos Island – regarding the palaeofauna – 

has been referred in the work by Philostratus (3rd century B.C.), the ancient Greek 

philosopher from Lemnos Island. Philostratus wrote down all his observations for the 

‗giantic skull‘ of Lemnos in his book ―On Heroes‖ (Higgins and Higgins 1996). Inside 

his book there is the description of a giant skeleton of a vertebrate found by 

Menecrates of Steira after an earthquake. This fossil looked as if it was 

allochthonous while its dimensions where similar to the Miocene mammal skulls from 

Samos and Lesbos Islands (―held more than two Cretan wine amphoras‖ = 40–48 

liters). 

The main occurrences of the plant fossils on Lemnos Island have been found 

at the area of Moudros. This study focuses on the new findings – of both conifers and 

angiosperms – from new plant fossiliferous localities of Moundros and Thanos 

regions (Fig. 29), while it includes also the xyloanatomical studies of the findings 

which were hosted at the Municipality of Moudros. 
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3.1.2 Localities and Geology 

 

De Launay (1895) was the first who referred to the geology of the island with 

the creation of a geological map (Fig. 27) by giving a brief legend of the formations, 

identifying – in parallel – the existence of 2 layers: a sedimentary one (with 

sandstone and dark colored shale – brown to green – and even conglomerates) rich 

in leaves‘ imprints – probably belonging to a lake or a shallow estuary – and a 

formation of tertiary age including igneous rocks. In his descriptions he noticed that in 

Varos and Kotsinos are hosted the latest reminants of the volcanic material (tuff).  

De Launay (1898) believed that Lemnos could host hydro carbonates 

because it consists of volcanics with a great quantity of decomposed plant remnants. 

Later on, there was another opinion on this matter by Partsch & Neumann (1885) 

who believed (without giving proofs, unfortunately) that the myths about the existence 

of the ‗Lemnian flames‘ could be a result of the hydrocarbons‘ escape. 

Papp had made geological and palaeontological research through the 

Aegean islands during the period 1938–1943. It seems that he was the one who 

collected the plant fossiliferous material from Lemnos Island which was studied later 

on by Berger (1953a). 

According to Tranos (2009) ―Papp and Davis studied the geology of Lemnos 

Island, but Roussos and Innocenti et al., gave the most detailed stratigraphic and 

geological information for the rocks exposed on the island‖.  

The geological structure of the island consists of a sequence of Middle 

Eocene to Lower Oligocene flyschtype sediments, overlain by Upper Oligocene to 

Lower Miocene sandstone, after which a low–angle unconformity signifies a 

temporary pause in sedimentation, which continues after this event with marl of 

Middle Miocene age. This sequence is intruded by a variety of volcanic domes and 

dykes, while pyroclastic deposits and lahars locally cover all underlying formations 

(Roussos, 1993). 

 



 Chapter 3: Lemnos Island Case Study 

 

121 

 

Fig. 27: The first geological map of the Lemnos Island by De Launay (1895). 

 

Roussos (1993) distinguished the sedimentary basement rocks into two units, 

the Upper (early? Oligocene) and the Lower (late Eocene to early Oligocene) one 

(Fig. 28). Towards its top, the Upper Unit is composed of terrestrial fluvial sediments, 

including conglomerates and sandstones. Roughly half of the sedimentary basement 

on Lemnos Island is unconformably overlain by Lower Miocene volcanic rocks of the 

Hellenides orogeny, which consists of subvolcanic intrusions, lava flows, and 

pyroclastic deposits (Innocenti et al. 1994; Pe–Piper and Piper 2002; Pe–Piper et al. 

2009). The volcanic centers are located in the western and southwestern portions of 

Lemnos Island, and are delineated by domes and lava flows that are accompanied 

by agglomerates. The sedimentary basement is increasingly exposed at the surface 

in the east and northeast of the island, distal to the volcanic centers. 
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Roussos (1993) noted that the Tertiary sediments exposed on the island can 

be subdivided into a Lower and Upper Unit (Fig. 28). The Lower Unit dated in Late 

Eocene–Early Oligocene covers the largest part of the island and consists of 

continental slope deposits such as thick–bedded to massive sandstones and 

conglomerates, turbidites or interbeds of claystones and sandstones, mudstones with 

thin interbeds of mudstones–sandstones. The Upper Unit dated as Oligocene is of 

more limited extent and consists of shallow marine to brackish deltaic sediments at 

the base such as alternations of claystones and fine–grained sandstones, 

claystones, sandstones and sandy marlstones. Upwards, in the Upper Unit fluvio–

terrestrial deposits (medium– to coarse–grained sandstones and sandy 

conglomerates) prevail. 

The roof of the whole sequence according to Innocenti et al. (1994) is an 

erosional unconformity capped by the Lower Miocene volcanic rocks. The sequence 

was interrupted in the Early Miocene by intense volcanic activity (Fytikas et al., 1984; 

Innocenti et al., 1994), which might be the continuation of the extensive magmatism 

of NW Anatolia (Yilmaz et al., 2001). The volcanic products were high potassium 

andesitic to dacitic volcanic rocks that form lava domes, dikes and sills exposed in 

the western part of the island, and associated with a few isolated small intrusive 

granitic to quartz dioritic stocks. Also, whitish to light grey pyroclastic rocks such as 

ignimbrites and volcanic breccia are exposed capping the Tertiary sediments, mainly 

in the central part of the island. K–Ar radiometric ages indicate that these rocks 

formed between 21 and 18 Ma (Innocenti et al., 1994). This Early Miocene magmatic 

activity exposed in the North Aegean Trough has been considered either as the 

result of the back–arc extension and subduction roll–back (Fytikas et al., 1984; Kilias 

and Mountrakis, 1998) or the crustal thickening due to continental collision (Yilmaz, 

1990). Miocene lacustrine sediments such as marls, conglomerates, and marlstones 

have been reported, but they are of very limited extent on the island. Younger Plio–

Quaternary superficial deposits include very shallow marine limestones to 

calcarenites and Holocene alluvial and coastal deposits. 
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Fig. 28: Stratigraphic column of Lemnos Island and cross section including Varos village by Roussos 

(1993, I.G.M.E.), modified. The signs of the green leaf and tree indicate the plant fossiliferous horizon.  
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The Miocene igneous rocks of the island are considered to belong to the one 

high–K province along the Aegean–Anatolian–Frontier, the Northern one, the 

‗Shoshonitic Province‘ of Pe–Piper et al. (2009) that includes the islands of 

Samothrace, Lemnos and Lesvos and runs 200 km into Western Anatolia and the 

Northern part of Chios and İzmir (Smyrna). These high–K rocks, mostly of 

intermediate composition, indicate ensuing calc–alkaline orogenic volcanism, emitted 

from large volcanic centres (Fig. 29). Upwelling of asthenospheric mantle has been 

invoked to account for their genesis (Pe–Piper et al. 2009). The end of the Miocene 

is characterized by the deposition of conglomerates, marls and calcareous 

sandstones. Local Pleistocene porous calcareous and locally oolitic limestones and 

Holocene alluvial, coastal deposits and dunes are sparse in Lemnos (Maravelis & 

Zelilidis, 2012). 

Numerous scientists have underlined the proximity of Lemnos Island to the 

North Aegean Trough – with a 2 km depth – due to its morphology and faulting 

pattern (Chatzipetros et al., 2013; Koukouvelas and Aydin, 2002; Pavlides and 

Tranos, 1991; Pavlides et al., 1990; Roussos, 1993; Tranos, 1998, 2009). According 

to Tranos (2009) ―Lemnos Island is subjected to the Late Oligocene–Middle Miocene 

D1, D2 and D3 events. These events haven‘t any genetic relationship with the North 

Anatolian Fault as also the formation and widening at least of the NE–SW trending 

Sporades basin of the North Aegean Trough, but to the late collisional processes 

between Apulia and Eurasia plates that took place in Late Oligocene–Middle 

Miocene time. The recent deformation of the North Aegean Trough could be 

attributed not to the propagation of the North Anatolian Fault into the North Aegean 

Sea, but to the back–arc extension related to the Hellenic subduction zone‖. 
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Fig. 29: Geological map and schematic cross section of Lemnos Island by Pe–Piper et al. (2009), 

modified. The fossiliferous sites which have been studied are included in the rectangulars. 
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3.1.3 The stratigraphy of the fossiliferous sites 

 

According to Innocenti et al. (1994) and Fytikas et al. (1984) the magmatic 

rocks of Lemnos are of Lower Miocene age (21–18.2 Ma). The Lower Miocene of 

Lemnos is divided into three units on the basis of lithology, age, and geographic 

location: a) the Katalakon, b) Romanou and c) Myrina unit (Innocenti et al., 1994). 

Romanou is the fossiliferous unit consisting of stratified pyroclastic and volcaniclastic 

deposits up to 160 m thick. Several ignimbrite horizons are interbedded with flow 

tuffs which interfinger with five chert beds containing plant fossils which are overlain 

over these deposits. Romanou unit includes Therma subunit consisting of 

interbedded marl and volcanic tuff with early Miocene plant fossils in tectonic contact 

with the apparently overlying Myrina unit (Panagopoulos et al. 2011). The same age 

for Therma was also suggested by Papp (1953) on the basis of fossil plants. 

(Innocenti et al. 2009). According to Pe–Piper et al. (2009) the Romanou Unit has an 

age of 22.3 ± 0.7 Ma – after a new K–Ar date on phlogopite from a lava block of this 

formation – and is older than the northern Katalakon Unit, which was dated at ca. 20–

21 Ma by Innocenti et al. (1994) and Fytikas et al. (1984). The Myrina Unit is the 

younger one with an age of 18–20 Ma.  

The total age range from Lemnos is similar to Samothraki and Lesbos Islands 

(Pe–Piper and Piper, 2002), and to central western Anatolia (Dilek and Altunkaynak, 

2007). The cherts of the Romanou Unit resemble hot–spring deposits described by 

De Wet and Hubert (1989).  

According to studies focused in mineralogy and silicification (Voudouris et al. 

2007) the fossiliferous sites of Lemnos Island occur within weakly altered pyroclastics 

and/or associated to several horizons of sinters interbedded within the pyroclastics, 

especially in an area which seems to belong to the periphery of an eroded volcanic 

edifice exposed at Fakos peninsula, including the fossiliferous sites of Portianou, 

Varos–Roussopouli and Moudros–Roussopouli.  

In Roussopouli, Varos, Rapanidi and Moudros, Sealy (1918), Fragkopoulos et 

al. (1964) and Tourptsoglou (1986) had observed the existence of silicified trees 

inside volcanic tuffs. The latter researchers referred that the specimens‘ diameter 

was up to 0.5m, their color was variable from white to black and they probably 

belonged to conifers. 

According to Voudouris et al. (2007) the silicified wood occurs in two distinct 

environments: a) in slightly argillic altered pyroclastics (e.g., Portianou, Varos), b) in 
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several layers of opaline, ‗silica sinter‘ – at least six silica sinter horizons have been 

recognized –. (e.g., from Moudros to Roussopouli), which according to Papp (1953) 

have a thickness of up to 3m and represent thin bedded lacustrine–fluviatile 

intercalations in between the pyroclastic formations and were deposited during 

erosional periods in between the volcanic activity phases. One of the results of the 

study by Voudouris et al. (2007) was the strong relationship between the silicic–

alunitic alteration zones and the fossiliferous silica layers. The description of the latter 

authors is representational: ―in some places the fossiliferous horizons overly an 

alunitic alteration zone whereas the wood occurs as breccia fragments‖. 

The maps and cross–sections on Lemnos Island made by Roussos (1993) 

are accompanied with a detailed legend according to which the Lower Miocene 

deposits of conglomerates, marls and marly limestones have light brown colour and 

include leaves‘ imprints. The small lacustrine occurrences at Agia Paraskevi, close to 

the road connecting Myrina to Therma include the following spores and pollen: 

Pinaceae, Palmae, Engelhardtia, Symplocos, Liquidambar, Carya, Quercus, type–

Castanea, Tricolporopollenites dolium, T. rillensis, T. fallax, Graminae, 

Amaranthaceae–Chenopodiaceae, Polypodiaceae, Osmundaceae (identified by 

Chrysanthi Ioakeim in Roussos 1993). 

 

About the fossilization: As Voudouris et al. (2007) have observed, usually the 

opaline horizon is intercalated between fresh rocks. Perfectly preserved leaves 

indicate quiescent conditions during the fossilization procedure. The fossiliferous 

silicified horizons are crosscut by later chalcedony veins. Silicification in both the 

"silica sinter", as well as within the wood material, varies from red and white, to black 

colour, due to the oxides. There is a lateral transition and evolution of the above 

mentioned alteration zones laterally and upwards in stratiform fossiliferous 

silicification.  

Recent studies confirm that the silicification of wood begins as a process of 

open space filling and not as a replacement of organic material by SiO2 (Rößler 

2001). It seems to be controlled by diffusion of microscopic particles of Si(OH)4, 

(molecules of silicic acid) within the wood structure. Under this aspect the deposition 

of SiO2 could be resulted without destruction of the organic structure of the wood. 

However in advanced stages of silicification a removal of organic material is also 

possible (Rößler 2001). 
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3.1.4 Materials and Methods 

During 2012 almost 30 new specimens were collected from six new localities 

in Moudros, Varos and Thanos regions (Plate 30A–30G; Plate 33: A1–A2). 

The fossil plants were photographed, their dimensions were measured and 

they were catalogued. Apart from the new findings, the same work has been done for 

44 wood specimens stored inside Moudros city hall. Small pieces from this material 

have been taken for thin slides‘ preparation. Thin slides for the majority of the 

samples mentioned above were prepared (three for each sample: transversal, radial 

and tangential) in order to study their anatomical features under the microscope. 

The preparation of the thin sections is the same with the one described in 

page 19-20 referred to Lesbos material. 

Among the material that was collected there were also carbonized, or 

permineralised or fossils inside opal.  

What should be also mentioned is the finding of traditional sliding wooden 

tools used by the farmers until the first half of the past century for threshing the 

grains, chopping the cereals and separating the grain of the wheat inside the Folklore 

Museum at Portianou village. These tools have the name ―volosyroi or xyloportes‖ in 

Greek and their finding is important because in plant fossiliferous localities carved 

fossil wood remnants (flint) were used due to their toughness as the most appropriate 

gravels for this work (Plate 30F, 30G). 

The following abbreviations were used throughout the manuscript: V: Varos 

region, T: Thanos region, M: Moudros region, MCH: Moudros City Hall. 

 

 

3.1.5 Historical research of the fossil plants of Lemnos Island 

De Launay had travelled to Aegean sea in 1887 and 1894. He was the first 

who referred to the amounts of leaves imprints of Lemnos island (De Launay 1897a, 

p. 1049–1050), while he also found the most important fossiliferous sites (De Launay 

1898, p. 55–56) at the Tigani cape at the SW of the island, at the area Fakos and at 

the cape Plaka at the NE part of the island. He believed that the majority of his 

findings belonged to conifers while the plant fossils from Gomati (from the NW side of 

the island) collected by Papp, belonged to Miocene assemblages, same as the 

material from Moudros and Varos.  
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Plate 30 

A, B: Moudros fossiliferous localities.  

C, D, E: New fossiliferous localities from Thanos village (Southern Lemnos Island). 

F, G: Fossil wood remnants used as “tough gravels” of “volosyroi or xyloportes”, the wooden tools for 

threshing the grains found at the Folklore Museum of Portianou village.  
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De Launay has given also the stratigraphic column of the island underlying 

the existence of the plant fossils inside two horizons of pink sandstone. Saporta had 

studied some of those samples and he related them with some monocots and some 

conifers, too. ―At SW of Goulmatos site (at the NE part of the island) inside the 

formation of pink sandstone there were wide leaves‖ imprints which, according to M. 

de Saporta, could represent remnants of palms‘.  

According to Berger (1953a) 2 Km SE of Moudros site (as described by Papp) 

there were findings of fossilised wood which probably belong to the same stratum 

with the findings of Moudros. The wood findings belong to three (3) categories of 

silicification: a) chalcedony, b) opal and c) carbon. At the second one the 

identification is almost not feasible. All the findings studied by Berger (1953a) were 

collected by Papp since 1938 from three localities: 1) NE of Kastro at the West coast 

(marls with leaves‘ imprints of Myrica kymeana (Ung.), cf. Quercus lonchitis (Ung.), 

Zelkova praelonga (Ung.) Berger, Cinnamomum polymorphum (A. Br.) Frentz., 

Daphnogene lanceolata Ung., Acer (Palaeo–Rubra) trilobatum A. Br., cf. Eriolaena 

sp., 2) At the South part of the eastern coast of Moudros gulf (quartzites with leaves, 

fruits, roots, wood of Goniopteris styriaca (Ung.) Heer, Glyptostrobus europaeus 

Brong. Cinnamomum polymorphum (A. Br.) Frentz. Cinnamomum cf. scheuchzeri 

(Heer) Frentz, Andromeda saportana Heer, cf. Phragmites sp. and 3) At the SE part 

of Moudros (opal assemblages with wood of Cedroxylon sp., Laurinoxylon 

ehrendorferi and Cornoxylon pappi and plant remnants, determined by Berger 

1953a). All these findings belong to the same stratigraphic position of lake–river 

(limnic–fluvial) assemblages in between tuff (volcanic material) with a Lower–Middle 

Miocene age.  

As a conclusion, Berger (1953a) underlines the fact that the most dominant 

family is the one of Lauraceae (Cinnamomum, Daphnogene, Laurinoxylon) with the 

species which are characteristic for the highlands of tropical–subtropical forests 

(Daphnogene lanceolata and Cinnamomum scheuchzeri), while the leaves which 

refer to Cinnamomum, probably belong to Neolitsea–Tetradenia. He believed that the 

fossil flora of Lemnos Island is similar to the one from Kumi (Euboea) and Oropos 

(Attiki) from Greece and with the one from Skopia (FYROM) with a warm subtropical 

character. He also believed that there are differences with the floras from Chios and 

Kos, because the climate to which the plant fossiliferous assemblages of the latter 

islands refer to is temperate, while there must be a difference in the age, too. 

Süss & Velitzelos (1993) reported the occurrence of two remains of wood 

fossils belonging to the species Pinoxylon parenchymatosum (Protopinaceae) of 
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Upper Oligocene – Lower Miocene age, 2 Km SE of Fergani (to Paradeissi), close to 

Moudros. From this area there were numerous plant fossils such as leaf imprints, 

branches and roots of trees and conifers cones. The colour of this horizon is white to 

reddish brown and its thickness varies between 0,5 and 2 m. Professor Velitzelos E. 

had discovered the fossiliferous site which contained also roots of palm trees. 

According to Velitzelos (1990) and Velitzelos & Gregor (1990) ―the fossil flora of 

Lemnos represents an extension of the Petrified Forest of Lesbos‖. The authors 

believed also that the fossils were representing a mesophytic, subtropical–tropical 

flora developed in a seasonal climate. 

From 1887 till 1993, only 2 species of gymnosperm wood (Cedroxylon 

sp. and Pinoxylon parenchymatosum) and 3 species of angiosperm wood 

(Cornoxylon pappi, Laurinoxylon ehrendorferi and Rhizopalmoxylon sp.) have 

been identified in the Neogene palaeoflora of Lemnos Island. On the contrary, 

plenty leaves imprints have been recognized including 3 conifers and 24 

angiosperms (Lemnos Island Fossil Flora Appendix). 
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3.2 Systematic Descriptions 

 

Both conifers and angiosperms have been identified in the samples collected 

from the new fossiliferous sites and from the material kept at the facilities of Moudros 

city hall.  

Among the newly discovered angiosperm woods we were able to identify 

species with anatomical characteristics resembling Lauraceae family (Laurinoxylon 

and Cryptocaryoxylon). As long as conifers are concerned several Taxodiaceae 

representatives have been found. 

 

 

3.2.1 Identification of Angiosperm wood from Lemnos Island 

 

3.2.1.1 

Angiosperms  

Lauraceae 

Laurinoxylon Type 2a 

Fossil Species―Laurinoxylon cf. ehrendorferi Berger 

Material: DMLHM24 (2 slides) 

(Plate 31A, 31B, 31C, Lemnos Island Fossil Flora Appendix) 

 

Locality: Moudros, Central–Eastern Lemnos Island, Greece 

Stratigraphic horizon: Inside volcanic tuff 

Age: early Miocene  

 

Macroscopic description. Part of a specimen with the following dimensions: 

42x29x19 cm hosted at the Municipality of Moudros region. (Pl. 31A).  

 

Microscopic description. Growth rings: distinct (Pl. 31B). ― Wood: diffuse–

porous — Vessels: mainly solitary, but also in groups of two and in clusters; outline of 

solitary vessels round to oval (Pl. 31B); perforation plates simple; tyloses common 

(Pl. 31B), intervessel pits alternate, polygonal, medium and large in size, about 10 

κm, vessel–ray pits with much reduced borders to apparently simple ― Rays: 
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heterocellular, up to 3 cells wide, commonly 2–seriate, body of multiseriate rays 

composed of procumbent cells with one row of upright and/or square marginal cells 

(Pl. 31C). ― Axial parenchyma: vasicentric paratracheal (Pl. 31B), fibres septate ― 

Idioblasts: associated with the ray and axial parenchyma ― Crystals: not present.  
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Plate 31 Laurinoxylon Type 2a: Pl. 31A–31C Laurinoxylon cf. ehrendorferi Berger (Lemnos) 

(DMLHM 24: Pl. 31A–31C). 

A: Part of a specimen with the following dimensions: 42x29x19 cm hosted at the Municipality of 

Moudros. B: Growth rings boundaries distinct, diffuse-porous wood, vessels solitary, in groups of two 

and in clusters; outline of solitary vessels round to oval, tyloses, axial parenchyma vasicentric 

paratracheal, idioblasts associated with the ray and axial parenchyma. C: Βody of multiseriate rays 

composed of procumbent cells with one row of upright and/or square marginal cells, idioblasts 

associated with the ray and axial parenchyma. 

B = TS; C = RLS. TS and RLS denote transversal and radial longitudinal sections, respectively. 

 

 

 

 

Comparison among Laurinoxylon species with similar type of idioblasts 

– only associated with the ray and axial parenchyma (Table 1): DMLHM24 sample 

from Lesbos Island has been compared with Laurinoxylon mueller–stolli Greguss 

emend. Süss & Mädel, Laurinoxylon hasenbergense Süss (Süss 1958), Laurinoxylon 

cf. hasenbergense (Greguss 1969), Laurinoxylon endiandroides Süss, Laurinoxylon 

annularis Gottwald, Laurinoxylon aniboides Greguss emend. Süss & Mädel, 

Laurinoxylon nectandrioides Kräusel & Schönfeld and Laurinoxylon ehrendorferi 

Berger.  
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Our specimen (DMLHM24) from Moudros area (Central–Eastern part of 

Lesbos Island) has a lot of similarities with Laurinoxylon ehrendorferi Berger. They 

come from exactly the same locality (Lemnos island, 2 km SSE of Moudros), they 

both belong to the same category (Laurinoxylon type 2a due to the occurrence of the 

idioblasts related to rays and axial parenchyma) according our studies (Mantzouka et 

al. in press) and it seems that they have as the only difference the existence of 

vessel ray pits with much reduced borders to apparently simple (pits outline rounded) 

instead of vessel–ray pits with distinct borders, similar to intervessel pits as described 

by Berger (1953a), although the preservation of our specimen (DMLHM24) is not so 

good. 

According to our recent study on fossil Lauraceae (Mantzouka et al. in press), 

DMLHM24 sample belongs to Laurinoxylon Type 2a (because it has idioblasts 

associated with the ray and axial parenchyma). The characteristics the species of 

this group have in common are the following: distinct growth ring boundaries, diffuse 

porous wood, tyloses, vessels mainly (but not exclusively) solitary, but also in pairs 

and in radial multiples of 3–4 and rarely in clusters, round to oval vessels (with the 

exception of the species Laurinoxylon aniboides), simple and in some cases 

scalariform perforation plates (with the exception of Laurinoxylon aniboides) , mostly 

2–3 seriate rays, septate fibres (with the exception of Laurinoxylon annularis which 

has non–septate and Laurinoxylon aniboides from the description of which is not 

clear), the idioblasts‘ size. 

Botanical affinities. The list of the genera to which Laurinoxylon Type 2a 

corresponds according to Mantzouka et al. (in press) is the following: Aniba, Licaria, 

Aiouea, Pleurothyrium, Cryptocarya from Madagaskar, Dehaasia, Nothaphoebe, 

Phoebe, Persea, Apollonias, Lindera A.  

From this list we exclude: the genera which have crystals, in great 

percentages of their species. The remaining genera – the most similar to 

Laurinoxylon Type 2a – are: Cryptocarya from Madagaskar, Nothaphoebe, and the 

species of Aiouea, Persea and Lindera A, which don‘t have crystals (should be true 

for 70% species of each of these three genera). From the above mentioned genera 

we can further exclude: 1) Lindera A because it has non–septate fibres, 2) Persea 

because it has weakly expressed septate fibres and vessels in radial chains, 3) 

Cryptocarya from Madagascar because it has storied rays (although it has no 

crystals).  

Finally, it seems that Nothaphoebe and Aiouea could be the most possible 

modern analogues of our sample. Both genera are Neotropical / Neotropical–Asian 

belonging to Perseae tribe.  
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3.2.1.2 

Lauraceae 

Cryptocaryoxylon Leisman 

(Plate 32A–32O, Lemnos Island Fossil Flora Appendix) 

 

Material: DMLHM11 (3 slides) 

Locality: Moudros, Central–Eastern Lemnos Island, Greece 

Stratigraphic horizon: Inside volcanic tuff 

Age: early Miocene  

 

Macroscopic description. The slides come from a specimen with the 

following dimensions: 15x10x8 in cm (Pl. 32A). 

Microscopic description. Growth rings: distinct. — Wood: semi–

ring/diffuse–porous (Pl. 32B). — Vessels: 14–16 vessels/sq.mm, 30% solitary, 50% 

in groups of two, 10% in groups of 3, and 10% in clusters; tangential diameter 90–

120 κm, mean: 100 κm; radial diameter 100–150 κm, mean: 120 κm; outline of 

solitary vessels round to oval (Pl. 32B–32D); vessel walls thin; perforation plates 

simple (Pl. 32G, 32L, 32N); tyloses common (Pl. 32B, 32C, 32E), intervessel pits: 

polygonal alternate and medium (8–10 κm) in size (Pl. 32G), — Rays: heterocellular 

up to 5 cells wide, (20–60 κm) (Pl. 32E), and 200–600 κm high (mean: 350 κm) (Pl. 

32F–32H), body of multiseriate rays composed of procumbent with one row of upright 

and/or square marginal cells (Pl. 32J–32M, 32O), Silica bodies (crystalliferous 

elements) observed inside the rays‘ idioblasts (Pl. 32F–32H, 32J–32M, 32O); Rays 

per millimeter: 7–9 (Pl. 32B) — Axial parenchyma: vasicentric paratracheal to aliform, 

with up to 3–celled rows (Pl. 32B–32E), seemingly marginal bands of parenchyma 

(Pl. 32B, 32E), — Fibres: most probably non septate— Idioblasts: associated with the 

ray parenchyma cells and among the fibres (Pl. 32C–32M, 32O), idioblasts in 

transverse section with radial diameter × tangential diameter (in κm) from 20 × 13 up 

to 50 × 43; Number of idioblasts per sq. mm in transverse section: in general 15–

23/sq. mm. 
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Plate 32 Cryptocaryoxylon Leisman (DMLHM11: Pl. 32A–32O) 

A: The dimensions of the specimen are: 15x10x8 cm. B: Growth rings boundaries distinct, semi-

ring/diffuse-porous wood, vessels in multiple groups of up to 3 and in clusters, solitary vessels’ outline 

round to oval, tyloses common, 7-9 rays per millimeter, vasicentric paratracheal to aliform 

parenchyma, with up to 3-celled rows, seemingly marginal bands of parenchyma. C: Vessels in 

multiple groups of up to 3 and in clusters, solitary vessels’ outline round to oval, tyloses common, 

vasicentric paratracheal to aliform parenchyma, with up to 3-celled rows, seemingly marginal bands of 

parenchyma, idioblasts associated with the ray parenchyma cells and among the fibres. D: Vessels in 

multiple groups of up to 3 and in clusters, solitary vessels’ outline round to oval, vasicentric 

paratracheal to aliform parenchyma, with up to 3-celled rows, seemingly marginal bands of 

parenchyma, idioblasts associated with the ray parenchyma cells and among the fibres. E: Tyloses 

common, rays heterocellular up to 5 cells wide, vasicentric paratracheal to aliform parenchyma, with 

up to 3-celled rows, seemingly marginal bands of parenchyma, idioblasts associated with the ray 

parenchyma cells and among the fibres. F: Rays of 200–600 μm high, idioblasts associated with the ray 

parenchyma cells and among the fibres, silica bodies (crystalliferous elements) observed inside the 

rays’ idioblasts. G: Perforation plates simple, intervessel pits: polygonal alternate and medium, rays of 

200–600 μm high, idioblasts associated with the ray parenchyma cells and among the fibres, silica 

bodies (crystalliferous elements) observed inside the rays’ idioblasts. H: Rays of 200–600 μm high, 

idioblasts associated with the ray parenchyma cells and among the fibres, silica bodies (crystalliferous 

elements) observed inside the rays’ idioblasts. I: Idioblasts associated with the ray parenchyma cells 

and among the fibres. J: Body of multiseriate rays composed of procumbent with one row of upright 

and/or square marginal cells, idioblasts associated with the ray parenchyma cells and among the fibres, 

silica bodies (crystalliferous elements) observed inside the rays’ idioblasts. K: Body of multiseriate 

rays composed of procumbent with one row of upright and/or square marginal cells, idioblasts 

associated with the ray parenchyma cells and among the fibres, silica bodies (crystalliferous elements) 

observed inside the rays’ idioblasts. L: Perforation plates simple, body of multiseriate rays composed 

of procumbent with one row of upright and/or square marginal cells, idioblasts associated with the ray 

parenchyma cells and among the fibres, silica bodies (crystalliferous elements) observed inside the 

rays’ idioblasts. M: Body of multiseriate rays composed of procumbent with one row of upright and/or 

square marginal cells, idioblasts associated with the ray parenchyma cells and among the fibres, silica 

bodies (crystalliferous elements) observed inside the rays’ idioblasts. N: Perforation plates simple. O: 

Body of multiseriate rays composed of procumbent with one row of upright and/or square marginal 

cells, idioblasts associated with the ray parenchyma cells and among the fibres, silica bodies 

(crystalliferous elements) observed inside the rays’ idioblasts. 

B, C, D, E = TS; J, K, L, M, N, O = RLS; F, G, H, I = TLS. TS, RLS and TLS denote transversal, 

radial and tangential longitudinal sections, respectively. Note: Figures 32J-32M & 32O have been 

knowingly presented in order to show that the occurrence of silica bodies is not artifact but an 

important characteristic of our specimen which has been observed and should be discussed. 
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Comparison among Laurinoxylon species with similar type of idioblasts 

– only associated with the ray parenchyma and among the fibres (Table 1). At the 

beginning, DMLHM11 specimen from Lemnos was identified as a Laurinoxylon Type 

2b species because it has wood semi ring–diffuse porous, growth ring boundaries 

distinct, vessels mainly in radial multiples of 2–3, often solitary and rarely in clusters, 

simple perforation plates and polygonal alternate intervessel pits medium (8–10 κm), 

tyloses common, paratracheal axial parenchyma vasicentric (to aliform), rays up to 

5–seriate (mainly 2–seriate), heterocellular, body of multiseriate rays composed of 

procumbent with one row of upright and/or square marginal cells, silica bodies 

(crystalliferous elements) observed inside the rays‘ idioblasts and idioblasts 

associated with ray parenchyma and among the fibres. It had been compared with: 

Laurinoxylon diluviale from Jáchymov, Laurinoxylon aff. diluviale from Lesbos, 

Laurinoxylon perfectum and Laurinoxylon compressum from South France. From the 

characteristics mentioned above the occurrence of vasicentric to aliform paratracheal 

parenchyma and of silica bodies are for sure not so common features for 

Laurinoxylon and not clearly in accordance with its emended diagnosis. 

Comparison among fossil Lauraceae. Our specimen DMLHM11 has the 

characteristics of Laurinoxylon with the exception of: a) the type of axial parenchyma 

which is paratracheal vasicentric–aliform of up to 3–seriate bands wide, b) the 

apotracheal parenchyma being seemingly in marginal bands and c) the occurrence of 

idioblasts in rays (abundant) and in fibres (sporadic).  

Richter (1981a, 1990) clarifies the existence of axial paratracheal and 

marginal parenchyma by describing the occurrence of paratracheal mostly abundant 

vasicentric to aliform, often confluent with multiseriate bands (2–6(–10)) cell wide 

(Richter 1981a, Abb. 17a) in Beilschmiedia, Endiandra, Potameia/Syndiclis and 

Triadodaphne, the existence of paratracheal mostly sparse to slightly vasicentric 

multi–seriate bands 2–4(–8) cell wide (Richter 1981a, Abb. 17b) in Cryptocarya and 

Ravensara and the occurrence of paratracheal incomplete to closed vasicentric 

bands of exclusively one–line in Licaria wilhelminensis as also marginal (or 

seemingly marginal), fine, up to three cells wide bands in L. subbullata Kosterm. 

(Richter & Dallwitz 2000–onwards); the latter two species are apparently synonyms 

according to The Plant List (2013). The occurrence of aliform to aliform–confluent 

paratracheal parenchyma has been observed in Hypodaphnis and Eusideroxylon 

(+/or Potoxylon, since some Eusideroxylon species have been moved to Potoxylon, 

and possibly Litsea garciae and L. sandakanensis). 

What is also important is the fact that studying the wood anatomy of 

DMLHM11 we have recognized the occurrence of crystals (of A and E type sensu 
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Richter 1981a) along with SiO2 (mainly of ―agglomerate‖ type C sensu Richter 1981a) 

inside the rays‘ idioblasts. This diagnosis leads us to assign our specimen to 

Cryptocaryoxylon. The result is again the same if we take into account the 

classification by Richter (1981a, 1987) based on the vessel–ray parenchyma pits 

correlated with diameter classes of intervessel pits, according to which our sample 

DMLHM11 belongs to the class b (with intervessel pits 8–12 κm, with vessel–ray pits 

variable in shape, round to oval, to elongate horizontally, vertically or diagonally). 

Leisman (1986) has based the diagnosis of Cryptocaryoxylon (by describing 

the species Cryptocaryoxylon gippslandicum) on the characteristics of the extant 

genus Cryptocarya the wood anatomy of which has been fully described by Richter 

(1981a). 

DMLHM11 has been compared with Cryptocaryoxylon gippslandicum 

Leisman (1986) from the Tertiary of eastern Victoria but is wan‘t so close to it.  

In Wheeler & Manchester 2002 there is a chapter on fossil Lauraceae findings 

from the Middle Eocene Nut Beds. There one can find the discussion on the fossil 

lauraceous genera – apart from Laurinoxylon or Ulminium – which have been 

identified as: Caryodaphnoxylon Gottwald (1992), Cinnamomoxylon Gottwald (1997), 

Cryptocaryoxylon Leisman (1986) and Sassafrasoxylon Brezinova et Süss (1988). 

Dupéron–Laudoueneix & Dupéron (2005) had identified another fossil lauraceous 

genus (Beilchmiedioxylon) based on the wood anatomical characteristics of the 

modern Lauraceae described by Richter 1981 [NB: adopting Richter observations on 

the quantity of vessels per mm2 could lead one to wrong results because Richter‘s 

study was published in 1981 and all the recent publications follow the concept by 

Wheeler (1986) on the way of counting the vessels].  

Although the age of the findings in Nut Beds (Middle Eocene) is not so close 

to ours (Early Miocene) we have compared our specimen with Cryptocaryoxylon 

hancockii, C. radiporosum and C. meeksii and although there are a lot of similarities 

it seems that DMLHM11 is not identical with any of the latter species. What should be 

also underlined is the existence of silica bodies inside the rays‘ idioblasts of 

Cryptocaryoxylon radiporosum as well, most probably of C or even B type sensu 

Richter (1981a) inside the rays‘ idioblasts (Fig. 30), although it is not mentioned by 

the authors. 
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Fig. 30: Inflated cells (?oil cells) in 

marginal row of ray of 

Cryptocaryoxylon radiporosum, RLS. 

Scale bar: 50 μm (Wheeler & 

Manchester 2002, p.71, Fig. 19–F). 

 

 

 

 

 

 

 

 

 

 

 

Botanical affinities. Taking into account the latter characteristics along with 

the fact that SiO2 is observed in Beilschmiedia, Endiandra, Potameia, Triadodaphne 

inaequitepala, Cryptocarya, Mezilaurus, Licaria wilhelminensis, Litsea, Dehaasia, 

Endlicheria, Anaueria and Clinostemon (Richter 1981a, table 11) and the occurrence 

of crystals of A type is seen only in some genera we come to the conclusion that the 

most close modern genus is Cryptocarya which has the following characteristics: 

simple perforation plates, pits of 9–11 κm diameter, large distinct bordered pits in 

fibres which are horizontally layered, paratracheal vasicentric to aliform to confluent 

parenchyma, terminal bands, (–2)3–5(–7)–celled rays, rays with maximum height of 

0.4–0.75–1.5 mm with mainly idioblasts in rays and fibres, crystals of A type (Fig. 20) 

and SiO2 of ―agglomerate‖ type C (Fig. 31). 

Our specimen DMLHM11 belongs to Cryptocaryoxylon. Cryptocarya is a 

genus of Cryptocaryeae Nees tribe which includes genera of the Southern 

hemisphere according to Richter (1981a).  
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Fig. 31: Types of silica bodies which can be found in specific genera of Lauraceae described by 

Richter (1981a). 

 

What is also important is the occurrence of silica bodies and its function. 

According to Carlquist (2001) the existence of SiO2 (silica bodies) is of interest to 

wood anatomists because the presence of silica is often of diagnostic value because 

only a minority of dicotyledonous woods contain visible silica accumulations while 

also within families, the generic distribution can be of importance. The 

representatives of Lauraceae which contain silica according the latter author are: 

Cryptocarya, Licaria, Mezilaurus, Ocotea. 

Typical strengthening elements are dead sclerenchyma cells, wood or bast 

fibres and rarely even living collenchyma cells, silica bodies or druses may function 

as load–bearing structures. The silica or sclereid bodies have a relatively large 

surface and apparently serve to increase the strength of the ground parenchyma by 

increasing the friction energy in bending. From the comparison of the various tree 

types it is evident that in nearly all trees stability and stiffness of trunks are mainly 

due to woody fibrous elements (tracheids, sclerenchyma or bast fibres), whereas 

pneumatic systems, sclereids or silica bodies play a minor role. Compared to fibres, 

spherical strengthening elements are generally less relevant to the stiffness of trunks. 

Silica bodies and sclereids help to increase the Young's modulus (= a measure of the 

stiffness of a solid material) of the ground–parenchyma (Mosbrugger 1990). 

Silicon is considered an essential element for Equisetum growth, whilst for 

other higher plants, it is considered only a beneficial element. A likely general 
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consequence of in–life deposition of silicon is to increase plant preservation potential. 

(Channing & Edwards 2013). 

Discussion. This is the first occurrence of the genus Cryptocaryoxylon for the 

Cenozoic of Eurasia. Until now Cryptocaryoxylon has been reported only three times: 

a) with the species Cryptocaryoxylon gippslandicum Leisman (1986) from the Upper 

Eocene–Oligocene (39 Mya) of Australia, b) with the species C. hancockii, C. meeksii 

and C. radiporosum Wheeler & Manchester (2002) from the middle Eocene of North 

America and c) with the species Cryptocaryoxylon oleiferum which has been found 

recently belonging in the late Pleistocene of Argentina (Ramos et al. 2015). 

The modern genus Cryptocarya belongs to Cryptocaryeae Nees tribe (Pl. 3) 

which is related to the Southern hemisphere contrary to Laurinoxylon species already 

described which are related to the North hemisphere and to the Asian/Neotropics 

genera. This seems to be important information on the evolution of the woods consist 

the Miocene Forest of Lesbos and Lemnos and on the distribution of their present 

day representatives. 
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3.2.2 Identification of Coniferous wood (“Gymnosperm”) from Lemnos Island 

 

 

3.2.2.1 

Cupressaceae Gray sensu Farjon 2005b 

Cupressales  

Taxodiaceae Warming 

Taxodioxylon Hartig emend. Gothan 1905 

Taxodioxylon sp.1 

(Plate 33A1–33O, Lemnos Island Fossil Flora Appendix) 

 

Material: DMLHBA1 (3 slides) 

Locality: Varos, Central Lemnos Island, Greece 

Stratigraphic horizon: Inside volcanic tuff 

Age: early Miocene  

 

Macroscopic description. The slides come from a specimen exposed at the 

surface only a few meters away from the central road connecting Mirina with 

Moudros at Varos village (unfortunately the exposed part has marks which prove that 

it has been treated as a ―souvenir‖). The specimen belongs to a permineralised tree 

trunk (stump) the main part of which is still covered under the volcanic material 

(although this fact doesn‘t allow us to have a complete image about the dimensions 

of the finding, is important to remain like this until the specimen‘s protection will be 

guaranteed by the authorities, e.g. hosted in a museum or under a special kiosk 

accompanied with a presidential decree respectively). According to our estimations 

the diameter of the trunk is at least 1 meter and its length is at least 2 meters. (Pl. 

33A1–33A2). 

Microscopic description: Transversal (cross) section: Distinct growth ring 

boundaries with a width from 0.4–2 mm (mean: 1 mm), transition from earlywood to 

latewood gradual (Pl. 33B–33C). False rings are absent. Latewood tracheids thin–

walled, axial parenchyma in diffuse (and in some cases looks in tangentially zonate) 

arrangement (Pl. 33B–33C) no intercellular spaces, no intercellular or traumatic 

canals or epithelial cells of wound ducts.  
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Tangential section: The rays are very high, with more than 30 cells (even 

with 60 cells), usually uniseriate and up to 3–seriate in width (Pl. 33D), the existence 

of axial parenchyma is also seen in tangential, transverse end walls of axial 

parenchyma smooth (Pl. 33E–33F). 

Radial section: Absence of ray tracheids, the tracheids are uniseriate but 

they have also 2 rows of (bi–seriate) bordered pits (tracheid pitting in radial walls 

biseriate), arrangement of tracheid pitting in radial walls opposite (occasionally 

seems alternate but it is due to the crowded pits), circular pits outline of a diameter of 

20 (15–25) κm (depending on their situation: the uniseriate had a diameter of 

approximately 25 κm and the biseriate of around 18–20 κm), crassulae observed, 

well defined tori with sporadic torus extensions (= thickening bars ―margo straps‖ in 

the pit membrane radiating from the torus to the margo periphery) (Pl. 33I–33J), up to 

3 pits per cross field commonly arranged in one row of 2–3 pits per cross field, 

cupressoid (when there is compression) (Pl. 33G–33O) and taxodioid pits (Pl. 33G–

33H), towards the latewood (at the high compression) the pits tend to become 

piceoid from cupressoid (Pl. 33N–33O), pit borders: angular, smooth (Pl. 33H) and 

nodular (Pl. 33G, 33J) end walls of ray parenchyma cells. Smooth horizontal walls of 

ray parenchyma cells (Pl. 33G, 33H, 33J–33O). Possibility of ray tracheids (Pl. 33M, 

33N). 

 Discussion: The predominance of taxodioid cross-field pits together with the 

occurrence of parenchyma characterizes the described wood as a representative of 

the morphogenus Taxodioxylon (Kräusel 1949, p. 168). Our sample has been 

compared with the Taxodioxylon species described from Lesbos Island: 

Taxodioxylon albertense (Penhallow) Shimakura, T. pseudoalbertense M. Nishida & 

H. Nishida, T. gypsaceum (Göppert) Kräusel and T. megalonissum Süss & 

Velitzelos. It has no traumatic resin canals so it is neither close to Taxodioxylon 

albertense (Penhallow) Shimakura nor to T. pseudoalbertense M. Nishida & H. 

Nishida. The internal structure of this sample seems to be close to Taxodioxylon 

gypsaceum (Göppert) Kräusel but not identical. Therefore some more comparisons 

with the published Taxodioxylon species from Europe (and not only from the Greek 

material) are needed.  

 The study of the fossil has shown a gradual transition from earlywood to 

latewood which is not characteristic for Pinaceae (but only for Picea). There are no 

resin canals so this specimen cannot belong to Pinus, Picea, Larix and Pseudotsuga. 

DMLHBA 1 specimen has abundant parenchyma so it could belong to 

Podocarpaceae (Podocarpus, Phyllocladus and Dacrydium), to Cupressaceae 
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(Cupressus, Chamaecyparis, Juniperus, Sequoia and Taxodium) and Ginkgo 

(Ginkgoales). From the latter genera the ones belonging to Podocarpaceae are 

excluded because of the absence of podocarpoid bordered pits, Taxus is excluded 

because it has spirals and our specimen doesn‘t, Ginkgo is excluded because it has 

araucarioid to cupressoid bordered pits, which is not the case for our sample. The 

radial tracheid pitting of our sample is not only uniseriate, so it belongs to Sequoia or 

Taxodium. 

PPllaattee  3333  
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Plate 33 Taxodioxylon (sp. 1) Hartig emend. Gothan (DMLHBA 1) 

A1-A2: DMLHBA1 specimen is exposed at the surface only a few meters away from the central road 

connecting Mirina with Moudros at Varos village. B, C: Distinct growth ring boundaries with a width 

from 0.4-2 mm, transition from earlywood to latewood gradual, latewood tracheids thin-walled, axial 

parenchyma in diffuse arrangement. D: Rays very high, with more than 30 cells, uni-c-seriate in width. 

E, F: Transverse end walls of axial parenchyma smooth. G: Up to 3 pits per cross field commonly 

arranged in one row of 2-3 pits per cross field, cupressoid (because of compression) and taxodioid pits, 

nodular walls of ray parenchyma cells, smooth horizontal walls of ray parenchyma cells. H: Up to 3 

pits per cross field commonly arranged in one row of 2-3 pits per cross field, cupressoid (because of 

compression) and taxodioid pits, pit borders angular, smooth walls of ray parenchyma cells, smooth 

horizontal walls of ray parenchyma cells. I: Uniseriate and biseriate tracheid pitting, arrangement of 

tracheid pitting in radial walls opposite, up to 3 pits per cross field commonly arranged in one row of 2-

3 pits per cross field, cupressoid (because of compression). J: Uniseriate and biseriate tracheid pitting, 

arrangement of tracheid pitting in radial walls opposite, circular pits outline, up to 3 pits per cross field 

commonly arranged in one row of 2-3 pits per cross field, cupressoid (because of compression), 

nodular walls of ray parenchyma cells, smooth horizontal walls of ray parenchyma cells. K: Up to 3 

pits per cross field commonly arranged in one row of 2-3 pits per cross field, cupressoid (because of 

compression), smooth horizontal walls of ray parenchyma cells. L: Up to 3 pits per cross field 

commonly arranged in one row of 2-3 pits per cross field, cupressoid (because of compression), smooth 

horizontal walls of ray parenchyma cells. M: Up to 3 pits per cross field commonly arranged in one 

row of 2-3 pits per cross field, cupressoid (because of compression), smooth horizontal walls of ray 

parenchyma cells, possibility of ray tracheids. N: Up to 3 pits per cross field commonly arranged in one 

row of 2-3 pits per cross field, cupressoid (because of compression), towards the latewood (at the high 

compression) the pits tend to become piceoid from cupressoid, smooth horizontal walls of ray 

parenchyma cells, possibility of ray tracheids. O: Up to 3 pits per cross field commonly arranged in 

one row of 2-3 pits per cross field, cupressoid (because of compression), towards the latewood (at the 

high compression) the pits tend to become piceoid from cupressoid, smooth horizontal walls of ray 

parenchyma cells. 
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3.2.2.2  

Cupressaceae Gray sensu Farjon 2005b 

Cupressales  

Taxodiaceae Warming 

Taxodioxylon Hartig emend. Gothan 1905 

Taxodioxylon sp.2 

(Plate 34A–34F, Lemnos Island Fossil Flora Appendix) 

 

Material: DMLHM 27 (3 slides) 

Locality: Moudros (Central–Eastern Lemnos Island), Greece 

Stratigraphic horizon: inside volcanic tuff 

Age: early Miocene 

 

Macroscopic description. The dimensions of the coniferous specimen 

DMLHM 27 from Moudros (in cm) are the following: 32 x 25 x 8, (Plate 34A). 

Microscopic description: Biseriate opposite tracheid pitting (Plate 34C), 

bordered pits torus, crassulae not observed, rays uniseriate and short b–seriate 

(Plate 34B), taxodioid cross–field pits up to 5 per cross–field (Plate 34D, 34E, 34F). 

Although more slides are required for the determination of this sample the 

observation from the slides in hand show that DMLHM 27 is a part of a Taxodioxylon 

representative. 

Discussion: The predominance of taxodioid cross-field pits together with the 

occurrence of parenchyma characterizes the described wood as a representative of 

the morphogenus Taxodioxylon (Kräusel 1949, p. 168). Our sample has been 

compared with the Taxodioxylon species described from Lesbos Island: 

Taxodioxylon albertense (Penhallow) Shimakura, T. pseudoalbertense M. Nishida & 

H. Nishida, T. gypsaceum (Göppert) Kräusel and T. megalonissum Süss & 

Velitzelos. It has no traumatic resin canals so it is not close to Taxodioxylon 

albertense (Penhallow) Shimakura or to T. pseudoalbertense M. Nishida & H. 

Nishida. The internal structure of this sample seems to be close but not identical to 

Taxodioxylon megalonissum Süss & Velitzelos, because of the short rays and the 

number and shape of the taxodioid cross field pits. 
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PPllaattee  3344  

  

 

 

 

 

 

Plate 34 Taxodioxylon (sp. 2) Hartig emend. Gothan (DMLHM27) 

A: Specimen DMLHM 27 with the following dimensions in cm: 32 x 25 x 8. Conifer. B: Short rays 

uni- and b-seriate. C: Biseriate opposite tracheid pitting. D, E, F: Taxodioid cross-field pits in 2 rows, 

up to 5 per cross-field. 

C, D, E, F = RLS; B = TLS. TS, RLS and TLS denote transversal, radial and tangential longitudinal 

sections, respectively. 
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3.2.2.3 

Cupressaceae Gray sensu Farjon 2005b 

Cupressales  

Taxodiaceae Warming 

Taxodioxylon Hartig emend. Gothan 1905 

Taxodioxylon sp.3 

(Plate 35A–35L) 

 

Material: DMLHM 10 (3 slides) 

Locality: Moudros (Central–Eastern Lemnos Island), Greece 

Stratigraphic horizon: inside volcanic tuff 

Age: early Miocene 

 

Macroscopic description. The dimensions of the coniferous specimen 

DMLHM 10 from Moudros (in cm) are the following: 25 x 17 x 7 (Pl. 35A). 

Microscopic description. Growth ring boundaries distinct, wavy ring 

boundaries probably caused by buttressed form of trunks, most probably lack of resin 

ducts/canals, transition from early to latewood abrupt (with a thick zone of almost 15 

cells of latewood tracheids with reduced radial diameters), (Pl. 35B), axial 

parenchyma cells with dark contents (resin substance) in diffuse arrangement (Pl. 

35B, 35G), late wood tracheids thickwalled (Pl. 35L), associated intercellular spaces 

between the early wood tracheids (Pl. 35C), uniseriate opposite tracheid pitting (Pl. 

35 D) with notched borders (Pl. 35E, 35F), tracheid pits torus, infrequent presence of 

crassulae (Pl. 35F), transverse end walls of axial parenchyma smooth (Pl. 35G) and 

probably irregularly thickened (Pl. 35H), rays uniseriate with a height up to 30 cells 

and partly short b–c–seriate (Pl. 35G, 35I), taxodioid cross–field pits up to 2 in a row 

and up to5 per cross–field (Pl. 35J, 35K). 

Discussion: Our sample has been compared with the Taxodioxylon species 

described from Lesbos Island: Taxodioxylon albertense (Penhallow) Shimakura, T. 

pseudoalbertense M. Nishida & H. Nishida, T. gypsaceum (Göppert) Kräusel and T. 

megalonissum Süss & Velitzelos. It has no traumatic resin canals so it is not close to 

Taxodioxylon albertense (Penhallow) Shimakura nor to T. pseudoalbertense M. 

Nishida & H. Nishida. More comparisons with the Taxodioxylon species from Europe 

are needed. 
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Parenchyma is frequent and consistent in Sequoia and Taxodium and absent 

or infrequent in Pinus, Taxus, Torreya and Larix (Panshin & DeZeeuw 1980). As 

indicated by Panshin & DeZeeuw (1980), maximum tangential tracheid diameter may 

have diagnostic value, especially for species with unusually large (as in Sequoia) 

diameters (and also in accordance with the identifications of Visscher & Jagels 

2003). 

Taxodioid cross–field pitting, relatively wide tracheids, abundant axial 

parenchyma distributing in diffuse or tangential zonate, entirely parenchymatous rays 

with smooth, thin or slightly thickened but un–pitted horizontal walls and absence of 

normal resin ducts are feautures of Taxodiaceae (Phillips, 1948; Yi et al. 2003).  

The conifer family Taxodiaceae was widespread in recent geological history 

where for instance they were often the dominant floristic component such as in 

lowland swamp forests of North America, Europe and Asia during the Late 

Cretaceous and into the Middle Tertiary (Chaney, 1951; Florin, 1963). The 

Taxodiaceae then declined and ultimately disappeared from Europe during the 

Pliocene and Early Pleistocene (Michaux et al., 1979). 

Species of taxodiaceous wood are difficult to distinguish from each other 

because of their overlapping characters (e.g., Fairon–Demaret et al., 2003). Usually 

the determination of taxodiaceous fossil or extant secondary xylem relies heavily on 

the cross–field pits (Peirce, 1936; Krausel, 1949) and the morphology of the 

horizontal wall of the secondary xylem parenchyma cells (Greguss, 1955). 

Taxodiaceous woods generally lack true resin canals, lack indentures in horizontal 

walls of the ray parenchyma, and have taxodioid type cross–field pits (Greguss 1955; 

Panshin & DeZeeuw 1980). 

The Taxodiaceae is represented by 9 genera and 12 species with a restricted 

geographical distribution in humid, temperate to subtropical regions of Asia, North 

America and Tasmania (Wu and Raven, 1999). Taxodiaceae has more recently been 

incorporated into the Cupressaceae family (Eckenwalder 1976; Butala & Cridland 

1978; Judd et al. 2002; Visscher & Jagels 2003). 

According to descriptions of Phillips (1948), Greguss (1972), Gromyko (1982) 

and Zhou and Jiang (1994), our woods are separated from Athrotaxis by absence of 

nodular end walls in axial parenchyma and from Taiwania and Taxodium by taxodioid 

cross–field pitting rather than cupressoid (Yi et al., 2003).  

The abundance of axial parenchyma, uniseriate or oppositely paired bi–

seriate, circular pits on the radial walls of tracheids, and large taxodioid cross–field 
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pits, description here of fossil woods agrees in all characteristics with Taxodioxylon 

(Gothan, 1905).  

PPllaattee  3355  

 

 

Plate 35 Taxodioxylon (sp. 3) Hartig emend. Gothan (DMLHM10) 

A: DMLHM 1O: 25 x 17 x 7 cm. Conifer. B: Growth ring boundaries distinct, occurrence of axial 

parenchyma cells with dark contents (resin substance), transition from early to latewood abrupt. C: 

Associated intercellular spaces between the early wood tracheids. D: Uniseriate opposite tracheid 

pitting. E, F: Bordered pits with notched borders, torus and crassulae. G: Transverse end walls of axial 

parenchyma smooth, rays up to c-seriate. H: Transverse end walls of axial parenchyma irregularly 

thickened. I: Short rays uni-b-c-seriate. J, K: Taxodioid cross-field pits up to 2 in a row per cross-field. 

L: Late wood tracheids thickwalled. B, C, L = TS; D, E, F, J, K = RLS; G, H, I = TLS. TS, RLS and 

TLS denote transversal, radial and tangential longitudinal sections, respectively. 
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3.2.2.4 (More) Studied specimens from Moudros area 

 

Material: DMLHM 1 (3 slides), DMLHM 2 (3 slides), DMLHM 3 (3 slides), DMLHM 4 

(7 slides), DMLHM 7 ( 3 slides), DMLHM 8 (3 slides), DMLHM 9 (3 slides), DMLHM 

12.1 ( 3 slides), DMLHM 12.2 ( 3 slides), DMLHM 13 ( 3 slides), DMLHM 14 (4 

slides), DMLHM 15, DMLHM 16 (2 slides), DMLHM 17 (2 slides), DMLHM 18, 

DMLHM 19 ( 3 slides), DMLHM 20 (3 slides), DMLHM 21, DMLHM 22 (3 slides), 

DMLHM 23 (3 slides), DMLHM 25, DMLHM 26, DMLHM 36 (3 slides), DMLHM 38 (3 

slides), DMLHM 39, DMLHM 40, DMLHM 41, DMLHM 42, DMLHM 43, DMLHM 44. 

(Plate 36A–36D, 36F–36U; Plate 37A–37C, 37E–37H) 

Locality: Moudros (Central–Eastern Lemnos Island), Greece 

Stratigraphic horizon: inside volcanic tuff 

Age: early Miocene 

 

Macroscopic description. The dimensions of the coniferous specimens from 

Moudros (in cm) are the following: 

DMLHM 1: 38 x 26 x 16, DMLHM 2: 28 x 26 x 15, DMLHM 3: 27 x 16 x 15, DMLHM 

4: 32 x 14 x 22, DMLHM 7: 17 x 15 x 7, DMLHM 8: 21 x 12 x 5, DMLHM 9: 13 x 11 x 

6, DMLHM 12: 21 x 20 x 11, DMLHM 13: 30 x 19 x 12, DMLHM 14: 20 x 17 x 11, 

DMLHM 15: 24 x 18 x 15, DMLHM 16: 14 x 15 x 9, DMLHM 17: 17 x 8 x 5, DMLHM 

18: 15 x 16 x 13 , DMLHM 19: 17 x 15 x 13, DMLHM 20: 25 x 20 x 12, DMLHM 21: 

24 x 16 x 8, DMLHM 22: 17 x 11 x 6, DMLHM 23: 15 x 12 x 7, DMLHM 25: 22 x 16 x 

11, DMLHM 26: 32 x 27 x 19, DMLHM 36: 43 x 24 x 22, DMLHM 38: 40 x 29 x 14, 

DMLHM 39: 40 x 29 x 16, DMLHM 40: 42 x 37 x 25, DMLHM 41: 43 x 37 x 25, 

DMLHM 42: 47 x 46 x 23, DMLHM 43: 64 x 40 x 25, DMLHM 44: 58 x 33 x 25.  

 

Microscopic description. The preservation of this material was not that 

good. More and better slides are required for the full description and identification of 

the specimens. 
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Plate 37. Studied specimens from Moudros area with their dimensions in cm. 

A: DMLHM 26: 32 x 27 x 19 cm. Conifer. B: DMLHM 36: 43 x 24 x 22 cm. Conifer. C: DMLHM 38: 

40 x 29 x 14 cm. Conifer. D: DMLHM 39: 40 x 29 x 16 cm. Rhizopalmoxylon. E: DMLHM 40: 42 x 

37 x 25 cm. Conifer. F: DMLHM 41: 43 x 37 x 25 cm. Conifer. G: DMLHM 42: 47 x 46 x 23 cm. 

Conifer. H: DMLHM 43: 64 x 40 x 25 cm. Conifer. I: DMLHM 44: 58 x 33 x 25 cm. 

Rhizopalmoxylon. 

 

 

 

Plate 36. Studied specimens from Moudros area with their dimensions in cm. 

A: DMLHM 1: 38 x 26 x 16 cm. Conifer. B: DMLHM 2: 28 x 26 x 15 cm. Conifer. C: DMLHM 3: 27 

x 16 x 15 cm. Conifer. D: DMLHM 4: 32 x 14 x 22 cm. Conifer. E: DMLHM 6: 28 x 19 x 13 cm. 

Angiosperm. F: DMLHM 7: 17 x 15 x 7 cm. Conifer. G: DMLHM 8: 21 x 12 x 5 cm. Conifer. H: 

DMLHM 9: 13 x 11 x 6 cm. Conifer. I: DMLHM 12: 21 x 20 x 11 cm. Conifer. J: DMLHM 13: 30 x 

19 x 12 cm. Conifer. K: DMLHM 14: 20 x 17 x 11 cm. Conifer. L: DMLHM 15: 24 x 18 x 15 cm. 

Conifer. M: DMLHM 16: 14 x 15 x 9 cm. Conifer. N: DMLHM 17: 17 x 8 x 5 cm. Conifer. O: 

DMLHM 18: 15 x 16 x 13 cm. Conifer. P: DMLHM 19: 17 x 15 x 13 cm. Conifer. Q: DMLHM 20: 25 

x 20 x 12 cm. Conifer. R: DMLHM 21: 24 x 16 x 8 cm. Conifer. S: DMLHM 22: 17 x 11 x 6 cm. 

Conifer. T: DMLHM 23: 15 x 12 x 7 cm. Conifer. U: DMLHM 25: 22 x 16 x 11 cm. Conifer. 
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3.2.2.5 (More) Studied specimens from Thanos and New Moudros site 

 

Material: DMLHNM 1 (3 slides), DMLHNM 2 (3 slides), DMLHNM 3 (3 slides), 

DMLHNM 4 (7 slides), DMLHNM 5 (3 slides), DMLHNM 6 (4 slides), DMLHNM 7 (3 

slides), DMLHNM 8 (3 slides), DMLHNM 9 (3 slides), DMLHNM 10 (3 slides), 

DMLHNM 11 (3 slides), DMLHTH 1 (3 slides). 

(Plate 38A–38F) 

 

Locality: Moudros New Site (Central–Eastern Lemnos Island), Thanos (Western 

Lemnos Island), Greece 

Stratigraphic horizon: inside volcanic tuff 

Age: early Miocene 

 

Microscopic description: Among the findings there are not only conifers 

(e.g., DMLHNM 1, Plate 38F) and coniferous roots (Plate 38E) but also 

Rhizopalmoxylon remnants (Plate 38F) is a sample with imprints of Sequoia abietina 

(Brongniart) Knobloch cones (Plate 38A). This fossil has been compared with the 

present day Sequoia cones found in Bulgaria (Plate 38B, 38C). 

 

The specimen DMLHTH 1 represents a part of a fossil coniferous wood from 

Thanos village. This is the first time ever that the occurrence of plant fossils is 

referred from this area. 
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Plate 38. New Moudros Site. 

 

A: Imprints of the cone of Sequoia abietina (Brongniart) Knobloch in opal. B: Foliage and cones of the 

present day Sequoia. The samples of the modern Sequoia were taken in Bulgaria. C: Cone of the 

present day Sequoia. The sample is used for comparison with the fossil imprint found in Lemnos 

Island. D: Rhizopalmoxylon from Moudros area. E: Fossil root from Moudros area. F: Specimen 

DMLHNM 1 internal structure. 
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3.3 LEMNOS ISLAND FOSSIL FLORA APPENDIX (Berger 1953a, Roussos 1993, 

Süss & Velitzelos 1993, Velitzelos et al. 2014, modified). The new findings and the 

re-studied samples are shown in bold: 

 

 

GYMNOSPERM WOOD 

Cedroxylon sp. (found in Moudros, Central – Eastern Lemnos Island, described by 

Berger 1953a).  

 

Pinoxylon parenchymatosum Süss & Velitzelos (found in Moudros, Central – Eastern 

Lemnos Island, described by Süss & Velitzelos 1993). 

 

Taxodioxylon (sp.1) Hartig emend. Gothan (found in Varos, Central – Eastern 

Lemnos Island, described by D. Mantzouka). 

 

Taxodioxylon (sp.2) Hartig emend. Gothan (found in Moudros, Central – Eastern 

Lemnos Island, hosted at the Municipality of Moudros, described by D. Mantzouka). 

 

Taxodioxylon (sp.3) Hartig emend. Gothan (found in Moudros, Central – Eastern 

Lemnos Island, hosted at the Municipality of Moudros, described by D. Mantzouka). 

 

 

ANGIOSPERM WOOD 

Cornoxylon pappi W. Berger (found in Moudros, Central – Eastern Lemnos Island, 

described by Berger 1953a). 

 

Laurinoxylon ehrendorferi W. Berger (found in Moudros, Central – Eastern Lemnos 

Island, described by Berger 1953a). 

 

Laurinoxylon cf. ehrendorferi Berger (found in Moudros, Central – Eastern 

Lemnos Island, hosted at the Municipality of Moudros, described by D. Mantzouka). 

 

Cryptocaryoxylon Leisman (found in Moudros, Central – Eastern Lemnos Island, 

hosted at the Municipality of Moudros, described by D. Mantzouka). 

 

Rhizopalmoxylon sp. (hosted at the Municipality of Moudros, Central – Eastern 

Lemnos Island, found and identified by E. Velitzelos) 
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LEAVES 

PTERYDOPHYTES 

Pronephrium stiriacum (Unger) Erw. Knobloch et Kvaček (as Goniopteris styriaca 

Heer, found in Moudros, Central – Eastern Lemnos Island, described by Berger 

1953a. The species has been emended by Velitzelos et al. 2014). 

 

Cyclosorus stiriaca (Unger) Ching & Takhtajan (hosted at the Municipality of 

Moudros, Central – Eastern Lemnos Island, found and identified by E. Velitzelos) 

 

 

GYMNOSPERMS 

Glyptostrobus europaeus (Brongniart) Unger (found in Moudros, Central – Eastern 

Lemnos Island, described by Berger 1953a). 

 

Sequoia abietina (Brongniart) Erw. Knobloch (cones found in Moudros, Central – 

Eastern Lemnos Island, described by Berger 1953a, referred by Süss & Velitzelos 

1993). 

 

Sequoia abietina (Brongniart) Erw. Knobloch (cones found in Moudros, Central – 

Eastern Lemnos Island by D. Mantzouka). 

 

Doliostrobus sp. (hosted at the Municipality of Moudros, Central – Eastern Lemnos 

Island, found and identified by E. Velitzelos). 

 

 

ANGIOSPERMS  

Acer tricuspidatum Bronn [as A. trilobatum A. Braun found in Myrina (―Kastron‖), 

Western Lemnos Island, described by Berger 1953a. The species has been 

emended by Velitzelos et al. 2014]. 

 

cf. Quercus drymeja Unger [as Quercus lonchitis Unger [found in Myrina (―Kastron‖), 

Western Lemnos Island, described by Berger 1953a. The species has been 

emended by Velitzelos et al. 2014]. 

 

Cinnamomum polymorphum (A. Braun) Kräusel et Weyland (found in Moudros, 

Central – Eastern Lemnos Island, referred by Süss & Velitzelos 1993). 
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Daphnogene polymorpha (A. Braun) Ettingshausen (as Cinnamomum cf. 

scheuchzeri Heer, found in Moudros, Central – Eastern Lemnos Island, described by 

Berger 1953a. The species has been emended by Velitzelos et al. 2014). 

 

Daphnogene polymorpha (A. Braun) Ettingshausen [as Cinnamomum polymorphum 

(A. Braun) Kräusel et Weyland found in Myrina (―Kastron‖), Western Lemnos Island, 

described by Berger 1953a. The species has been emended by Velitzelos et al. 

2014]. 

 

Daphnogene polymorpha (A. Braun) Ettingshausen [as Cinnamomum polymorphum 

(A. Braun) Kräusel et Weyland, found in Moudros, Central – Eastern Lemnos Island, 

described by Berger 1953a. The species has been emended by Velitzelos et al. 

2014]. 

 

Daphnogene polymorpha (A. Braun) Ettingshausen [as Daphnogene lanceolata 

Unger found in Myrina (―Kastron‖), Western Lemnos Island, described by Berger 

1953a. The species has been emended by Velitzelos et al. 2014]. 

 

Dicotyledoneae fam., gen. et spec. indet. [aff. Myrica, Fagaceae, Lauraceae found in 

Myrina (―Kastron‖), Western Lemnos Island, described by Berger 1953a. The family 

has been emended by Velitzelos et al. 2014]. 

 

Engelhardia vel Q. drymeja Unger [as Myrica kymeana (Unger) W. Berger found in 

Myrina (―Kastron‖), Western Lemnos Island, described by Berger 1953a. The species 

has been emended by Velitzelos et al. 2014]. 

 

Eriolaena sp. [found in Myrina (―Kastron‖), Western Lemnos Island, described by 

Berger 1953a]. 

 

Fagaceae vel Lauraceae (as Andromeda saportana Heer, found in Moudros, Central 

– Eastern Lemnos Island, described by Berger 1953a. The species has been 

emended by Velitzelos et al. 2014). 

 

Lauraceae vel Fagaceae [as “Laurus” princeps Heer found in Myrina (―Kastron‖), 

Western Lemnos Island, described by Berger 1953a. The species has been 

emended by Velitzelos et al. 2014]. 

 

Monocotyledoneae fam., gen. et spec. indet. (aff. Cyperaceae) [found in Myrina 

(―Kastron‖), Western Lemnos Island, described by Berger 1953a]. 
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palm roots, palm seeds, palm leaves (found in Moudros, Central – Eastern Lemnos 

Island, referred by Süss & Velitzelos 1993). 

 

Phragmites sp. (found in Moudros, Central – Eastern Lemnos Island, described by 

Berger 1953a). 

 

Sabal sp. (found in Moudros, Central – Eastern Lemnos Island, described by 

Velitzelos et al. 2014). 

 

Zelkova zelkovifolia (Unger) Bůžek, Kotlaba [as Z. praelonga (Unger) W. Berger 

found in Myrina (―Kastron‖), Western Lemnos Island, described by Berger 1953a. 

The species has been emended by Velitzelos et al. 2014]. 

 

Eotrigonobalanus furcinervis (Rossmassler) Walther & Kvaček (hosted at the 

Municipality of Moudros, Central – Eastern Lemnos Island, found and identified by E. 

Velitzelos). 

 

Daphnogene cinnamomea (Rossmassler) Knobloch (hosted at the Municipality of 

Moudros, Central – Eastern Lemnos Island, found and identified by E. Velitzelos). 

 

Sabal raphifolia (Sternberg) Knobloch & Kvaček (hosted at the Municipality of 

Moudros, Central – Eastern Lemnos Island, found and identified by E. Velitzelos). 

 

Pterocarya sp. (hosted at the Municipality of Moudros, Central – Eastern Lemnos 

Island, found and identified by E. Velitzelos). 

 

Rhodomyrtophyllum reticulosum (Rossmassler) Knobloch & Kvaček (hosted at the 

Municipality of Moudros, Central – Eastern Lemnos Island, found and identified by E. 

Velitzelos). 

 

Salix sp. (hosted at the Municipality of Moudros, Central – Eastern Lemnos Island, 

found and identified by E. Velitzelos). 

 

Neolitsea sp. (hosted at the Municipality of Moudros, Central – Eastern Lemnos 

Island, found and identified by E. Velitzelos). 
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SPORES AND POLLEN 

PTERYDOPHYTES 

Polypodiaceae (Agia Paraskevi, close to the road connecting Myrina to Therma, 

Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

 

ANGIOSPERMS 

Palmae, (Agia Paraskevi, close to the road connecting Myrina to Therma, Western 

Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Engelhardtia (Agia Paraskevi, close to the road connecting Myrina to Therma, 

Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Symplocos (Agia Paraskevi, close to the road connecting Myrina to Therma, Western 

Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Liquidambar (Agia Paraskevi, close to the road connecting Myrina to Therma, 

Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Carya (Agia Paraskevi, close to the road connecting Myrina to Therma, Western 

Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Quercus (Agia Paraskevi, close to the road connecting Myrina to Therma, Western 

Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

type-Castanea (Agia Paraskevi, close to the road connecting Myrina to Therma, 

Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Tricolporopollenites dolium (Agia Paraskevi, close to the road connecting Myrina to 

Therma, Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Tricolporopollenites rillensis (Agia Paraskevi, close to the road connecting Myrina to 

Therma, Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Tricolporopollenites fallax (Agia Paraskevi, close to the road connecting Myrina to 

Therma, Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Osmundaceae (Agia Paraskevi, close to the road connecting Myrina to Therma, 

Western Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 
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Graminae (Agia Paraskevi, close to the road connecting Myrina to Therma, Western 

Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 

 

Amaranthaceae-Chenopodiaceae (Agia Paraskevi, close to the road connecting 

Myrina to Therma, Western Lemnos Island, identified by Chr. Ioakeim in Roussos 

1993). 

 

 

CONIFERS 

Pinaceae (Agia Paraskevi, close to the road connecting Myrina to Therma, Western 

Lemnos Island, identified by Chr. Ioakeim in Roussos 1993). 
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4. ALONISSOS ISLAND 

 

4.1.1 Introduction 

Alonissos Island belongs to the Northern Sporades. It covers an area of 64.5 

Km2 and it has been a geological attraction from the 3rd century B.C. with the findings 

of giant skeletons accompanied by myths. During the 19th century the explorations for 

mineral resources had lead the famous geologists of the time to visit the Island. The 

discovery of lignite had also generated the interest of the palaeobotanists for the 

palaeoflora of the island. Among the palaeofloristic findings was the first occurrence 

(the holotype) of Taxodium europaeum. During this study there was an effort of 

revealing the exact locality where this species had been found almost 200 years ago 

and presenting new information concerning the palaeobotany of Alonissos Island. 

 

4.1.2 Localities and Geology 

Alonissos (or Iliodroma or Chilidromia) is a long, narrow, mountainous island 

belonging to the North Sporades, situated close to the Magnesian peninsula 

(Thessaly – Volos) at the South–eastern of Euboea Island (Fig. 32). 

The geology of the island is studied by several scientists (e.g. I.G.M.E. 1975, Pe–

Piper et al. 1996, Poulimenos & Karkanas 1998, Papanikolaou et al. 2002, Evelpidou 

et al. 2013) and extensively discussed in Jacobshagen & Matarangas (2004), from 

the bottom to the top consists of (Fig. 33): 

- A Pelagonian unit: composed of meta–carbonates of up to 500m thickness 

(light grayish color, thin– to medium–bedded dolomitic in the bottom of 

Triasso–Jurassic age and calcitic marbles nearly unbedded at the top). 

According to Kelepertsis (1975) the age of the upper part of the succession is 

Kimmeridgian (Upper Jurassic) as proved by the following fossils: 

Cladocoropsis sp., Clypeina sp., Ellipsactinia, Pseudocyclammina sp., 

Trocholina sp., Nerinea. 

- Eohellenic nappe relics: composed of grayish phyllites and calcschists, with 

intercalations of thin–bedded black marbles and quartzites (metaturbidites). 

- Mesoautochthonous complex : with an 8–meters unit of Basal Conglomerates 

of Albian or Cenomanian age resting upon a karstic relief (which contains 

relics of metabauxite filling in places) and the overlying Rudist Limestones 

with thickbedded 

to massive, roughly recrystallised grayish marbles of several hundred meters 

thickness of Cenomanian–Turonian age.  
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- Palouki formation: overlies the Pelagonian marbles or the Eohellenic 

metabasites, respectively, with tectonical contacts and includes an alternation 

of marbles, metasandstones, and schists. 

- Neogene deposits: consisting of conglomerates, limestones and marls, lignitic 

formation and reddish clastics. 

 

In I.G.M.E. study (1975, made by Kelepertzis), the Neogene formations of 

Alonissos Island include Pontian red clays and continental conglomerates overly the 

formation of the marls, clays and limestones interbedded by thin layers of lignite. 

Pontian some decades ago was treated as a part of Pleiocene but today this concept 

has been revised and Pontian stage belongs to the late Miocene period (upper 

Tortonian–Messinian, see in Popov et al. 2006, Fig.1). Inside these red clays (Fig. 

34) mammal remains have been found [e.g., Schneider (1972) had found the upper 

jaw of Hipparion]. Consequently the plant fossiliferous layer is early–middle Miocene 

in age, although the age of the plant fossiliferous layer as proposed by Mai (1995) 

and LePage (2007) is Burdigalian, early Miocene. This latter layer includes also 

Planorbis sp., Helix cf. vermiculata, Melanopsis buccinoides and fresh water 

ostracodes (identifications by Dr. Kauffmann, Dr. Risch & Dr. Tsaila–Monopoli in 

I.G.M.E. 1975). 

Virlet (1835) had described the geological formations of Alonissos Island 

(from the bottom to the top) with a detailed description of the Neogene as follows: 1. 

Mica–slate, clay–slate and limestone, 2. Blue and grey limestone, 3. A fresh water 

tertiary formation containing lignites which occupies half of the surface of the island, 

and was mistaken for coal. The lower part of the last formation is situated 200 or 300 

meters above the sea, and is constituted of blue or green marls with a great deposit 

of fresh water and land shells belonging chiefly to the genera Planorbis, Paludina, 

Helix. Over these marls lie thin strata of marly limestone without fossils, containing a 

lignite layer of about 0.6 meters, intermixed with clay and shells. Above the lignite 

grey marls occur, filled with the debris of fossil plants. The whole succession is about 

58 meters in thickness. Among the fossils obtained from this formation, the most 

numerous belonged to a species examined by Adolphe Théodore Brongniart and 

named by him as Taxodium europaeum.  
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Fig. 32: Geological sketch– map of Alonnisos island, by Jacobshagen & Matarangas (2004) based on 

Kelepertsis (1975), modified. The Neogene formations are included by the red circles. 
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Fig. 33: Tectonostratigraphic column of Alonnisos island (according to Jacobshagen & Matarangas 

2004, modified). 

Almost 200 years after the first reference about the lignitic horizon and 

Taxodium europaeum finding and taking into account the publication of the 19th 

century (e.g., Brongniart 1832, 1833, 1834, 1861; Virlet 1833, 1834, 1835; Gaudry 

1860) we found the locality where the lignite and the plant fossils were hosted, in a 

close distance of Votsi village (Plate 39).  
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Fig. 34: Red clays close to “Kokkino Kastron” locality. 

 

4.1.3 Material and Methods 

More than 80 specimens with gastropods, plant remnants and lignite samples 

have been collected from this locality (Plate 39). Unfortunately we were not able to 

find again Taxodium europaeum or leaves‘ imprints because the area had been an 

active mine until some decades ago and the plant fossiliferous material situated on 

the top of the lignite has been disappeared (removed).  

After a research we found that the holotype of Taxodium europaeum from 

Alonissos Island is hosted at the Muséum national d'Histoire naturelle in Paris 

(MNHN). Therefore we asked for photos of the sample in order to include them at this 

study.  

The specimens we collected from the field have mainly fossil gastropods 

(intact and fragments) and fossil plant remnants which unfortunately cannot be 

determined (bad preserved and mainly belonging to mixed horizons). The material 

collected is hosted at the Faculty of Geology and Geoenvironment, UOA for future 

studies. Among the lignite elements we collected for pollen examination in the future 

there was a part of a xylite. 

 

Plate 39. Alonissos plant fossiliferous site. 

A: The abandoned quarry where the lignite was exported from. B: The section with the fossil 

gastropods layer (bottom), the lignite and the plant fossiliferous marls (top). C, E, G-V, Z-AE: 

Undetermined plant fossiliferous specimens. K is an enlargement of a detail of J. AA is an enlargement 

of a detail of Z. D, X, Y: Lignite samples. X is a photo from the lignite sample studied microscopically 

and identified as Pinuxylon. F, AF, AG: Gastropod fossiliferous samples.  
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This fossil sample has been boiled in water to become softer, then cut with 

razor blades and mounted in glycerine jelly (e.g. Gryc & Sakala 2010). This 

procedure was followed for its preparation for thin sections in order to be 

photographed. This process took place at the Faculty of Forestry and Wood 

Technology, Department of Wood Science, Mendel University in Brno in order to be 

studied microscopically. 

 

 

4.1.4 History of the recognition and identification of the plant fossils in 

Alonissos Island 

Philostratus (3rd century B.C.), the ancient Greek philosopher from Lemnos 

Island, has given two descriptions about a giant skeleton of a mammal in Alonissos 

island, Greece (of about 5.5 m long) declared as one of the giants of the 

Gigantomachy, and in Imbros island (Imroz), Turkey (the last one has been found 

and identified as a Miocene mastodon) (Philostratus: On Heroes in Higgins and 

Higgins 1996).  

According to Mayor (2000) if someone follows the descriptions of Philostratus 

there are also ―gigantic skeletons‖ (Fig. 35) in Kos island, in Phrygia, in Thessaly, in 

Pallene: Kassandra Peninsula, Chalkidiki, northern Greece, which have been found 

and identified as deinotheres, mastodons, cave bears, woolly rhinos (e.g. Tsoukala & 

Melentis 1994). Gigantic skeletons from Crete (the ―Cretan giants‖) have been also 

described by Pliny, Philodemus and Solinus. 

The observations of this philosopher (Philostratus) have been highly 

evaluated by us because they give as information about the Neogene formations and 

moreover the possible plant fossiliferous sites. 

During the 19th century the research for the discovery of energy sources (e.g. 

coal) in Greece was widespread. Virlet had visited Greece soon after the coal was 

said to have been observed. He visited the Sporades Septentrionales or Devil‘s 

Archipelago, situated at the mouth of the Gulfs of Volo and Salonica, near the coasts 

of Thessaly and Macedonia, where it was incorrectly said coal existed.  
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Fig. 35: The “Gigantic skeletons” according the ancient sources compared with modern 

vertebrate fossil discoveries (map by Mayor 2000). 

 

According to Brongniart (1832, 1833, 1834), Virlet had collected a lot of plant 

fossils (especially leaf imprints) in a site not far from Kymi (Euboea) and because of 

the quantity of the findings he presented it as the analogue of Pikermi for the plants. 

M. Gaudry (1860) in his letters to M. Elie de Beaumont reports the existence 

of Taxodium europaeum in Kymi underlying the fact that this species was described 

by Brongniart from his work on Morea (Greece) and it was reported by M. Virlet at 

Iliodroma island, close to Euboea. 

Unger (1862) in his work ‗Reise in Griechenland‘ has a reference on the fossil 

plants from Chelidhromi (= Alonissos) Island found inside the same ‗freshwater 

formation‘ – according to Spratt, 1847 – with the one of Kymi, Euboea. Unger had 

studied the work by Virlet (1833) and Gaudry (1860) who believed that the age of the 

fossiliferous formation is the same with the one of Kymi, Kalamos, Markopoulo and 

Oropos and not older than Miocene. 

In 1971 the archaeological research has revealed the skeletons of Miocene 

Hipparion and Rhinoceros close to the ancient village Ikos (Aupert 1976). Schneider 

(1972) refers to a Pontian mammal fauna of the Island including Hipparion indicative 

of a late Messinian age. 
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4.2 Systematic descriptions 

 

Alonissos (Iliodroma) Island is really famous to the palaeobotanists because 

of the first report of Glyptostrobus europaeus (Brongniart) Unger. The holotype of the 

fossil today is preserved on a marly limestone slab of the following dimensions (in 

cm): 15x10, from Alonissos Island, Greece and is hosted at the collections of the 

MNHN with the code F1744 (Plate 40). The fossil was recognised, described and 

named as Taxodium europaeum (basionym) by Brongniart (1832). 

Glyptostrobus europaeus represents a species found in several localities in 

Greece. According to LePage (2007, p. 393) the geographical distribution of this 

species in Greece includes Glyptostrobus europaeus findings from Kymi (Euboea 

Island) and Alonissos Island of Burdigalian age (Early Miocene) and from Vegora 

(Macedonia) of Messinian age (Upper Miocene). In Velitzelos et al. (2014) there are 

additional localities in Greece where this species has been found, such as: Iliokomi–

Kormitsa (Thrace) of Miocene age, Aliveri (Euboea Island) and Moudros (Lemnos 

Island) of Burdigalian age, Prosilio and Lava (eastern West Macedonia) and Likoudi 

and Drymos (Elassona) of Messinian age, Platana (Western Peloponnese) of Upper 

Miocene age, Pikermi–Chomateri (Attica) of Upper Miocene–Early Pliocene age and 

Skoura (Sparti) of Pliocene age. 

Recent studies (Dolezych and Van der Burgh, 2004) had correlated for the 

first time Glyptostrobus europaeus with Glyptostroboxylon rudolphii Dolezych and 

Van der Burgh. Numerous information for the ―whole–plant‖ reconstruction of the 

species providing by the connection between fossil stumps, trunks and twigs of the 

taxon are also given in Vassio et al. (2008). 

Among the newly collected specimens we were able to identify a xylitic 

remnant with anatomical characteristics resembling a conifer. Its microscopical study 

is presented below. 
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Plate 40 Glyptostrobus europaeus (Brongniart) Unger 

A-F: Taxodium europaeum holotype, hosted in the collections of the MNHN in Paris with the code 

F1744. B-F represent details of the fossil magnified. 
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4.2.1 Identification of Coniferous wood (“Gymnosperm”) from Alonissos Island 

 

4.2.1.1 

Conifers 

Pinaceae L. 

Pinuxylon Gothan  

(Plate 41A–41O) 

 

Microscopic description. 

Transverse section: Growth ring boundaries distinct, transition from early – 

to latewood gradual (Pl. 41A, 41B, 41D), latewood tracheids thin walled (Pl. 41A, 

41B, 41C, 41D), large resin canals (axial and radial distributed but mainly at the 

latewood) with thin–walled epithelial cells (Pl. 41A, 41B, 41C), bordered pits in radial 

walls with well–defined disc–shaped torus (Pl. 41D), no axial parenchyma observed.  

 

Tangential section: Exclusively uniseriate rays (fusiform because they 

contain radial intercellular canals and have a specific shape), average height of rays 

4–12 cells (mostly ―medium‖sized but they can be up to 20 cells). Resin canals in 

rays with thin–walled epithelial cells (Pl. 41L–41O). 

 

Radial section: Tracheid pits uniseriate. Ray tracheids present with up to 

four rows of cells (Pl. 41G, 41H, 41K), cell walls of ray tracheids smooth (Pl. 41G, 

41K) and dentate (Plate Pl. 41H, 41I), ray tracheid pit borders with dentate 

thickenings (Pl. 41I). End walls of ray parenchyma cells smooth (Pl. 41J, 41K). 

Horizontal walls of ray parenchyma cells smooth (Pl. 41J, 41K)., no indentures were 

observed, cross–field pitting pinoid in 2 rows of usually 1–2 pits per cross–field but up 

to 6 (Pl. 41E, 41G, 41H, 41J, 41K). 

 

Comparison among greek fossil pine woods. Our specimen has been 

compared with the fossil pine woods from Greece and has been found to have a lot 

of differences with them: Pinoxylon parenchymatosum (Suss & Velitzelos 1993) from 

Lemnos Island is characterised by the occurrence of axial parenchyma, a feature not 

in accordance with our fossil. P. paradoxum (Suss & Velitzelos 1994) from Lesbos 

Island is characterised by the existence of spirals and P. pseudoparadoxum (Suss & 

Velitzelos 1994, Lesbos Island) has very large rays – up to 50–cells. 
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Plate 41 Pinuxylon Gothan 

A: Growth ring boundaries distinct, transition from early - to latewood gradual, latewood tracheids thin 

walled, large resin canals with thin-walled epithelial cells (2.5x). B: Growth ring boundaries distinct, 

transition from early - to latewood gradual, latewood tracheids thin walled, large resin canals (axial and 

radial) with thin-walled epithelial cells (20x). C: Latewood tracheids thin walled, large resin canals 

with thin-walled epithelial cells (20x). D: Growth ring boundaries distinct, transition from early - to 
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latewood gradual, latewood tracheids thin walled, bordered pits in radial walls with well-defined disc-

shaped torus. E: cross-field pitting pinoid in horizontal 2 rows of usually 1-2 pits per cross-field but up 

to 6 (20x). F: Bordered pits in radial tracheid walls uniseriate (40x). G: Tracheid pits uniseriate. Ray 

tracheids with up to four rows of cells, cell walls of ray tracheids smooth, cross-field pitting pinoid in 2 

rows of usually 1-2 pits per cross-field but up to 6 (40x). H: Tracheid pits uniseriate. Ray tracheids 

with up to four rows of cells, cell walls of ray tracheids dentate, cross-field pitting pinoid in 2 

horizontal rows of usually 1-2 pits per cross-field but up to 6 (40x). I: Cell walls of ray tracheids 

dentate, ray tracheid pit borders with dentate thickenings (40x). J: End walls of ray parenchyma cells 

smooth, horizontal walls of ray parenchyma cells smooth, cross-field pitting pinoid in 2 rows of usually 

1-2 pits per cross-field but up to 6 (40x). K: Tracheid pits uniseriate. Ray tracheids with up to four 

rows of cells, cell walls of ray tracheids smooth, end walls of ray parenchyma cells smooth, horizontal 

walls of ray parenchyma cells smooth, cross-field pitting pinoid in 2 rows of usually 1-2 pits per cross-

field but up to 6. L-O: Exclusively uniseriate rays (fusiform because they contain radial intercellular 

canals and have a specific shape), average height of rays 4-12 cells (mostly “medium”sized but they 

can be up to 20 cells). Resin canals in rays with thin-walled epithelial cells. (L: 5x, M: 10x). 

A, B, C, D = TS; E–K = RLS; L–O = TLS. TS, TLS, and RLS denote transversal, tangential 

longitudinal and radial longitudinal sections, respectively. The intension of this plate was to show the 

observed features, therefore the scale bar wasn’t used. 

 

 

Our specimen differs also from 2 more species from Lesbos Island 

identified by Suss & Velitzelos (2009): from Lesbosoxylon (= Pinoxylon) 

diversiradiatum because it has bi–seriate rays and from L. (= Pinoxylon) 

graciliradiatum which has large rays with ―idioblast–like‖ cells. There are also 

differences with Lesbosoxylon (= Pinoxylon) ventricosuradiatum (e.g. rays 

with ―idioblast–like‖ cells and pits in the cross–field and ray tracheids not 

ascertainable) (Suss & Velitzelos 2010, Lesbos Island). A further study on the 

Pinuxylon material studied by van der Burgh (1973) could help in finding 

affinities with already described fossil pine woods.  

 

Discussion: The occurrence of thin walled resin canals (axial and 

radial), the absence of parenchyma cells, the uniseriate tracheid pitting, the 

pinoid cross–field pitting, the existence of ray tracheids and the smooth 

horizontal end walls of ray parenchyma indicate that our fossil belongs to 

Pinaceae and more precisely to the genus Pinus. 
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The existence of axial and radial distributed large resin canals 

characterizes a subtropical taxon, and their presence mainly at the latewood 

is a feature showing a pronounced seasonal climate. 

Botanical affinities: The occurrence of ray tracheid pit borders with 

dentate thickenings is characteristic only of Diploxylon Pinus (e.g. Williams et 

al. 2008). Diploxylon or hard pines have two fibrovascular bundles. The pines 

belonging to this category are warmth–tolerant. According to a study by 

Gernandt et al. (2005) based on DNA evidence, the Subgenus Pinus (the 

Diploxylon, or hard pines) is divided into the predominantly Eurasian and 

Mediterranean section Pinus, composed of subsections Pinus and Pinaster, 

and the strictly North American section Trifoliae, composed of subsections 

Australes, Ponderosae, and Contortae. The Section Pinus, Subsection Pinus 

(Eurasia, Mediterranean, E North America, Cuba) includes the following 

species: P. densata, densiflora, hwangshanensis, kesiya, luchuensis, 

massoniana, merkusii, mugo, nigra, resinosa, sylvestris, tabuliformis, 

taiwanensis, thunbergii, tropicalis, uncinata, yunnanensis; the Subsection 

Pinaster (Canary Islands, Mediterranean, Himalayas) includes: P. brutia, 

canariensis, halepensis, heldreichii, pinaster, pinea, roxburghii. Further 

studies on our fossil material could help in identifying more precisely the 

modern relative of our Pinuxylon. 
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5. GAVDOS ISLAND 

 

5.1.1 Introduction 

The study of more than 100 leaf impressions of the Metochia section, Gavdos 

Island, Greece, revealed a recently recovered late Miocene (Tortonian) palaeoflora 

from the southernmost part of Europe. The detailed study of the Gavdos megaflora 

contributes to expanding knowledge about the late Neogene floras of the 

Mediterranean and about the palaeoclimate conditions during the late Miocene for 

the lower latitudes at the Eastern Mediterranean. This study has been published 

recently (Mantzouka et al. 2014, 2015). The reader is kindly asked to advice Annex 3 

for the details of this study. 

 

 

Fig. 36: Gavdos Island is located at the southernmost part of Greece and Europe. The plant fossils 

investigated for the present study were collected at the Metochia locality (NE Gavdos) which is shown 

in the geological map of the Island (arrow). 
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5.1.2 Geology and palaeontology of the studied area 

Gavdos island is situated in the southern part of Greece south of Crete (34° 

50′ 0″ N, 24° 5′ 0″ E) and covers an area of 33 Km2 (Fig. 36). The plant fossils 

investigated for the present study were collected at the Metochia locality (NE 

Gavdos, Fig. 37).  

The plant fossiliferous strata are related to L16–L22 sapropels (Tsaparas 

2005) which have a thickness of 5.26 m and an age of 9.4 – 9.1 Ma as has been 

concluded from the study of the palaeomagnetism (orbital cycles according to 

periodic oscillations of excentricity) and the foraminifera (Hilgen et al. 1995, 

Antonarakou 2001). 

 

 

5.1.3 Materials and methods 

The number of the determined angiosperms was sufficient enough to allow 

the application of several techniques concerning the palaeovegetation 

(Phytosociological approach and IPR-vegetation analysis), and the palaeoclimate 

(Leaf Margin Analysis, CLAMP and Coexistence Approach). 

 

 

Fig. 37: Metochia outcrop panoramic photo. The plant fossil site of the Metochia section is hard to be 

reached because it is situated inside a gorge (arrow). 
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5.1.4 Systematic descriptions 

 

Among the recovered specimens, three conifers (Tetraclinis salicornioides, 

Taxodium dubium, Pinus sp.) and 27 fossil species/morphotypes of angiosperms 

have been recognized (Plates 42-44 in present study and Plates 3-6 in Annex 3). 

Among them, some represent subtropical, partly evergreen woody elements (e.g. 

Daphnogene sp., Laurophyllum sp., Myrica lignitum), some others (e.g. ? Sassafras 

sp., Fagus gussonii, Ulmus, Acer angustilobum, Populus populina, Ailanthus pythii, 

Paliurus tiliifolius and several legumes) belong to deciduous shrubs or trees. 

Attempts to prepare cuticles failed because of the poor preservation and the high 

degree of oxidation. 

Concerning Myrica lignitum, new studies based on numerous fossil findings 

such as leaves, fruits, infructescences, male catkins mostly preserved as imprints 

(mainly fragmented and some complete) found in Pitsidia, Messara basin (Crete 

Island, Greece) have shown that the different plant organs found derived from a 

single species of Myrica, close to the present day species M. cerifera (Zidianakis et 

al. 2015).  

  

  

  

 

 

Plate 42. 

1. Tetraclinis salicornioides (Unger) Kvaček, segments of ultimate branches, GAVMT 620, scale bar 5 

mm; 2. Tetraclinis salicornioides (Unger) Kvaček, segments of ultimate branches, GAVMT 472, scale 

bar 10 mm; 3. Taxodium dubium (Sternberg) Heer, foliage shoots, GAVMT 653, scale bar 10 mm; 4. 

Taxodium dubium (Sternberg) Heer, foliage shoots, GAVMT 629, scale bar 5 mm; 5. Pinus sp., needle 

fascicle, GAVMT 603, scale bar 10 mm; 6. Pinus sp., needle fascicle, GAVMT 446, scale bar 10 mm; 

7. Laurophyllum sp., petiolate leaf, GAVMT 481, scale bar 10 mm; 8. Laurophyllum sp., petiolate leaf, 

GAVMT 327, scale bar 10 mm; 9. Daphnogene sp., leaf petiolate with suprabasal acrodromous 

venation, GAVMT 391, scale bar 10 mm; 10. Daphnogene sp., leaf petiolate with suprabasal 

acrodromous venation, GAVMT 440, scale bar 10 mm; 11. ?Lindera ovata Kolakovsky, leaf petiolate 

with basal acrodromous venation, GAVMT 383, scale bar 10 mm; 12. Daphnogene sp., leaf petiolate 

with suprabasal acrodromous venation, GAVMT 500, scale bar 10 mm; 13. ?Lindera ovata 

Kolakovsky, leaf petiolate with basal acrodromous venation, GAVMT 496, scale bar 10 mm; 14. leaf 

counter-impression of 13, GAVMT 617, scale bar 10 mm. 
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Plate 43. 

1. Sassafras sp. Fragment of large lobed leaf, GAVMT 433, scale bar 10 mm; 2. Monocotyledonae, 

leaf fragment with parallel venation, GAVMT 588, scale bar 10 mm; 3. Monocotyledonae, leaf 

fragment with parallel venation, GAVMT 349, scale bar 10 mm; 4. Fagus gussonii Massalongo emend. 

E. Knobloch & Velitzelos, leaf, GAVMT 534 scale bar 10 mm; 5. Fagus gussonii Massalongo emend. 

E. Knobloch & Velitzelos, leaf, GAVMT 492, scale bar 10 mm; 6. Engelhardia orsbergensis (Wessel 

& Weber) Jähninchen, Mai & Walther, leaflet, GAVMT 595, scale bar 5 mm; 7. Leguminocarpon sp., 

fragment of a pod with large seeds, GAVMT 567, scale bar 5 mm; 8. ?Leguminocarpon sp., pod (?), 

GAVMT 567, scale bar 5 mm; 9. Leguminosites sp. 2, leaflet of narrow and elliptic shape, GAVMT 

551, scale bar 10 mm; 10. Leguminosites sp. 2, leaflet of narrow and elliptic shape, GAVMT 552, scale 

bar 10 mm; 11. Leguminosites sp. 1, leaflet of broad and elliptic shape, GAVMT 321, scale bar 10 mm; 

12. Leguminosites sp. 1, leaflet of broad and elliptic shape, GAVMT 504, scale bar 10 mm; 13. 

Leguminosites sp. 3, large leaflet with petiolule, GAVMT 525, scale bar 10 mm; 14. Paliurus tiliifolius 

(Unger) Bůžek, incomplete leaf base, GAVMT 521, scale bar 10 mm. 

 

 

Plate 44. 

1. Acer angustilobum Heer, trilobed leaf bluntly dentate on the margin, GAVMT 515, scale bar 10 mm; 

2. Betula sp., fragmentary cuneate leaf base, GAVMT 543, scale bar 10 mm; 3. Carpinus sp., complete 

leaf with bluntly serrate margin, GAVMT 478, scale bar 10 mm; 4. Sapindus graecus Unger, 

emarginated apex of an incomplete leaflet, GAVMT 572, scale bar 10 mm; 5. Ulmus plurinervia 

Unger, long petiolate asymmetric leaf base, GAVMT 438, scale bar 5 mm; 6. Populus populina 

(Brongniart) E. Knobloch, complete petiolate leaf with five basal veins, GAVMT 491, scale bar 5 mm; 

7. Dicotylophyllum sp.1, leaf base with serrate margin. GAVMT 584, scale bar 5 mm; 8. 

Dicotylophyllum sp. 5, leaf, GAVMT 582, scale bar 10 mm; 9. Dicotylophyllum sp. 5, incomplete leaf, 

GAVMT 483, scale bar 5 mm; 10. Dicotylophyllum sp. 4, leaflet, GAVMT 386, scale bar 10 mm; 11. 

Ailanthus pythii (Unger) Kovar-Eder & Kvaček, strongly asymmetrical leaflet base, GAVMT 572, 

scale bar 10 mm; 12. Dicotylophyllum sp. [? Camellia abchasica (Kolakovsky) Kolakovsky], shortly 

petiolate leaf, GAVMT 649, scale bar 10 mm; 13. Myrica lignitum (Unger) Saporta, leaf with entire 

margin, GAVMT 375, scale bar 10 mm; 14. Myrica lignitum (Unger) Saporta, leaf with dentate margin, 

GAVMT 643, scale bar 10 mm; 15. Salix cf. angusta A. Braun, narrow elongate leaf, GAVMT 576, 

scale bar 10 mm; 16. Salix cf. angusta A. Braun, narrow elongate leaf, GAVMT 650, scale bar 10 mm; 

17. detail of 16, leaf venation, scale bar 5 mm; 18. Dicotylophyllum sp.3, leaf or leaflet, GAVMT 452, 

scale bar 10 mm; 19. Detail of 18, detail of leaf/leaflet margin, scale bar 5 mm; 20. ?Apocynophyllum 

sp., cuneate leaf base, GAVMT 397, scale bar 10 mm; 21. Dicotylophyllum sp. [?Cotoneaster 

palaeobacillaris Kolakovsky], incomplete leaf, GAVMT 405, scale bar 10 mm; 22. Leguminosites 

sp.4, leaflet base, GAVMT 562, scale bar 10 mm; 23. Monocotyledonae fam. et gen. indet., extremely 

narrow leaf with parallelodromous venation, GAVMT 428, scale bar 5 mm. 
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5.1.5 Comparison of related fossil floras in Europe 

The Gavdos palaeoflora has been compared with the late Miocene floristic 

assemblages of Likudi and Vegora (Macedonia, Greece) (Knobloch & Velitzelos 

1986, Kvaček et al. 2002), since it belongs to the Mediterranean-Tethys Bioprovince 

(Mai 1995) and with the late Miocene flora of Kodor (Caucasus area, Paratethys 

Bioprovince). The newly described plant fossiliferous localities from Crete (Kovar-

Eder et al. 2006, Sachse & Mohr 1996, Sachse et al. 1999, Sachse 2004, Zidianakis 

2002, Zidianakis et al. 2007, 2010), such as Vrysses (latest Tortonian-early 

Messinian age, 7.5 – 6.0 Ma) and Pitsidia (Early Tortonian age, 10.5 Ma) were also 

correlated with Metochia (Gavdos) plant fossils. According to our study the most 

similar flora, also close in the geographical position and age, is that of Makrilia, Crete 

of late Tortonian age (8.6 – 7.7 Ma) sharing not only physiognomic aspects but also 

several important elements. 

 

5.2 Palaeoenvironmental Analysis: 

5.2.1 Palaeovegetation. Three specific plant assemblages are distingushed based 

on the Phytosociological Approach: a) a mixed-swamp forest, b) a riparian 

assemblage and c) a zonal mesophytic to sclerophyllous vegetation. According to 

IPR-vegetation analysis (Kovar-Eder et al. 2008, Teodoridis et al. 2011a), Gavdos 

belongs to transition (ecotone) between the broad-leaved deciduous forest (BLDF) 

and the mixed mesophytic forest (MMF) and shows close affinities with BLDF of Mt. 

Emei, Meili Snow Mt., Mt. Fuji (in China) and the Shirakami Sanchi area (in Japan). 

 

5.2.2 Palaeoclimate. The palaeoclimate data derived for Gavdos, using LMA, 

CLAMP and CA techniques, are summarized as follows: MAT 13.8 – 20 °C, WMMT 

22.5 – 26.4 °C, CMMT 3.1 – 9. °C, MAP 843 – 1741 mm, MPwet 170 – 195 mm, 

MPdry 17 – 70 mm, MPwarm 73 – 80 mm, 3-WET 735.8 mm (only CLAMP) and 3-

DRY 184.8 mm (only CLAMP). The Tortonian paleoclimatic datasets from Gavdos 

and Crete represent a humid subtropical climate without any dry season during the 

warmest period (Cfa). At present, the Cfa climate type is restricted to relatively small 

regions of Europe. 
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6. DISCUSSION AND CONCLUSIONS 

6.1 LESBOS ISLAND 

 

On November 2015 Lesbos Island has received the ultimate recognition of its 

international significance honored as a UNESCO Geopark. Geoparks represent the 

holistic approach of unique and important territories which combine the protection 

and promotion of geological heritage with sustainable local development (Zouros 

2004). 

The research on the palaeobotanical treasure of Lesbos Island by several 

scientists (Unger 1845, 1847, 1850; Fliche 1898; Velitzelos et al. 1981a, b; Velitzelos 

& Zouros 2008) during the last two centuries has revealed 25 species of conifers and 

5 species of angiosperms concerning the wood occurrences while the foliage findings 

certify the opposite (Mantzouka et al. 2013a).  

During this study new fossiliferous localities have been found from the 

Southern part of the Island (A: Alonelia, H: Hondrokouki, R: Rogkada, D: Damandri, 

P: Plakes, M: Mesotopos). 

Hundreds of specimens have been collected from the new fossiliferous sites, 

stored, cut for slides and studied.  

Among these new specimens, 27 angiosperms were studied and described in 

detail. For their study 101 slides were prepared. 

Regarding the conifers findings, 69 conifers were studied and described. For 

their study 205 slides were prepared. 

For the comparison with the present day material, 9 slides were prepared 

for the optical microscope and more than 30 preparations were made for 

modern Cedrus species study under SEM.  

Among the new fossiliferous sites there is a limonitic site (M: Mesotopos) with 

plant fossiliferous material not proper for identification but with information about the 

occurrence of hydrothermal source in the area. 

The variety of the fossilization (taphonomical processes with several parameters 

strongly connected to volcanism) and preservation types (leaf impressions, molds 

and casts, permineralized, silicified and lignified trunks, fossiliferous block 

assemblages, lignitic horizons) interpreted for each fossiliferous locality can supply 

us with details for the palaeoenvironment. For example the lignitic horizon of 

Lapsarna (Plate 1), from where a lot of fossils have been collected and studied more 

than a hundred years ago (Fliche 1898) and has been revealed and studied recently 
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(Mantzouka 2009a, b; Vassileiadou & Zouros 2012) from a micropalaeontological 

point of view, represents a palaeolake of a lower palaeoaltitude. 

Information on palaeoaltitude of the fossiliferous localities connected with the 

specimens found and studied in time. In A: Alonelia and R: Rogkada sites, the 

majority of the trees preserved were conifers which probably represent a higher 

palaeoaltitude and in H: Hondrokouki, D: Damandri and P: Plakes fossiliferous sites 

the majority were angiosperms and especially Lauraceae which represent a lower 

palaeoaltitude.  

A new international methodology on fossil Lauraceae has been established 

recently (Mantzouka et al. in press) and it was based on Lesbos material. The 

suggested classification of Laurinoxylon of this study is universal and directly linked 

to modern botany. Thanks to the abundance of Laurinoxylon in the fossil record, it 

can be directly used both by palaebotanists/palaeontologists and geologists as a 

good tool for further systematic, stratigraphic and paleoclimatic studies. The fossil 

woods used for the establishment of this methodology cover time interval from early 

Oligocene to early Miocene. 

This new proposed identification key for fossil lauraceous wood was based on the 

examination of the importance of oil &/or mucilage cells (= idioblasts) distribution as 

an essential tool for botanical affinities of the Lauraceae (and especially 

Laurinoxylon) using both the work on extant lauraceous genera by Richter (1981a) 

and van der Werff and Richter (1996) and new detailed anatomical descriptions of 

several wood samples from four different areas of South-Eastern and Central Europe 

from Oligocene to Miocene age. The exact occurrence and distribution of the 

idioblasts and their combinations was used for the purposes of this study only as the 

last step of the proposed methodology (and not separately as in several previously 

published studies), after the application of a number of ‗filters‘ (= excluding 

criteria/features) which Richter (1981a) had defined as ―characters with the highest 

significance‖. 

The observation of the exact occurrence of the idioblasts allowed the 

recognition of four groups of Laurinoxylon species: 

 Type 1 with idioblasts associated only with ray parenchyma cells; 

 Type 2a with idioblasts associated with two types of parenchyma elements, 

i.e., with rays and axial parenchyma; 

 Type 2b with idioblasts associated with two different elements, with rays and 

present among the fibres; and  
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 Type 3 with idioblasts associated with three types of elements, i.e., with ray 

and axial parenchyma cells and present among the fibres. 

 

The next step was to find the botanical affinities of the Laurinoxylon wood 

categories by linking the fossil species with the modern wood:  

1) the representatives of Laurinoxylon Type 1 are closer to: Dicypellium, 

Systemonodaphne, Urbanodendron, North American Persea, Litsea 

chinensis group, Laurus, 

2) Laurinoxylon Type 2a fossil species are closer to modern Aniba, Licaria, 

Aiouea, Pleurothyrium, Cryptocarya from Madagascar, Dehaasia, 

Nothaphoebe, Phoebe, Persea, Apollonias, Lindera A, 

3) The species of Laurinoxylon Type 2b are closer to modern Actinodaphne, 

Neolitsea and Nectandra under the supposition that they belong to the 

percentage of species which don‘t include crystals, 

4) Finally, the species of Laurinoxylon Type 3 (syn. Cinnamomoxylon) are 

closer to Actinodaphne, Neolitsea, Nectandra, Ocotea, Endlicheria, 

Cinnamomum. 

The observation on the existence of crystals and crystalliferous masses and septa in 

fibres along with the combination with other co-occurring leaves and other organs, 

can make possible the depiction of only one modern genus, which would correspond 

to a concrete fossil Laurinoxylon species. 

 

Concerning the lauraceous representatives during this study the 

identification of the following species for the first time in Lesbos and in Greece 

was efficient: 

1)  Laurinoxylon aff. czechense Prakash, Březinová & Bůžek 

(representative of the Northern hemisphere), a Laurinoxylon Type 1 most 

probably related to the present day genus of the North American Persea. 

2) Laurinoxylon cf. daberi Greguss (Neotropical / Asian representative), a 

Laurinoxylon Type 2a with big quadratic prisms (Ac and E in Richter‘s 

categories) and silica bodies inside the idioblasts. 

3) Laurinoxylon aff. diluviale (Unger) Felix emend. Dupéron et al. 

(Neotropical representative), a Laurinoxylon Type 2b most probably 

related to the 40% of the present day Nectandra species which do not 

have crystals. 
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4) Cinnamomoxylon seemannianum (Mädel) Gottwald (Neotropical / 

Asian representative), a Laurinoxylon Type 3 (= Cinnamomoxylon) most 

probably related to the present day genus Cinnamomum. 

5) Another unique lauraceous finding was Cryptocaryoxylon Leisman 

(Southern hemisphere representative). This is the first identification of the 

genus Cryptocaryoxylon for the Neogene of Eurasia (during this study the 

finding of this genus was also made from the Miocene of Lemnos Island). 

Until now Cryptocaryoxylon has been reported only three times: a) with 

the species Cryptocaryoxylon gippslandicum Leisman (1986) from the 

Upper Eocene-Oligocene (39 Mya) of Australia, b) with the species C. 

hancockii, C. meeksii and C. radiporosum Wheeler & Manchester (2002) 

from the middle Eocene of North America and c) with the species 

Cryptocaryoxylon oleiferum which has been found recently belonging in 

the late Pleistocene of Argentina (Ramos et al. 2015).  

This study has revealed also Quercoxylon (Kräusel) Gros from Lesbos 

Island. The nearest living relatives of Quercoxylon consider to be Quercus and 

Lithocarpus which are native in the warm temperate regions of the Northern 

Hemisphere and of East Indies: Southeast Asia and India including the islands. 

Additionally, the hypothesis that this evergreen oak type belongs to the extinct genus 

Eotrigonobalanus as stated in Selmeier & Velitzelos (2000) is supported. 

The study of Cedroxylon lesbium Kraus (Peuce lesbia Unger) was 

another important part of this PhD. The studied sample represents a holotype or a 

part of the holotype hosted at the Natural History Museum of Vienna 

(Naturhistorisches Museum Wien) with the code: D 38 (Plate 29A-29C), and belongs 

to the Lesbos samples studied and identified by Franz Unger. Unger had identified 

and published his observations on the material from Lesbos Island in his Chloris 

protogae (Unger, 1844: p.34, 37). In the latter publication there is also the original 

brief wood anatomical description of Peuce lesbia, with no illustration of its anatomy. 

The information about the locality is unknown, probably Sigri (Mpali Alonia) and there 

are no anatomical details and measurements. The fact that there is no illustration 

accompanying the description of the species is problematic (Kvaček, 2008a). No 

illustration and anatomy accompanied the renaming of the species as Pinites lesbius 

by Göppert in Bronn (1848). In 1898 Fliche studies and describes Cedroxylon sp. 

lignitic and permineralized samples from the western part of Lesbos Island and more 

specific from Ordymnos seashore and NE part of Ordymnos (Fliche 1898: p.143, 

148). Unfortunately there is no extended description of the specimen and no 
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illustration of its anatomy again. Kräusel (1919, p. 191) gives the synonym of 

Cedroxylon lesbium Kraus for Peuce lesbia Unger for trees without parenchyma and 

resin ducts, quoted Peuce lesbia as the basionym The specimen that we examine 

doesn‘t have resin ducts but it has parenchyma. 

Until a further study and re-identification on all Peuce lesbia samples hosted 

by several museums throughout Europe is made we propose Cedroxylon lesbium 

Kräusel [and not Peuce lesbia Unger, the basionym =the legitimate, previously 

published name on which a new combination or name at new rank is based. ... (Art. 

6.10) according to the International Code of Nomenclature for algae, fungi, and 

plant,] should be the official name for this fossil. 

Correlating the present day species of Cedrus with Cedroxylon lesbium 

we can see that there are differences concerning the axial parenchyma, the 

scalloped (= festooned) tori, the existence of ray tracheids (they are observed by 

Crivellaro & Schweingruber 2013), the end walls of the tracheids and the 

arrangement of the tracheid pits (uni- or biseriate) and of the bordered pits (in 1 up to 

3 rows perpendicularly). These are the main characteristics which most probably lead 

us to the conclusion that Cedroxylon lesbium is not related to modern Cedrus 

species. 

 

A question that has been raised observing the alternant plant fossiliferous 

layers of the Petrified Forest of Lesbos is: “How has the forest been recreated 

several times after the catastrophic volcanic eruptions?” 

A new possible answer on the subject could be related to the study by 

Harrison et al. (2015), on modern ecosystems. According to this paper the plant 

communities living in infertile soils, such as serpentine or ultramafic soils (high in Mg 

and low in Ca and primary nutrients) are more resistant and less sensitive to climatic 

changes. 
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6.2 LEMNOS ISLAND 

According to Velitzelos et al. (2014) the fossil plant assemblages of Lemnos 

Island are not rich in species, representing mostly riparian communities 

(Pronephrium, Daphnogene, Myrica, palms and monocots) and well-drained areas 

(Quercus drymeja and Zelkova). Another fossil genus (in the form of leaf imprint) 

found in Lemnos was Eriolaena which has been identified by Berger (1953a) and the 

present day genus is native in India, South East Asia and southern China. 

We agree with the latter opinions considering additionally that further studies 

should be done, especially concerning the fossil wood findings, because the 

unrevealed material is numerous and the new scientific data that we could get are 

really important and could lead to new conclusions, as it is proved by our study. 

From 1887 till 1993, only 2 species of gymnosperm wood [Cedroxylon sp. 

(Berger 1953a) and Pinoxylon parenchymatosum (Süss & Velitzelos 1993)] and 3 

species of angiosperm wood [Cornoxylon pappi (Berger 1953a), Laurinoxylon 

ehrendorferi (Berger 1953a) and Rhizopalmoxylon sp. (found and identified by E. 

Velitzelos)] have been identified in the Neogene palaeoflora of Lemnos Island. On 

the contrary, plenty leaves imprints have been recognized including 3 conifers and 24 

angiosperms (see Lemnos Island Fossil Flora Appendix). 

Our study is a new important contribution concerning the palaeobotanical 

treasure of Lemnos Island. The study of more than 60 wood samples (12 

angiosperms and 48 conifers) with 121 slides (11 for the angiosperms and 110 

for the conifers) from new and old fossiliferous localities resulted to the 

identification for the first time in Greece: of Cryptocaryoxylon as well as first 

identification of Laurinoxylon ehrendorferi since 1953 and the description of several 

coniferous woods related to Taxodioxylon. 

 

New efforts should be done correlating everything already known, leaves and 

wood findings, older and new identifications.  

The present study revealed the first occurrences of the following species for 

Lemnos Island and for Greece in general:  

1) Cryptocaryoxylon Leisman (Southern hemisphere). This is the first 

identification of this genus for the Neogene of Eurasia. 

2) Revealing Laurinoxylon cf. ehrendorferi Berger (Neotropical / Asian) 

for the first time after 1953. Laurinoxylon cf. ehrendorferi belongs to 

Laurinoxylon Type 2a most probably related to the present day genera 
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Nothaphoebe and Aiouea. Both genera are Neotropical / Neotropical-

Asian belonging to Perseae Nees tribe.  

3) First descriptions of taxodiaceous wood (Taxodioxylon Hartig 

emend. Gothan) from this island. 

 

The occurrence of Cryptocaryoxylon from the Miocene of Lesbos and 

Lemnos Islands reveals also useful information on the palaeogegraphy. The 

modern genus Cryptocarya belongs to Cryptocaryeae Nees tribe (Plate 3) which is 

related to the Southern hemisphere contrary to the nearest living relatives of 

Laurinoxylon species and Quercoxylon findings already described which are related 

to the North hemisphere and to the Asian/Neotropics genera. This seems to be 

important information on the evolution of the woods consist the Miocene Forest of 

Lesbos and Lemnos and on the distribution of their present day representatives. 

 

Among several thoughts during our studies one specific question has been 

plagued us: “Why there are numerous Taxodioxylon representatives in Lesbos 

and Lemnos Petrified forests?” 

We believe that the answer is the following: Taxodioxylon was a wood type 

with characters of Taxodium distichum and Sequoia sempervirens (Kräusel, 1949) 

but also with botanical affinities of more genera and species, i.e. Cryptomeria 

(Dolezych 2005) depending on the species of the studied fossil material. The species 

in the key of Taxodioxylon are separated on the number of cross-field pits, the nature 

of the axial parenchyma, and the presence or absence of horizontal and vertical resin 

ducts (Van der Burgh & Meijer, 1996). In several studies the nearest living relative of 

Taxodioxylon was Sequoia (e.g., Gryc & Sakala 2010, Erdei et al. 2009). Sequoia 

has a long fossil history and common elements existed in the forests of Europe, Asia, 

and America forming a subcosmopolitan distribution up to about 5 million years ago 

(Akkemik et al. 2009). Interestingly, the monospecific Sequoia (as also 

Sequoiadendron), which today is restricted to a narrow range along the central and 

northern coast of California, is one of the few conifers that can vegetatively 

reproduce. Low-intensity fires are necessary for the regeneration of this vulnerable in 

the list of IUCN genus (Thomas & LePage 2011). Following a major environmental 

disturbance (e.g. fire), regeneration can occur from the stump, or even roots, and 

thus allowing it to survive and maintain dominance in an ecologically dynamic habitat 

(Akkemik et al. 2009). This ability may explain the dominance of Sequoia in the 
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volcanic environment of Çamlıdere (west Central Anatolia, 18.2-16.9 mya), Lesbos 

and Lemnos petrified forests.  

 

Another legitimate question that has been raised is the following: “Why there 

are so many different types of Taxodioxylon representatives in Lesbos and 

Lemnos petrified forests?” 

Studying the material and the publications on the subject we have come to 

the conclusion that Taxodioxylon is a much diversified genus. According to Bailey & 

Faull (1934) Sequoia sempervirens (Redwood) shows a great variability of 

anatomical characters even related to the different parts of a single tree. Therefore 

extra care should be taken for the identification of Taxodioxylon species (when they 

come from fragments and not from autochthonous – in situ – stumps) because the 

differentiation of the features (qualitative ones like the form and orientation of pits and 

pit apertures and quantitative as the width of the growth rings, the dimensions of the 

cells and the number of rays per unit area) could be related not with the 

differentiation of the species but with the trees‘ growth under markedly different 

environmental conditions and with the part of the tree the sample is taken from (e.g., 

huge old stems, young or immature stems, dwarfed or suppressed stems, roots, 

branches, etc.). At the same publication there is also the statement that the range of 

variability tends to be greater in different parts of a single, large mature tree than in 

homologous parts of different trees and that the cells of the roots and of the outer 

parts of the clear lengths of huge old stems tend to be larger than those of young 

stems, of physiologically dwarfed stems, or of branches. The most important 

conclusion is the necessity of assembled the authentic specimens‘ collections with 

different genera, species and varieties as with different parts of mature trees and of 

trees growing under different environmental conditions. 

By conducting this study we would like to contribute by showing that the 

occurrences of the plant fossils of Lemnos Island (wood, leaves, and cones) are of 

high importance for the international scientific community. With the right support, 

protection and scientific study the fossiliferous localities can become 

geomorphosites/geosites of global interest and Lemnos Island can be declared as a 

protected UNESCO European and Global Geopark following the successful example 

of Lesbos Island representing an important attraction based on the promotion of the 

palaeobotanical, palaeontological and geological heritage of Greece. 
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6.3 ALONISSOS ISLAND 

 

The effort of revealing the exact locality where the holotype of 

Glyptostrobus europaeus had been found almost 200 years ago was one of the 

goals of this study. The locality was found and numerous fossiliferous specimens 

(including fossil gastropods, plant remnants and lignite samples) have been 

collected. Unfortunately imprints were not among the collected material. One of the 

lignite samples has been studied microscopically and its anatomy has revealed 

a Pinuxylon remnant. Regarding the palaeogeography, it seems that during the 

early – Middle Miocene in Alonissos Island there was a lake assemblage, as it is 

proven by the gastropods findings from the new collected material, e.g. Planorbidae, 

which represent a lacustrine, shallow environment with a good oxygenation usually 

(Professor E. Koskeridou pers.com. 2015). Later on this lacustrine environment 

turned into a swamp palaeo–ecosystem as indicated by the numerous (according the 

references) findings of Glyptostrobus europaeus and by the occurrence of the lignite 

formations under the plant fossiliferous stratum and above the gastropods 

fossiliferous layer. Most probably in a close distance of the swamp there was a 

lowland trees community or forest where the pine wood we examined grew up before 

falling into the swamp. A future study based on the collected material from this type 

locality can provide more information concerning the palaeovegetation (based mainly 

on the fossil pollen) and the palaeoenvironment (based on the fossil molluscs). 
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6.4 GAVDOS ISLAND 

 

The study of more than 100 leaf impressions of the Metochia section, 

Gavdos Island, Greece, revealed a recently recovered late Miocene (Tortonian) 

palaeoflora from the southernmost part of Europe. The number of the determined 

angiosperms (with 27 fossil species/morphotypes) allowed the application of several 

techniques concerning the palaeovegetation (Phytosociological approach and IPR-

vegetation analysis), and the palaeoclimate (Leaf Margin Analysis, CLAMP and 

Coexistence Approach). 

The present study places the southernmost limit of the distribution of Fagus 

gussonii in Gavdos, confirms the limited distribution of Sapindus graecus only on 

the territory of southeast Europe and gives the first evidence of Ailanthus pythii in 

the Mediterranean. 

The results of the study of the Gavdos flora expand our knowledge 

about the late Neogene floras of the Mediterranean. According to our study, 

palaeogeographical settings rather than climatic oscillations affected the 

floristic differentiation in the area of SE Europe at about 8 Ma. Climate data 

reconstructed for the Gavdos flora and the other Greek localities show no signs of 

distinct aridization of climate and changes towards a summer-dry ("etesian") regime. 

Tortonian temperatures estimated from a total of four megafloras of Southern Greece 

were about at the present-day level or even slightly below. This indicates that the 

global temperature decline during the Late Neogene affected the study area much 

less, compared to the middle to higher latitudinal regions of Western Eurasia. 
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Abstract  

The present contribution brings new scientific data for the palaeoflora of Lesbos 
based on new collections of plant fossils which were discovered in 2011 at six new 
localities from the southern part of Lesbos Island. This study resumes the published 
data both on the palaeovegetation of the Petrified Forest and the palaeogeography 
of Lesbos Island during the Neogene. 
The new palaeobotanical study with more than seventy new samples of fossilized 
wood from the broader area of Polichnitos region gives new information about the 
palaeobotanical and palaeontological content of this area.  
It is reported for the first time here the existence of a diversified fossil wood 
assemblage from the southern part of the Island as long as the identification of three 
types of lauraceous wood according to their idioblasts characteristics.  
 Key words: plant fossil anatomy, Lauraceae, idioblasts, Petrified Forest of Lesbos. 

Περίληψη 

Η εν λόγω εργασία φέρνει στο φως νέα επιστημονικά δεδομένα για την 
παλαιοχλωρίδα της Λέσβου που βασίζονται σε νεοσυλλεχθέντα φυτικά απολιθώματα 
τα οποία ήρθαν στο φως το 2011και προέρχονται από έξι νέες θέσεις από το νότιο 
τμήμα της νήσου Λέσβου. Η συγκεκριμένη μελέτη ανακεφαλαιώνει τα ήδη 
δημοσιευμένα δεδομένα αναφορικά με την σύνθεση της παλαιοβλάστησης του 
Απολιθωμένου Δάσους καθώς και με την  παλαιογεωγραφία της νήσου Λέσβου κατά 
το Νεογενές. 
Η νέα παλαιοβοτανική μελέτη με περισσότερα από εβδομήντα νέα δείγματα 
απολιθωμένων δέντρων από την ευρύτερη περιοχή του Πολυχνίτου δίνει νέες 
πληροφορίες σχετικά με το παλαιοβοτανικό και παλαιοντολογικό περιεχόμενο της 
συγκεκριμένης περιοχής. 
Στην εν λόγω εργασία γίνεται για πρώτη φορά αναφορά στην ύπαρξη ποικίλων 
συγκεντρώσεων απολιθωμένου ξύλου από το νότιο τμήμα του νησιού, καθώς και ο 
προσδιορισμός τριών τύπων της οικογένειας των Δαφνίδων σύμφωνα με τα 
χαρακτηριστικά των ιδιόβλαστων κυττάρων τους.   
Λέξεις κλειδιά: Ανατομία απολιθωμένου ξύλου, Οικογένεια Δαφνίδων, ιδιόβλαστα 
κύτταρα,  Απολιθωμένο Δάσος Λέσβου. 
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1. Introduction  
The importance of the plant fossils of Lesbos Island has been underlined having also the privilege 
to be the first place of the world where the palaeobotanical research took place by Theophrastus 
from Eressos, Lesbos Island (372-287 B.C.) at the 3rd century B.C. Theophrastus wrote down all 
his observations for the fossil trees of Lesbos in his book ‘On Petrifactions’ (‘Περί Λιθουμένων’), 
which, unfortunately is not saved, although there are some references about the fossil trees inside 
his book ‘On Stones’ (‘Περί Λίθων’) (Theophrastus, Complete Works 8. 1. 4; 8. 2. 12; 8. 2. 16; 8. 
2. 17; 8. 6. 38). The main occurrences of the plant fossils have been found at the western peninsula 
of the Island (Petrified Forest park; Nissiopi park; Sigri park; Plaka park; Skamiouda park) which 
has been declared as a Protected Natural Monument since 1985 with a special Presidential Decree 
(No 443/1985, in Velitzelos et al., 1999). Up to now the great majority of the studied woods were 
attributed to “gymnosperms” (especially conifers), while the described leaves belong rather to 
angiosperms (Velitzelos & Zouros, 2008).  

This study focuses on the new findings – of both conifers and angiosperms – from new plant 
fossiliferous localities from Polichnitos region (which is rather distant from the protected area of 
the Petrified Forest-Western Peninsula).  

2. Geological Setting 
Lesbos Island is located at the NE part of Aegean and it belongs to the Pelagonian geotectonic 
zone of Greece which represents a fragment of the Cimmerian Continent (Mountrakis, 1983; 
1986).  

According to previously published data (Hecht, 1972b; 1974, Katsikatsos et al. 1982; 1986, 
Fytikas et al., 1984, Mountrakis et al., 1983; 2001, Thomaidou, 2009) the geology of Lesbos is 
documented in Figure 1 and it consists of an autochnthonous and two allochthonous units. 

Polichnitos – Vatera area is located at the southern part of the Lesbos Island (Figure 1). In this area 
there are six different localities from where samples of fossil wood were obtained. The 
stratigraphic sequence is presented in Figure 2. 

 
Figure 1 - Geological map by Katsikatsos et al. (1986), modified. Polichnitos-Vatera study 

area is included in the rectangular. 
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The stratigraphic sequence of our section fits almost perfectly with the one presented by 
Katsikatsos et al. (1982) for Polichnitos area, with the difference of a tephra horizon (formation 
‘e.i’ in Fig.2) – which can be attributed to the ‘volcanic rocks (+) formation’ – under Polichnitos 
ignimbrite (formation ‘c’ in Fig.2) as it is shown in Figure 2. 

Our outcrops (from the bottom to the top layer) consist of:  

- Miocene Terra rossa with a thickness of approximately 12 m (formation ‘b’ in Fig.2). This is the 
layer which has the same stratigraphic position with the thick deposits of conglomerates and 
pyroclastic materials of the area of Sigri - Antisa, which are also lying under the ignimbrites and 
have at their lower  part (and mainly at their basis)  marly layers which host small lignitic deposits 
(Katsikatsos et al., 1986). According to Lamera (2004) it might represent a ‘lahar’ formation. The 
basement / underlying layer is not seen at the outcrop but the general view of the area shows that 
the basement consists of ultrabasic rocks.  

- Over the Terra rossa there is a tephra horizon of 1,5 m thickness (formation ‘e. i’ in Fig.2, left 
column) and over this there are volcanics of beige color – consisting of 2 horizons, one of 0,4 m 
(‘e. ii’ formation in Fig.2, left column) and one of 2 m thickness (‘e. iii’ formation in Fig.2, left 
column) – with a total thickness of 2.4 m which are underlying the  

- Ignimbrite of Polichnitos with a thickness of 4 m (formation ‘c’ in Fig.2). According to Pe-Piper 
& Piper, 1993 the only radiometric date of Polichnitos ignimbrite in 17.2 ± 0.5 Ma ‘was made by 
Borsi et al. (1972) corrected to the Steiger & Jäger, (1977) decay constant’. Polichnitos ignimbrite 
formation belongs to the magnetic epoch 17 with an age of ~ 18.4 – 17.2 Ma (Pe-Piper, 1980; Pe-
Piper & Piper, 1993 while, according to the proposed categorization of Lesbos ignimbrites by 
Lamera (2004), it represents the PU unit. The fossil plants of our study come from the layers 
which are underlying Polichnitos ignimbrite and especially from the upper and lower part of the 
tephra horizon (ei, eii, b in Fig. 2, left column).  

 
Figure 2 - “Polichnitos – Vatera” area stratigraphic column (from the bottom to the top 

layer) according to Katsikatsos et al. (1982), modified and the geological setting of the new 
fossiliferous sites. 
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Figure 3 - An example of the outcrops of the localities in Polichnitos region (Locality: 

DMAL, date: 21/08/11). 

3. Materials and Methods 
During 2011 and 2012 almost 400 specimens were collected by one of us (DM) from six new 
localities in Polichnitos region. The fossil plants were photographed, their dimensions were 
measured and they were catalogued. Thin slides for more than 70 samples were prepared (three for 
each sample: transversal, radial and tangential) in order to study their anatomical features under 
the microscope. 

The thin sections were observed under an Olympus BX51 microscope, in the facilities of Charles 
University, Prague. Data tables were subsequently created using the Microsoft Office Excel. The 
anatomical description is in accordance with the IAWA Hardwood List (IAWA Committee 1989) 
and Wheeler (1986) for angiosperms and the IAWA Softwood List (IAWA Committee 2004) for 
conifers. In several steps of the study the ArcMap - ArcGIS Program was used, in order to have 
the already existing knowledge and the new data of the palaeogeographical history of Lesbos 
Island portrayed. 

In Polichnitos region two fossiliferous sites are known (Figure 4):  

1. Rougada from which one fossil trunk had been found [Taxaceoxylon biseriatum SÜSS & 
VELITZELOS]. The tree trunk is ash-gray color, is 12.5 m long with a diameter ranging 
from 80 to 95 cm and was embedded in an ignimbrite layer (Süss & Velitzelos, 1994a).  

2. Vatera where the Pliocene vertebrate fauna was discovered and studied by the University of 
Athens (Dermitzakis, 2002). 

Among the material that was collected there were also carbonized fossils (Fig. 5a), or 
permineralised (Fig. 5b) with the great majority of them having the wood, the bark and the 
extraxylary tissues preserved in a detailed way. 

4. Systematical Part 
4.1 Historical Research of the Fossil Plants of Lesbos Island 

From 1845 till 2012, 25 species of gymnosperm wood and only 5 species of angiosperm wood 
have been identified in the Neogene palaeoflora of Lesbos Island, while in some of them there is 
also information about their preservation. This information is of great value for the taphonomic 
processes (Appendix). Moreover the references concerning the angiosperm wood species come 
from the 19th century. The opposite phenomenon – with 5 gymnosperms and 29 angiosperms – 
occurs at leaves’ findings. 
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Figure 4 - Palaeogeographic sketch of Lesbos Island during the Neogene Period (Mantzouka 

2009a, b, modified). 

 
Figure 5 - a. Detail of the external structure of a fossil trunk: the knots and even the bark are 

preserved (Sample: DMAL 6, date: 21/8/11); b. Among the specimens there is also a lying 
trunk 2 meters long (Locality: DMRO, date: 17/09/11). 

4.2 Preliminary Results 

Both conifers and angiosperms have been identified in the samples collected from Polichnitos 
area. Some of the sampling localities contain only one of these two groups; the others have both of 
them. However, in this paper only the results from the angiosperms are reported.  

Among the newly discovered angiosperm woods we were able to identify anatomical 
characteristics resembling Quercus, Rhamnus and Lauraceae family. So far, we recognize seven 
wood specimens which are similar to the later family according to their typical features as 
described by Richter in Metcalfe (1987): wood with frequently diffuse porous, vessel solitary or in 
radial multiples (never exclusively solitary), alternate intervessel pits and tyloses, paratracheal 
parenchyma, rays 1–3–(5)-seriate, and heterocellular fibers with pitting on radial walls only. Such 
a fossil wood can be attributed to the morphogenus Laurinoxylon FELIX. 

Concerning lauraceous woods, they were categorized in different groups, based on their oil cells 
characteristics. According to Richter (1981) the oil and/or mucilage cells can be of potential 

XLVII, No 1 - 208



diagnostic value, since the difference in their shape and distribution can lead to different 
taxonomic groups. There are three different groups of idioblasts connected to: a. the ray 
parenchyma, and b. the vertical strand parenchyma or c. isolated from parenchyma tissues, 
embedded among the fibers). Three types of lauraceous woods were observed: 1) three samples 
(Fig. 6b, 7) with oil and/or mucilage cells (idioblasts) connected only to the ray cells, 2) three 
samples with idioblasts connected to the ray cells and among the fibers and 3) one sample with oil 
and/or mucilage cells in rays, axial parenchyma and among the fibers. However, a more detailed 
study is required to obtain solid conclusion. 

The samples that have been attributed to the Lauraceae, have some macroscopic characteristics in 
common: they belong to small stems, which are enclosed to volcanic material (Fig. 6a, b), they are 
silicified, light, porous, whitish red-brown with distinct growth ring boundaries that can be seen 
with naked eye, while, most of the times, there is a strange coloration type of circles (possible 
because of inclusions, of an insect impact or due to mineralization). 

 
Figure 6 - a. The stem of Laurinoxylon type enclosed in volcanic material (sample DMDA 2, 

dimensions in cm: 18x9x4); b. A stem/branch of type 1 of Laurinoxylon (sample DM 17) 
enclosed in volcanic material (transversal section No. DM17a). The occurrence of the growth 

ring boundaries is also shown. 

 
Figure 7 - The oil and/or mucilage cells associated only with the ray parenchyma cells from 

the same sample DM17 (tangential section No. DM17c). 
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5. Conclusions 
This paper presents preliminary results of a study during which new localities of palaeobotanical 
interest were discovered in the region of Polichnitos (Vatera) in Lesbos Island; an area that was 
already well known for its palaeofauna findings. The microscopical study of the collected samples 
brings new data to the Neogene palaeobotanical record of the Island. Through the study of the new 
samples there is going to be an effort for collecting as much data as possible in order to follow the 
‘whole – plant’ concept (Sakala 2004) and put together the pieces of the puzzle of reconstructing 
Lesbos palaeoflora species. Since September of 2012, the whole Island of Lesbos belongs to the 
Global Geoparks Network of Unesco, which is a recognition of the diversified and many geosites 
of the Island. By conducting this study we would like to contribute by showing that the 
occurrences of the petrified trees in other parts of the Island (i.e. apart from the Western peninsula) 
are not just sporadic but with the right support, protection and scientific study can become 
geomorphosites/geosites of great importance for the palaeontological heritage of Greece (Zouros 
& Valiakos 2007).  

As far as the stratigraphy is concerned further studies could be conducted by volcanologists and 
petrologists, since there are localities among the plant fossiliferous ones where the fossils are 
enclosed inside the volcanic material and others where it seems that the fossiliferous horizon is 
hosted within the ignimbrite or within lahar deposits. This kind of differentiation of the 
lithological setting could have a different reflection to the process of silicification, to the 
palaeoenvirmonment (e.g. the silicification is faster in volcanic lahars) and also could provide 
more information about the preservation of fossils (Ballhaus et al. 2012). Furthermore, future 
radiometric dating of specific volcanic layers in the sampling areas will enable the characterization 
of a biozone and of an exact age.  
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APPENDIX: 
 
GYMNOSPERM WOOD 
Thujoxylum peucinum UNGER emend. SÜSS & VELITZELOS [Lesbos unknown locality: ?Sigri  described 
by Unger (1847, p.31, 32). The genus has been emended by Süss & Velitzelos (1998)].   
Taxoxylum priscum UNGER [Lesbos unknown locality: ?Sigri  described by Unger (1847, p.33, 34). Revised 
as Taxoxylon priseum by Unger (1850, p.390, 391)].  
Peuce lesbia UNGER (= Cedroxylon lesbium KRAUS) [Lesbos unknown locality: ?Sigri  described by Unger 
(1844,  p. 34, 37, Tab. X)]. 
Cedroxylon sp.  [Lesbos – western part: Ordymnos seashore and NE part of Ordymnos described by Fliche 
(1898, p. 143, 148) (lignitic and permineralized samples)]. 
Pityoxylon sp. [Lesbos – western part: NE part of Ordymnos described by Fliche (1898, p. 149) 
(permineralized sample)].  
Taxaceoxylon biseriatum SÜSS & VELITZELOS [Lesbos:  Rougada - Polichnitos region, described by Süss 
& Velitzelos (1994, p. 259, Taf. I, II)].  
Pinoxylon paradoxum (SÜSS & VELITZELOS) SÜSS & VELITZELOS [Lesbos – western part:  Bali 
Alonia, described by Süss & Velitzelos (1994, p. 407, Taf. I, II, III, IV). In 2010 it was revised as 
Lesbosoxylon paradoxum by SÜSS & VELITZELOS]. 
Pinoxylon pseudoparadoxum (SÜSS & VELITZELOS) SÜSS & VELITZELOS [Lesbos – western part:  Bali 
Alonia, described by Süss & Velitzelos (1994, p. 409, Taf. V). In 2010 it was revised as Lesbosoxylon 
pseudoparadoxum by SÜSS & VELITZELOS]. 
Taxodioxylon gypsaceum (GOEPPERT) KRÄUSEL [Lesbos – western part:  Sarakina, Molyvos, Bali Alonia 
and Lapsarna-Gavathas (Antissa) described by Süss & Velitzelos (1997, p. 5, Taf. I)]. 
Taxodioxylon albertense (PENHALLOW) SHIMAKURA [Lesbos – western part:  Bali Alonia and Sarakina, 
described by Süss & Velitzelos (1997, p. 7, Taf. II, III)].  
Taxodioxylon pseudoalbertense M. NISHIDA & H. NISHIDA [Lesbos – western part:  Sarakina, described 
by Süss & Velitzelos (1997, p. 11, Taf. IV)]. 
Taxodioxylon megalonissum SÜSS & VELITZELOS [Lesbos – western part:  Nisiopi (Megalonissi) 
described by Süss & Velitzelos (1997, p. 12, Taf. V)]. 
Taxodioxylon sp. [Lesbos – western part described by Süss & Velitzelos (1997, p. 14)].  
Glyptostroboxylon microtracheidae SÜSS & VELITZELOS [Lesbos – western part described by Süss & 
Velitzelos (1997, p. 16, 18, 19, Taf. VI, VII)].  
Tetraclinoxylon velitzelosi SÜSS [Lesbos – western part:  Bali Alonia, Sarakina, Sigri, Gavathas described by 
SÜSS (1997, p. 290, 294, 295, Taf. I, II)].  
Thujoxylon antissum SÜSS & VELITZELOS [Lesbos – western part: Lapsarna (Antissa) described by Süss 
& Velitzelos (1998)]. 
Chimairoidoxylon lesboense SÜSS & VELITZELOS [Lesbos – western part: Nissiopi (Megalonissi) and 
Gavathas described by Süss & Velitzelos (1999, p. 330-334, Taf. I, II, III)].  
Podocarpoxylon articulatum SÜSS & VELITZELOS [Lesbos – western part: Bali Alonia (main Petrified 
Forest Park) described by Süss & Velitzelos (2000, p. 138, Taf. I, II)].  
Podocarpoxylon graciliradiatum SÜSS & VELITZELOS [Lesbos – western part: Bali Alonia (main Petrified 
Forest Park), found lying next to Taxodioxylon sp. SÜSS & VELITZELOS (1994) described by Süss & 
Velitzelos (2000, p. 140, Taf. III, IV)].  
Chimairoidoxylon conspicum SÜSS & VELITZELOS [Lesbos – western part: Gavathas, Bali Alonia and 
Eressos described by Süss & Velitzelos (2001, p. 151, Taf. I, II)].  
Ginkgoxylon lesboense SÜSS [Lesbos – western part described by Süss (2003, p. 304-307, Taf. I, II)].  
Ginkgoxylon diversicellulatum SÜSS  [Lesbos – western part described by Süss (2003, p. 307-310, Taf. III, 
IV)].  
Pinoxylon diversiradiatum SÜSS & VELITZELOS [Lesbos – western part:  Eressos, described by Süss & 
Velitzelos (2009, p. 4, Taf. I, II). In 2010 it was revised as Lesbosoxylon diversiradiatum by SÜSS & 
VELITZELOS].  
Pinoxylon graciliradiatum SÜSS & VELITZELOS [Lesbos – western part:  Eressos, described by Süss & 
Velitzelos (2009, p. 6, Taf. III, IV). In 2010 it was revised as Lesbosoxylon graciliradiatum by SÜSS & 
VELITZELOS].  
Lesbosoxylon diversiradiatum (SÜSS & VELITZELOS) SÜSS & VELITZELOS [Lesbos – western part:  
Eressos. Revision of the originally described Pinoxylon diversiradiatum by Süss & Velitzelos (2009, 2010, p. 
22)].  
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Lesbosoxylon graciliradiatum (SÜSS & VELITZELOS) SÜSS & VELITZELOS [Lesbos – western part:  
Eressos Revision of the originally described Pinoxylon graciliradiatum by Süss & Velitzelos (2009, 2010, p. 
22)].  
Lesbosoxylon ventricosuradiatum SÜSS & VELITZELOS [Lesbos – western part:  Eressos, described by 
Süss & Velitzelos (2010, p. 19, Taf I, II)]. 
Lesbosoxylon paradoxum (SÜSS & VELITZELOS) SÜSS & VELITZELOS [Lesbos – western part:  Bali 
Alonia main Petrified Forest Park. Revision of the originally described Pinoxylon paradoxum by Süss & 
Velitzelos (1994, 2010 p. 22)].  
Lesbosoxylon pseudoparadoxum (SÜSS & VELITZELOS) SÜSS & VELITZELOS [Lesbos – western part:  
Chamandroula. Revision of the originally described Pinoxylon pseudoparadoxum by Süss & Velitzelos 
(1994, 2010, p. 22)].  
ANGIOSPERM WOOD 
Juglandinium mediterraneum (UNGER) [Lesbos unknown locality: ?Sigri  described by Unger (1845, p. 
241). Syn: Juglandoxylon mediterraneum (UNGER) (KRAUS 1882 a,b)]. 
Mirbellites lesbius (UNGER) [Lesbos unknown locality: ?Sigri  described by Unger (1845, p.. 241, 242). 
Syn: Juglandinium mediterraneum (Unger 1850; Fliche 1898; Duperon 1988) Syn: Juglandoxylon 
mediterraneum (UNGER) (KRAUS 1882 a,b)]. 
Brongniartites graecus UNGER [Lesbos unknown locality: ?Sigri  described by Unger (1845, p. 264)]. 
Palmoxylon sp. [Lesbos – western part: Ordymnos seashore described by Fliche (1898, p. 144) (lignitic 
sample, it looked also like Sabal or Chamaerops)]. 
Ebenoxylon sp. [Lesbos – western part: Ordymnos seashore described by Fliche (1898, p. 146) and related to 
modern Diospyros (lignitic sample). Note: Süss 1987 said ?Eben.]. 
Betulaceae (? Alnus), Euphorbiaceae (?), Fagaceae (? Fagus, ? Quercus), Lauraceae (? Laurus, ? 
Cinnamomum, ?), Leguminosae (? Robinia), Monimiaceae (? ), Myrtaceae (?), Platanaceae (? Platanus) 
[Lesbos – western part: Eressos, Mesotopos. Tab. 1, p. 218 in Selmeier & Velitzelos 2000] 
 
LEAVES 
PTERYDOPHYTES 
Pronefrium stiriacum (UNGER) KNOBLOCH & KVACEK [Lesbos – western part:  Eressos described by 
Velitzelos (1993)]  
GYMNOSPERMS 
Tetraclinis sp. [Lesbos – western part described by Velitzelos (1993)]  
Pinus sp. [Lesbos – western part. Referred by Velitzelos & Zouros (2008)] 
Cunninghamia miocenica ETTINGS HAUSEN [Lesbos – western part. Referred by Velitzelos & Zouros 
(2008)] 
Sequoia abietina (BRONG.) KNOBLOCH [Lesbos – western part. Referred by Velitzelos & Zouros (2008)] 
Tetraclinis salicornoides (UNGER) KVAČEK [Lesbos – western part. Referred by Velitzelos & Zouros 
(2008)] 
 
ANGIOSPERMS  
Cinnamomum polymorphum HEER sensu GRANGEON [Lesbos – western part: at the outcrop of the road 
Antissa-Sigri described by Velitzelos et al. (1981)] 
Laurus sp. [Lesbos – western part: at the outcrop of the road Antissa-Sigri described by Velitzelos et al. 
(1981)] 
Laurus primigenia UNGER [Lesbos – western part. Referred by Velitzelos et al. (1999)] 
Litsea primigenia (UNGER) TAKHT.  [Lesbos – western part: at the outcrop of the road Antissa-Sigri 
described by Velitzelos et al. (1981)] 
Lindera ovata KOLAK. [Lesbos – western part: at the outcrop of the road Antissa-Sigri described by 
Velitzelos et al. (1981)] 
Oreodaphne heeri GAUDIN [Lesbos – western part: at the outcrop of the road Antissa-Sigri described by 
Velitzelos et al. (1981)] 
Lauraceae [Lesbos – western part: at the outcrop of the road Antissa-Sigri described by Velitzelos et al. 
(1981)] 
Daphnogene polymorpha AL.BRAUN ETT. [Lesbos – western part. Referred by Velitzelos et al. (1999)] 
Quercus sp. [Lesbos – western part. Referred by Velitzelos et al. (1999)] 
Quercus apocynophyllum ETT.  [Lesbos – western part: at the outcrop of the road Antissa-Sigri described by 
Velitzelos et al. (1981)] 
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Pungiphyllum crutiatum (AL. BRAUN) FRANKENHÄUSER et WILDE (= Quercus cruciata AL. BRAUN)  
[Lesbos – western part described by Velitzelos (1993) as Quercus cruciata]  
Pungiphyllum crutiatum (AL. BR.) FRANKENHÄUSER et WILDE [Lesbos – western part. Referred by 
Velitzelos et al. (1999)] 
Carpinus pliofaurei RATIANI forma helladae VELITZELOS et al.n. f. [Lesbos – western part: at the outcrop 
of the road Antissa-Sigri described by Velitzelos et al. (1981)] 
Carpinus uniserrata (KOLAKOVSKI) RATIANI (?) [Lesbos – western part:  at the outcrop of the road 
Antissa-Sigri described by Velitzelos et al. (1981)] 
Alnus cycladum UNGER forma parvifolia VELITZELOS et al. n. f. [Lesbos – western part:  at the outcrop of 
the road Antissa-Sigri described by Velitzelos et al. (1981)] 
Alnus cycladum UNGER [Lesbos – western part. Referred by Velitzelos et al. (1999)] 
Populus balsamoides GOEPP. [Lesbos – western part:  at the outcrop of the road Antissa-Sigri described by 
Velitzelos et al. (1981)] 
Populus sp. [Lesbos – western part:  at the outcrop of the road Antissa-Sigri described by Velitzelos et al. 
(1981)] 
Tilia sp. [Lesbos – western part:  at the outcrop of the road Antissa-Sigri described by Velitzelos et al. (1981)] 
Diospyros brachysepala AL. BRAUN. [Lesbos – western part:  at the outcrop of the road Antissa-Sigri 
described by Velitzelos et al. (1981)] 
Myrsinites sp. [Lesbos – western part:  at the outcrop of the road Antissa-Sigri described by Velitzelos et al. 
(1981)] 
Rhus sp. [Lesbos – western part:  at the outcrop of the road Antissa-Sigri described by Velitzelos et al. 
(1981)] 
Sapotaceae (?) [Lesbos – western part:  at the outcrop of the road Antissa-Sigri described by Velitzelos et al. 
(1981)] 
Rubus sp. [Lesbos – western part. Referred by Velitzelos & Zouros (2008)] 
Engelhardia sp. [Lesbos – western part. Referred by Velitzelos et al. (1999)] 
Engelhardia orsbergensis (WESSEL et WEBER) JÄHNICHEN et al.  [Lesbos – western part. Referred by 
Velitzelos & Zouros (2008)] 
Phoenix sp. [Lesbos – western part described by Velitzelos (1993)]  
Platanus sp. [Lesbos – western part described by Velitzelos (1993)]  
Acer sp. [Lesbos – western part described by Velitzelos (1993)]  
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ABSTRACT 

Several specimens of Lauraceae fossil wood from the Cenozoic of Greece (southern part 

of Lesbos), the Czech Republic (Kadaň-Zadní Vrch Hill and Jáchymov), and Hungary 

(Ipolytarnóc) were studied. When considering whether they belonged to the speciose 

fossil wood genus Laurinoxylon, we reviewed the literature and data from InsideWood on 

fossil and modern woods. As a result, we propose criteria for excluding a fossil 

Lauraceae wood from Laurinoxylon and list the species that should be excluded from this 

genus. The criteria (filters) proposed to exclude a genus from having relationships with 

Laurinoxylon are: A. Axial parenchyma features: A1. Marginal axial parenchyma, A2. 

Aliform to aliform-confluent paratracheal parenchyma; B. Ray features: B1. Rays higher 

than 1 mm, B2. Exclusively homocellular rays, B3. Rays more than 5 cells wide, B4. 

Rays storied; C. Porosity features: Ring-porous; D. Idioblasts: Absence of idioblasts. 

Revised Manuscript Click here to download Revised Manuscript Laurinoxylon
manuscript-April 26.doc
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Based on the distribution of idioblasts, we recognize four groups in Laurinoxylon (Type 1 

–with idioblasts associated only with ray parenchyma cells, Type 2a - with idioblasts 

associated with both ray and axial parenchyma, Type 2b - with idioblasts associated both 

with rays and present among the fibres and Type 3 - with idioblasts associated with ray 

and axial parenchyma and also among the fibres) and list the extant genera with features 

of those groups. Such grouping helps with interpreting the relationships of fossil 

lauraceous woods with extant genera. We discuss the Oligocene – Miocene European 

species that belong to these Laurinoxylon groups, noting that some warrant reassignment 

to different genera or even families. Future studies are needed to determine whether new 

genera should be established to accommodate these species. We propose the new 

combination Cinnamomoxylon variabile (Privé-Gill & Pelletier) Mantzouka, Karakitsios, 

Sakala & Wheeler.  

 

Keywords: Lauraceae; fossil wood anatomy; oil &/or mucilage cells; Cinnamomoxylon; 

Lesbos Island (Greece); UNESCO Global Geoparks; Czech Republic; Hungary. 

 

INTRODUCTION 

Lauraceae is a family distributed worldwide with about 50 genera (van der Werff and 

Richter 1996; Stevens 2001; Schweingruber et al. 2011; Johansson 2013) and more than 

2500 species of mainly evergreen trees and shrubs. The great majority of the genera are 

tropical and subtropical. In present-day Europe, this family is represented only by the 

genus Laurus L. (Mai 1995). 

According to Mai (1995), Lauraceae woods are the most common fossil woods in the 

Cenozoic of Europe and indicate a relatively warm climate. Lauraceous fossil woods 

occur on all continents, including Antarctica (Gregory et al. 2009). The abundance of 
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Lauraceae in the fossil record is probably due to lauraceous woods being likely to be 

reported because they are easily recognizable by their idioblasts, and they are likely to 

enter the fossil record because many have decay resistant heartwood (Wheeler & 

Manchester 2002). 

The relationship of fossil Lauraceae woods to extant genera is difficult to determine 

because many extant lauraceous woods have similar combinations of features or the fossil 

is not well enough preserved to observe important diagnostic features (e.g., vessel-ray 

parenchyma pits or presence/absence of septate fibres). Laurinoxylon is a genus name for 

fossil lauraceous woods that are impossible to assign to a single present-day genus. The 

diagnosis of Laurinoxylon was recently emended by Dupéron et al. (2008) as follows: 

“heteroxylous fossil wood with average vessels, solitary or in radial groups; perforation 

plates simple and sometimes scalariform; intervessel pits alternate and moderately large; 

tyloses present; paratracheal parenchyma; uni- to 5-seriate rays, slightly heterocellular 

and less than 1 mm high; ray-vessel pits large, sometimes stretched; fibres libriform or 

pits on radial walls; oil or mucilage (idioblasts) cells present”. The term “average 

vessels” is a translation from “vaisseaux moyens” which according to Boureau (1957, p. 

542) refers to vessels with a diameter from 100 to 200 μm. Based on the description of 

the type species Laurinoxylon diluviale, the pits on the radial walls of the fibres are not 

distinctly bordered, and are inconspicuous. 

Oil or mucilage cells in wood, hereafter referred to as idioblasts, essentially are 

restricted to the Lauraceae and other Magnoliid families - Annonaceae, Canellaceae, 

Hernandiaceae, Magnoliaceae (Metcalfe & Chalk 1950: p. 1347, 1354; Carlquist 2001). 

As suggested by their name, idioblasts are usually larger than surrounding cells; they 

often have colored contents. Idioblasts in Lauraceae have been known since 1676, with 

the first report made by Antoni van Leeuwenhoek (Baas & Gregory 1985). 
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Our objectives are: 1) to investigate whether idioblasts can help in relating fossil 

Lauraceae wood to extant genera, 2) to describe fossil Lauraceae woods from four 

different areas of South-Eastern and Central Europe of Oligocene to Miocene age, 3) to 

propose a classification scheme for Laurinoxylon species, in part based on idioblast 

distribution, and 4) to suggest which Laurinoxylon species do not fit the emended 

diagnosis of the Laurinoxylon and probably should be transferred to another genus. 

 

LOCALITIES AND GEOLOGY 

The specimens described herein are from Kadaň-Zadní Vrch Hill and Jáchymov in 

northwestern Bohemia, Czech Republic; Ipolytarnóc in northern Hungary; and three new 

localities in the Southern part of the island of Lesbos in the Aegean Sea in northeastern 

Greece (fig.1). 

The three new localities in the Polichnitos region, in the southern part of Lesbos, were 

discovered by the first author (DM) in 2011. They are in a volcanic layer that underlies 

the ignimbrite of Polichnitos (PU unit), dated at 17.2 Ma (early Miocene) and belonging 

to the magnetic epoch 17 (Borsi et al. 1972; Pe-Piper 1980; Pe-Piper & Piper 1993; 

Lamera 2004; Lamera et al. 2004). The geology of the area and the stratigraphic 

sequences of these localities have recently been studied and described in detail 

(Mantzouka et al. 2013). Lesbos is known for its Miocene Petrified Forest at its western 

peninsula. In 2012, the whole Island of Lesbos, not only the area of the Petrified Forest, 

was declared a European and Global Geopark. Geoparks combine the protection and 

promotion of geological heritage in combination with sustainable local development 

(Zouros 2004). At a meeting in Paris on 17th November 2015, the 195 Member States of 

UNESCO ratified the creation of the UNESCO Global Geoparks.  
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The holotype of Laurinoxylon czechense Prakash et al. (No CNB-2 with 5 slides: G 

4063, G 4064, G 4036, G 4037, G 4038), housed in the National Museum in Prague, 

comes from the yellowish and greenish tuffites of Kadaň-Zadní Vrch Hill in the 

Doupovské hory Mountains. The depositional environment is interpreted as a debris flow 

– lahar, and its age is considered Late Ruppelian (early Oligocene) by Sakala et al. 

(2010). The whole area is the richest site for fossil angiosperm wood in the Czech 

Republic (Prakash et al. 1971; Sakala & Privé-Gill 2004; Sakala et al. 2010). 

The holotype of Laurinoxylon diluviale (Unger) Felix emend. Dupéron et al. (4 slides 

Nos 8652–8655), housed in the Muséum National d’Histoire Naturelle in Paris, comes 

from Jáchymov and was recently described in detail by Dupéron et al. (2008). We refer 

mainly to this recent description, but also discuss a recently discovered part of the 

original Holotype sample (IGP Jáchymov No. 08 with 2 slides: No. 08/A, No. 08/B now 

housed in the Institute of Geology and Palaeontology, Charles University, Prague), 

provided by R. Roessler. The fossiliferous rock, which is volcanic breccias, is probably 

related to the volcanics of Loučná and estimated to be Oligocene in age (Rapprich pers. 

comm. 2012). 

The sample from Ipolytarnóc (IGP Ipolytarnóc No. 05 with 3 slides: No. 05/A, No. 

05/B, No. 05/C, Institute of Geology and Palaeontology, Charles University Prague) was 

collected by the third author (J.S.) at Ipolytarnóc Fossils Nature Reserve in Hungary from 

a trunk embedded in the outcrop on the official pathway. Ipolytarnóc is in the European 

and Global Geoparks Network of UNESCO (as is Lesbos), attesting to its international 

significance. According to I. Szarvas (pers. comm. 2014), it is plausible that the trunk 

represents the type species of Laurinoxylon mueller-stollii Greguss (1954) emend. Süss 

and Mädel (1958). Consequently, we consider this sample as a potential part of the 

holotype of L. mueller-stollii. The fossiliferous sediment, which is mainly formed of a 
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combination of sandstone and rhyolite tuff, contains plant and animal fossils as well as 

fossil tracks (Szarvas 2007). The site was recently radio-isotopically dated to the 

Ottnangian regional stage of the Central Paratethys (early Miocene) by Pálfy et al. 

(2007). 

 

MATERIALS AND METHODS 

Thin sections of the Greek material were prepared at the Laboratory of the Department 

of Historical Geology & Paleontology, Faculty of Geology & Geoenvironment, National 

and Kapodistrian University of Athens; thin sections of the Czech and Hungarian 

material were prepared at the Czech Geological Survey in Prague. Microscopic 

observations were made with an Olympus BX51 microscope, Olympus DP73 camera and 

QuickPHOTO MICRO 3.0 image analysis software. Anatomical descriptions follow the 

IAWA Hardwood List (IAWA Committee 1989). Each vessel was counted separately, 

both for density and vessel grouping percentage, as proposed by Wheeler (1986). 

Identifications were made with reference to the InsideWood Web site (InsideWood 

2004–onwards; Wheeler 2011). Idioblast frequency was determined from transverse 

sections. 

 

APPROACH 

The distinctions between oil and mucilage cells in structure and chemistry were 

reviewed by Baas and Gregory (1985), Gregory and Baas (1989), and Carlquist (2001). It 

is impossible to distinguish between the two in fossil woods, so throughout this paper we 

use the term idioblasts. Idioblasts in Lauraceae wood may occur: a) associated with the 

ray parenchyma; b) associated with axial parenchyma strands and / or c) amongst the 

fibres as individual cells.  
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First, we determined which extant genera differ from Dupéron et al.’s (2008) emended 

diagnosis. We relied on publications dealing with extant Lauraceae wood anatomy, 

especially Richter's (1981a) monograph. Other references used were: Callado and Costa 

(1997), Loutfy (2009), Richter and Van Wyk (1990), Richter (1981b, 1985, 1990), 

Rohwer et al. (2014), van der Werff and Richter (1985, 1996). The following features 

(A—D) were used as criteria (or filters) to exclude a genus from having relationships 

with Laurinoxylon. Lauraceous genera without these features possibly may be related to 

Laurinoxylon: 

A. Axial parenchyma features not in the emended diagnosis: A1. Marginal axial 

parenchyma, A2. Aliform to aliform-confluent paratracheal parenchyma.  

B. Ray features not in the emended diagnosis: B1. Rays higher than 1 mm, B2. 

Exclusively homocellular rays, B3. Rays more than 5 cells wide, B4. Rays storied. 

C. Porosity features not in the emended diagnosis: Ring-porous. 

D. Idioblasts: Absence of idioblasts. 

  There are two features known to be useful for present-day Lauraceae wood that 

we choose not to use because they are difficult to determine unless a fossil wood is well-

preserved: presence / absence of septate fibres and vessel-parenchyma pit type. Septate 

fibres characterize the genera of the tribe Perseae, which occur mainly in the Northern 

Hemisphere, but with some occurrences in Asian tropics, Australia, Africa and 

Madagascar (Richter 1981a; van der Werff & Richter 1996). Non-septate fibres are 

reported for the Northern Hemisphere tribe Laureae. Vessel-ray parenchyma pit types are 

considered to have considerable systematic importance (Richter 1987, in Metcalfe 1987). 

 According to Richter (1981a), van der Werff and Richter (1996) and Chanderbali 

et al. (2001), Lauraceae have three tribes: Laureae, Perseae, and Cryptocaryeae, plus 

some genera not assigned to a tribe, e.g., Iteadaphne and Neocinnamomum. In this paper, 
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we use wood anatomical characteristics of the tribes and their genera given by Richter 

(1981a) and van der Werff and Richter (1996). They treated 42 genera of Lauraceae. The 

status of three genera has changed since their work. Anaueria is considered a synonym of 

Beilschmiedia, Clinostemon is an unresolved name, and Triadodaphne is a synonym of 

Endiandra (The Plant List 2013). 

 

RESULTS 

Application of features A-D to exclude extant genera as matches for Laurinoxylon   

A. Axial Parenchyma - Genera differing from Laurinoxylon because they have 

marginal parenchyma (Feature A1) occur in the Cryptocaryeae (a primarily Southern 

Hemisphere group) and include Beilschmiedia, Cryptocarya, Endiandra, Potameia, and 

Ravensara. Marginal parenchyma was one of the characters used to support recognition 

of the Cryptocaryeae tribe (Richter 1981a; van der Werff & Richter 1996). 

However, not all Cryptocaryeae sensu Chanderbali et al. (2001, Rohwer et al. 

2014) can be excluded because some do not have marginal parenchyma, e.g., 

Dahlgrenodendron, Syndiclis (P. Détienne pers. observation for Syndiclis lotungensis), 

but Sun et al. (2015) reported that S. marlipoensis has marginal parenchyma. Moreover, 

the wood anatomy of some genera of Cryptocaryeae (Sinopora, Yasunia) is unknown.  

 Extant genera excluded from relationships to Laurinoxylon because they have 

aliform to aliform-confluent paratracheal parenchyma (feature A2) are: Eusideroxylon, 

Hypodaphnis, and the Potoxylon species once assigned to Eusideroxylon.  

 B. Ray Features - The occurrence of rays higher than 1 mm (feature B1) excludes 

Caryodaphnopsis and Clinostemon. 

Feature B2 (rays homocellular) excludes Umbellularia (NB: rays with a single 

marginal row with some square cells also are present in this genus).  
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Feature B3 (rays > 5 cells wide) excludes Dahlgrenodendron (Richter & van Wyk 

1990: p. 177). 

Storied rays (feature B4) are rare in Lauraceae, reported only for Aspidostemon; 

some species of Mezilaurus have irregularly storied rays, but that is not a consistent 

feature of the genus (Richter 1990).  

 C. Porosity - The presence of ring porosity excludes Sassafras as a candidate for 

nearest living relative of Laurinoxylon. 

 D. Idioblasts - To date, no species of Neocinnamomum are known to have 

idioblasts, so it is excluded. 

 

Modern Genera with Features of Laurinoxylon 

After using the “filters” discussed above, this leaves several extant genera with 

features of the emended diagnosis of Laurinoxylon. They are given below using Richter’s 

(1981a) and van der Werff and Richter’s (1996) grouping:  

Tribe Laureae: Actinodaphne, Laurus, Lindera [both groups A & B], Litsea, 

Neolitsea;  

Tribe Perseae Nees: Aiouea, Aniba, Cinnamomum, Dehaasia, Dicypellium, 

Endlicheria, Licaria, Nectandra, Nothaphoebe, Ocotea, Persea, Phoebe, Pleurothyrium, 

Systemonodaphne, and Urbanodendron. 

Apollonias, Cryptocarya (species from Madagascar) and Iteadaphne have not been 

assigned to a tribe.  

 

Grouping of Laurinoxylon Species and Possible Matching Extant Genera 

We used idioblast location to create four groups of Laurinoxylon (Tables 1-3). Below 

we list those groups and the extant genera with similar idioblast location. We fully 
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acknowledge that it may not always be possible to determine presence / absence of 

crystals in fossil wood. Nonetheless, we use crystal presence / absence to create two 

subgroups within the extant generic groups below because Richter (1981a) considered 

crystal occurrence a useful feature. 

 

Type 1 – Laurinoxylon species with idioblasts associated only with ray parenchyma 

cells (Table 1); extant genera Dicypellium, Laurus, Litsea chinensis group, North 

American Persea, Systemonodaphne, and Urbanodendron. 

Subgroup 1. Genera with a high percentage of species with crystals: Laurus, Litsea 

chinensis group, Systemonodaphne.  

Subgroup 2. Genera without crystals: Dicypellium, North American Persea, and 

Urbanodendron. 

 

Type 2a - Laurinoxylon species with idioblasts associated with both ray and axial 

parenchyma (Table 2a); extant genera: Aiouea, Aniba, Apollonias, Cryptocarya from 

Madagascar, Dehaasia, Licaria, Lindera group A, Nothaphoebe, Persea, Phoebe, 

Pleurothyrium. 

Subgroup 1. Genera with a high percentage of species with crystals: Aniba, 

Apollonias, Dehaasia, Phoebe, Licaria, Pleurothyrium.  

Subgroup 2. Genera without crystals: Cryptocarya from Madagascar, Nothaphoebe, 

and, according to Richter (1981a), 70% of the species of these three genera lack crystals - 

Aiouea, Persea and Lindera group A. 
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Type 2b - Laurinoxylon species with idioblasts associated both with rays and present 

among the fibres (Table 2b); extant genera: Actinodaphne p.p., Nectandra p.p., Neolitsea 

p.p.  

Crystals are present in 75% of Actinodaphne species, 60% of Nectandra species, and 

50% of Neolitsea species. Crystals are absent in 25% of Actinodaphne species, 40% of 

Nectandra species, and 50% of Neolitsea species. (90% of Actinodaphne and Neolitsea 

species, and 84% of Nectandra don’t contain idioblasts among the fibres – only in rays 

and axial parenchyma – and belong in this category). 

 

If crystals are observed in a fossil, this could be useful for assigning Laurinoxylon 

Type 2b specimens to a group of modern genera, using the information on crystal types 

within the Lauraceae provided by Richter (1981a: p. 68-70). 

 

Type 3 - Laurinoxylon species with idioblasts associated with ray and axial 

parenchyma and also among the fibres (Table 3); matching extant genera: Actinodaphne 

p.p., Cinnamomum, Endlicheria, Nectandra p.p., Neolitsea p.p. and Ocotea.  

Subgroup 1. Genera with a high percentage of crystals: Actinodaphne p.p., 

Endlicheria, Nectandra p.p. and Neolitsea p.p. (10% of Actinodaphne and Neolitsea 

species, and 16% of Nectandra contain idioblasts also among the fibres and belong in this 

category). 

Subgroup 2. Genera without crystals. Cinnamomum and Ocotea.  

 

Table 4 compares some of the salient features of Laurinoxylon Types 1, 2a, 2b, and 3. 

In addition to differences in idioblast location, there are some differences between the 

groups in range of intervessel pit size, whether there are any scalariform perforation 
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plates, and incidence of septate fibres. The range of the values for vessels per mm2 for 

Laurinoxylon Types 1, 2b and 3 might in part be due to differences in counting vessels 

per unit area (Wheeler 1986). 

 

There are some Laurinoxylon species that are not discussed in detail in this paper for 

reasons related to their age, or geographic location or lack of a detailed description. 

However, the descriptions in the literature and in InsideWood suggest some might be 

assigned to a group; these are mentioned below. 

Possible Laurinoxylon Type 1 are L. namsangensis Lakhanpal, Prakash & Awasthi 

(1978, iss. 1981), L. neagui S. Iamandei & E. Iamandei (1997), and L. perseamimatus 

Petrescu (1978). 

Possible Laurinoxylon Type 2a are: Laurinoxylon sp. from Karlovy Vary, Czech 

Republic (Březinová 1981) and Laurinoxylon stickai Boonchai & Manchester from the 

Eocene of Wyoming, USA (Boonchai & Manchester 2012). 

Possible Laurinoxylon Type 2b species are these Indian species: L. deomaliensis 

Lakhanpal Prakash & Awasthi (1978, iss. 1981), L. naginimariense Awasthi & Mehrota 

(1989, iss. 1990), L. siwalicus Prasad (1989, iss. 1990), and L. varkalaensis Awasthi & 

Ahuja (1982). 

One possible Laurinoxylon Type 3 / Cinnamomoxylon is Laurinoxylon tertiarum 

Prakash & Tripathi. 

 

Systematic Descriptions - New Material 

Family―Lauraceae Juss. 

Fossil Genus―Laurinoxylon Felix emend. Dupéron, Dupéron-Laudoueneix, Sakala & De 

Franceschi 
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Laurinoxylon Type 1 

Fossil Species―Laurinoxylon aff. czechense Prakash, Březinová & Bůžek 

(fig. 2A–2F, Table 1) 

 

Material: DM 10 (2 slides), DMDA 13.1 (3 slides) 

Locality: Southeastern Lesbos, Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite (PU unit), inside volcanics 

Age: early Miocene 

 

Macroscopic description. These two specimens are from small stems with a diameter 

of 2.5 cm that were enclosed in volcanic material (fig. 2A), they are silicified, light, 

porous, whitish red-brown with distinct growth ring boundaries that can be seen with the 

naked eye. There are also strangely coloured circles. 

 

Microscopic description. Growth rings: distinct (fig. 2A). ― Wood: diffuse-porous 

(fig. 2A). — Vessels: 40-100 (52-74) vessels/sq. mm.; 18% solitary, 50% groups of two, 

7.5% in groups of 3, 3.5% in groups of 4 and 21% clusters; tangential diameter 40 to 85 

μm, mean: 60 μm; radial diameter of the solitary vessels 50 to 110 µm, mean: 73 μm; 

outline of solitary vessels round to oval (fig. 2A, 2B, 2E); vessel walls thin; perforation 

plates exclusively simple; tyloses common (fig. 2C); intervessel pits alternate and 

polygonal in outline, about 10 μm across. ― Rays: heterocellular (fig. 2F) up to 3 cells 

wide (25–30 μm) (fig. 2B–2E), commonly 2–3-seriate and 280–520 μm high, body of 

multiseriate rays composed of procumbent cells with one row of upright cells (fig. 2F); 

no crystals observed; 9–24 (mean 15) rays per mm. ― Axial parenchyma: scanty 

paratracheal (fig. 2E). — Fibres: most probably non-septate (difficult to determine due to 
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the bad preservation). ― Idioblasts: associated with the ray parenchyma cells only (fig. 

2B–2F). Mean radial x tangential diameter of the idioblasts in transverse section: 15–22 × 

26–36 μm; Number of idioblasts per sq. mm (transverse section): 35–65.  

 

Comparison with Laurinoxylon I species (Table 1). The two specimens from Lesbos 

have diffuse porous wood, distinct growth ring boundaries, vessels solitary and in radial 

multiples of 2–3 or sometimes in clusters, simple perforation plates, alternate pitting, 

scanty paratracheal axial parenchyma, heterocellular 2–3-seriate rays, tyloses (common) 

and idioblasts associated only with the ray parenchyma cells. These features are 

characteristic of Laurinoxylon Type 1. There are several previously described fossil 

species that fit this type. 

According to the results of our search through the Inside Wood Database and the 

literature, some of the Laurinoxylon species that belong to Type 1 and warrant 

comparison with our new material are: L. czechense Prakash, Březinová & Bůžek, L. 

intermedium Huard, L. litseoides Süss, L. microtracheale Süss, and L. oligocenicum 

Prakash, Březinová & Awasthi. 

Süss (1958) stated that Laurinoxylon litseoides Süss is similar to modern Litsea 

chinensis L. and L. citrata Blume. The Lesbos woods described above are similar to 

Laurinoxylon litseoides, differing in vessel diameter (in L. litseoides slightly wider), ray 

seriation (1-4 in L. litseoides – 1-3 in Lesbos woods), idioblast density (few in L. 

litseoides – numerous in Lesbos woods) and intervessel pit size (small-medium in L. 

litseoides – large in Lesbos woods). It is probable that the difference in the vessel 

diameters is likely due to the Lesbos samples being small axes. We were not able to 

examine the original material of L. litseoides.  
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The original material of Laurinoxylon oligocenicum Prakash, Březinová & Awasthi 

(1974) was considered for a long time lost, but small fragments were recently 

rediscovered and new slides were cut from them. However, their quality did not allow 

any detailed revision, so we based our comparison on the original description. Prakash et 

al. (1974) suggested that L. oligocenicum was similar to Persea pubescens. Laurinoxylon 

oligocenicum differs from the Lesbos wood in vessel diameter and density, number of 

rays per mm and presence of septate fibres. 

Laurinoxylon czechense Prakash, Březinová & Bůžek (1971) appears the most similar 

to the Lesbos material based on microscopic examination of the holotype slides G 4036, 

G 4037, G 4038, G 4063, G 4064 of the specimen CNB-2 (fig. 2G-2I). It has idioblasts 

associated only with the ray parenchyma cells, as confirmed by Sakala et al. (2010). It 

differs from the Lesbos wood in having slightly wider vessels, occasional scalariform 

perforation plates, and slightly higher rays. Its idioblasts occur in the body of the rays as 

well as at the margins. Because of these differences, we refer these Lesbos fossil woods 

to Laurinoxylon aff. czechense Prakash, Březinová & Bůžek. 

We think that Laurinoxylon intermedium Huard and Laurinoxylon microtracheale 

Süss should not be treated as species of Laurinoxylon (see below for discussion).  

 

Problems and proposals. According to Huard (1967), Laurinoxylon intermedium has 

characteristics of both Persoideae and Lauroideae. The location described for its 

idioblasts might suggest placement in Laurinoxylon Type 1. However, Laurinoxylon 

intermedium Huard has only scalariform perforation plates, scalariform intervessel pits, 

and seemingly marginal and concentric parenchyma bands of 4–12 cells. Because of the 

exclusively scalariform perforation plates and scalariform intervessel pits, it should be 

excluded from the Lauraceae. The combination of idioblasts, exclusively scalariform 
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perforation plates, and marginal parenchyma indicates it belongs to the Magnoliaceae. 

The sample needs to be examined to determine to which magnoliaceous genus it belongs. 

Kvaček et al. (2011) recently revised the leaf flora of this area. The leaf flora includes 

one species of Magnoliaceae, Magnolia liblarensis (Kräusel et Weyland) Kvaček. It 

might be possible that Huard’s wood and the Magnolia liblarensis leaves represent the 

same plant. 

According to Süss (1958), Laurinoxylon microtracheale Süss is similar to L. 

nectandrioides Kräusel & Schönfeld. However, L. microtracheale has predominantly 

homocellular rays, which does not agree with the diagnosis of Laurinoxylon. 

Homocellular rays are rare in the Lauraceae. Umbellularia is the one lauraceous genus 

known to have homocellular rays and idioblasts only associated with the rays. The type 

material of L. microtracheale needs to be examined to determine if its combination of 

features is consistent with Umbellularia, which today is a California endemic. 

 

Botanical affinities. The Lesbos Laurinoxylon aff. czechense has no crystals. 

Therefore, we believe it is possibly related to Dicypellium, Urbanodendron or the North 

American Persea. Because it does not have septate fibres it seems more closely related to 

North American Persea; this group of Persea species is close to Laureae tribe, which has 

non-septate fibres. Leaves of Lauraceae are known from Lesbos (Velitzelos et al. 1981a, 

b, 1999; Mantzouka et al. 2013). 

 

 

Laurinoxylon Type 2a 

Fossil Species― Laurinoxylon mueller-stolli Greguss emend. Süss & Mädel 

(Fig. 3A-3D, Table 2a) 
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Material: specimen IGP Ipolytarnóc No. 05 + 3 slides: No. 05/A, 05/B & 05/C (potential 

part of the holotype of L. mueller-stolli) 

Locality: Ipolytarnóc Fossils Nature Reserve, Hungary  

Stratigraphic horizon: rhyolite tuff 

Age: early Miocene 

 

Macroscopic description. Slightly flattened trunk, 50  35 cm in diameter, directly 

embedded in rock with only a part of transverse surface exposed. 

 

Microscopic description. Growth rings: distinct (fig. 3A, 3B). ― Wood: diffuse-

porous (fig. 3A, 3B). — Vessels: 12-18 vessels/sq. mm.; 56% solitary, 25% groups of 

two, 19% in groups of 3-4; tangential diameter of the solitary vessels 85 to 200 μm, mean 

160 μm; radial diameter of the solitary vessels 85 to 240 μm, mean: 175 μm; outline of 

solitary vessels round to oval (fig. 3A, 3B); perforation plates simple and scalariform (fig. 

3D); tyloses common (fig. 3A-3D), intervessel pits alternate about 10-15 μm, vessel-ray 

pits with distinct or much reduced borders, similar to intervessel pits in size and shape. — 

Rays: heterocellular (fig. 3D) up to 3 cells wide (25–30 μm) (fig. 3A– 3D), commonly 2-

seriate and 10-15 cells high, body of multiseriate rays composed of procumbent cells with 

1–4 or more (mostly 2–4) rows of upright and/or square marginal cells (fig. 3D); no 

crystals observed; 5–8 rays per mm. — Axial parenchyma: vasicentric (fig. 3A – 3C) 15–

20 μm wide circle around the vessel — Fibres: with simple to minutely bordered pits, 

probably septate (fig. 3C-3D). ― Idioblasts: associated with the ray and axial 

parenchyma, tangential height: 40–75 μm, width: 30–50 μm (fig. 3C–3D). Number of 

idioblasts per sq. mm (transverse section): 35–65.  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



18 

 

 

Comparison with Laurinoxylon Type 2a species (Table 2a). – IGP Ipolytarnóc No. 05, 

potential part of the holotype of Laurinoxylon mueller-stolli Greguss emend. Süss & 

Mädel of Lower Miocene (A. Burdigalian) age from Ipolytarnóc (Hungary) was 

examined and assigned to Laurinoxylon Type 2a because it has idioblasts associated with 

the ray and axial parenchyma (fig. 3A–3D). In the original description by Süss and Mädel 

(1958), ‘cells as upright prisms of 20–75 μm height and 7–22 μm width’ are mentioned, 

and we believe this refers to the idioblasts associated with the axial parenchyma cells. 

The values for idioblast size are new observations (Table 2a). 

Our search of the Inside Wood Database and the literature suggests the Type 2a 

Laurinoxylon species that should be compared with our material are: L. aniboides 

Greguss emend. Süss & Mädel, L. annularis Gottwald, L. endiandroides Süss, L. 

ehrendorferi Berger, L. hasenbergense Süss, L. cf. hasenbergense, and L. nectandrioides 

Kräusel & Schönfeld.  

Laurinoxylon aniboides Greguss emend. Süss & Mädel (1958) differs in dimensions 

of idioblasts and vessels and it has only scalariform perforation plates (a characteristic 

which excludes this species from the Lauraceae, see discussion below). 

Laurinoxylon annularis Gottwald (1997) differs in porosity (is a ring-porous wood), 

vessel diameter, intervessel pit size, and the presence of parenchyma bands up to 3-cells 

wide (characteristics not in accordance with the emended diagnosis for Laurinoxylon). 

Berger (1953) suggested L. ehrendorferi was closely related to L. nectandrioides, 

based on idioblast characteristics, and was similar to the extant lauraceous genera 

Acrodiclidium, Aiouea, Cinnamomum, Cryptocarya, Persea and Phoebe. We agree that 

Laurinoxylon ehrendorferi Berger is similar to L. nectandrioides, except for more 

frequently grouped vessels in L. ehrendorferi and more abundant axial parenchyma in L. 
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nectandrioides. There are differences between L. ehrendorferi and L. mueller-stollii in 

mean radial vessel diameter, the size of the intervessel pits, ray height, and occurrence of 

some scalariform perforation plates (Table 2a). 

Süss (1958) described Laurinoxylon endiandroides as having idioblasts associated 

with both ray and axial parenchyma. However, this species has aliform to confluent 

parenchyma and thus does not fit the emended description of Laurinoxylon (see also the 

“Problems and proposals” paragraph below). There are additional differences between 

the Hungarian material we studied and L. mueller-stolli, such as the vessel density, vessel 

diameter, the occurrence of scalariform perforation plates, and the size of the intervessel 

pits (Table 2a).  

Laurinoxylon hasenbergense Süss (Süss 1958) and L. cf. hasenbergense (Greguss 

1969) differ from this Hungarian sample in having exclusively simple perforation plates, 

narrower vessels, parenchyma bands up to 3-cells wide and no conical idioblasts (Table 

2a). The presence of rays up to 1200 μm tall does not agree with the emended diagnosis 

of Laurinoxylon. This “problematic characteristic” is discussed in “Problems and 

proposals” paragraph below. The description of Laurinoxylon nectandrioides Kräusel & 

Schönfeld (Kräusel & Schönfeld 1924; van der Burgh 1964, 1973) is not clear about the 

occurrence of idioblasts among the fibres; it deserves re-examination. We also found 

some differences in tangential (but also in radial) vessel diameter, occurrence of 

scalariform perforation plates, size of the intervessel pits, ray width and presence of 

tracheids (observed in Laurinoxylon nectandrioides Kräusel & Schönfeld according to 

van der Burgh 1973, p. 166). The main difference is the presence of aliform – confluent 

vasicentric paratracheal parenchyma and seemingly marginal bands in Laurinoxylon 

nectandrioides, features not mentioned in the generic diagnosis of Laurinoxylon.  
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The vessel element lengths reported for five of the seven Type 2a lauraceous woods 

(Table 2a) are very low (means < 250 µm) compared with modern lauraceous woods 

(typically means > 350 µm). Possible explanations are that distances between tyloses 

walls were measured instead of between vessel element end walls. Another factor is that 

the studied samples were from very near the pith and vessel elements are expected to be 

shorter in juvenile wood than in mature wood. 

 

 

Problems and proposals -- Laurinoxylon aniboides Greguss emend. Süss & Mädel has 

rays higher than 1mm and only scalariform perforation plates. Because of the exclusively 

scalariform perforation plates, it should be excluded from the Lauraceae. Further 

investigation is needed to determine whether it belongs to the Magnoliaceae or 

Canellaceae (e.g., Warburgia stuhlmannii), two families in which idioblasts and 

exclusively scalariform perforation plates co-occur.  

Laurinoxylon annularis Gottwald has aliform-confluent parenchyma and 3-cell wide 

parenchyma bands and is ring-porous. This is not typical for Laurinoxylon; therefore, we 

recommend excluding it from this genus and that it be assigned to Sassafrasoxylon 

Brezinová & Süss. This wood needs further study to determine whether it is conspecific 

with Sassafrasoxylon gottwaldii Poole, Richter & Francis or S. lipnicense Březinová & 

Süss or whether if differs enough from those two species so that a new combination be 

proposed.  

For the three species listed below, study of the type material is needed to determine 

whether their characteristics fit any existing genus for fossil lauraceous woods or if new 

genera should be created.  
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Laurinoxylon endiandroides Süss has aliform to confluent axial parenchyma, a 

characteristic not in accordance with the emended diagnosis of Laurinoxylon. We 

propose that the type be examined to determine whether there are idioblasts associated 

with the fibres as alluded to by Süss (1958, p.32, “einige scheinbar in der Holzmasse 

verstreut”). If idioblasts amongst the fibres are present, this species might be assigned to 

Cinnamomoxylon. On the other hand, if there are no idioblasts among the fibres, then it 

might be assigned to the Cryptocaryeae Nees tribe (because of its axial parenchyma 

type). 

Laurinoxylon hasenbergense Süss and Laurinoxylon cf. hasenbergense have idioblast 

distribution that places them in our Laurinoxylon Type 2a. However, their published 

descriptions indicate that they have some characteristics not in accordance with the 

emended diagnosis of Laurinoxylon, e.g., the 3-cell wide parenchyma bands and the rays 

up to 1.2 mm high. Rays 1.2 mm high in combination with presence of crystals and 

exclusively simple perforation plates suggest that a relationship with Licaria needs 

investigation. 

Laurinoxylon nectandrioides Kräusel & Schönfeld has confluent parenchyma (and 

seemingly marginal bands), septate fibres and crystals. The parenchyma distribution 

suggests relationships with genera of the Cryptocaryeae tribe, but the occurrence of 

septate fibres suggests relationships with the Perseae tribe. Further study is required for 

determining its placement within the Lauraceae. 

 

Botanical affinities. Laurinoxylon mueller-stolli has septate fibres and no crystals, so it 

could be related to the extant genera with features of Laurinoxylon Type 2a that don’t 

have crystals and belong to the Tribe Perseae Nees: Aiouea, Cryptocarya from 

Madagascar, Nothaphoebe and Persea. Fossil lauraceous leaves also occur at Ipolytarnóc 
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(Hably 1983) (e.g., Persea braunii Heer or Persea speciosa Heer in Hably 1983, p. 140), 

so there may be a correlation between Laurinoxylon mueller-stolli and those Persea 

leaves. 

 

Laurinoxylon Type 2b 

Fossil Species―Laurinoxylon aff. diluviale (Unger) Felix emend. Dupéron et al. 

(fig. 4A–4J, Table 2b) 

 

Material: DMKO 1 (3 slides), DMDA 2 (4 slides), DMDA 7 (5 slides) 

Locality: Southeastern Lesbos, Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite (PU unit), inside volcanics 

Age: early Miocene 

 

Macroscopic description. Two specimens are from small stems (the pith is preserved) 

which are enclosed in the surrounding volcanic material with the following dimensions 

(in cm): 18 × 9 × 4, 12 × 3.5 × 2 and one is from a part of a stem with knots (the pith 

wasn’t preserved), which is silicified, heavy, red-brown with the dimension of: 31 × 21 × 

11 cm. They are silicified, light, whitish brown with distinct growth ring boundaries that 

can be seen with the naked eye. There is a strange colouration type of circles, due to 

fossilization processes (fig. 4A). 

 

Microscopic description. Growth rings: distinct. — Wood: diffuse-porous. — Vessels: 

20–100 vessels/sq.mm; 29% solitary, 50% in groups of two, 17% in groups of 3, and 4% 

in groups of 4; tangential diameter 40–110 μm, mean: 70 μm; radial diameter of solitary 

vessels 50–150 μm, mean: 90 μm; outline of solitary vessels round to oval (fig. 4A, 4B); 
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vessel walls thin; perforation plates mostly simple (fig. 4C, 4D) some scalariform with 6–

12 bars; polygonal alternate intervessel pits small (5 μm) to medium (7.5 μm), tyloses 

common (fig. 4A, 4B). — Rays: heterocellular up to 3 cells wide (extremely rarely 4 

cells), (20–60 μm), and 160–650 μm high (fig. 4C); body of multiseriate rays composed 

of procumbent and upright cells, marginal rows of 1–4 upright cells; crystals not seen; 

Rays per mm: 11-16. — Axial parenchyma: scanty paratracheal (fig. 4B). — Fibres: 

probably septate. — Idioblasts: associated with the ray parenchyma cells and among the 

fibres (fig. 4C–4D), idioblasts in transverse section with radial diameter × tangential 

diameter from 25 × 15 up to 70 × 40 μm; number of idioblasts per sq. mm in transverse 

section: in general, 35–70/sq. mm. 

 

Comparison with Laurinoxylon Type 2b species (Table 2b) -- These three specimens 

from Lesbos have features characteristic of Laurinoxylon Type 2b. According to the 

results of our search through the Inside Wood Database and the literature, Laurinoxylon 

species that belong to our Type 2b and that warrant comparison with our new material 

are: Laurinoxylon compressum Huard, L. perfectum Huard and L. diluviale Unger. 

Laurinoxylon compressum Huard was described as ring-porous to semi-ring-porous 

(closely related to Ocotea and Sassafras according to Huard 1967), so it is not similar to 

the samples from Lesbos. Laurinoxylon perfectum Huard differs from the Lesbos wood 

because its parenchyma tends to be aliform, it has 1–3-seriate rays, lower vessel 

frequency and fewer rays per mm. Both L. compressum and L. perfectum should be 

excluded from Laurinoxylon (for explanation see “Problems and proposals” paragraph). 

Laurinoxylon diluviale from Jáchymov appears the most similar to the Lesbos 

material. It has been studied by Unger (1842), Felix (1883), and, most recently, Dupéron 

et al. (2008), who made a detailed re-examination of the original type slides. We 
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examined new slides from the newly re-discovered part of the holotype given to us by R. 

Roessler (holotype specimen IGP Jáchymov No. 08, 2 slides, Fig. 4E-J). We observed the 

following features: wood diffuse porous; vessels rounded to slightly angular; 9–33 

vessels per sq. mm; 6—9 rays per mm, fibres possibly septate, and tyloses common (fig. 

4F). Our observations of quantitative features generally agree with Dupéron et al. (2008), 

but we found idioblasts to be larger and associated with ray parenchyma and also 

dispersed among the fibres (fig. 4E-4J). We also observed in tangential sections some 

idioblasts that looked as if they had been shifted some microns away from the rays’ 

bodies (as if the idioblast’s edge was detached from the rest of the ray). They can appear 

to be idioblasts among the fibres, but we believe that they were originally associated with 

the rays. This strange phenomenon also occurs in the Lesbos material. The Lesbos wood 

is similar to Laurinoxylon diluviale (Table 2b), because it has simple and scalariform 

perforation plates and 1–5-seriate rays, but differs in vessel diameter and idioblast size 

and abundance. These differences (Table 2b) may be in fact related to the individual 

variability as the samples probably come from different parts of the tree. 

 

Problems and proposals. Laurinoxylon compressum Huard is ring-porous. This 

characteristic is not in accordance with the emended diagnosis of Laurinoxylon. We 

believe that its ring-porosity and low rays indicate it should be assigned to 

Sassafrasoxylon Březinová & Süss. Additional study is needed to determine if it is 

conspecific with Sassafrasoxylon lipnicense. 

Laurinoxylon perfectum Huard tends to have some aliform parenchyma. This type of 

parenchyma is not typical for Laurinoxylon. A re-examination of the specimen is 

recommended for better assessing its affinities. 
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Botanical affinities - We did not observe crystals in Laurinoxylon aff. diluviale from 

Lesbos or in Laurinoxylon diluviale from Jáchymov, so our material belongs to the 

Subgroup 2 of Laurinoxylon Type 2b. We observed septate fibres in this material. Septate 

fibres occur in Nectandra, a genus belonging to the Perseae Nees tribe, therefore we 

suggest that Laurinoxylon aff. diluviale might have affinities with the group of Nectandra 

species without crystals. 

 

Laurinoxylon Type 3 / Cinnamomoxylon Gottwald  

Fossil Species―Cinnamomoxylon seemannianum (Mädel) Gottwald (fig. 5A–5G, Table 

3) 

Material: DMDA 6 (7 slides) 

Locality: Southeastern Lesbos, Greece 

Stratigraphic horizon: Under Polichnitos Ignimbrite, inside volcanics 

Age: early Miocene  

 

Macroscopic description. The specimen belongs to one of three small stems found 

enclosed in volcanic material with the following dimensions: 4.5 × 2 × 2 cm. This stem 

and the other two are silicified, light, whitish brown with distinct growth ring boundaries 

that can be seen with naked eye. 

Microscopic description. Growth rings: distinct. — Wood: diffuse-porous. — Vessels: 

40–100 vessels/sq.mm; 17% solitary, 33% groups of two, 14% in groups of 3, 15% in 

groups of 4 and 21% in clusters; tangential diameter 45-50 μm (mean 47 μm); radial 

diameter 60–110 μm (mean 90 μm); outline of solitary vessels mainly round to oval 

(sometimes the vessels’ outline seems angular because the sample is contorted and 

compressed) (fig. 5B); vessel walls thin; perforation plates simple (fig. 5D, 5E); tyloses 
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common (fig. 5A); intervessel pits alternate.— Rays: heterocellular, up to 5-seriate 

(mostly 2–3-seriate) (50–60 μm), and 300–500 μm high, body of multiseriate rays 

composed of procumbent body ray cells with one row of upright and/or square marginal 

cells (fig. 5F, 5G); crystals not seen; rays 9 (7-14) per mm. — Axial parenchyma: scanty 

paratracheal, vasicentric to confluent (fig. 5A, 5B, 5D, 5E). — Fibres: probably non-

septate. — Idioblasts: associated with the ray and axial parenchyma cells and among the 

fibres (fig. 5A–G). Idioblasts in the transverse view radial × tangential diameter in μm 

from 30 × 135 to 50 × 160 and per sq. mm 15–33. 

 

Comparison with Laurinoxylon Type 3 Species and Cinnamomoxylon (Table 3) - As 

indicated by the description above, this specimen from Lesbos has characteristics of 

Laurinoxylon Type 3. The revised diagnosis of Laurinoxylon is not clear about how 

abundant axial parenchyma can be within the genus. We think that the new Lesbos 

material with the idioblast distribution of the Laurinoxylon Type 3 group should be 

assigned to Cinnamomoxylon sensu Gottwald (1997). As implied by its name, this fossil 

genus has features seen in present-day Cinnamomum, which according to Richter (1981a) 

also has features seen in some species of Lindera, Litsea and Persea.  

We think that the diagnosis of Cinnamomoxylon Gottwald should be modified to 

include rays up to 5-seriate (as described in Richter 1981a for extant Cinnamomum), 

rather than 2-4 cells. 

According to the results of our search through the Inside Wood Database and the 

literature, fossil species belonging to Type 3 warranting comparison with our new Lesbos 

material are: Cinnamomoxylon limagnense (Privé-Gill & Pelletier) Gottwald, 

Laurinoxylon bergeri Süss, Cinnamomoxylon seemannianum (Mädel) Gottwald, and 

Laurinoxylon variabile Privé-Gill & Pelletier.  
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Cinnamomoxylon limagnense (Privé-Gill & Pelletier) Gottwald differs from DMDA 6 

in vessel grouping, mean vessel diameter, sporadic occurrence of scalariform perforation 

plates, vessel density and parenchyma arrangement (Privé-Gill & Pelletier 1981) (Table 

3). 

Süss (1958) suggested that Laurinoxylon bergeri resembled extant Lindera polyantha 

and Aniba ovalifolia. Later, Gottwald (1997) suggested it had similarities with the 

modern tropical Asian species of Actinodaphne, Cinnamomum, Litsea and Persea. Süss 

also suggested that Laurinoxylon bergeri was similar to Laurinoxylon aromaticum Felix, 

L. bakeri Berry, L. ehrendorferi Berger, L. hasenbergense Schönfeld, L. linderoides 

Schönfeld, and L. nectandroides Kräusel.  

The Lesbos specimen differs from Laurinoxylon variabile in vessel grouping, mean 

vessel diameter, vessel density, and septate fibre occurrence (Table 3). The most 

important difference is the occurrence of aliform-confluent parenchyma forming oblique 

or tangential bands in Laurinoxylon variabile (Privé-Gill & Pelletier 1981). There are 

also differences in rays: L. variabile has an extremely low number of rays per mm. 

Idioblast dimensions of L. variabile and Lesbos wood samples are similar. 

Süss and Mädel (1958) described Laurinoxylon seemannianum Mädel, now 

Cinnamomoxylon seemannianum (Mädel) Gottwald, as having idioblasts associated with 

ray and axial parenchyma and among the fibres. Their description indicates that the 

idioblasts of L. seemannianum Mädel have similar dimensions as the Lesbos Type 3 

wood. The only differences between the Lesbos wood and Cinnamomoxylon 

seemannianum are in dimensions of vessels and rays. Differences are likely to be 

ontogenetic. Most recently, Cinnamomoxylon seemannianum was described by Koutecký 

& Sakala (2015) from the Oligocene of the Czech Republic. 
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Laurinoxylon cf. seemannianum described by Selmeier (1967, 1969, 1984) and 

Gottwald (1992) seems problematic (see “Problems and proposals” paragraph) because 

these two authors have reported idioblasts associated only with the ray parenchyma. 

Therefore, DMDA6 was compared only with Laurinoxylon seemannianum Mädel and not 

with Laurinoxylon cf. seemannianum. 

We have named the specimen from Lesbos as Cinnamomoxylon seemannianum 

(Mädel) Gottwald (syn. Laurinoxylon seemannianum Mädel). There are only minor 

differences between the Lesbos wood and Laurinoxylon seemannianum Mädel which are 

of the type seen within a single tree, i.e. differences between trunk and branch wood. 

Unfortunately, our species is not well enough preserved to observe some important 

details, such as type of vessel-ray parenchyma pits. 

 

Problems and proposals. The parenchyma distribution of Laurinoxylon variabile 

Privé-Gill & Pelletier is aliform-confluent forming oblique or tangential bands differing 

from the emended diagnosis of Laurinoxylon. The occurrence of this type of parenchyma 

and its other features recommends its assignment to Cinnamomoxylon.  

We propose the new combination Cinnamomoxylon variabile (Privé-Gill & Pelletier) 

Mantzouka, Karakitsios, Sakala & Wheeler. 

Laurinoxylon cf. seemannianum was described by Selmeier (1967, 1969, 1984) and 

Gottwald (1992) as having idioblasts associated only with the ray parenchyma. This 

description is not in accordance with the one by Süss and Mädel (1958). Because there 

are no idioblasts in axial parenchyma and amongst the fibres, Laurinoxylon cf. 

seemannianum is not comparable to L. seemannianum, but with the representatives of 

Laurinoxylon Type 1 group. Consequently, we suggest that Laurinoxylon cf. 

seemannianum specimens be re-examined and compared with the Laurinoxylon species 
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of Type 1 group. Based on that re-examination they might be assigned to a species in that 

group or named as a new species.  

 

Botanical affinities. The material from Lesbos has no crystals and it has septate fibres 

as do Cinnamomum and Ocotea (Tribe Perseae Nees).  

We suggest that fossil woods should be assigned to Cinnamomoxylon, rather than 

Laurinoxylon, when their axial parenchyma is vasicentric to confluent or aliform to 

confluent and rays are 2-5 seriate. This has already been done for two other species: 

Cinnamomoxylon limagnense (Privé-Gill & Pelletier) Gottwald (1987) and 

Cinnamomoxylon seemannianum (Mädel) Gottwald (1987), and we propose the new 

combination Cinnamomoxylon variabile (Privé-Gill & Pelletier) Mantzouka, Karakitsios, 

Sakala & Wheeler.  

Velitzelos et al. (1981b) described leaves of Cinnamomum polymorphum Heer sensu 

Grangeon from the area of the Petrified Forest of Lesbos (appendix in Mantzouka et al. 

2013). It is possible that the wood described here is related to these leaves. 

 

CONCLUSION 

Laurinoxylon is a large fossil genus (Gregory et al. 2009), which generally has 

functioned as a catch-all for fossil lauraceous woods. Based on the revised diagnosis of 

the genus (Dupéron et al. 2008), we suggest that the following features indicate that a 

fossil wood should not be assigned to Laurinoxylon: 

A. Axial parenchyma features not characteristic of Laurinoxylon: A1. Occurrence of 

marginal bands, A2. Aliform to aliform-confluent paratracheal parenchyma;  

B. Ray features not characteristic of Laurinoxylon: B1. Rays higher than 1 mm, B2. 

Exclusively homocellular rays, B3. Rays more than 5 cells wide, B4. Rays storied;  
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C. Porosity not characteristic of Laurinoxylon: Ring-porous wood;  

D. The absence of idioblasts (oil &/or mucilage cells).  

We found that Laurinoxylon has features that occur in some extant genera of the tribes 

Laureae (Actinodaphne, Laurus, Lindera A and B, Litsea, Neolitsea) and Perseae 

(Aiouea, Aniba, Cinnamomum, Dehaasia, Dicypellium, Endlicheria, Licaria, Nectandra, 

Nothaphoebe, Ocotea, Persea - North American species, Phoebe, Pleurothyrium, 

Systemonodaphne, Urbanodendron,), and also in genera whose tribal affinities are as yet 

unclear: Apollonias, Cryptocarya of Madagascar and Iteadaphne. 

We recognized four groups of Laurinoxylon species based on the location of the 

idioblasts:  

Type 1 with idioblasts associated only with ray parenchyma cells, as seen in extant 

Dicypellium, Laurus, Litsea chinensis group, North American Persea, Systemonodaphne, 

Urbanodendron;  

Type 2a with idioblasts associated with both rays and axial parenchyma, as seen in 

extant Aiouea, Aniba, Apollonias, Cryptocarya from Madagascar, Dehaasia, Licaria, 

Lindera group A, Nothaphoebe, Persea, Phoebe, Pleurothyrium; 

Type 2b with idioblasts associated with rays and present among the fibres; as seen in 

extant Actinodaphne p.p., Nectandra p.p. and Neolitsea p.p.;  

Type 3 with idioblasts associated with ray and axial parenchyma cells and present 

among the fibres, as seen in Actinodaphne p.p., Cinnamomum, Endlicheria, Nectandra 

p.p., Neolitsea p.p. and Ocotea.  

We described new fossil woods from the Lesbos (Types 1, 2b and 3) and Ipolytarnóc 

(Type 2a) UNESCO Global Geoparks and added information from the original slides of 

the types of L. czechense from Kadaň-Zadní Vrch Hill (Type 1) and L. diluviale from 
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Jáchymov (Type 2b). Characteristics of Laurinoxylon species described earlier were 

discussed with regard to placing them in one of the groups we propose.  

We suggest that using criteria or filters (A – axial parenchyma features, B – ray 

features, C – ring porosity, D – absence of idioblasts) that preclude assigning a fossil 

wood to Laurinoxylon and idioblast location is useful for relating fossil lauraceous woods 

to groups of extant lauraceous genera. Further study of the co-occurrence of fossil 

lauraceous wood, leaves, and reproductive organs may allow doing ‘Whole Plant’ 

reconstructions (Sakala 2004; Kvaček 2008, Manchester et al. 2014), as was done for an 

extinct Eocene tree belonging to the Platanaceae (Manchester 1986). 

During this study, we found evidence suggesting that some Laurinoxylon species 

deserve further study and, in some cases, assignment to another genus. We proposed the 

new combination Cinnamomoxylon variabile (Privé-Gill & Pelletier) Mantzouka, 

Karakitsios, Sakala, & Wheeler. There are some species that should be excluded from the 

Lauraceae: Laurinoxylon intermedium Huard with features of the Magnoliaceae and 

Laurinoxylon aniboides, which possibly is Magnoliaceae or Canellaceae.  

 

ACKNOWLEDGMENTS 

 

Special thanks to: Jiří Kvaček, Zlatko Kvaček, Nikolaos Christodoulakis, 

Konstantinos Fasseas, Fotini Pomoni-Papaioannou and George Theodorou for the 

important advices, the collaboration and help concerning the new findings. Special thanks 

also to the Institute of Geology and Paleontology, Faculty of Science, Charles University 

in Prague, to the Palaeontological Department of the Natural History Section of the 

National Museum of Prague, to the laboratory of electron microscopy of the Agricultural 

University of Athens, to the Department of Historical Geology & Paleontology, Faculty 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



32 

 

of Geology & Geoenvironment, National and Kapodistrian University of Athens and to 

the Faculty of Botany, Department of Biology, for the permission of using their facilities 

for the achievement of the scientific anatomic description and consequently taxonomic 

identification of the new material. The third author (J.S.) would like to thank Imre 

Szarvas from the Ipolytarnóc Fossils Nature Conservation Area (Hungary) – Nógrád-

Novohrad Geopark for his collaboration on providing samples and related information as 

well as Ronny Roessler from the Museum für Naturkunde in Chemnitz (Germany) for the 

fossil wood material from Jáchymov and information regarding its current deposition. 

Special thanks to Pieter Baas, Steven Manchester, Imogen Poole and two anonymous 

reviewers for their useful comments and suggestions that improved the present paper 

significantly. The authors would like also to thank Hans Georg Richter and Henk Van der 

Werff, whose work has been an inspiring motivation for the current study. This research 

was partly supported by the grants GA14-23108S and PRVOUK P44. 

 

REFERENCES 

Awasthi N. & Ahuja M. 1982. Investigations of some carbonised woods from the 

Neogene of Varkala in Kerala coast. Geophytology 12: 245-259. 

Baas P & Gregory M. 1985. A survey of oil cells in the dicotyledons with comments on 

their replacement by and joint occurrence with mucilage cells. Israel J. Bot. 34: 

167--186. 

Berger W. 1953. Jungtertiäre Pflanzenreste aus dem Gebiete der Ägäis (Lemnos, 

Thessaloniki). Ann. Géol. Pays. Hellén. 5: 34--64. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



33 

 

Boonchai N & Manchester SR. 2012. Systematic affinities of early Eocene petrified 

woods from Big Sandy Reservoir, Southwestern Wyoming. Int. J. Plant Sci. 173: 

209--227. 

Borsi S, Ferrara G, Innocenti F & Mazzuoli R. 1972. Geochronology and petrology of 

Recent volcanics in the eastern Aegean Sea (West Anatolia and Lesbos Island). 

Bull. Volcanol. 36: 473--493. 

Boureau E. 1957. Anatomie vegetale. Vol 3. Presses Univ. France, Paris: 525--752. 

Březinová D. 1981. Fossil-Hölzer aus der Umgebung von Karlsbad. Acta Musei 

Nationalis Pragae 37B: 137--160. 

Burgh J van der. 1964. Hölzer der niederrheinischen Braunkohlenformation. 1. Hölzer 

der Braunkohlengrube "Anna" zu Haanrade (Neiderrheinish Limburg). Acta Bot. 

Neerl. 13: 250--301. 

Burgh J van der. 1973. Hölzer der niederrheinischen Braunkohlenformation. 2. Hölzer 

der Braunkohlengrube "Maria Theresia" zu Herzogenrath, "Zukunift West" zu 

eschweiler und "Victor" (Aulpich Mitte) zu Zulpich, nebst einer systematisch-

anatomischen bearbeitung der gattung Pinus L. Rev. Palaeobot. Palynol. 15: 73--

275. 

Callado CH & Costa CG. 1997. Wood anatomy of some Anaueria and Beilschmiedia 

species (Lauraceae). IAWA J. 18(3): 247--259. 

Carlquist S. 2001. Comparative Wood Anatomy. Systematic, Ecological, and 

Evolutionary Aspects of Dicotyledon Wood. 2nd ed. Springer. Verlag, Berlin, 

Heidelberg. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



34 

 

Chanderbali AS, Werff H van der & Renner SS. 2001. Phylogeny and historical 

biogeography of Lauraceae: evidence from the chloroplast and nuclear genomes. 

Ann. Missouri Bot. Gard. 88: 104--134. 

Dupéron J, Dupéron-Laudoueneix M, Sakala J & Franceschi D De. 2008. Ulminium 

diluviale Unger: historique de la découverte et nouvelle étude. Ann. Paleontol. 94: 

1--12. 

Felix J. 1883. Untersuchungen über fossile Hölzer. I. Zeitschrift der Deutschen 

Geologischen Gesellschaft 35: 59--92. 

Gottwald H. 1992. Hölzer aus Marinen Sanden des Oberen Eozän von Helmstedt 

(Niedersachsen). Palaeontographica B 225: 27--103. 

Gottwald H. 1997. Alttertiäre Kieselhölzer aus miozänen Schottern der ostbayerischen 

Molasse bei Ortenburg. Documenta nat. 109: 1--83.  

Gregory M & Baas P. 1989. A survey of mucilage cells in vegetative organs of the 

Dicotyledons. Israel. J Bot 38: 125--174. 

Gregory M, Poole I & Wheeler EA. 2009. Fossil dicot wood names. An annotated list 

with full bibliography. IAWA J, Suppl. 6: 220. 

Greguss P. 1954. Az ipolytarnóci alsó-miocén kövesedett famaradványok. Földtani 

Közlöny 84: 91--109. 

Greguss P. 1969. Tertiary angiosperm woods in Hungary. Budapest: Akademiai Kiado. 

Hably L. 1983. Early Miocene plant fossils from Ipolytarnóc, N. Hungary. Geol. Hung. 

Ser. Paleont. 45: 77--255. 

Huard J. 1967. Étude de trois bois de Lauracées fossiles des formations a lignite néogènes 

d’Arjuzanx (Landes). Rev. Gen. Bot. 74: 81--105. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



35 

 

Iamandei E. & Iamandei S. 1997. Xylotomical study of some fossil dicot trunks of 

Techereu in the Metalliferous Carpathians. Acta Palaeontologica Romaniae. 1. The 

First Romanian National Symposium on Palaeontology, 17-18 October, 1997, 

Bucharest, pp 107-112. 

IAWA Committee (eds. Wheeler EA, Baas P & Gasson PE). 1989. IAWA list of 

microscopic features for hardwood identification. IAWA Bull. n.s. 10: 219--232. 

InsideWood 2004–onwards. Published on the Internet. 

http://insidewood.lib.ncsu.edu/search [last visit 5/11/2015]. 

Johansson JT. 2013–onwards. The Phylogeny of Angiosperms. Published online. 

http://angio.bergianska.se [last visit 10/09/2014]. 

Koutecký V. & Sakala J. 2015. New fossil woods from the Paleogene of Doupovské hory 

and České středohoří Mts. (Bohemian Massif, Czech Republic). Acta Mus. Nat. 

Pragae, Ser. B Hist. Nat. 71: 377--398. 

Kräusel R & Schönfeld G. 1924. Fossile Hölzer aus der Braunkohle von Süd-Limburg. 

Abh. Senck. Naturf. Ges. 38: 272--282. 

Kvaček Z. 2008. Whole-plant reconstructions in fossil angiosperm research. Int. J. Plant 

Sci. 169: 918--927. 

Kvaček Z, Teodoridis V & Roiron P. 2011. A forgotten Miocene mastixioid flora of 

Arjuzanx (Landes, SW France). Palaeontographica B 285: 3--111. 

Lakhanpal RN, Prakash U, Awasthi N. 1978 (1981). Some more dicotyledonous woods 

from the Tertiary of Deomali, Arunachal Pradesh, India. The Palaeobotanist 27: 

232--252. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://insidewood.lib.ncsu.edu/search
http://angio.bergianska.se/


36 

 

Lamera S. 2004. The Polychnitos Ignimbrite of Lesvos Island. PhD diss (in greek). 

University of Patras, Greece. 

Lamera S, Tzortzi J, Zelilidis A, Seymour KS & Kouli M. 2004. A Lahar-Like Deposit at 

the Sole of the Polychnitos Ignimbrite, Lesvos Volcanic Field Northern Aegean, 

Hellas. Proceedings of the 7th International Conference of the Hellenic 

Geographical Society, Lesbos, Greece: 408--414. 

Loutfy MHA. 2009. Wood anatomy and its implications on the taxonomy of Apollonias 

NEES (Lauraceae). Feddes Repert. 120 (1-2): 75--90. 

Mai DH. 1995. Tertiäre Vegetationsgeschichte Europas. Gustav Fisher Verlag, Jena. 

Manchester SR. 1986. Vegetative and reproductive morphology of an extinct plane tree 

(Platanaceae) from the Eocene of western North America. Bot. Gaz. 147 (2): 200--

226.  

Manchester SR, Calvillo-Canadell L & Cevallos-Ferriz SRS. 2014. Assembling extinct 

plants from their isolated parts. Bol. Soc. Geol. Mexicana. 66 (1): 53--63. 

Mantzouka D, Sakala J, Kvaček Z & Karakitsios V. 2013. Palaeobotanical study of 

Polichnitos region, Southern part of Lesbos Island, Greece (preliminary results on 

Angiosperm wood). Bull. Geol. Soc. Greece. XLVII (1): 204--215. 

Metcalfe CR. 1987. Anatomy of the Dicotyledons, Vol.III. Magnoliales, Illiciales, and 

Laurales (sensu Armen Takhtajan). Clarendon Press, Oxford. 

Metcalfe CR & Chalk L. 1950. Anatomy of the Dicotyledons, Vol. I, II . Clarendon Press, 

Oxford. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



37 

 

Pálfy J, Mundil R, Renne PR, Bernor RL, Kordos L & Gasparik M. 2007. U–Pb and 

40Ar/39Ar dating of the Miocene fossil track site at Ipolytarnóc (Hungary) and its 

implications. Earth Planet Sc. Lett. 258: 160--174. 

Pe-Piper G. 1980. The Cenozoic volcanic sequence of Lesbos, Greece. Z. Dt. Geol. Ges. 

131: 889--901. 

Pe-Piper G & Piper DJW. 1993. Revised stratigraphy of the Miocene volcanic rocks of 

Lesbos Greece. N. Jb. Geol. Paläont. Mh. H2: 97--110.  

Petrescu J. 1978. Etudes sur les flores paléogènes du nord-ouest de la Transsylvanie et de 

la Moldavie Central. 184 S., 39 Abb., 74 Taf.; Bucarest (Univ. Cluj-Napoca). 

Prakash U, Březinová D & Awasthi N. 1974. Fossil woods from the Tertiary of South 

Bohemia. Palaeontographica B. 147: 107--123.  

Prakash U, Březinová D & Bůžek Č. 1971. Fossil woods from the Doupovské hory and 

České středohoří Mountains in northern Bohemia. Palaeontographica B. 133: 103--

128.  

Prasad, M. 1989 [1990]. Occurrence of a lauraceous wood in the Siwalik sediments, 

India. Geophytology 19: 191-192 + 1 pl. 

Privé-Gill C & Pelletier H. 1981. Sur quelques bois silicifiés du Tertiaire de Limagne, 

dans la région d’Aiguerperse (Puy-de-Dôme), France. Rev. Palaeobot. Palynol. 34: 

369--405. 

Richter HG. 1981a. Anatomie des sekundären Xylems und der Rinde der Lauraceae. 

Sonderbände des Naturwissenschaftlichen Vereins in Hamburg 5. Parey, Hamburg. 

Richter HG. 1981b. Wood and bark anatomy of Lauraceae. I. Aniba Aublet. IAWA Bull. 

n.s. 2(2-3): 79-87. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



38 

 

Richter HG. 1985. Wood and bark anatomy of Lauraceae. II. Licaria Aublet. IAWA Bull. 

n.s. 6(3): 187--199. 

Richter HG. 1990. Wood and bark anatomy of Lauraceae. III. Aspidostemon Rohwer & 

Richter. IAWA Bull. n.s. 11(1): 47--56. 

Richter HG & van Wyk AE. 1990. Wood and bark anatomy of Lauraceae IV. 

Dahlgrenodendron J.J.M. Van der Merwe & Van Wyk. IAWA Bull. 11 (2): 173--

182. 

Rohwer JG, Moraes PLR de, Rudolph B & van der Werff H. 2014. A phylogenetic 

analysis of the Cryptocarya group (Lauraceae), and relationships of 

Dahlgrenodendron, Sinopora, Triadodaphne, and Yasunia. Phytotaxa 158 (2): 111-

-132. 

Sakala J. 2004. The ’Whole-Plant’ concept in palaeobotany with examples from the 

Tertiary of northwestern Bohemia, Czech Republic with particular reference to 

fossil wood. PhD diss. Université Pierre-et-Marie, Paris & Charles University, 

Prague. 

Sakala J & Privé-Gill C. 2004. Oligocene angiosperm woods from northwestern 

Bohemia, Czech Republic. IAWA J. 25: 369--380. 

Sakala J, Rapprich V & Pecskay Z. 2010. Fossil angiosperm wood and its host deposits 

from the periphery of a dominantly effusive ancient volcano (Doupovské hory 

Volcanic Complex, Oligocene-Lower Miocene, Czech Republic): systematic, 

volcanology, geochronology and taphonomy. Bull. Geosci. 85: 617--629.  

Schweingruber FH, Börner A & Schulze ED. 2011. Atlas of Stem Anatomy in Herbs, 

Shrubs and Trees, Vol 1. Springer. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



39 

 

Selmeier A. 1967. Ein Lauraceenholz aus dem Miozän der Fränkischen. Alb. Geol. Bl. 

17(2): 70--84. 

Selmeier A. 1969 Ein Lorbeerholz aus jungtertiären Schichten Südbayerns 

(Overschneitbach). N. Jb. Geol. Paläont. Mh. 12: 731--741. 

Selmeier A. 1984. Fossile Bohrgänge von Anobium sp. in einem jungtertiären 

Lorbeerholz aus Egweil (Südliche Frankenalb). Archaeopteryx 2: 13--29. 

Stevens PF. 2001–onwards. Angiosperm Phylogeny Website. Version 12, July 2012 [and 

more or less continuously updated since] 

http://www.mobot.org/MOBOT/research/APweb/ (last visit: 10/9/2014). 

Sun J, Wu J, Wang X, Gu J & Gao Z. 2015. Comparative wood anatomy of 56 species of 

Lauraceae from Yunnan, China. Brazilian Journal of Botany, 38(3): 645-656. 

Süss H. 1958. Anatomische Untersuchungen uber die Lorbeerhölzer aus dem Tertiar des 

Hasenberges bei Wiesa in Sachsen. Abh. Deut. Akad. Wiss. Berlin Jahrb. 8: 1--59. 

Süss H & Mädel E. 1958. Über Lorbeerhölzer aus miozänen Schichten von Randeck 

(Schwäbische Alb) und Ipolytarnóc (Ungarn). Geologie 7: 80--99. 

Szarvas I. 2007. Case study of the Ipolytarnóc track site, Hungary. In: SG Lucas, JA 

Spielmann, MG Lockley (ed.), Cenozoic Vertebrate Tracks and Traces: 303–307. 

New Mexico Museum of Natural History and Science Bulletin 42. 

The Plant List. 2013. Version 1.1. Published on the Internet. http://www.theplantlist.org/ 

(last visit 1/1/2015). 

Unger F. 1842. Synopsis lignorum fossilium plantarum acramphibryarum. In: S 

Endlicher (ed), Genera Plantarum Secundum Ordines Naturales Disposita: 100–

102. Suppl. II. Appendix. Wien. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

http://www.mobot.org/MOBOT/research/APweb/
http://www.theplantlist.org/


40 

 

Velitzelos E, Petrescu I & Symeonidis N. 1981a. Tertiary Plant Reminants from Aegiis. 

Macro – Palaeo – Flora of Lesbos Island (in Greek). Ann. Géol. Pays Hellén. 

Athens XXX/2: 500--514. 

Velitzelos E, Petrescu I & Symeonidis N. 1981b. Tertiäre Pflanzenreste von der 

Ägäischen Insel Lesbos (Griechenland) [Tertiary Plant Fossils from Lesbos Island 

(Aegean, Greece)]. Cour. Forsch. Inst. Senckenberg Frankfurt 50: 49--50. 

Velitzelos E, Zouros N & Velitzelos D. 1999. Contribution to the study of the palaeoflora 

of the Lesbos Petrified Forest. International Symposium ‘Protected natural areas 

and environmental education’ Sigri Lesbos Island. 

Werff van der H & Nishida S. 2010. Yasunia (Lauraceae), a new genus with two species 

from Ecuador and Peru. Novon: A Journal for Botanical Nomenclature 20: 493--

502. 

Werff van der H & Richter HG. 1985. Caryodaphnopsis Airy-Shaw (Lauraceae), a Genus 

New to the Neotropics. Systematic Botany 10(2): 166--173. 

Werff van der H & Richter HG. 1996. Toward an improved classification of Lauraceae. 

Ann. Missouri Bot. Gard. 83: 409--418. 

Wheeler EA. 1986. Vessels per square millimeter or vessel groups per square millimeter? 

IAWA Bull. n.s. 7: 73--74. 

Wheeler EA. 2011. InsideWood: a web resource for hardwood anatomy. IAWA J. 32: 

199--211. 

Wheeler EA & Manchester S. 2002. Woods of the Middle Eocene Nut Beds, Clarno 

Formation Oregon, USA. IAWA J Supplement 3. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



41 

 

Zouros N. 2004. The European Geoparks Network: Geological heritage protection and 

local development. Episodes 27(3): 165--171. 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Laurinoxylon 

microtracheale *

Laurinoxylon 

litseoides

Laurinoxylon 

oligocenicum

Laurinoxylon 

intermedium *

Laurinoxylon 

czechense 

Prakash, 

Brezinova & 

Buzek

Laurinoxylon 

czechense [new 

observations]

Locality

Hasenberg bei 

Wiesa unweit 

Kamenz (Sachsen)

Hasenberg bei 

Wiesa unweit 

Kamenz (Sachsen)

South Bohemian 

basin, Czech 

Republic

Landes, S. 

France

Kadan (Zadni 

vrch Hill), 

Doupovske hory 

Mountains, 

Czech Republic

Kadan (Zadni vrch 

Hill), Doupovske 

hory Mountains, 

Czech Republic

Age
Middle – Upper 

Oligocene

Middle – Upper 
Oligocene

Oligocene? Miocene Oligocene Oligocene

GR Distinct Distinct Distinct

weak with 

seemingly 

terminal bands

Distinct Distinct

Porosity Diffuse Diffuse Diffuse Diffuse Diffuse Semi-Ring/Diffuse

V Grps

mainly sol & in 

rms of 2, rarely  

of 3-6

mainly sol & in rms 

of 2, rarely  of 3-6 

and clusters

sol & in RMs  of 

2-4

 sol (48%),  in 

rms of 2 (31%), 

of 3-5 (21%)

mainly sol, 

often in radial 

or oblique 

multiples of 2-3 

or more

mainly sol (76%), in 

rms of 2 (12%), 

rarely in rms of 3-4 

(6%) and cls (6%)

VTD: Mea  ra ge  µ 45 (35-60) 70 (30-125) (70-190 )
(80-100) / (70-

130)
(50 - 150) 100

V / ² 35 35 10-14 15-27 15-25 24

VEL: Mea  ra ge  µ 55 (40-65) 95 (40-150) (60-225)
(90-150) / (20-

90)
(60-195) 125

Tyloses Present Present Present Present? Absent Present

PP simple  /  PP 

scalariform
Yes/No Yes/No Yes/No

No/Yes: 10 (15)- 

20 bars

Yes/Yes (10-15 

bars)
Yes/No

IVP  size μ
sm - med.,  6-7.5 x 

5-6  
med - lrg,  8-10  med - lrg, 8-12 

AP vc scp, vc
scp, vc, tending 

to aliform

marginal?  & 

concentric 

bands of 4-12 

cells

scp scp. vc

RW (cell no.) 1-5, mostly  3-4 1-4, mostly 2-3 1-3, mostly 2-3 1-5, mostly 3-4 1-3, mostly 3 1-3, mostly 2-3

RW µ 12-57 15-40 15-55 12-40

RH μ
50-320 100-470 120-700

80 - 900

SepFib Yes Yes Yes No Yes Yes

Idioblasts per ² Numerous Few 8-22 37

Idioblasts size μ ;  
radial, tangential, 

height

R: 35 (25-47), Tl: 

21 (12-30), ? Ht: 

65 (35-100)

R: 45 (27-60), T: 28 

(22-42), Ht 75 (37-

105)

Rl: 20-25, T: 40-50

Laurinoxylon  Type 1

Table 1



Laurinoxylon aff. 

czechense

Southeastern Lesbos, 

Greece

Early Miocene

Distinct

Diffuse 

sol (18%) and clusters 

(21%), mainly in rms of 2 

(50%), sometimes rms of 3 

(7,5%), rarely in rms of 4 

(3.5% )

60 (40-85)

52-74

73 (50-110)

Present 

Yes/No

lrg (10 in DM 13.1)

scp?. vc

1-3, mostly 2-3

25-30

280-520

Probably non-septate

35-65

R: 15-45, T: 10-36



Laurinoxylon 

endiandroides*

Laurinoxylon 

aniboides*

Laurinoxylon 

nectandrioides*

Laurinoxylon 

annularis*

Laurinoxylon  (+ 

cf.) 

hasenbergense

Laurinoxylon 

ehrendorferi

Locality

Hasenberg at 

Wiesa close to 

Kamenz (Saxony-

Germany)

Ipolytarnoc, 

Komitat Nograd 

(Hungary)

Netherlands, 

Holland, Germany

East Bavarian 

Molasse near 

Ortenburg close 

to Paasau

Hasenberg, 

Wiesa, Saxony 

(Germany)

Lemnos island (2 

km SSE of 

Mudros), Greece

Age
Middle-Upper 

Oligocene 
Early Miocene Miocene

Allochthonous 

from Lower 

Eocene age inside 

Lower Miocene 

fluvial sediments 

Middle-Upper 

Oligoce e Süss , 
Early Miocene 

(Greguss)

Early or Middle 

Miocene

GR Distinct Distinct

Weak 

(Berger),Distinct (K-

S) or indistinct-

absent (van der 

Burgh)

Distinct
Distinct (but 

"Blurred")
Weakly distinct

Porosity Diffuse Diffuse
Semi-ring or 

diffuse
Ring porous Diffuse Diffuse

V Grps
sol, rms of 2, rarely 

in rms of 3-6

sol , rms of 2, often 

in rms of 3-4, 

rarely cls

mainly sol, rarely in 

rms of 2-3
sol, rms 2-4 

sol, rms of 2, 

rarely rms of 3-4

sol, rms of 2, 

rarely in rms of 3

VTD: Mea  ra ge  μ 67 (30-90) 133 (55-220) (50-180) 80-95 60-95 (25-130) up to 200

V / ² 10 25 10-20 10-25, 30-45 12

VEL: Mea  ra ge  μ 90 (30-135) 180 (65-280) 250-400 110-135
70-100 (30-170), 

105-140 (30-230)
500

Tyloses Present Present Present Probably Present Present

PP simple/scalariform Yes/No No/Yes Yes/No Yes/Yes Yes/No Yes / ?

IVP size, µ
sm - med,  7.5 x 6-

7.5 

med - lrg, 7-10 x 7-

15, 
sm - med, 6 - 7 sm, 4-6 

sm - lrg, 5-10 (-

12)
lrg

VRP red sim sim, red

AP  alf to cfl vc
scp. vc, alf, cfl. 

Marg

vc (riing  3 cells 

width)

vc (ring 1-3 cells 

wide)
scp, vc

RW (cell no.)
1-3 (mostly 2, 

rarely 4)

1-4 (mostly 2-3, 

rarely 5)
1-4, mostly 2-3 1-3 1-3 2-4

RW μ 28 (10-60) 37 (20-60) 12-16 12-52

R / mm 9-11 7-8 6-11 5

RH μ 270 (85-620) 460 (110-1230) 50-100 
250-390 (60-

1200)
up to 800

SepFib Yes No Yes No Yes Yes

Idioblasts per ² very numerous numerous

Idioblast size μ
R: 48 (35-67), T: 33 

(25-52), Ht: 130 

(55-310)

R: 56 (30-75), T: 47 

(25-70), Ht: 120 

(60-320)

R: 40-75, T: 30-50 

R: 40-50 (15-

100), T: 25-32 (10-

65), Ht: 85-130 

(30-300)

Height: 200, 

Width: 80 in TLS

Laurinoxylon  Type 2a

Table 2a



Prismatic crystals Yes Yes Yes Not observed Yes Not observed



Laurinoxylon 

müller-stolli

Ipolytarnoc 

(Hungary) and 

Wiesa at 

Kamenz 

(Germany)

Early Miocene 

(A. Burdigalian)

Distinct

Diffuse

sol (56%), rms 

of 2 (25%) and 3-

4 (19%)

160 (85-200)

12-18

175 (85-240)

Present

Yes /Yes 

lrg

sim, red

scp, vc

1-3, mostly 2

25-30

5-8

260-500

–6

T height: 0–  
μ , width: 

0– 0 μ  



Not observed



Laurinoxylon 

(Ulminium) 

diluviale

Laurinoxylon 

perfectum*

Laurinoxylon 

compressum*

Laurinoxylon 

aff. diluviale 

(n=3)

Locality

Jachymov 

(Boheme) Czech 

Republic

Landes, S. 

France

Landes, S. 

France

Southeastern 

Lesbos

Age ?Oligocene Miocene Miocene Lower Miocene

GR Distinct Distinct Distinct Distinct

Porosity Diffuse Diffuse Ring Diffuse

V Grp

sol (75%), rms 

of 2 (20%), of 3-

4 (2%), and in 

cls (3%)

sol, (35%), rms 

of 2 (36%) and 3-

4 (29%)

mostly sol, 

rarely in rms of 

2-3

sol (29%) and in 

rms of 2 (50%), 3 

(17%), and 4 

(4%)

VTD: ea  ra ge  μ
ew: 100-154;  

lw: 44-72 

ew:100 (75-

140), lw: 55 (40-

70), 

ew: 110-150, 

lw: 70-95 
40-110 

V/ ² 9-33 10-15  20-100

VEL Mea  ra ge  µ 300-550

lw: 57 (48-80), 

ew: 125 (65-

160)

ew: 180-240, 

lw: 110-150
50-150

Tyloses Present Present Present Present

PP simple  /  PP scalariform
Yes/Yes (6-12 

bars)
Yes/No Yes/No

Yes/Yes (6-12 

bars)

IVP  size μ
Med - Lrg ( 7-

15)
Lrg (10-15)

Sm - Med (occ. 

Lrg)

VRP red red-sim

AP
scp, vc (1-2 cells 

wide rows)

scp, sometimes 

tends to alf 
scp, vc scp?, vc

RW (cell no.)
1-5 (3s -51%, 4s 

29%
1-3 (mostly 2) 1-3 (mostly 2) 1-4 (mostly 2-3)

RW μ 20-48 20-60

R / mm 6-9 16 11-16

RH µ
60-820 

(frequently: 220-

420 

1s: 170 (60-370),  

2s: 290 (220-

420), 3s: 390 

(250-500)

 avg: 270 (150-

500)
160-650

SepFib Probably Yes No Probably 

Idioblasts per ² 0-18 Abundant 25-33 usually 35-70 

Idioblasts size μ

At ray edges: R: 

50-80,  Tl: 27-60 

μ . I side the 
rays: R: 37, T: 27 

large (max ht: 

300)

tangential: 

height: 115 (65-

180), width: 64 

(55-80) or 

transversal: 35-

60 μ a d radial 
diameter: 50-90 

R: 25-70,  T: 15-

40 (in TS)

Prismatic crystalls No No No No

Laurinoxylon  Type 2b

Table 2b



Cinnamomoxylon  

limagnense* [syn. 

Laurinoxylon 

limagnense]

Laurinoxylon 

variabile*

Laurinoxylon 

bergeri

 Cinnamomoxylon 

seemannianum* 

[syn. Laurinoxylon 

seemannianum]

 Cinnamomoxylon 

seemannianum 

[syn. Laurinoxylon 

seemannianum] 

DMDA6

Locality
d'Aigueperse (Puy-de-

Dome), France

d'Aigueperse 

(Puy-de-Dome), 

France

Hasenberg at 

Wiesa close to 

Kamenz (Saxony-

Germany)

Randecker Maar 

(SW Germany)

Southeastern 

Lesbos, Greece

Age Oligocene Oligocene
Middle-Upper 

Oligocene 

Upper Miocene 

(Tortonian?)
Early Miocene

GR Distinct Distinct Distinct Distinct Distinct

Porosity Diffuse Diffuse Diffuse Diffuse Diffuse 

V Grps

sol (66%), rms of 2 

(28%), 3 (6%) and 4 

(1%)

sol (52%), rms of 

2 (36%),  3 (9%), 

4 (2%) and 5 (1%)

sol, rms of 2, 

rarely of 3-4
sol  & rms of 2-3.

sol (17%), rms of 2 

(33%),  3 (14 %), 

and 4 (15%) and cls 

(21 %)

VTD:  Mea  ra ge  µ 93 (60-140) 164 (65-225) 80-87 (30-135) 99 (25-150) 45-50

V / ² 12-15 3-5 5-40 20 (13-29) 40-100

VEL: Mea  ra ge  µ 187 295
105-110 (30-

180)
115 (45-180) 60-110

Tyloses Present Present Present Present 

PP simple  /  PP scalariform
Yes/Occasionally (5-8 

bars)
Yes/No Yes/No Yes/No Yes/No

IVP  size μ 9-  μ 6-  μ

VRP
Elliptic - x -  μ  
or circular 6- 0 μ

6-  μ sim

AP vc, conf ali – co f scp, vc scp, vc scp, vc

RW (cell no.) 1-4 1-3 (-4) seriate 1-3 1-3 (2-3) 1-5

RW μ 60 25 (7-40) 15-35 50-60

R / mm 7-8 3-8 9-11 5-10 7-14 (mostly 9)

RH μ 620 0 – 
200-230 (25-

800)
100-400 00 – 00

SepFib Possibly No No Some Possibly 

Idioblasts per ² very numerous very numerous numerous 15-33

Idioblast size μ 20-75 X 40-170 
26-70 x 30-150 

(in TS)

R: 50 (25-75), T: 

25 (15-40), H: 

110 (50-250)/70 

(55-120)

R: 53 (20-95), T: 38 

(20-50), Ht: 130 (50-

150)

R: 30-50, T: 90-175 

Prismatic crystals No No No No No

Laurinoxylon  Type 3

Table 3



TYPE 1 TYPE 2a TYPE 2b TYPE 3

Idioblast location Rays
Rays & Axial 

Parenchyma
Rays & Among fibers

Rays & Axial 

Parenchyma & Among 

Fibers
Growth ring 

boundaries
Distinct Distinct Distinct Distinct

Vessel grouping Solitary, RMs 2 - 4
> 50%  solitary, RMs 2-

4 

Solitary, mostly RMs 2-

4
Solitary, RMs 2 - 4

MVTD µm 50-150 60-160 50-160 45 - 164

Vessels /  mm² 20 -100 10-45 9 - 100 5 -100 

Tyloses Present Present Present Present

Perforation Plates Si, Si + Sc Si, Si + Sc Si, Si + Sc Si, Si + Sc

IV  pits size Large Medium - Large Small - Large

Tyloses Present Present Present Present

Axial parenchyma
scanty paratracheal, 

vasicentric

scanty paratracheal, 

vasicentric

scanty paratracheal, 

vasicentric

scanty paratracheal, 

vasicentric

Ray seriation 1-3 1 - 3 (-4) 1-5 1-5

Septate fibers present Yes and No Yes Yes and No Yes

Table 4
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Table 1. Comparison of the anatomical characteristics among Laurinoxylon type 1 species. 

(* is used for the species that we suggest are excluded from Laurinoxylon). 

Regarding the idioblasts, it is not easy to interpret the comparison between 

descriptions (e.g. numerous or few) and numbers (e.g. 8-22 or 37). We believe that 

this connection will be feasible only when the previously described species will be 

re-studied. 

 

The following abbreviations were used in Tables 1, 2a, 2b, 3 & 4: 

GR: Growth ring boundaries, V Grp: Vessel groupings (sol: solitary, rms: in radial 

multiples, cls: in clusters), VTD: mean (range) μm: Mean tangential diameter of 

vessel lumina (ew: in earlywood, lw: in latewood), V/ mm²: vessels per square 

millimeter, VEL: vessel element length, PP simple / PP scalariform: Perforation plates 

simple -/- scalariform, IVP size (μm): Intervessel pits size (sm: small, med: medium, 

lrg: large), VRP: Vessel-ray pitting (sim: with distinct borders; similar to intervessel 

pits in size and shape throughout the ray cell, red: with much reduced borders to 

apparently simple), AP: Axial parenchyma (scp: scanty paratracheal, vc: vasicentric, 

alf: aliform), RW (cell no.): Ray width (no of cells), RW (μm): Ray width (in μm), R / 

mm: Rays per millimeter, RH µm: Ray height, SepFib: Septate fibres.  

 

 

Table 2a. Comparison of the anatomical characteristics among Laurinoxylon type 2a species. 

 

Table 2b. Comparison of the anatomical characteristics among Laurinoxylon type 2b species. 

(* is used by the species that we suggest are excluded from Laurinoxylon). 
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Table 3. Comparison of the anatomical characteristics among Laurinoxylon type 3 species. 

(* is used by the species that we suggest are excluded from Laurinoxylon). 

 

Table 4. Comparison of the anatomical characteristics among Laurinoxylon Types. 

 

 

 

Fig.1. Map of Europe with the geographical position of the studied localities indicated: -- 1: 

Lesbos, Greece (early Miocene), -- 2: Kadaň-Zadní Vrch Hill, Czech Republic (early Oligocene), 

-- 3: Jáchymov, Czech Republic (?Oligocene), -- 4: Ipolytarnóc, Hungary (early Miocene). 

 

Fig. 2 Laurinoxylon Type 1. A--E Laurinoxylon aff. czechense Prakash et al. (Lesbos) 

(DMDA13.1: Fig. 2A--E). --A, B: Silicified stem with a diameter of 2.5 cm, enclosed by volcanic 

material, growth rings distinct, diffuse-porous wood, idioblasts associated with the ray 

parenchyma cells (= IR),TS. --C, D: Tyloses (T), rays up to 3-seriate, idioblasts IR, mainly at the 

margins and less commonly in the body of the rays, TLS. -- E: Outline of solitary vessels 

round to oval, vasicentric (scanty) paratracheal parenchyma, tyloses (T), idioblasts IR, TS. -- 

F: Rays heterocellular, body of multiseriate rays composed of procumbent cells with one row 

of upright cells, idioblasts IR, RLS. -- G--I. Laurinoxylon czechense Prakash et al. (part of 

holotype specimen CNB-2). -- G: Outline of solitary vessels round to oval, vasicentric (scanty 

paratracheal) parenchyma, tyloses, rays up to 3-seriate, idioblasts IR, slide G 4036, TS. -- H: 

Simple perforation plates, tyloses, idioblasts IR (at their edges and inside the ray bodies), 

slide G 4037, TLS. -- I: Rays heterocellular, body of multiseriate rays composed of 

procumbent with marginal rows 1–4 of upright cells, idioblasts IR, RD. -- Scale bar = 0 μ  i  

D, F, G; -- 00 μ  i  B, C, H, I; -- 0 μ  i  E; -- 000 μ  i  A. 



 

Fig. 3 Laurinoxylon Type 2a, Laurinoxylon mueller-stolli Greguss emend. Süss & Mädel (IGP 

Ipolytarnóc No. 05, potential part of the holotype of L. mueller-stolli: Fig. 3A--3D, slide IGP 

Ipolytarnóc No. 05/A: Fig. 3A, 3B, slide IGP Ipolytarnóc No. 05/C: Fig. 3C, slide IGP 

Ipolytarnóc No. 05/B: Fig. 3D). -- A, B: Distinct growth rings, diffuse-porous wood, vessels 

solitary and in multiples of 2-4 with round outline, tyloses, vasicentric parenchyma, 

idioblasts associated with the ray and axial parenchyma (= IR, IA), TS. -- C: Idioblasts IR and 

IA, vasicentric parenchyma, abundant tyloses, fibres probably septate, TLS. -- D: 

Heterocellular rays with procumbent body cells and one row of upright and/or square 

marginal cells, idioblasts IR and IA, RLS. -- Scale bar = 00 μ  i  B, C, D; -- 00 μ  i  A. 

 

Fig. 4 Laurinoxylon Type 2b, Laurinoxylon aff. diluviale (Unger) Felix emend. Dupéron et al. 

(DMDA7: Fig. 4A, B; DMDA2: Fig. 4C; DMKO1: Fig. 4D). --A, B: Distinct growth ring 

boundaries, diffuse porous, circular regions with strange colouration, outline of solitary 

vessels round to oval, tyloses, scanty paratracheal parenchyma, idioblasts associated with 

the ray parenchyma cells and among the fibres (= IR, IF), TS. -- C: Idioblasts IR and IF, TLS. -- 

D: Idioblasts IR and IF, perforation plates simple (Si) and scalariform (Sc), TLS. -- E--J. 

Laurinoxylon diluviale Unger (Felix) emend. Dupéron et al. (part of the holotype specimen 

IGP Jáchymov No. 08: Fig. 4H--J, slide IGP Jáchymov No. 08/B: Fig. 4E, 4F, slide IGP Jáchymov 

No. 08/A: 4G--5J). -- E, F: Distinct growth ring boundaries; diffuse porous, tyloses (T), scanty 

paratracheal parenchyma, idioblasts IR and IF, TS. – G, I, J: Idioblasts IR (at the edges of the 

rays and in their bodies) and IF, septate fibres (SF), TLS. -- H: Detail from 4G, in black & white 

for better separation of the IR idioblast from the IF idioblast, septate fibres, TLS. -- Scale bar 

= 0 μ  i  B, C, D; -- 100 μ  in I, J; -- 200 μ  in F, G, H; -- 500 μ  in A, E. 



 

Fig. 5 Cinnamomoxylon Gottwald (= Laurinoxylon Type 3), Cinnamomoxylon seemannianum 

(Mädel) Gottwald (DMDA6a, DMDA6b, DMDA6c). – A, B: (Scanty) vasicentric paratracheal 

parenchyma, slightly confluent forming bands, outline of solitary vessels mainly angular, 

idioblasts associated with the ray (= IR) and axial (= IA) parenchyma cells and among the 

fibres (= IF), TS. -- C, D: Idioblasts IR, IA and IF, TLS. -- E: Axial parenchyma: scanty 

paratracheal with a thickness of 15- 0 μ , idioblasts IR, IA and IF, TLS. – F, G: Heterocellular 

rays, body ray cells procumbent with one row of upright and/or square marginal cells, 

idioblasts IR and IF, RLS. -- Scale ar = 0 μ  i  B; -- 00 μm in D, E, F, G; -- 00 μ  i  A, C. 



A new late Miocene (Tortonian) flora from Gavdos Island in 
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Abstract: A new late Miocene (Tortonian) leaf flora has recently been recovered in the southernmost 
part of Europe on the island of Gavdos, Greece. So far, three conifers (Tetraclinis salicornioides, 
Taxodium dubium and Pinus sp.) and 27 fossil species/morphotypes of angiosperms have been rec-
ognized. Among them, some represent subtropical, partly evergreen woody elements (e.g. Daphno-
gene sp., Laurophyllum sp., Myrica lignitum), some others (e.g., ?Sassafras, Fagus gussonii, Ulmus, 
Acer angustilobum, Populus populina, Ailanthus pythii, Paliurus tiliifolius, several legumes) belong 
to deciduous shrubs or trees. The number of the determined angiosperms is sufficient for using 
statistical techniques to estimate palaeoclimate (LMA, CLAMP, CA) and to reconstruct the palaeo-
vegetation (phytosociological approach, IPR-vegetation analysis).The Gavdos flora is based on leaf 
impressions and allows correlations with other Greek floras of almost the same age, namely from 
Crete – Vrysses (latest Tortonian to Messinian, ca. 7.5-6.0 Ma), Makrilia (late Tortonian, ca. 8.6-7.7 
Ma) and Pitsidia, Messara Basin (early Tortonian, ca. 10.5 Ma), while that from Vegora, Macedonia 
(Messinian, ca. 7-6 Ma) may document further trends in the late Miocene.

Key words: Leaf flora, palaeovegetation, palaeoclimate, late Miocene, Mediterranean, Greece.

1. Introduction

While climate evolution during the late Miocene and 
spatial gradients have been intensely studied for the 
mid-latitudes of western Eurasia (e.g., Mosbrugger 
et al. 2005; bruch et al. 2006, 2011; utescher et al. 
2007; Ivanov et al. 2012) comparatively few detailed 
studies are available for the lower latitudes of the East-
ern Mediterranean. It is still a matter of debate on how 
humid/dry and seasonal climate was during the late 
Miocene period in that area. Based on the analysis of 
anomalies with respect to Present it has been assumed 
that the southeastern Mediterranean realm had about 
the same temperatures in the late Miocene as today 
(utescher et al. 2011) and therefore would have expe-

rienced no drastic cooling during the later Neogene. 
The newly recovered Gavdos megaflora, together 
with the availability of revised flora lists of coeval, 
neighbouring sites allows addressing these questions 
concerning the palaeoclimate conditions. Besides the 
documentation of the Gavdos flora, also comparisons 
are made with related floras and palaeoenvironments 
are reconstructed based on the recovered macrofossils. 
Eventually, additional information about the climate 
before the “Messinian salinity crisis” based on palaeo-
botanical proxies can reinforce the previous studies 
(e.g., Kovar-eder et al. 2006).

The present paper gives a short overview of the so 
far recognized plant taxa including palaeoenviron-
mental interpretations based on quantitative meth-
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ods, and thus contributes to expanding our knowledge 
about the late Neogene floras of the Mediterranean. It 
complements previous studies recently accomplished 
in southernmost Greece, namely in Crete – Makrilia 
(sachse & Mohr 1996; sachse et al. 1999; sachse 
2004), Vrysses (ZIdIanaKIs 2002; ZIdIanaKIs et al. 
2007) and Pitsidia, Messara Basin (ZIdIanaKIs et al. 
2010).

2. Geology and palaeontology of the study 
area

The island of Gavdos is situated in the southern part 
of Greece south of Crete (34°50’0” N, 24°5’0” E) and 
covers an area of 33 km2 (Fig. 2A-B). The plant fossils 
investigated for the present study were collected at the 
Metochia locality (NE Gavdos), from which also the 
sapropels (PostMa et al. 1993), the calcareous nanno-
plankton (raffI et al. 2003; anastasaKIs et al. 1995), 
the echinoid fauna (tsaParas et al. 2007) and fishes 
(gaudant et al. 2005, 2006) have been studied (Fig. 
1A). Also benthic foraminifera have been investigated 
as indicators of the palaeoenvironmental conditions 
of the Messinian Salinity Crisis (drInIa et al. 2007), 
as well as planktonic foraminifera and geochemistry 
(schenau et al. 1999; antonaraKou & drInIa 2003; 
antonaraKou et al. 2007).

The first stratigraphic description and interpreta-

tion of the island was by sIMonellI (1894a, b). Accord-
ing to him the basement consists of limestones with 
Clypeaster altus KleIn, Ostrea crassissima laMarcK 
and Heterosteginids, overlain by a layer of brown 
marls with fossil fish and plant remains (e.g., Laurus, 
Cinnamomum, Callitris). The next layer consists of 
blue marls with Cleodora, bryozoans and crystals of 
selenite. Almost 80 years later, in 1970, the first de-
tailed geological exploration of the island took place 
by vIcente (1970). In 2005 tsaParas following the 
stratigraphic and geological notifications discussed 
above observed an overlying final layer of brown sandy 
marl containing further plant fossil remains (tsaParas 
2005; Figs. 1B, 2C).

The Alpine substratum comprises a calcareous se-
quence of late Maastrichtian – Danian age and deposits 
of the flysch of Eocene age, which are developed in the 
S-SW part of the island while an ophiolithic complex 
consisting of a metamorphic volcano-sedimentary 
series (metamorphosis of Early Jurassic age) is devel-
oped towards the NE part of the island. The Mesozoic 
strata in the NE part of the island are overlain uncon-
formably by Neogene sediments that are up to 150 m 
thick (vIcente 1970; I.G.M.E. 1993). The geodynamic 
evolution of the island since the late Cenozoic has been 
studied in detail (anastasaKIs 1987) and the Neogene 
deposits of the island were divided into two forma-
tions: Potamos and Metochia formations (anastasaKIs 
et al. 1995).

Fig. 1. A – Metochia outcrop panoramic photo. The arrow shows the position (inside the gorge) of the plant fossiliferous 
level consisting of sapropels and blue marls alternations (fossil-bearing site, September 2013), B – The alternations of blue 
marls and sands are underlying the plant fossiliferous sapropels. The arrow shows the position (inside the gorge) of the plant 
fossiliferous level consisting of sapropels and blue marls alternations (Metochia outcrop, September 2013).
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The fossil plant remains studied were collected by 
N. tsaParas in 2005 from the Metochia section in the 
N-NE part of the island from the ‘sapropels’ L16 to 
L22 of early to middle Tortonian age (Figs. 1A, B, 2C). 
The term ‘sapropels’ is used for the thinly and faintly 
laminated reddish layers that mark the transition from 
the clayey diatomites to genuine diatomites of the 
Metochia section, although according to gaudant et 
al. (2006) the ‘true sapropels’ are the diatomaceous 
laminated marls. In this section the formations have 
a lot more than 2% organic material and according to 
PostMa et al. (1993) they represent sapropel episodes.

Studies on various other fossiliferous localities 
of this island, which are stratigraphically correlated 
to the site of Metochia have been carried out for the 
purposes of palaeoenviromental reconstructions using 

foraminifera (drInIa et al. 2004; drInIa 2009), bryo-
zoan faunas (drInIa et al. 2009), corals and micro-
facies analyses (drInIa et al. 2010), fish otoliths (tsa-
Paras & MarcoPoulou-dIaKantonI 2005) and sedi-
mentological analyses (PoMonI et al. 2013). According 
to tsaParas (2005) the predominant occurrence of the 
fish species Bregmaceros albyi Sauvage and Lepido-
pus sp. along with the co-occurrence of plant remains 
in the sapropels L16 – L22 suggests a maximum water 
depth of 300 m.

The Metochia section (Figs. 1A, B, 2C) has been 
sampled in detail by tsaParas (2005) in order to 
study several perspectives and to clear it up from a 
stratigraphical point of view. 96 samples of sapropels 
(PostMa et al. 1993) were taken from the outcrop (L1-
L96). hIlgen et al. (1995) and KrIjgsMan et al. (1995) 

Fig. 2. A – Location of the studied floras in Greece. Floras/sites: 1. Gavdos, 2. Makrilia, 3. Pitsidia, 4. Vrysses, 5. Vegora. 
B – Geological map of the Gavdos Island (modified by tsaParas 2005). C. Geological profile of Metochia (modified by 
tsaParas 2005).
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conclude that the age of the section is 9.7-6.6 million 
years, including the plant fossiliferous strata related to 
L16-L22 sapropels (Fig. 2C) which have a thickness of 
5.26 m and an age of 9.4-9.1 million years (hIlgen et 
al. 1995, antonaraKou 2001) as has been concluded 
from the study of the palaeomagnetism (orbital cycles 
according to periodic oscillations of eccentricity) and 
the foraminifera. The whole section has also been 
dated through the study of nannofossils (trIantaPhyl-
lou et al. 1999), planktonic foraminifera (antonara-
Kou 2001), and mollusks (derMItZaKIs & georgIades 
1987). The access to Metochia section and especially 
to the plant fossil-bearing site is not easy – due to the 
general topography and geomorphology of the area – 
since it is situated inside a gorge (Fig. 1A, B). Two of 
us (NT and VK) revisited Metochia fossiliferous site 
on September 2013 for scientific purposes and since 
there was nothing changed at the already studied sec-
tion they made new detail samplings collecting a lot of 
material for further palaeontological and stratigraphi-
cal studies.

3. Material and methods
The over 100 specimens of plant fossils studied here were 
collected by nIcolaos tsaParas in 2005 from the Metochia 
section in the N-NE part of the island (Fig. 1A, B). Among 
the recovered specimens leaf impressions, mostly frag-
mented, besides twig fragments and a few fruits, prevail. 
The high degree of oxidation of the fossil-bearing rocks and 
the resulting poor preservation of most samples prevents the 
study of leaf anatomy and detailed morphology of the leaf 
lamina. Attempts to prepare cuticles from the most prom-
ising samples failed. Dark-coloured remains on the leaf 
lamina did not dissolve at routine maceration in Schulze 
solution followed by rinsing in 5% KOH and obviously rep-

resent mineral coatings. Some of the studied leaf material is 
probably affected by fungi and/or insects as it is shown from 
their lamina distortions (e.g., Figs. 3.7, 5.6, 5.10, 6.9, 6.10). 
These observations might be the subject of a future study.

The studied plant material is housed in the collection of 
the Department of Historical Geology-Palaeontology, Fac-
ulty of Geology and Geoenvironment, University of Athens. 
The specimens are numbered and the frontal letters of their 
codes (GAVMT) refer to the island of Gavdos and the Meto-
chia section.

Several techniques were used to distinguish palaeoen-
vironmental characters of the studied flora of Gavdos and 
other coeval floras from Greece. The phytosociological 
approach (MaI 1995) and Integrated Plant Record vegeta-
tion analysis (IPR vegetation analysis sensu Kovar-eder et 
al. 2008; teodorIdIs et al. 2011a) are used to evaluate the 
studied plant assemblages. The phytosociological approach 
classifies the palaeofloras with the usage of the following 
symbols for distinguishing vegetative storeys: E1 (herbs and 
vines), E2 (shrubs and lianas), E3 (trees under 25 m high) 
and E4 (trees over 25 m high). The IPR vegetation analysis 
is a semi-quantitative (based on taxonomic and ecological 
expertise and quantitative evaluation), fossil-based evalua-
tion method which has previously been applied to Neogene 
and Paleogene leaf, fruit and pollen floras, with a valida-
tion based on modern vegetation sites (e.g., Kovar-eder & 
KvačeK 2003, 2007; Kovar-eder et al. 2008; jacques et al. 
2011; teodorIdIs et al. 2011a, 2012). The method is used for 
the classification of fossil floras in terms of zonal vegetation 
type. For more details the reader is referred to the original 
description of the method (Kovar-eder et al. 2008).

Palaeoclimatic estimates were made using three tech-
niques: approaches based on Leaf physiognomy, namely 
Leaf Margin Analysis (LMA) and Climate Leaf Analy-
sis Multivariate Program (CLAMP), approaches based 
on taxonomy, and the Coexistence Approach (CA) which 
is based on interpretation of the Nearest Living Relative 
(NLR). LMA, which only estimates mean annual tempera-
ture (MAT), has been applied on all four leaf floras while 
CLAMP only on three.The flora of Pitsidia was excluded 
from the CLAMP analysis because of the low number 

Fig. 3. 1. Tetraclinis salicornioides (unger) KvačeK, incomplete foliage twig; GAVMT 420, scale bar 10 mm segments; 
2. Tetraclinis salicornioides (unger) KvačeK, detached leafy segment, GAVMT 416, scale bar 5 mm; 3. Tetraclinis sali-
cornioides (unger) KvačeK, detached leafy segment, GAVMT 619, scale bar 3 mm; 4. Taxodium dubium (sternberg) heer, 
foliage shoot, GAVMT 652, scale bar 10 mm; 5. Pinus sp., needle fragment, GAVMT 602, scale bar 3 mm; 6. Pinus sp., 
needle fascicle, GAVMT 446, scale bar 5 mm; 7. Laurophyllum sp., incomplete leaf, GAVMT 327, scale bar 10 mm; 8. Lau-
rophyllum sp., petiolate leaf base, GAVMT 555, scale bar 10 mm; 9. Laurophyllum sp., incomplete petiolate leaf, GAVMT 
481, scale bar 10 mm; 10. Daphnogene sp., leaf with suprabasal acrodromous venation, GAVMT 391, scale bar 10 mm; 11. 
Daphnogene sp., leaf petiolate with suprabasal acrodromous venation, GAVMT 485, scale bar 10 mm; 12. Daphnogene sp., 
obovate leaf, GAVMT 479, scale bar 5 mm; 13. ?Lindera ovata KolaKovsKy, leaf petiolate with basal acrodromous venation, 
GAVMT 338, scale bar 10 mm; 14. ?Lindera ovata KolaKovsKy, incomplete leaf petiolate with basal acrodromous venation, 
GAVMT 383, scale bar 5 mm; 15. ?Lindera ovata KolaKovsKy, leaf with basal acrodromous venation, GAVMT 496, scale 
bar 10 mm; 16. leaf counter-impression of Fig. 3.15, GAVMT 617, scale bar 10 mm; 17. ?Sassafras sp., fragment of large 
lobed leaf, GAVMT 432, scale bar 10 mm; 18. Monocotyledonae fam. et gen. indet., leaf fragments with parallel venation, 
GAVMT 349, scale bar 10 mm; 19. Monocotyledonae fam. et gen. indet., leaf fragment with parallel venation, GAVMT 610, 
scale bar 10 mm.
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Fig. 3.
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of woody dicots. The LMA technique (LMA1-3) uses lin-
ear equations published by Wolfe (1979), su et al. (2010) 
providing a linear regression equation for East Asian veg-
etation, and traIser et al. (2005), based on European veg-
etation, together with an equation of the sampling error 
according to MIller et al. (2006). The CLAMP method 
uses physiognomic characteristics of the studied plant as-
semblage presented in Appendix 1, and the physiognomic 
and gridded meteorological calibration datasets from 144 
sites (for Vrysses and Makrilia sites) and from 189 sites 
(for Gavdos site) – see sPIcer (2013) selected by a statisti-
cal tool published by teodorIdIs et al. (2011b) and recently 
modified by teodorIdIs et al. (2012). The application of 
CLAMP follows the procedure explained on the CLAMP 
website (http://clamp.ibcas.ac.cn/) (cf. also Wolfe & sPIcer 
1999; sPIcer et al. 2009). CLAMP provides estimates for 3 
temperature (MAT, WMMT – warmest month mean tem-
perature, CMMT – coldest month mean temperature) and 
2 precipitation variables (3-WET – precipitation during 3 
consecutive wettest months, 3-DRY – precipitation during 3 
consecutive driest months).

The application of the Coexistence Approach follows 
the description of the method provided by Mosbrugger & 
utescher (1997) and utescher et al. (2014). Climate data 
for the Nearest Living Relatives identified for the fossil 
taxa were retrieved from the current version Palaeoflora 
Database (utescher & Mosbrugger, 2013). According to 
the standard of the method, 3 temperature (MAT, WMMT, 
CMMT) and 4 precipitation variables (MAP – mean annual 
precipitation, MPwet – wettest month precipitation, MPdry 
– driest month precipitation, MPwarm – warmest month 
precipitation) are reconstructed. The CA can be applied to 
all fossil taxa based on various organs allowing systematic 
assessment. 

4. Systematic descriptions
In the systematic descriptions angiosperm taxa are arranged 
according to the classification suggested by recent molecu-
lar phylogenetic studies (see judd et al. 2002; chrIstenhusZ 
et al. 2011; reveal 2012) which follow the classification 
of angIosPerM Phylogeny grouP II (2003) and III (2009). 
Leaf architecture in general is described following current 
terminology published by ash et al. (1999) and ellIs et 
al. (2009). Leaf lamina size categories follow the leaf size 
template of CLAMP (sPIcer 2013), which is based on the 
original concept of Webb (1959), where microphyll 3 and 
mesophyll 1 categories are equal to notophyll leaf size and 
mesophyll 2 and 3 to macrophyll leaves.

Only most relevant synonyms are quoted in a way cur-
rently used in the palaeobotanical literature.

Conifers
Cupressaceae

Tetraclinis Masters

Tetraclinis salicornioides (unger) KvačeK

Figs. 3.1-3.3

1847 Thuites salicornioides unger, p. 11, pl. 2, figs. 1-4, 
pl. 20, fig. 8.

1989 Tetraclinis salicornioides (unger). – KvačeK, p. 48, 
pl. 1, fig. 11, pl. 2, figs. 2-14, pl. 3, figs. 1-4, text-fig. 
1. 

(For further synonyms see KvačeK 1989)

Material: Detached leafy segments and one incomplete fo-
liage twig (GAVMT 416, GAVMT 420, GAVMT 619).

Description: Incomplete foliage twig, 38 mm long, de-
tached leafy segments corresponding to pseudowhorls, 10 
and 18 mm long, 3 and 8 mm wide, composed of pairs of 
dimorphic facial and lateral leaves, at base rounded to trun-
cate, apically obtuse in simple segments or bluntly mucr-
onate in obovate segments from the middle of the foliage 
sprays, 3 to 5 prominent longitudinal lines seen on surface. 

Discussion: According to KvačeK et al. (2000), until being 
recognized as Tetraclinis by attached cones and associated 
seeds (KvačeK 1989), this conifer was considered to belong 
to an extinct genus, for which the invalidly published name 
Hellia unger [see bůžeK et al. 1976] (e.g., MaI 1963; frIIs 
1977) and recently rejected Libocedrites endlIcher [see ZI-
jIstra & KvačeK 2010] (e.g., Knobloch & KvačeK 1976; MaI 
& Walther 1978; PalaMarev et al. 1991; WIlde & franKen-
häuser 1998) were applied. The term cladode-like is used 
in reference to the foliar branch segments which are distin-
guished from true cladodes (derived from branches without 
leaves) by their derivation from fully merged leaves with the 
branch. Theses segments consist of mutually fused dimor-
phic scale leaves borne in pseudowhorls. The complete fu-
sion of lateral and facial leaves does not occur among extant 
Cupressaceae (not even in the extant species of Tetraclinis) 
but does occur in both the European and North American 
populations of T. salicornioides.

According to KvačeK et al. (2000) the foliage seg-
ments of T. salicornioides are broader and more flattened 
than those of another fossil representative of this genus, T. 
brachyodon (brongnIart) MaI & Walther and appear to 
be adapted to more mesic conditions. The same morphology 
of foliage segments is developed in another extinct conifer 
Ditaxocladus s.X. guo & Z.H. sun from the Upper Creta-
ceous and Palaeocene (guo et al. 2012).

Tetraclinis Masters has a single extant species, Tetra-
clinis articulata (vahl) Masters, that is native to warm, 
summer-dry climates (Cs) of northern Africa, Malta, and 
southern Spain. This living representative does not re-
flect the autecology of the fossil Tetraclinis salicornioides 
(KvačeK 2007) and should not be used for palaeoenviron-
mental considerations. T. salicornioides was formerly dis-
tributed over large parts of Europe since the Eocene (Meyer 
& Manchester 1997; KvačeK et al. 2000), having been al-
ways connected with humid subtropical to warm-temperate 
vegetation. It is also represented in the Makrilia outcrop by 
twigs, a seed and a seed cone partly identified as Tetraclinis 
sp., ?Tetraclinis (sachse 2004) or Tetraclinis brachyodon 
(sachse et al. 1999; sachse & Mohr 1996), and in the Vryss-
es outcrop (ZIdIanaKIs et al. 2007).
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Taxodium L. C. rIchard

Taxodium dubium (sternberg) heer

Fig. 3.4

1823 Phyllites dubius sternberg, p. 37, pl. 36, fig. 3; 
1825, tentamen & index. 

1853 Taxodium dubium sternberg. – heer, p. 136.
1976 Taxodium dubium (sternberg) heer. – KvačeK, p. 

290, text-figs. 5-6.
1977 Sequoia langsdorfii (brongnIart) heer. – velItZe-

los & schneIder, p. 174, pro parte, fig. 6 (? non fig. 
5). 

(For full synonymy see KunZMann et al. 2009).

Material: Incomplete foliage shoots (GAVMT 629, 
GAVMT 652).

Description: Foliage shoots with flattened needles, lanceo-
late in outline, 13 and 39 mm long, 15 mm wide, needles 
linear to lanceolate, apex acute, base shortly petiolate and 
rounded, distichously arranged, alternate at unequal dis-
tances, univeined with strong and distinct midrib.

Discussion: The sterile foliage shoots of Taxodium and 
Sequoia are difficult to distinguish without the aid of epi-
dermal structure. Nevertheless, the shoots of the Sequoia 
sempervirens type are usually not narrowing to the shoot 
apex and the length of the needles is approximately uni-
form. Taxodium dubium fossils have been found also in 
other localities of Greece, such as in Vegora (KvačeK et 
al. 2002), in the Makrilia outcrop (sachse & Mohr 1996; 
sachse et al. 1999; sachse 2004) and the Pitsidia outcrop 
(ZIdIanaKIs et al. 2010). The nearest living relatives of this 
taxon are T. distichum and T. mucronatum, representatives 
of swamp vegetation in subtropical and warm temperate cli-
mates as deciduous and hygrophilic trees, native in the SE 
USA and Mexico to Guatemala, respectively (KvačeK et al. 
2002; KunZMann et al. 2009). 

Pinaceae
Pinus L.

Pinus sp. (folia)
Figs. 3.5-3.6

Material: Needle leaf fragments (?GAVMT 345, GAVMT 
446, ?GAVMT 570, GAVMT 602).

Description: Double-needled fascicles, rounded at base, 
sheath and apex not preserved, needles partly isolated, frag-
mentary, in preserved length of 8 to 43 mm, 2 to 2.6 mm 
wide, straight or slightly curved, univeined, margin entire.

Discussion: The recovered pine needles belong to subge-
nus Pinus (Diploxylon pines), although typical persistent 
sheaths are not preserved on fascicles due to transportation. 
Among the findings from the Makrilia outcrop in Crete, 

2- and 5-needle fascicles of Pinus spp. are known (sachse 
& Mohr 1996; sachse et al. 1999; sachse 2004). In the 
Vrysses outcrop, fossil pine foliage also occurs (ZIdIanaKIs 
et al. 2007), partly in fascicles of two, usually thinner than 
in Gavdos. The pine needles in the Pitsidia outcrop are in 
fascicles of three and co-occur with winged seeds (ZIdIana-
KIs et al. 2010). 

Angiosperms
Lauraceae

Laurophyllum göPPert

Laurophyllum sp.
Figs. 3.7-3.9

Material: Incomplete leaves and fragments (GAVMT 327, 
GAVMT 412, GAVMT 418, GAVMT 458, GAVMT 465, 
GAVMT 481, GAVMT 505, GAVMT 555, GAVMT 592, 
GAVMT 604, GAVMT 644). 

Description: Leaves simple, petiolate, lamina elliptic to 
obovate, 40 to 85 mm long, 18 to 30 mm wide, base cu-
neate, narrowed into petiole (up to 12 mm long), apex not 
preserved, margin entire; venation brochidodromous, mid-
rib strong, straight or slightly curved, secondary veins at an 
angle of 45 to 60°, looping near margin, alternate, intersec-
ondaries thinner and parallel, tertiary veins perpendicular, 
straight to sinuous, venation of the higher orders poorly pre-
served, regular polygonal reticulate, areolation well devel-
oped, 3 or 4 sided, veinlets not preserved.

Discussion: Similar leaves of the Laurophyllum-type are 
among the findings from the Makrilia outcrop (sachse & 
Mohr 1996; sachse et al. 1999; sachse 2004, as Laurophyl-
lum princeps, Laurophyllum bournense and ?Laurophyl-
lum Typ 1, 2). The lack of leaf anatomical structure prevents 
an exact identification and comparisons. 

Daphnogene unger

Daphnogene sp.
Figs. 3.10-3.12

Material: Incomplete leaves and fragments (GAVMT 355, 
GAVMT 391, GAVMT 392, GAVMT 440, GAVMT 479, 
GAVMT 485, GAVMT 500).

Description: Leaves simple, petiolate, lamina widely ellip-
tic to obovate, 40 to 90 mm long, 18 to 27 mm wide, base 
rarely asymmetric, cuneate with petiole up to 6 mm long, 
apex shortly acuminate to blunt, margin entire, venation su-
prabasal acrodromous, midrib strong, moderate, straight or 
slightly curved in apical part, lateral veins thinner, alternate 
or opposite, at an angle of 20 to 40°, running along margin, 
usually connecting secondaries in 2/3 of the blade length, 
secondary veins thinner, alternate, at an angle of 40 to 50°, 
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curved and looping along margin or straight between mid-
rib and lateral veins, venation of the higher orders poorly 
preserved.

Discussion: The fossils at hand are not assignable to a spe-
cies without the cuticle structure. Similar leaf fossils from 
the Vegora flora were assigned to Daphnogene pannoni-
ca KvačeK & Knobloch (KvačeK et al. 2002), which dif-
fers in thinly cutinized leaf epidermis from Cinnamomum 
polymorphum, widely distributed in the European early-
middle Miocene. Among the findings from the Makrilia 
outcrop are two similar leaves (sachse 2004) assigned to 
Cinnamomophyllum sp. The leaf fragment assigned to Cin-
namomophyllum polymorphum by sachse (2004, pl. 11, fig. 
12) was obviously misidentified because of major differ-
ences in the venation. The material of Daphnogene simi-
lar to the Gavdos specimens was recorded in the Vrysses 
(ZIdIanaKIs et al. 2007) as well as in the Pitsidia outcrops 
(ZIdIanaKIs et al. 2010).

Lindera thunb.

? Lindera ovata KolaKovsKy

Figs. 3.13-3.16

? 1957 Lindera ovata KolaKovsKy, p. 277, pl. 14, figs. 4-5; 
pl. 15, fig. 1.

? 1964 Lindera ovata KolaKovsKy. – KolaKovsKy, p. 106-
107, pl. 40, figs. 1-5.

? 1967 Lindera cf. L. ovata KolaKovsKy. – PetKova, p. 142, 
pl. 5, fig. 6, pl. 12, fig. 4. 

? 1984 Lindera ovata KolaKovsKy. – KItanov, p. 51, pl. 7, 
fig.1.

Material: Incomplete leaves and fragments (GAVMT 338, 
GAVMT 369, GAVMT 383, GAVMT 448, GAVMT 496, 
GAVMT 539, GAVMT 617). 

Description: Leaves simple, petiolate, lamina widely el-
liptic to ovate, 40 to 60 mm long, 20 to 32 mm wide, base 
symmetric or rarely slightly asymmetric, widely cuneate to 
rounded, with petiole up to 5 mm long, apex not preserved, 
margin entire, venation basal acrodromous, midrib strong, 

straight to curved, lateral veins thinner, alternate or oppo-
site, at an angle of 20 to 30°, running along margin, second-
ary veins thinner, alternate, curved and looping at margin or 
straight steeply ascending between midrib and lateral veins, 
venation of the higher orders poorly preserved.

Discussion: KolaKovsKy (1957, 1964, pl. 40, figs 1-5) de-
scribed this species from the Kodor River palaeoflora as-
semblages without the cuticle structure or any other leaf 
anatomical character. Thus the affinity to the Lauraceae is 
not well supported, being based entirely on gross morphol-
ogy. The assignment to the genus Lindera is also equivocal.

Similar fossils were described from the Bulgarian pal-
aeoflora by PalaMarev et al. (2005, pl. 4, fig. 4) as Matu-
daea palaeobalcanica (Hamamelidaceae). In ZIdIanaKIs et 
al. (2007, fig. 3N-P) both morphotypes are noted as cf. Ziz-
iphus ziziphoides, while in sachse (1997, 2004) they are re-
ferred to as Dicotylophyllum type 3. KvačeK & hably (1991: 
81, pl. 9, fig. 4) described different morphotypes from the 
Hungarian Oligocene as Ziziphus cf. ziziphoides (unger) 
Weyland. Among the findings from the Makrilia outcrop, 
similar leaves are referred to as ?Rhamnaceae (sachse & 
Mohr 1996), or Dicotylophyllum Typ 3 (sachse et al. 1999, 
sachse 2004) matching the Lindera ovata specimens of the 
current study. In the Vrysses outcrop such leaves, similar 
to our Lindera ovata, also occur and have been assigned 
to cf. Ziziphus ziziphoides (unger) Weyland (ZIdIanaKIs et 
al. 2007). Because of finely dentate margin (ZIdIanaKIs et 
al. 2007, fig. 3N, P), this material may belong to the Rham-
naceae.

The diagnostic tertiary venation is not well preserved in 
our material, but the tertiary veins are steep and not dense 
and at wide angles contrary to the fossil foliage of Ziziphus 
(Rhamnaceae), which differs also in mostly finely serrate 
margins (e.g., KvačeK & hably 1991).

Sassafras T. nees

? Sassafras sp.
Fig. 3.17

Material: Incomplete simple leaves (GAVMT 432, GAVMT 
505).

Fig. 4. 1. Fagus gussonii Massalongo emend. Knobloch & velItZelos, leaf, GAVMT 473 scale bar 10 mm; 2. Fagus gus-
sonii Massalongo emend. Knobloch & velItZelos, leaf, GAVMT 492, scale bar 10 mm; 3. Fagus gussonii Massalongo 
emend. Knobloch & velItZelos, leaf, GAVMT 534, scale bar 10 mm; 4. Leguminocarpon sp., fragment of a pod with 
large seeds, GAVMT 567, scale bar 5 mm; 5. Leguminosites sp. 1, leaflet of broad and elliptic shape, GAVMT 321, scale 
bar 5 mm; 6. Leguminosites sp. 1, leaflet of broad and elliptic shape, GAVMT 503, scale bar 10 mm; 7. Leguminosites sp. 
2, leaflet of narrow and elliptic shape, GAVMT 550, scale bar 5 mm; 8. Leguminosites sp. 2, leaflet of narrow and elliptic 
shape, GAVMT 552, scale bar 5 mm; 9. Leguminosites sp. 3, large leaflet with petiolule, GAVMT 524, scale bar 10 mm; 10. 
Leaflet venation of Fig. 4.9, scale bar 10mm; 11. Leguminosites sp. 4, basal part of elliptic leaflet, GAVMT 532, scale bar 
10 mm; 12. Leguminosites sp. 4, basal part of ovate leaflet, GAVMT 562, scale bar 10 mm; 13. Paliurus tiliifolius (unger) 
bůžeK, incomplete leaf base, GAVMT 520, scale bar 10 mm; 14. Sapindus graecus unger, incomplete leaflet, GAVMT 567 
left, scale bar 10 mm; 15. Detail of leaflet venation, GAVMT 567 left, scale bar 5 mm;
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Description: Leaves simple, lamina widely elliptic, 32 and 
65 mm long, 23 and 35 mm wide, base incomplete, rounded, 
apex blunt, margin entire, with one large lobe preserved; ve-
nation brochidodromous, midrib strong, straight, suprabasal 
veins slightly thicker, curved, alternate, higher secondary 
veins thinner, curved, looping along margin, alternate, at 
angles of 30 to 50°, tertiary veins perpendicular, straight to 
sinuous, often forked, venation of the higher orders poorly 
preserved, regular polygonal reticulate, areolation well de-
veloped, mainly 4-sided, small glands in axiles of secondar-
ies indistinct.

Discussion: One of the specimens at hand may represent a 
trilobed leaf, which is similar to Sassafras ferretianum Mas-
salongo (see KvačeK et al. 2002: 116 f., pl. 3, fig. 6, pl. 4). 
The possible misidentification of these specimens with, e.g., 
Acer tricuspidatum bronn (cf. hably 1992, pl. 4, fig. 3), 
cannot be ruled out, but in our opinion it is improbable due 
to the marginal venation. The lobed leaves of the modern 
representatives of the Moraceae (e.g., Morus) differ in the 
toothed margin. On the other hand, the described incomplete 
leaves may resemble also foliage of Liriodendron L.

Monocotyledonae

Monocotyledonae fam. et gen. indet.
Figs. 3.18-3.19

Material: Fragments of leaves (GAVMT 323, GAVMT 
349, GAVMT 428, GAVMT 588, GAVMT 610).

Description: Leaves strap-like, variable in sizes, with paral-
lel venation, margin entire.

Discussion: These leaf remains may belong to sedges bor-
dering the water. Their exact identification remains open. 
According to KvačeK et al. (2002) the nearest living rela-
tives of this aggregate taxon probably correspond to hygro-
phyllic (?) representatives of grass-like monocots. Similar 
remains of Monocotyledonae recovered in the Vrysses and 
Pitsidia outcrops have been assigned to two types of Poace-
ae/Cyperaceae (ZIdIanaKIs et al. 2007, 2010). 

Fagaceae
Fagus L.

Fagus gussonii Massalongo emend. Knobloch & 
velItZelos

Figs. 4.1-4.3

1858 Fagus gussonii Massalongo, p. 37.
1859 Fagus gussonii Massalongo. – Massalongo & sca-

rabellI, p. 202, pl. 25, figs. 2, 5. 
1979 ? Fagus attenuata göPPert.  – Mädler & steffens, p. 

15, pl. 4, fig. 2. 
1986 Fagus gussonii Massalongo emend. Knobloch & 

velItZelos, p. 9, pl. 2, figs. 2-4, 6-8, pl. 5, fig. 11, pl. 
6, fig. 5. 

1994 Fagus gussonii Massalongo.  – Barrón & DIégueZ, 
p. 23, text-fig. 2.1, 2.2, 3.1-3.3, 4.

1994 Fagus pristina saPorta. – Barrón & DIégueZ, p. 23, 
text-figs. 2.3, 2.4, 3.4, 3.5, 5. 

1996 Fagus sp. – sachse & Mohr, p. 162, text-fig. 3.2, 3.5. 
1999 Fagus gussonii Massalongo.  – velItZelos & Kva-

čeK, p. 420, pl. 1, fig. 1. 
1999 Fagus type gussonii Massalongo.  – sachse et al., 

pp. 367, 370, fig. 1.1, 1.5. 
2002 Fagus gussonii Massalongo.  – KvačeK, velItZelos 

& velItZelos, p. 61, pl. 6, figs. 1-7, pl. 7, figs. 1-5, pl. 
29, figs. 3-4.

2004 Fagus gussonii Massalongo.  – denK, pp. 9-11, fig. 
12.

(For further synonyms see denK 2004) 

Material: Incomplete leaves and fragments (GAVMT 334, 
?GAVMT 460, GAVMT 473, GAVMT 492, GAVMT 513, 
GAVMT 534, GAVMT 596). 

Description: Leaves simple, petiolate, lamina widely el-
liptic to ovate, 36 to 85 mm long and 28 to 55 mm wide, 
apex acute to shortly acuminate, base mostly symmetric, 
cuneate to widely cuneate, with fragmentary petiole up to 5 
mm long, margin simple widely serrate, teeth acute, poorly 
preserved, venation craspedodromous, midrib moderately 
strong, straight, secondary veins thin, numerous, regularly 
spaced, straight, alternate, at an angle of 30 to 60°, tertiary 
veins alternate percurrent, straight to convex, venation of 
the higher orders regular, polygonal reticulate; areolation 
well developed, 3- or 4-sided; veinlets dichotomous.

Discussion: In KolaKovsKy (1964, pl. 26, figs. 5-6) this fos-
sil morphotype was assigned to F. orientalis lIPsKy fossilis. 
However, even this material belongs in our opinion to Fagus 
gussonii Massalongo emend. Knobloch & velItZelos (see 
KvačeK et al. 2002: 61, 62, 96, pl. 5, figs. 1-9, pl. 6, figs. 
1-7, pl. 7, figs. 1-5). sachse et al. (1999) and sachse (2004) 
found ten fragments of the Fagus gussonii type (partly as 
Fagus Typ attenuata) in the Makrilia outcrop. ZIdIanaKIs et 
al. (2007) recovered impressions assigned to Dicotylophyl-
lum sp. 9, which might be related to the genus Fagus L., but 
more and better preserved material is needed in order to 
prove such a hypothesis. In ZIdIanaKIs et al. (2010) the same 
morphotype is noted as Fagus type attenuata. According 
to denK (2004) among the three taxa of Fagus recognized 
for the Cenozoic of Europe [a) Fagus castaneifolia unger 
1847; b) Fagus gussonii Massalongo 1858 emend. Kno-
bloch & velItZelos 1986; c) Fagus haidingeri Kováts 1856 
sensu Knobloch 1969] Fagus gussonii is the only straightly 
comparable to a few modern species and the one which is 
geographically and stratigraphically most restricted. The 
distribution of Fagus gussonii has been reported in denK 
et al. (2011), with its southeasternmost limit in the flora of 
Makrilia (Crete Island, Greece), and its northwesternmost 
limit in Iceland. The nearest living relative of this taxon is 
Fagus sylvatica L. subsp. orientalis (lIPsKy) greuter & 
burdet (= F. orientalis L.) – a deciduous and mesic tree, 
a representative of warm-temperate climates of SE Europe 
and the Near East (see KvačeK et al. 2002; denK & grIMM 
2009) which comprises several leaf morphotypes (denK, 
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1999a, b; denK et al. 2002). This is also the case with F. 
gussonii.

Fabaceae
Leguminocarpon göPPert

Leguminocarpon sp.
Fig. 4.4

Material: Incomplete pod (GAVMT 567 right).

Description: Pod flat, oblong in outline, indehiscent, 12 
mm long and 3 mm wide, apical and basal parts not pre-
served, 8 prominent outlines of oval seed chambers trans-
versally oriented to the length of the fruit, ca. 2.5 mm long 
and 0.5 mm wide, fruit wall membranous, structure of up-
per surface not preserved.

Discussion: Similar morphotypes are referred to as Legu-
minocarpon sp. in KvačeK & hably (1991, pl. 10, figs. 1-3) 
or Leguminosites palaeogaea or L. hesperidum (unger) 
Kovar-eder & KvačeK (Kovar-eder et al 2004, pl. 9, figs. 
1-4). Such fruits were assigned to the genus Senna MIll. 
among the Eocene legumes of North America (herendeen 
1992: 96, 97, 102, fig. 57).

Leguminosites boWerbanK emend. schIMPer

Leguminosites sp. 1
Figs. 4.5-4.6

Material: Complete leaflets (GAVMT 321, GAVMT 503).

Description: Leaflets elliptic, 30 and 43 mm long, 17 and 
24 mm wide, base slightly asymmetric, rounded, petiolule 
fragmentary, short and thick, apex rounded, margin entire, 
venation brochidodromous, midrib strong, straight, sec-
ondary veins thinner, looping, alternate, at angles of 30 to 
50°, irregularly spaced, tertiary veins alternate percurrent, 
straight to curved, venation of the higher orders poorly pre-
served.

Discussion: Among the findings from the Makrilia outcrop 
nine various genera of legumes have been listed (sachse & 
Mohr 1996; sachse et al. 1999; sachse 2004) and some may 
partly correspond to our records. According to KvačeK et al. 
(2002) such legumes are difficult to identify but may belong 
to deciduous representatives typical of drier climate. Leaf-
lets assigned to Leguminosae gen. indet. and Podocarpium 
podocarpum have also been reported from the Pitsidia out-
crop of the Messara Basin (ZIdIanaKIs et al. 2010).

Leguminosites sp. 2
Figs. 4.7-4.8

Material: Incomplete leaflets (GAVMT 494, GAVMT 550, 
GAVMT 552).

Description: Leaflets elliptic to obovate, 37 to 50 mm long 
and 14 to 23 mm wide, base symmetric, widely cunate to 
rounded with fragmentary, up to 4 mm long petiolule, apex 
rounded, margin entire, venation brochidodromous, midrib 
strong, straight, secondary veins thinner, looping, alternate, 
at angles of 45 to 65°, intersecondaries vaguely seen, thin-
ner, parallel, tertiary veins alternate percurrent, straight to 
curved, venation of the higher orders regular polygonal re-
ticulate, areolation well developed, areoles 3 or 4 sided.

Discussion: This legume differs in a more elongate form 
of leaflets from Leguminosites sp. 1. Also in this case, this 
taxon may belong to some of Leguminosae with deciduous 
foliage. Similar material of legumes has been also referred 
from the Pitsidia outcrop (ZIdIanaKIs et al. 2010).

Leguminosites sp. 3
Figs. 4.9-4.10

Material: Incomplete leaflet (GAVMT 524). 

Description: Leaflet elliptic, 105 mm long and 42 mm 
wide, base symmetric, widely cunate with fragmentary 6 
mm long petiolule, apex incomplete, probably rounded, 
margin entire, venation brochidodromous, midrib strong, 
straight, secondary veins thinner, relatively numerous, reg-
ularly spaced, alternate, at angles of 45 to 60°, looping, in-
tersecondaries indistinct, thinner, parallel, tertiary veins al-
ternate percurrent, straight to curved, venation of the higher 
order not preserved.

Discussion: This single leaflet differs from the previously 
described morphotypes by its larger size. Such leaflets of 
legume foliage are not common. In the Makrilia outcrop, 
similar morphotypes are referred to as Dicotylophyllum 
typ 12 or Juglandaceae vel Lauraceae (sachse et al. 1999, 
text-figs. 2.38, 2.44). Leguminosae gen. indet. has been also 
referred from the Pitsidia outcrop (ZIdIanaKIs et al. 2010). 
Some foliage ascribed to Dicotylophyllum sp. 5 (ZIdIanaKIs 
et al. 2007) from Vrysses may belong to a similar morpho-
type. 

Leguminosites sp. 4
Figs. 4.11-4.12

Material: Incomplete leaflets and fragment (GAVMT 349, 
GAVMT 532, GAVMT 562).

Description: Leaflets elliptic to ovate, 25 to 65 mm long, 
27 to 37 mm wide, base symmetrical, cuneate, apex not pre-
served, margin entire, venation brochidodromous, midrib 
strong, secondary veins much thinner, densely arranged, 
straight, rarely curved, looping along margin, alternate, at 
angles of 30-60°, intersecondary veins thinner, parallel, ve-
nation of the higher orders poorly preserved.

Discussion: Our specimens are similar to the material as-
cribed to Leguminosites sp. 3 (Pl. 3, fig. 13) but differs in 
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much more dense venation. It matches foliage from the Ko-
dor Upper Miocene assigned to Salix integra göPP. ? (Kola-
KovsKy 1964, pl. 52, fig. 4) or ?Dalbergia bella heer sensu 
KolaKovsKy (1964, pl. 43, fig. 1).

Rhamnaceae
Paliurus MIll.

Paliurus tiliifolius (unger) bůžeK

Fig. 4.13

1847 Paliurus favonii unger, p. 147, pro parte, pl. 50, 
figs. 7-8 (non fig. 6 left).

1847 Ceanothus tiliaefolius unger, p. 143, pl. 49, figs. 
1-6.

1850 Paliurus favonii unger, p. 463, pro parte.
1864 Ziziphus tremula unger, p. 16, pl. 3, fig. 39.
1864 Ziziphus renata unger, p. 16, pl. 3, figs. 40, 41.
? 1864 Ziziphus protolotus unger, p. 17, pl. 3, fig. 43.
1971 Paliurus tiliaefolius (unger). – bůžeK, p. 74, pl. 

33, figs. 1-21; pl. 34, figs. 1-17.

Material: Incomplete leaf (GAVMT 520). 

Description: Leaf simple, lamina widely ovate, 55 mm long 
and 30 mm wide, base slightly truncate with a 10 mm long 
petiole, apex not preserved, margin entire to undulate, vena-
tion tri-veined, midrib strong, straight, basal lateral veins 
originating at 30 to 50°, secondary veins due to fragmentary 
preservation hardly observable, thinner, opposite, curved, 
venation of the higher orders poorly preserved.

Discussion: Similar fossil material has been described in 
Kovar-eder et al. (2004, pl. 11, fig. 1) as Paliurus tiliifolius 
while PalaMarev et al. (2005) interpreted such a morpho-
type as Cercidiphyllum macrophyllum (PalaMarev et al. 
2005, pl. 2, fig. 2). The basal venation of the specimen at 
hand is similar to the leaf assigned to cf. ‘Parrotia’ pristina 
from Vrysses (ZIdIanaKIs et al. 2007, fig. 2-F), which differs 
in the lower position of the first pair of the secondaries and 
is clearly coarsely dentate. In boZuKov & tsenov (2012), 
a similar morphotype from the Pontian of Bulgaria is also 
referred to Parrotia pristina (ettIngsh.) stur. Among the 

findings from the Makrilia outcrop six leaves are referred to  
the Rhamnaceae as Paliurus sp. vel Zizyphus sp. vel Cea-
nothus sp. (sachse & Mohr 1996) but they are clearly differ-
ent from our material (see above under Lindera ovata). 

Sapindaceae
Sapindus tourn. ex L.

Sapindus graecus unger

Figs. 4.14-4.15

1867 Sapindus graecus unger, p. 73, pl. 12, figs. 1-23.

Material: Incomplete leaflets and fragments (GAVMT 567 
left, GAVMT 572 left, GAVMT 580).

Description: Leaflets with lamina asymmetric, elliptic to 
ovate, 45 to 68 mm long and 28 to 48 mm wide, base not 
always preserved, decurrent into petiolule, apex acute, mar-
gin entire; venation brochidodromous, primary vein dis-
tinct, straight, secondary veins thinner, numerous, alternate 
and slightly curved, at angles of 30 to 60°, looping several 
times well within the margin, tertiary veins alternate, very 
oblique to secondaries, sinuous, venation of the higher or-
ders polygonal reticulate, veinlets dichotomous branching.

Discussion: This material is similar to the one described by 
unger (1867) (see also KottIs et al. 2002) from the Kymi 
palaeoflora as Sapindus graecus (unger 1867, pl. 12, figs. 3, 
12). Besides the type material, foliage from the same local-
ity ascribed to Laurus primigenia (unger 1867, pl. 8, fig. 5), 
Nephelium jovis or Eucalyptus agaea (unger 1867, pl. 15, 
fig. 1), or identified as Trigonobalanopsis rhamnoides (un-
ger 1867, pl. 2, fig. 27) is hardly distinguishable. Sapindus 
graecus was also mentioned in boZuKov & tsenov (2012) 
for the Bulgarian palaeoflora. Thus its stratigraphic span is 
the Oligocene – late Miocene, while its geographic area has 
so far comprised the island of Euboea (unger 1867), Arme-
nia and Georgia (PalIbIn 1937, 1939). This finding confirms 
the limited distribution of this species only on the territory 
of southeast Europe. unger (1867) suggested a probable re-
cent analogue of this fossil species to be looked for among 
the South African representatives of the genus but so far no 

Fig. 5. 1. Acer angustilobum heer, trilobed leaf bluntly dentate on the margin, GAVMT 515, scale bar 10 mm; 2. Detail of 
medial leaf lobe’s margin and venation, GAVMT 515, scale bar 5 mm; 3. Betula sp., fragmentary cuneate leaf base, GAVMT 
541, scale bar 10 mm; 4. Betula sp., incomplete leaf, GAVMT 640, scale bar 10 mm; 5. ? Carpinus sp., complete leaf with 
bluntly serrate margin, GAVMT 477, scale bar 10 mm; 6. Ulmus plurinervia unger, long petiolate asymmetric leaf base, 
GAVMT 438, scale bar 5 mm; 7. Salix cf. angusta A. br., basal part of incomplete linear leaf, GAVMT 650, scale bar 10 
mm; 8. detail of leaf venation and margin, GAVMT 650, scale bar 5 mm; 9. Salix cf. angusta A. br., incomplete elliptic 
leaf with coarsely simply serrate margin, GAVMT 564, scale bar 10 mm; 10. Populus populina (brongnIart) Knobloch, 
complete petiolate leaf with five basal veins, GAVMT 487, scale bar 5 mm; 11. counter-impression of Fig. 5.10, GAVMT 
490, scale bar 5 mm; 12. Engelhardia orsbergensis (Wessel & Weber) jähnIchen, MaI & Walther, leaflet, GAVMT 594, 
scale bar 5 mm; 13. Engelhardia orsbergensis (Wessel & Weber) jähnIchen, MaI & Walther, leaflet, GAVMT 544, scale 
bar 5 mm.
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Fig. 5.
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detailed morphological study and leaf epidermal data may 
support this assumption.

Acer L.

Acer angustilobum heer

Figs. 5.1-5.2

1859 Acer angustilobum heer, p. 57, pl. 118, figs. 4-5, 7.
(For further synonymy see Walther 1972: 40)

Material: Incomplete leaf (GAVMT 515).

Description: Only the upper part of the lamina preserved, 
leaf widely elliptic, palmately sub- 3-lobed, 70 mm long and 
84 mm wide, lobes oblong, unevenly widely dentate at mar-
gin, apices acute to shortly accuminate, base incomplete; 
tooth apices acute, venation basal actinodromous, 3 prima-
ry veins, lateral veins at an angle of 30° and 40°, straight, 
strong, moderately thick, secondary veins thinner, alternate, 
straight to curved , at angles of 30 to 50°, tertiary veins al-
ternate to opposite percurrent, curved to sinuous, venation 
of the higher orders regular polygonal reticulate, areolation 
well developed, 3 to 4 sided, veinlets not visible.

Discussion: The maple foliage of such a form has been as-
signed to Acer angustilobum and characterized anatomical-
ly (Walther 1972, pl. 35, figs. 1, 9). A. palaeosaccharinum 
stur is another similar fossil species, which differs mainly 
in its epidermal structure. Both fossil species are connected 
with transitional forms (ProcháZKa & bůžeK 1975, as A. 
dasycarpoides). A fragment of the same morphotype was 
ascribed to the Vitaceae from the Makrilia flora (sachse & 
Mohr 1996, pl. 3, fig, 37; sachse 2004, pl. 20, fig. 1), where 
foliage of Acer pseudomonspessulanum (~ decipiens) pre-
vails. Similar more complete maple foliage from the Vegora 
flora was identified as A. subcampestre göPPert (KvačeK et 
al. 2002, pl. 24, fig. 6). Our material is too fragmentary and 
lacking epidermal characters. According to t. denK (pers. 
comm. 2013) the preserved morphological features suggest 
Acer palaeosaccharinum rather than A. angustilobum as the 
most likely possibility. The Nearest Living Species of both 
fossil species were determined by ProcháZKa (in ProcháZ-
Ka & bůžeK 1975) as A. saccharum Marsh. and A. sacchari-
num L., both native in the warm temperate Atlantic USA.

Betulaceae
Betula L.

Betula sp.
Figs. 5.3-5.4

? 1964 Betula subpubescens göPPert; KolaKovsKy, p. 62 f., 
pl. 18, fig. 6.

Material: Incomplete leaves (GAVMT 541, GAVMT 640).

Description: Leaves simple, lamina widely elliptic to ovate 
(?), 45 mm and 52 mm long, 35 mm and 39 mm wide, apex 
not preserved, base asymmetrical, cuneate with fragmentary 
5 mm long petiole, margin entire basally, higher irregularly 
simple serrate, venation craspedodromous, midrib straight, 
strong, secondaries alternate, thin, regularly and coarsely 
spaced, at angles of 40 to 50°, curved, tertiary veins alter-
nate percurrent, straight or curved, venation of the higher 
orders regular polygonal reticulate, poorly preserved.

Discussion: These specimens are similar to the record from 
the late Miocene locality Kodor in Abchasia identified as 
Betula subpubescens göPPert (KolaKovsKy 1964, pl. 18, 
fig. 6). The available fragments are insufficient for an exact 
identification or indication of related living species.

Carpinus l.

? Carpinus sp.
Fig. 5.5

Material: Incomplete leaf (GAVMT 477).

Description: Leaf simple, lamina ovate, 76 mm long and 
38 mm wide, base incomplete, probably widely cuneate to 
rounded, apex acute, margin damaged by preparation, prob-
ably irregularly simple serrate, venation craspedodromous, 
midrib straight, strong, secondaries alternate, thin, slightly 
curved, regularly spaced, at angles of 45 to 60°, tertiary 
veins alternate percurrent, straight or curved, rarely forked, 
venation of the higher orders not well preserved, probably 
regular polygonal reticulate.

Discussion: The single poorly preserved recovered speci-
men matches in overall leaf morphology foliage of Carpi-
nus grandis unger, which occurs also in the flora of Vegora 
(KvačeK et al. 2002, pl. 19, fig. 3). The margin is less dis-
tinctly toothed than in the better preserved material. Carpi-
nus betulus L. is usually considered as the nearest living 
relative but the morphology of fruits is needed to resolve 
true specific affinities. 

Ulmaceae

Ulmus L.

Ulmus ? plurinervia unger

Fig. 5.6

? 1847 Ulmus plurinervia unger, p. 95, pl. 25, figs. 1-4.
? 1851 Planera ungeri ettIngshausen, p. 14, pro parte, pl. 

2, figs. 11-12.
(For further synonymy see Kovar-eder et al. 2004).

Material: Incomplete leaf (GAVMT 438).

Description: Leaf simple, petiolate, lamina ovate, 30 mm 
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long and 14 mm wide, base asymmetric, slightly cordate, 
with 5 mm long petiole, apex incomplete, margin double 
serrate, primary teeth triangular, secondary teeth finer, ve-
nation craspedodromous, midrib strong, straight, secondary 
veins thinner, straight or forked, distinct, alternate, opposite 
at the basal part, parallel, numerous, at an angle of 30 to 50° 
(basal pair 80°), tertiary veins alternate percurrent, straight 
to sinuous, venation of the higher orders regular polygonal 
reticulate, areolation well developed, areoles 3- or 4-sided.

Discussion: This leaf fragment is similar to Ulmus plurin-
ervia unger as characterized by Kovar-eder et al. (2004, 
pl. 6, fig. 21) and in KvačeK et al. (2002: 150 f., pl. 20, 
fig. 12). A similar leaf identified as Fagus orientalis lIP-
sKy fossilis by KolaKovsKy (1964: 26, fig. 6) differs in the 
larger size and the dentation, which seems to go close to 
the base. Similar fossil leaves are also ascribed to Betula 
subpubescens göPPert (KolaKovsKy 1964, pl. 18, figs. 5-6) 
or Zelkova zelkovifolia (unger) bůžeK & Kotlaba (telles 
antunes et al. 1999, pl. 1, fig. 5). Among the findings from 
the Makrilia outcrop three leaves of cf. Ulmus plurinervia 
were described (sachse et al. 1999; sachse 2004), not quite 
matching our material.

Salicaceae
Salix L.

Salix cf. angusta A. braun

Figs. 5.7-5.9

Material: Incomplete leaves and fragments (GAVMT 363, 
GAVMT 498, GAVMT 528, GAVMT 537, GAVMT 564, 
GAVMT 576, GAVMT 606, GAVMT 646, GAVMT 650).

Description: Incomplete simple leaves and fragments, lin-
ear to narrow oblong, 28 to 90 mm long, 8 to 23 mm wide, 
base cuneate, rarely asymmetrical, apex rounded, margin 
entire, venation eucamptodromous, midrib strong, straight, 
secondary veins dense, alternate, regularly spaced, loop-
ing near margin, at angles of 40 to 80°, intersecondaries 
thin, parallel, tertiary veins alternate percurrent, straight 
or curved, venation of the higher orders poorly preserved, 
probably regular polygonal reticulate.

Discussion: Similar leaf forms are usually assigned to Salix 
angusta A. br. (see hantKe 1954: 58, pl. 6, figs. 1-4). Most 
of these specimens are also similar to Apocynophyllum sp. 
in sense of KolaKovsKy (1964, pl. 7, figs. 9-12, pl. 8, fig. 
1) and the others (e.g., GAVMT 537) might be similar to 
Nerium sp. sensu Kovar-eder et al. (2004, pl. 11, fig. 17) but 
the intramarginal vein characteristic of both cases is lacking 
in our material. We suspect that the same morphotype from 
the Makrilia flora was identified as cf. Salix sp. or Myrica 
sp. type M. cf. lignitum by sachse et al. (1999, text-figs. 1.19, 
1.29). Of the living willows S. viminalis L. is usually sug-
gested as NLR although no detailed study has been under-
taken to prove this relationship. 

Populus L.

Populus populina (brongnIart) E. Knobloch

Figs. 5.10-5.11

1822 Phyllites populina brongnIart, p. 237, pl. 14, fig. 4. 
1850 Populus latior A. braun. – unger, p. 416.
1932 Populus latior A. braun. – Konjaroff, p. 54, pl. 16, 

pl. 17, fig. 2; text-fig 3.
1964 Populus populina (brongnIart). – Knobloch, p. 

601.

Material: Complete leaf and counter-impression (GAVMT 
487, GAVMT 490).

Description: Leaf simple, petiolate, petiole up to 5 mm 
long, lamina widely elliptic, 28 mm long and 17 mm wide, 
base widely cuneate, apex widely acute to obtuse; margin 
regularly coarsely dentate to crenulate, teeth blunt, round-
ed, venation basal actinodromous, tri-veined, midrib strong, 
straight, lateral veins thinner, distinct, opposite, ascending 
towards the upper third of the lamina, at angles of 40-60°, 
higher secondaries alternate to sub-opposite originating 
also at angles of 40 to 60°, secondary veins thin, opposite 
to alternate, venation of the higher orders poorly preserved.

Discussion: This material showing five primary veins 
matches a leaf illustrated in KvačeK et al. (2002: 152 f., pl. 21, 
fig.1) from the Vegora flora and assigned to Populus populi-
na. The typical form of this species differs by the larger and 
broader laminae coarsely undulate at margin (heer 1856, as 
Populus latior A. braun). The existence of Populus is sug-
gested by ZIdIanaKIs et al. (2010) in the Pitsidia flora but the 
morphotype assigned to P. crenata berger differs from our 
material in coarser dentation and more numerous secondar-
ies. In the Makrilia outcrop there are only fruits of Populus 
sp. among the findings (sachse & Mohr 1996). According 
to KvačeK et al. (2002) the Nearest Living Relative of typi-
cal Populus populina is P. alba, which represents a group of 
elements related to warm-temperate and temperate climatic 
conditions. P. alba is a deciduous and mesic species native 
to Eurasia. The recovered morphotype is also similar in leaf 
morphology to P. pruinosa schrenK. from Turkestan and 
NW Siberia, but no leaf epidermal evidence is available to 
prove this relationship.

Juglandaceae
Engelhardia leschen. ex bluMe

Engelhardia orsbergensis (Wessel & Weber) jähnI-
chen, MaI & Walther

Figs. 5.12-5.13

1856 Banksia orsbergensis Wessel & Weber, p. 146, pl. 
25, fig. 9a-d.

1977 Engelhardia orsbergensis (Wessel & Weber). – 
jähnIchen, MaI & Walther, pp. 326-346, pls. 38-49, 
text-figs. 1-3.
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1984 Palaeocarya orsbergensis (Wessel & Weber). – 
jähnIchen et al., p. 110.

Material: Incomplete leaflets and fragments (GAVMT 385, 
GAVMT 544, GAVMT 590, GAVMT 594).

Description: Isolated sessile leaflets, elongate to narrow 
ovate, 36 to 45 mm long, 8 to 9 mm wide, apex acute to ob-
tuse, base mostly slightly to strongly asymmetric, rounded 
to widely cuneate, margin in the lower part entire, higher up 
simply widely serrate, teeth acute, partly S-shaped, venation 
camptodromous to semicraspedodromous, midrib strong, 
straight to slightly curved, secondary veins distinctly thin-
ner, numerous and dense, mostly straight, alternate, at 40 to 
60°, looping along margin, intersecondaries thinner, paral-
lel, venation of the higher orders poorly preserved.

Discussion: This material belongs to Engelhardia ors-
bergensis (Wessel & Weber) jähnIchen, MaI & Walther 
(1977), also separated from the genus Engelhardia as Pal-
aeocarya orsbergensis (in jähnIchen et al. 1984 – for the 
nomenclature see WInterscheId & KvačeK 2014). Among 
the findings from the Makrilia outcrop are similar leaflets 
assigned also to Palaeocarya spp. vel Myrica (sachse & 
Mohr 1996, pl. 3, figs. 12, 17-18, 26, pl. 5, figs. 2, 7-8) or 
Engelhardia orsbergensis (sachse et al. 1999, text-figs. 
1.12-1.13) matching well the Gavdos record. 

Simaroubaceae
Ailanthus desf.

Ailanthus pythii (unger) Kovar-eder & KvačeK

Fig. 6.1

1850 Sapindus pythii unger, p. 457 (basionym)
2004 Ailanthus pythii (unger). – Kovar-eder & KvačeK in 

Kovar-eder et al., p. 81, pl. 14, figs. 2-5.

Material: Incomplete basal part of a leaflet (GAVMT 572 
right).

Description: Leaflet petiolulate, strongly asymmetrical, el-
liptic to ovate, base cuneate with 10 mm long petiolule, apex 

not preserved, margin in the lower part entire, higher up 
simply serrate, teeth acute, venation semicraspedodromous, 
midrib strong, curved, secondary veins thinner, curved, al-
ternate, originating at 50° to 70°, tertiary veins percurrent 
straight to sinuous, venation of the higher orders regular 
poorly preserved.

Discussion: This morphotype is common in the early-mid-
dle Miocene flora of Parschlug but so far not recognized in 
the late Miocene floras. It is the first evidence of Ailanthus 
in the Mediterranean area assigned to foliage. Among the 
findings from the Makrilia outcrop a fruit of Ailanthus sp. 
vel Chenopodiaceae has been described (sachse & Mohr 
1996), which may relate to our record. 

Myricaceae
Myrica L.

Myrica lignitum (unger) saPorta

Figs. 6.2-6.4

1847 Quercus lignitum unger, p. 113, pl. 31, figs. 5-7.
1865 Myrica lignitum (unger) saPorta, p. 102.
1982 Myrica lignitum (unger) saPorta. – Kovar, p. 80, 

pl. 12, figs. 1-8. 
1999 Myrica lignitum (unger) saPorta. – sachse et al., p. 

367, pl. 1, figs. 1.18, 1.24, 1.26, 1.29.
(For further synonymy see Kovar 1982)

Material: Incomplete leaves and fragments (GAVMT 323, 
GAVMT 361, GAVMT 375, GAVMT 408, GAVMT 422, 
GAVMT 450, GAVMT 454, GAVMT 642).

Description: Leaves simple, petiolate, mostly incomplete, 
lamina oblong to elliptic or slightly obovate, 23 to 75 mm 
long and 8 to 23 mm wide, base often asymmetrical cu-
neate, rarely with up to 7 mm long petiole, apex incom-
plete probably blunt, acuminate to obtuse, margin entire or 
coarsely simply serrate, teeth closely spaced, blunt, venation 
eucamptodromous, in toothed specimens semicraspedo-
dromous, midrib strong, straight, secondary veins thinner, 
looping along margin, alternate, at angles of 30 to 60°, rare 
intersecondaries thinner and parallel, venation of the higher 
orders poorly preserved. 

Fig. 6. 1. Ailanthus pythii (unger) Kovar-eder & KvačeK, strongly asymmetrical leaflet base, GAVMT 572 right, scale bar 
10 mm; 2. Myrica lignitum (unger) saPorta, leaf with dentate margin, GAVMT 642, scale bar 5 mm; 3. Myrica lignitum 
(unger) saPorta, leaf with entire margin, GAVMT 323, scale bar 10 mm; 4. Myrica lignitum (unger) saPorta, leaf with 
entire margin, GAVMT 619, scale bar 10 mm; 5. Dicotylophyllum sp. 1, leaf base with serrate margin, GAVMT 584, scale 
bar 5 mm; 6. Dicotylophyllum sp. 2, shortly petiolate incomplete leaf, GAVMT 648, scale bar 10 mm; 7. Dicotylophyllum 
sp. 2, shortly petiolate leaf, GAVMT 353, scale bar 10 mm; 8. Dicotylophyllum sp. 3, leaf or leaflet, GAVMT 452, scale bar 
10 mm; 9. Dicotylophyllum sp. 4, incomplete leaf with brochidodromous venation, GAVMT 336, scale bar 10 mm; 10. Di-
cotylophyllum sp. 4, incomplete leaf, GAVMT 404, scale bar 10 mm; 11. Dicotylophyllum sp. 5, incomplete leaf, GAVMT 
483, scale bar 10 mm; 12. Dicotylophyllum sp. 5, leaf, GAVMT 582, scale bar 10 mm; 13. Dicotylophyllum sp. 6, cuneate 
leaf base, GAVMT 396, scale bar 10 mm.
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Fig. 6.
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Discussion: According to Kovar-eder et al. (2004), at least 
in the plant assemblage of Parschlug, Myrica lignitum, to-
gether with Populus populina, belongs either to azonal ele-
ments or, along with Zelkova zelkovifolia, may also represent 
an element of mesic forests. ZIdIanaKIs et al. (2010) com-
mented widespread occurrence of Myrica lignitum stressing 
optimal conditions on acidic bogs for the Pitsidia locality. 
In these habitats, with low nutrient supply and ground water 
level lying near or above the earth surface, a dense population 
of Myrica lignitum apparently prevailed. Representatives of 
this fossil species have been published as ?Salix varians göP-
Pert (KolaKovsKy 1964, pl. 52, figs. 5-9) or Quercus nerii-
folia A. braun (KolaKovsKy 1964, pl. 30, figs. 2, 8-10) from 
the upper Miocene of Abchasia. Among the findings from 
the Makrilia outcrop are also leaves of Myrica type lignitum 
(sachse & Mohr 1996; sachse et al. 1999; sachse 2004). M. 
cerifera is likely the nearest living relative species distributed 
on the eastern coast of E and SE North America. 

Angiospermae incertae sedis

Dicotylophyllum sp. 1
Fig. 6.5

Material: Leaf fragment (GAVMT 584).

Description: Fragment of simple asymmetrical leaflet or 
leaf, probably elliptic to ovate, 20 mm long and 16 mm 
wide, base rounded, apex not preserved, margin simply ser-
rate, venation semicraspedodromous, midrib strong, curved, 
secondary veins distinctly thinner, straight, alternate, origi-
nating at 50° to 80°, intersecondaries thin, parallel, tertiary 
veins percurrent straight to sinuous, venation of the higher 
orders regular polygonal reticulate, areolation well devel-
oped, 3 to 4 sided, veinlets lacking.

Discussion: This specimen is similar to the material as-
signed to Pterocarya from Vegora (KvačeK et al. 2002: 60, 
pl. 19, figs. 6-9) but is too incomplete to be reliably assigned 
to this genus. Foliage of this kind is unknown from the 
Makrilia outcrop (sachse & Mohr 1996) or elsewhere in 
the Crete Island.

Dicotylophyllum sp. 2
Figs. 6.6-6.7

Material: Complete leaves/leaflets (GAVMT 353, GAVMT 
648).

Description: Leaves or leaflets, elliptic to ovate, 38 and 
45 mm long, 19 to 29 mm wide, base asymmetrical, widely 
cunate with petiolate/petiolulate, up to 2 mm long, apex 
rounded, margin entire, venation brochidodromous, midrib 
strong, straight, secondary veins thinner, looping, alternate, 
at angles of 70 to 85°, intersecondaries indistinct, thinner, 
parallel, venation of the higher orders are poorly preserved.

Discussion: The relationship of this type of foliage is fully 
uncertain. 

Dicotylophyllum sp. 3
Fig. 6.8

Material: Incomplete leaf (GAVMT 452).

Description: Leaf simple, elliptic, 105 mm long and 40 mm 
wide, base incomplete, probably cuneate to rounded, apex 
acute, margin simply serrate, teeth regular, acute, venation 
semicraspedodromous, midrib strong, straight, secondary 
veins, thinner, alternate to subopposite, irregularly spaced, 
originating at angles of 30 to 45°, venation of the higher 
orders poorly preserved. 

Discussion: The single specimen of this morphotype avail-
able is similar in venation and gross morphology to the ma-
terial from Kodor assigned by KolaKovsKy (1964) to several 
fossil taxa. Those assigned to Ilex simile KolaKovsKy seems 
to match best our material (KolaKovsKy 1964: 50, pl. 9, fig. 
17, pl. 10, fig. 1), but some more come into question, such as 
Ilex raridentata KolaKovsKy (KolaKovsKy 1964, pl. 9, figs. 
12-13). Arbutus elegans KolaKovsKy (1964, pl. 22, figs. 
9-10, pl. 13, figs. 1-5) or Carya serraefolia (göPP.) Kräu-
sel (KolaKovsKy 1964, pl. 37, figs. 4-5) may also come into 
question. None of these generic affinities can be considered 
unequivocal without evidence of leaf epidermal anatomy.

Dicotylophyllum sp. 4
Figs. 6.9-6.10

Material: Incomplete simple leaf/leaflet and fragment 
(GAVMT 336, GAVMT 404 and counter-part GAVMT 463).

Description: Simple leaf (? or leaflet), elliptic, 43 and 58 
mm long, 18 and 23 mm wide, base angle symmetrical, 
cuneate, apex round, margin entire, venation brochidodro-
mous, midrib strong, straight, secondary veins, very thin, 
irregularly spaced, looping along margin, subopposite to 
alternate, at angles of 45 to 60°, intersecondaries parallel, 
thin, venation of the higher orders poorly preserved.

Discussion: In our opinion the generic affinity of this mor-
photype is equivocal and requires leaf anatomical evidence. 
Similar material was described from Kodor as Cotoneaster 
palaeobacillaris KolaKovsKy (see KolaKovsKy 1964, pl. 
50, fig. 8), from Kymi as Copaifera kymeana unger (D. 
velItZelos in KottIs et al. 2002, pl. 15, fig. 41, as Legu-
minosae leaflets), and from the Miocene of Bulgaria (Pal-
aMarev et al. 2005) assigned to Cotoneaster palaeobacil-
laris KolaK. (KolaKovsKy 1964, pl. 50, fig. 8), or ?Persea 
(KolaKovsKy 1964, pl. 42, figs. 3, 5), ?Nectandra euxina 
KolaK. (KolaKovsKy 1964, pl. 41, figs. 4-5) and Quercus 
sosnowskyi KolaK. forma macrophylla KolaK. (KolaKo-
vsKy 1964, pl. 34, fig. 4).

Dicotylophyllum sp. 5
Figs. 6.11-6.12

Material: Incomplete simple leaves (GAVMT 483, GAVMT 
582).
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Description: Leaves simple, elliptic, 90 to 94 mm long, 24 
to 45 mm wide, base cuneate with petiole up to 20 mm long, 
apex acute, margin entire, venation basal actinodromous, 
tri-veined, midrib strong, moderate, straight, lateral veins 
thinner, originating at 25° to 40°, higher secondaries bro-
chidodromous, numerous, opposite originating also at 45 to 
60°, intersecondaries thinner, parallel, tertiary veins oppo-
site to alternate, percurrent, sinuous, venation of the higher 
orders poorly preserved.

Discussion: These two specimens are similar to entire-
margined forms of Populus mutabilis heer (1856: 19, pls. 
60-62, pl. 63, figs. 1-4) from Öhningen in South Germany, 
particularly in the long petiole and slightly developed ba-
sal veins. The material from Kodor assigned to Hedera sp. 
cf. H. colchica C. Koch by KolaKovsKy (1964: 54, pl. 12, 
figs. 3-4) is also quite similar but we doubt that it repre-
sents leaves of real Hedera. Contrary to our material, the 
Kodor morphotypes differ in much steeper secondaries. 
Regularly disposed dense secondaries seen in our material 
match, besides Populus mutabilis, also the venation of some 
Rhamnaceae, namely Berchemia (e.g., B. multinervis as il-
lustrated in bůžeK 1971, pl. 32, figs.12-15, pl. 33, figs. 22-
23), which differs in almost sessile leaves. 

Dicotylophyllum sp. 6
Fig. 6.13

Material: Leaf fragment (GAVMT 396).

Description: Leaf base 40 mm long, 23 mm wide, decur-
rent, texture coriaceous as shown by thick lamina, margin 
entire, venation eucamptodromous, midrib strong, curved, 
secondary veins regularly spaced, at angles of 50 to 60°, 
single intersecondaries thin, parallel with secondaries, ve-
nation of the higher orders reticulate.

Discussion: This incomplete leaf base is not determinable 
without epidermal characters. A similar morphotype was 
described from the Makrilia flora as cf. Myrtaceae gen. sp. 
(sachse et al. 1999, text-fig. 2.32; sachse 2004, pl. 13, fig. 
13). Such leaf fossils have also been compared with foliage 
of Periploca (e.g., KolaKovsKy 1964: 124).

5. Comparison with related fossil floras in 
Europe

The Gavdos flora belongs, within the European Ceno-
zoic system of floras composed by MaI (1995) to the 
Mediterranean – Tethys Bioprovince and is best in-
cluded in the late Miocene floristic assemblages of 
Likudi – Vegora or Senigallia. This type of floras 
is characterized by a number of deciduous arboreal 
plants, particularly by Fagus gussonii, intermixed 
with still persisting subtropical evergreen elements. In 
Greece, most diversified assemblages of this type are 
those of Likudi and Vegora, Macedonia. Unlike the 
flora of Likudi composed of mostly deciduous mesic 
elements and lacking sclerophyllous Fagaceae (Kno-
bloch & velItZelos 1986), the Vegora flora (KvačeK 
et al. 2002) shows several features in common with 
Gavdos in the spectrum of deciduous taxa, in particu-
lar Fagus gussonii, the scarcity of laurophyllous ev-
ergreen component (only rare foliage of Daphnogene 
and Laurophyllum) but differs in much more common 
sclerophyllous angiosperms (Quercus sosnowskyii, 
Q. mediterranea – drymeja complex) and in absence 
of Engelhardia. It is more diversified and, partly due 
to long-lasting collections, richer in representation of 
various families, e.g. Fagaceae (in particular Quer-
cus). Similarly analogous floras of this kind occur 
in the Caucasus area of the Paratethys Bioprovince, 
namely the late Miocene flora of Kodor (KolaKovsKy 
1964). The most similar flora, also close in the geo-
graphical position and age, is that of Makrilia, Crete 
(MeulenKaMP et al. 1979; Mohr et al. 1991; sachse 
& Mohr 1996; sachse 1997, 2004; sachse et al. 1999; 
Kovar-eder et al. 2006) of late Tortonian age (8.6-7.7 
Ma) sharing not only physiognomic aspects but also 
several important elements. A noteworthy combina-
tion of common occurrence of Taxodium, Pinus with 
double needled fascicles, Tetraclinis salicornioides, 

Table 1. Results and predicted zonal vegetation types defined by IPR-vegetation analysis for the studied fossil sites from 
Greece (sensu teodorIdIs et al. 2011a, table 8).

Localities IPR-vegetation results

% of 
BLD

% of 
BLE

% of 
SCL + 
LEG

ZONPALM % DRY 
HERB

% 
MESO 
HERB

% of zonal 
herbs of 

zonal taxa

Number 
of zonal 

taxa

Number of 
zonal woody 
angiosperms

Total 
number 
of taxa

Problematic 
taxa

Vegetation type 
sensu teodorIdIs 

et al. (2011a)

Gavdos 75.51 22.45 2.04 0 0 0 0 26.5 24.5 30 0 BLDF/MMF

Makrilia 47.98 28.54 23.48 0 0 1.1 1.1 45 41 54 0 ShSF

Pitsidia 53.33 20 26.67 0 0 2.94 2.94 17 15 22 0 ShSF

Vrysses 40.14 25.85 34.01 0 0 0 0 26 24 31 0 ShSF
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Fagus gussonii, Engelhardia orsbergensis and several 
further, partly enigmatic morphotypes stresses close 
floristic affinity of both assemblages. Less straightfor-
ward similarities are found also in the newly described 
localities of fossil plants from Crete, such as Vrysses 
(ZIdIanaKIs 2002; ZIdIanaKIs et al. 2004, 2007) of lat-
est Tortonian – early Messinian age (ca. 7.5-6.0 Ma), 
and Pitsidia, Messara Basin (ZIdIanaKIs et al. 2010) of 
early Tortonian age (10.5 Ma). The comparison with 
the Vrysses flora may suggest a closer floristic rela-
tionship, although some noteworthy plants, e.g. Bux-
us and Acer pseudomonspessulanum, have not been 
recovered at Gavdos. Due to environmental bias the 
recently reported Pitsidia flora shows the least com-
mon features, being dominated mainly by azonal, 
partly mesic deciduous elements (Pinus with fascicles 
of three, Myrica lignitum, Quercus roburoides, Liqui-
dambar europaea, etc). 

6. Palaeoenvironmental analysis

6.1. Phytosociological approach

The fossil plant site of Gavdos has yielded 30 taxa 
of higher plants: 3 conifers, 27 angiosperms and one 
taxon of uncertain systematic affinity. Generally, the 
vegetation of Gavdos is characterized by a relatively 
frequent occurrence of zonal elements. It is possible to 
distinguish three relatively specific plant assemblages 
based on the phytosociological approach. The plant as-
semblages differ in their composition (depending on 
specific ecological conditions of biotopes). The first 
plant assemblage is a mixed-swamp forest, which is 
typical of elements preferring an environment with 
relatively low dynamic (stagnant water table or peri-
odical, relatively long-lasting floods). This vegetation 
type is usually typical of the marginal zone of basins 
or oxbow lakes in the fluvial system. These plant ele-
ments do not occur frequently in Gavdos. This veg-
etation type contains mainly Taxodium dubium (E4), 
Myrica lignitum (E2), and possibly Monocotyledonae 
fam. et gen. indet. (E1). The next assemblage includes 
plants, which permanently occupy waterlogged (wet 
soil) substrate. It represents a riparian assemblage con-
taining Ulmus plurinervia (E2-3), Populus populina 
(E3), ?Sassafras sp. (E2), Salix cf. angusta (E2) and 
Monocotyledonae fam. et gen. indet. (E1). The most 
diversified plant assemblage that occupied upland ar-
eas is a zonal mesophytic to sclerophyllous vegetation 
characterized by the co- occurrence of the following 

elements: Pinus sp. (E3), Tetraclinis salicornoides 
(E2), Acer angustilobum (E2-E3), Ailanthus pythii 
(E4), Betula sp. (E2-3), ?Carpinus sp. (E2-3), ?Linde-
ra ovata (E3), Laurophyllum sp. (E3), Daphnogene sp. 
(E3), Fagus gussonii (E3), Paliurus tiliifolius (E2), Le-
guminocarpon spp./Leguminosites spp. (E2-E3), Sap-
indus graecus (E2-3), and Engelhardia orsbergensis 
(E3-4). Some of the elements are difficult to interpret 
because of dubious taxonomic affinities (Dicotylo-
phyllum spp.).

6.2. IPR-vegetation analysis

The fossil plant assemblage of Gavdos was studied 
using the IPR-vegetation analysis (Kovar-eder et al. 
2008; teodorIdIs et al. 2011a) including the following 
characteristic key components: broad-leaved decidu-
ous (BLD) – 75.5%, broad-leaved evergreen (BLE) 
– 22.5%, sclerophyllous + legume-like (SCL+LEG) 
– 2.04%, dry herbaceous + mesophytic herbaceous /
zonal herbaceous/ (D-HERB + M-HERB /ZONAL 
HERB/) – 0% (for a detailed taxa scoring see Table 
1). According to the thresholds for the key compo-
nents for defining vegetation types as detailed above 
(modified by teodorIdIs et al. 2011a, table 8); the plant 
assemblage of Gavdos belongs to transitional vegeta-
tion (ecotone) between broad-leaved deciduous forest 
(BLDF) and mixed mesophytic forest (MMF). The re-
sults obtained for Gavdos can be negatively influenced 
by very poor preservation of the plant material, which 
in some cases does not permit a clear scoring into the 
categories of components. The IPR results obtained 
for the other studied Tortonian floras from Greece, 
namely Makrilia (sachse & Mohr 1996; sachse et al. 
1999; sachse 2004), Pitsidia (ZIdIanaKIs et al. 2010) 
and Vrysses (ZIdIanaKIs et al. 2007) are presented in 
Table 1. There are largely dependent on the quality of 
taxa determination bearing some uncertainties. Gen-
erally, the plant assemblages show values of the BLD 
component between 40 to 53%, the BLE component 
less than 30% and relatively high values of SCL+LEG 
components, exceeding 20% (Table 1). This combina-
tion of the components allows for assigning these plant 
assemblages to the zonal subtropical, subhumid scle-
rophyllous or microphyllous forest (ShSF) vegetation 
type sensu Kovar-eder et al. (2008). Kovar-eder et al. 
(2006, 2008) published results of IPR-vegetation anal-
ysis based on the plant material described by sachse 
et al. (1999) as follows: BLD (23%), BLE (15%), 
SCL+LEG (63%) suggesting the same vegetation type 
of ShSF. The marked difference between the values of 
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the SCL+LEG components (see Table 1) is probably 
due to the poor preservation of the plant material there 
(Kovar-eder et al. 2006). Kovar-eder et al. (2008) 
evaluated another Greek flora of Vegora, which also 
corresponds to the ShSF vegetation type (BLD 56%, 
BLE 15%, SCL+LEG 26%). According to saMI & teo-
dorIdIs (2013), this assignment of Vegora to ShSF is 
very tentative, due to the lack of herbaceous elements 
in general (see above), which are very frequent in the 
modern Mediterranean floras or their equivalents in 
China and California (ou et al. 2006; tang 2006; teo-
dorIdIs et al. 2011a). To obtain an estimate of the diver-
sity of herbaceous elements of the Vegora flora coeval 
pollen spectra would be needed.

Results of the cluster analysis (Ward’s method, Eu-
clidean square) comparing the studied Tortonian flo-
ras of Greece with 47 modern vegetation units from 
subtropical and tropical zones of China and Japan sen-
su teodorIdIs et al. (2011a, 2012) are shown in Fig. 7. 
Focusing on a subcluster “A” in the dendrogram (Fig. 
7), the flora of Gavdos (48) shows the closest affin-
ity to broad-leaved deciduous vegetation of Mt. Emei 
in Sichuan, China (4) sensu tang & ohsaWa (1997), 
moreover close relations to broad-leaved deciduous 
forests from the Meili Snow Mt. in Yunnan (5, 7), 
Mt. Fuji (25, 26) and Shirakami Sanchi area (21-23) 
in Japan. The vegetation units of the subcluster “A” 
show affinity to a subcluster “B”, which group vegeta-
tion units of mixed mesophytic forests (MMF) from 
the Emei Mt. (2, 3), the Yakushima Island in Japan 
(Eurya-Cryptomeria japonica assoc. marked 36-40), 
a specific broad-leaved evergreen forest (BLEF – Ca-
mellia japonica region) from Mt. Fuji in Japan (24) 
and the monsoon forest in Xishuangbanna from the 
tropical zone of China (46). This close affinity of the 
subclusters A and B and plant assemblage of Gavdos 
corresponds to the transitional (ecotone) character of 
vegetation type determined by IPR vegetation analy-
sis in Gavdos. The studied fossil plant assemblages of 
Makrilia, Pitsidia and Vrysses characterized with rela-
tively high values of the SCL+LEG components are 
presented in a subcluster “C”. The subcluster shows 
the closest affinity of Makrilia (49) and Pitsidia (50) 
and living ShSF vegetation (9) characterized by Quer-
cus aquifolioides comm., Q. aquifolioides and Pinus 
armandii subcom. from the Meili Snow Mt. (Yunnan, 
China) sensu ou et al. (2006). This group is closely 
associated with another ShSF vegetation unit (10) and 
summarized vegetation data of ShSF (12) from the 
Meili Snow Mt. and BLDF vegetation unit from the 
Meili Snow Mt. (6). Similarly, the studied plant as-

Fig. 7. Dendrogram (Ward’s method, squared Euclidean 
distance) showing relation of the studied fossil floras from 
Greece to the modern tropical, subtropical and temperate 
vegetation types from China and Japan (sensu teodorIdIs et 
al. 2011a, 2012) grouped into one cluster. Four subclusters 
(A to D) are distinguished. Numbers 1 to 47 represented the 
modern vegetation sensu teodorIdIs et al. (2012), 48. Gav-
dos, 49. Makrilia, 50. Pitsidia, and 51. Vrysses.
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semblage of Vrysses (51) is clustered with other plant 
communities of ShSF from the Meili Snow Mt. i.e., 
11 (Quercus aquifolioides comm., Q. aquifolioides 
and Populus davidiana subcomm.) and 8 (Quercus 
guyavifolia comm.). Other living plant assemblages 
of broad-leaved evergreen forests (BLEF) from China 
and Japan and tropical vegetation from China create 
an isolated subcluster D, which has no close relation to 
the studied fossil plant assemblage of Gavdos, Makril-
ia, Pitsidia and Vrysses. We have to stress that the liv-
ing analogues derived from the cluster analysis may 
correspond to the fossil assemblages physiognomical-
ly (similar composition of the BLD, BLE, SCL+LEG 
components), but may not correspond to the climate 
conditions (e.g., areas of the Mt. Emei belonging to 
Cwa, and the Meili Snow Mt. to Cwb and/or Cwb>Dw 
climate conditions of the Köppen-Geiger system (e.g., 
Peel et al. 2007).

The studied floras from Greece belong to the High 
Resolution Interval 2 (HRI 2: 8.5-12 Ma) sensu Ko-
var-eder et al. (2008), which includes about 60 sites 
evaluated by IPR vegetation analysis (Kovar-eder et 
al. 2008, Supplementary Data) and the European veg-
etation scheme are characterized during this time as 
follows: Broad-leaved evergreen (BLEF) and Mixed 
Mesophytic forests (MMF) are mostly confined to 
the more southern European regions and the north-
ern parts of the Balkan Peninsula. Records from the 
southern parts of Europe bear higher proportions of 
the SCL + LEG component than those recorded from 
more northerly regions, such as the Lower Rhine 
Embayment and the Polish Lowland. Broad-leaved 
deciduous forests (BLDF) were widely distributed 
in the Molasse basin north of the Alps and the Pan-
nonian basin, while subhumid sclerophyllous for-
ests (ShSF) were rather scarce and largely restricted 
to the southern parts of Europe. The first record of 
xeric grasslands is available from the northern mar-
gin of the Black Sea (Kovar-eder et al. 2008: 108). 
The presented high values of SCL+LEG components 
at the studied sites from Greece correspond and prove 
the mentioned high abundance of SCL+LEG elements 
as well as ShSF vegetation in the southeast Mediter-
ranean, Balkan Peninsula and the Black Sea regions. 

Moreover, a study on early Tortonian vegetation in 
Western Eurasia based on quantitative interpretation 
of the diversity of arboreal functional types (PFTs), 
carried out earlier, revealed an overall comparable 
pattern. There, mixed mesophytic forests of the “M3 
type” (high diversity of broadleaved evergreen trees, 
partly sclerophyllous, with broadleaved deciduous 

Fig. 8. Palaeoclimatic estimates for the studied floras from 
Greece and comparable meteorological datasets from the 
Crete Island. A. Temperatures with data for CMMT (a), 
MAT (b), and WMMT (c), LMA3 data (X) sensu traIser 
et al. (2005); B. Precipitation with data for MPdry (a), MP-
warm (b) and MPwet (c). Modern MPwarm and MPdry are 
all close to 0 mm. CLAMP data refer to 3-DRY parameter; 
C. CLAMP data for 3-DRY (a) and 3-WET (b), CA data 
refer to MAP (c); Floras/sites: I. Gavdos, II. Pitsidia, III. 
Vrysses, IV. Makrilia (DATA source in Table 2).
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trees being the most dominant PFT, and needle-leaved 
PFTs present) have been described as characteristic 
vegetation type of the mid- and lower latitudes of the 
Eastern Paratethys, Black Sea coastal area, and the 
Eastern Mediterranean realm (utescher et al. 2007). 
The characterization given there for the M3 type co-
incides well with the characterization of the zonal 
vegetation of Gavdos obtained when applying the phy-
tosociological approach (see above).

6.3. Palaeoclimate signals

The plant assemblages from Gavdos, Vrysses, Pitsidia 
and Makrilia were evaluated using a combination of 
physiognomic (LMA, CLAMP) and taxonomic tech-
niques (CA), based on Nearest Living Relatives. The 
palaeoclimate data derived from the Gavdos flora, us-
ing LMA, CLAMP and CA techniques (Table 2, Fig. 
8A-C), are summarized as follows: MAT 13.8-~20 
°C, WMMT 22.5-26.4 °C, CMMT 3.1-9. °C, MAP 
843-1741 mm, MPwet 170-195 mm, MPdry 17-70 
mm. MPwarm 73-80 mm, 3-WET 735.8 mm (only 
CLAMP) and 3-DRY 184.8 mm (only CLAMP). The 
MAP and MPwarm parameters of Gavdos show rel-
atively high values, which is in accordance with the 
overall mesophytic character of the vegetation (the 
BLDF/MMF vegetation type from IPR-vegetation 
analysis – see Table 1), with the lowest abundance of 
the SCL+LEG component (only 2%) among the stud-
ied sites of Crete. The climatic analysis of the Gavdos 
flora reveals a reasonable degree in overlapping of the 
results obtained by different approaches when consid-
ering the standard errors (Table 2). Regarding the tem-
perature reconstructions, the LMA data (1-3) for MAT 
all plot in the warmer half of the related coexistence 
interval while the CLAMP values are all closer to the 
lower temperature limits the CA suggests, or even be-
low (MAT and WMT reconstructions for the Makrilia 
flora) (Fig. 8A). Regarding precipitation CLAMP and 
CA reconstruct different variables and consequently 
a direct comparison of the data is not possible. How-
ever, both methods suggest the absence of a dry sum-
mer (MPwarm > 30 mm) but indicate the presence of 
a well expressed seasonality of precipitation (3-DRY 
~180 mm; 3-WET ~740 mm; MPdry < 70 mm; MPwet 
> 150 mm). While CLAMP and CA provide similar 
estimates for rainfall in the dry season, the CLAMP 
estimate for 3-WET suggests a considerably higher 
MAP compared to the CA (MAP>828 mm) when ex-
trapolating the data.

The comparison of climate data obtained for the 

Greek sites considered here reveals no significant dif-
ferences in temperature based on the CA data while 
the results for the diverse Makrilia flora provide nar-
rower climatic intervals and suggest a WMMT of ca. 
25 °C as probable value. LMA data for MAT are again 
near the warmer ends of the CA intervals except for 
Pitsidia where only 10 °C are estimated (LMA 1-3). 
These values are considered less accurate, due to a 
relatively low number of woody dicots in the palaeo-
flora (17). CLAMP derived temperatures all tend to 
be lower but overlap or touch the CA range, except for 
WMMT of the Makrilia flora where the CLAMP esti-
mate is cooler by at least 1 °C. According to CLAMP, 
Gavdos tends to be slightly warmer compared to 
Vrysses and Makrilia. Slightly different temperature 
values published by bruch et al. (2006) refer to a dif-
fering, unrevised flora list (sachse 1997; sachse & 
Mohr 1996), the exclusion of Tetraclinis in the present 
study (cf. Appendix 4; excluded as relict), and updates 
in the climate database PALAEOFLORA.

Monthly precipitation rates obtained for the sites 
based on the CA show no significant difference, ex-
cept for MPwet of Makrilia tending to be slightly low-
er compared to Gavdos. For Pitsidia and Vrysses, the 
CA derived MPdry is compatible with the existence 
of seasonal drought, but not in the warm season (MP-
warm >~150 mm). This coincides with the aforemen-
tioned higher diversity of the SCL+LEG components 
and predicted ShSF vegetation type based on the IPR 
vegetation analysis (Table 1). According to the CA, 
MAP was generally high (>~800 mm), while CLAMP 
data point to even wetter conditions (3-WET >~600 
mm). According to CLAMP, Gavdos had a signifi-
cantly lower seasonality in precipitation compared to 
the floras on the mainland. Regarding the CA analysis 
of the Makrilia flora, the most diverse among the flo-
ras considered, no 100 %-overlapping of taxa ranges is 
obtained for some of the reconstructed climate varia-
bles. Pistacia lentiscus points to lower MPwarm com-
pared to the majority of taxa. A possible explanation of 
this blurring would be mixture of floristic components 
from different stratigraphic levels and thus differing 
position in a climate cycle.

In the context of Tortonian climate patterns of 
western Eurasia, the sites considered here are of spe-
cific importance because they provide insight into the 
conditions of the lower latitudes from which only few 
data are currently available. In the context of published 
Tortonian temperature data (bruch et al. 2006; data 
compiled in Table 3) our results confirm the shallow 
latitudinal gradient, also expressed in the Tortonian 
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temperature anomalies with respect to present (ute-
scher et al. 2011) where data based on sites from the 
higher latitudes show a temperature anomaly while 
values of the lower latitude sites of western Eurasia 
plot at the present-day level. The overall high rates 
of annual precipitation and rainfall in the warm sea-
son resulting for the floras support reconstructions by 
bruch et al. (2011) and quan et al. (2014) reporting 
humid summers for most sites of the Eastern Medi-
terranean realm, findings that clearly stand against 
the existence of a Mediterranean type climate at that 
time. Moreover, our data reveal overall consistency of 
data based on CA and leaf physiognomy. A similarly 
good agreement between CLAMP and CA in climate 
reconstructions for the Neogene has previously been 
reported from lower latitude sites in SE China (e.g., 
sun et al. 2011) while estimates for sites of the middle 
to higher latitudes from both methods may deviate (cf. 
uhl et al. 2003, 2006, 2007a, b). Especially in warmer 

time-spans of the Neogene both approaches reveal the 
same trends but partly have differing absolute levels 
(Mosbrugger & utescher 1997).

The aforementioned European vegetation scheme 
for HRI 2 (8.5-12 Ma) sensu Kovar-eder et al. (2006, 
2008) broadly coincides with the reconstructed pal-
aeoclimatic pattern of this time period (Table 3). The 
western realm of the Paratethys, i.e., the Molasse Basin 
north of the Alps, and the Pannonian Basin was occu-
pied by broad-leaved deciduous forests (BLDF). This 
vegetation type is indicative for temperate and humid 
climate conditions (Table 3). Towards the southern 
region of Europe (e.g., Serbia, Romania, Greece and 
Turkey) (aKgün et al. 2007) vegetation changed to 
more evergreen and sclerophyllous types, which were 
linked to warmer climates expressed by higher values 
of MAT, WMMT and CMMT parameters (and well 
comparable to our studied sites – see Tables 2 and 3, 
bruch et al. 2006, figs. 2-6). On the other hand, the 

Table 3. Palaeoclimate data for selected floras from the European late Miocene (Tortonian ~ Pannonian) calculated by Co-
existence Approach (CA). Symbols: MAT (mean annual temperature), WMMT (mean temperature of the warmest month), 
CMMT (mean temperature of the coldest month), and MAP (mean annual precipitation).

Country Site MAT min
[°C]

MAT max
[°C]

WMMT 
min 
[°C]

WMMT 
max
[°C]

CMMT 
min
[°C]

CMMT 
max
[°C]

MAP min
[mm]

MAP max
[mm] References

Germany Aubenham 14.1 14.5 23.8 24.3 0.1 4.1 1231 1237 bruch et al. (2006)
Frechen 14 15.5 25.7 26.8 0.6 4.5 1231 1337
Hambach 14.4 15.8 25.6 25.9 4.7 7.9 1231 1250
Klettwitz 12 15.7 16.3 25.7 25.7 4.7 6.2 979 1355 Mosbrugger et al. (2005)
Leonberg 14.4 17.6 23 24.9 2.9 7.6 735 1475 bruch et al. (2006)
Massenhausen 13.3 13.8 25.6 26.4 0 4,1 - - bruch et al. (2004)

Austria Grossenreith 13.6 15.8 25.7 27,00 0.6 4.1 867 971 bruch et al. (2006)
Laaerberg 13.3 15.7 25.6 26.4 -0.5 5.1 897 1187
Lohnsburg 13.3 15.8 25.7 26.4 0.6 4.1 897 971
Neuhaus 15.6 15.8 25.3 26.4 0.6 5.8 1231 1355
Wien E-F 15.7 16.5 23.8 27.4 2.9 6.4 1231 1355
Wörth 13.3 17.3 25.7 26.7 -0.7 7 - - bruch et al. (2004)

Hungary Bukkabrany 14.4 16.6 25.6 28.2 2.9 5.8 897 1355 bruch et al. (2006)
Hidas 11.6 18.4 25.6 26.8 6.2 7 1187 1298
Sé 12.5 15.7 21.6 26.7 -0.1 5.1 - - bruch et al. (2004)
Visonta 13.4 15.7 25.6 25.6 0 5.1 897 1206 bruch et al. (2006)

Serbia Dubona 14.4 15.4 26.5 26.7 3.7 4.8 1122 1237
Durinci 15.6 16.5 25.7 26.4 1.8 4.8 1003 1237

Greece Triopetra 15.6 18.4 24.7 27.8 5 9.4 735 759
Vegora 13.3 14.6 23.8 24.6 0.4 4.5 897 1018

Romania Delureni 15.6 18.1 26.5 27.9 5 1122 1356
Oas Basin 14.1 15.5 25.7 26.4 0.1 7 867 1356

Turkey Elazig Area 15.6 21.3 24.7 28.1 5 13.3 823 1574 aKgün et al. (2007)
Sivas Basin 16.5 20.8 27.3 28.1 -0.1 13.3 887 1520
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values of MAP are more or less balanced during the 
HRI 2 interval in Europe, which rules out a significant 
climate aridization in this area (bruch et al. 2006, fig. 
6; Table 3; bruch et al. 2011). Therefore, the slightly 
lower values in the precipitation of the studied Greek 
plant assemblages and their sclerophyllous characters 
as well (Tables 1-2) probably reflect specific microcli-
matic condition rather than a regional climatic pattern.

The leaves of beech belong to dominant and reli-
ably established elements of the Gavdos assemblage. 
The stenoecious nature of Fagus (denK & grIMM 
2009; velItZelos et al. 2014), requiring fully humid, 
Cf to Df Koeppen type climate, would suggest that this 
taxon thrived at higher elevations in Gavdos and not in 
Crete and therefore might indicate a higher elevation 
of the site in Gads and/or remarkably humid climatic 
conditions.

Present-day climate data for the studied sites are 
given in Table 2 and are plotted together with the re-
constructed palaeoclimate data (Fig. 8A-C). It is shown 
that modern temperature (data are available from sta-
tions nearby Pitsidia, Vrysses and Makrilia) all are at 
the warm end of the CA coexistence intervals and thus 
close to the results obtained from LMA, or even slight-
ly above, and significantly warmer (in the order of 7 
°C) than the values obtained using CLAMP. Thus it 
can be concluded that the elsewhere very pointed late 
Neogene cooling (e.g., Mosbrugger et al. 2005) hardly 
affected the SE Mediterranean realm. A comparable 
situation is reported from the lower latitudes of SE 
China where late Neogene Cooling was also minor but 
there, the interpretation is not straight forward because 
of tectonic uplift (yao et al. 2011; XIng et al. 2012).

The modern precipitation parameters measured at 
stations on Crete islands (Table 2; Fig. 8B, C) corre-
spond to the Dry-Summer Subtropical or Mediterra-
nean climates (Csa/Csb) of the Köppen-Geiger system, 
with annual precipitation rates from ca. 500-600 mm 
(e.g., Peel et al. 2007, see Table 2). However, the Tor-
tonian paleoclimatic datasets from Gavdos and Crete 
represent a humid subtropical climate without dry sea-
son during the warmest period (Cfa). This is evident 
from MPwarm data (CA) accounting for more than 50 
mm for all sites studied (modern MPwarm at all sta-
tions: ~0 mm). Apart from the interpretation of MP-
warm, key variable to identify Cs climates, MAP es-
timates from all applied methods suggest higher than 
modern annual rainfall (~800-1,200 mm). At present, 
the Cfa climate type is restricted to relatively small 
regions of Europe, e.g., the NE interior of the Iberian 
Peninsula, the Toulouse region in France, the Adriatic 

realm (coastal areas of Italy, Slovenia, and Croatia, 
Macedonia, Central Serbia) and the Black Sea coastal 
area (Bulgaria, Romania, Sochi-Russia) (Peel et al. 
2007).

7. Conclusions

The newly recovered late Miocene flora of Gavdos in 
the southernmost Europe is closely related to the ad-
jacent sites in Crete of approximately the same age. 
Gavdos has more floristic affinities with coeval floras 
of the eastern part of the Mediterranean compared to 
sites in the Southwest of the European continent. It can 
be assumed that palaeogeographical settings (PoPov et 
al. 2004, Map 8. Mid-late Miocene) rather than cli-
matic oscillations affected the floristic differentiation 
in the area of SE Europe at about 8 Ma.

The present climate reconstruction reveals agree-
ment of CLAMP and CA to a large extent. Climate 
data reconstructed for the Gavdos flora and the other 
Greek localities show no signs of distinct aridization of 
climate and changes towards a summer-dry (“etesian”) 
regime. However, the possibility should be considered 
that the plant records in each case may represent the 
humid part of the Tortonian climate cycles. Tortonian 
temperatures estimated from a total of four megafloras 
of Southern Greece were about at the present-day level 
or even slightly below. This indicates that the global 
temperature decline during the late Neogene affected 
the study area much less, compared to the middle to 
higher latitudinal regions of Western Eurasia. In the 
context of the European data array our results show 
that the south-north climatic gradient across Europe 
was obviously much reduced compared to today.

Acknowledgements

We express sincere thanks to Dr. hans-joachIM gregor, Dr. 
barbara Mohr and Dr. charalaMPos fassoulas for supply 
of publications and to Assoc. Prof. aPostolos aleXoPoulos 
for the information on the material from the Gavdos Island. 
We also thank the reviewers, Prof. Dr. johanna eder, Prof. 
Dr. dIeter uhl and Dr. thoMas denK, who kindly suggest-
ed several corrections that improved the first and second 
version of the manuscript.

This research has been co-financed by the European 
Union (European Social Fund – ESF) and Greek national 
funds through the Operational Program “Education and 
Lifelong Learning” of the National Strategic Reference 
Framework (NSRF) – Research Funding Program: THA-
LIS – UOA – “Messinian Salinity Crisis: the greatest Medi-
terranean environmental perturbation and its repercussions 
to the biota”. The second and third author received financial 

eschweizerbart_xxx



 A new late Miocene (Tortonian) flora from Gavdos Island 73

support from the Ministry of Education, Youth and Sports 
of the Czech Republic (projects nos J 13/98: 113100006, 
MSM 002162085 and PRVOUK P 44). This study is a con-
tribution to NECLIME (www.neclime.de).

References

aKgün, F., KayserI, M.S. & aKKIraZ, M.S. (2007): Pal-
aeoclimatic evolution and vegetational changes during 
the Late Oligocene-Miocene period in the Western and 
Central Anatolia (Turkey). – Palaeogeography, Palaeo-
climatology, Palaeoecology, 253 (1-2): 56-106.

anastasaKIs, g.c. (1987): Upper Cenozoic evolution of the 
Gavdos Rise. – Bolletino di Oceanologia Teorica ed Ap-
plicata, 5(4): 293-304.

anastasaKIs, G.C., DerMItZaKIs, M. & TrIantaPhyllou, M. 
(1995): Stratigraphic Framework of the Gavdos island 
Neogene sediments. – Newsletters on Stratigraphy, 32: 
1-15.

antonaraKou, Α. (2001): Biostratigraphic and Palaeoen-
vironmental interpretation in Miocene sediments of 
Eastern Mediterranean (Gavdos Island). – PhD Thesis, 
University of Athens. 178 pp. (in Greek).

antonaraKou, a. & drInIa, h. (2003): climatic variations 
during sapropel deposition in Gavdos Island, Eastern 
Mediterranean Sea: a key for understanding formation 
processes. – In: Proceedings of the 8th International 
Conference on Environmental Science and Technology, 
B, 55-62; Lemnos Island.

antonaraKou, a., drInIa, h., tsaParas, n. & derMItZa-
KIs, M.d. (2007): Micropaleontological parameters as 
proxies of late Miocene surface water properties and 
paleoclimate in Gavdos Island, eastern Mediterranean. 
– Geodiversitas, 29 (3): 379-399.

angIosPerM Phylogeny grouP (2003): An update of the 
Angiosperm Phylogeny Group classification for the or-
ders and families of flowering plants: APG II. – Botani-
cal Journal of the Linnean Society, 141: 399-436.

angIosPerM Phylogeny grouP (2009): An update of the 
Angiosperm Phylogeny Group classification for the or-
ders and families of flowering plants: APG III. – Bo-
tanical Journal of the Linnean Society, 161: 105-121.

ash, a., ellIs, b., hIcKey, l.j., johnson, K., WIlf, P. & 
WIng, s. (1999): Manual of Leaf Architecture – mor-
phological description and categorization of dicotyledo-
nous and net-veined monocotyledonous angiosperms by 
Leaf Architecture Working Group. – 65 pp.; Washing-
ton, DC (Smithsonian Institution).

Barrón, e. & DIégueZ, C. (1994): Neogene species of the 
genus Fagus L. from La Cerdaña (Lerida, Spain). Taxo-
nomic conclusions and phylogenetic considerations. – 
Annales del Jardín Botánico de Madrid, 52 (1): 21-32.

boZuKov, v. & tsenov, b. (2012): Catalogue of the Ceno-
zoic plants of Bulgaria. – Phytologia Balcanica, 18 (3): 
237-261.

braun, a. (1845): Die Tertiär-Flora von Öhningen. – Neu-
es Jahrbuch für Mineralogie, Geologie, Geognosie und 
Petrefakten-Kunde, 1845: 164-173.

brongnIart, a. (1822): Sur la classification et la distribution 
des vegetaux fossils en general et ceux des terrains de 

sediments supérieurs en particulier. – Memoirs du Mu-
seum d’Histoire Naturelle, 8: 203-240.

bruch, A.A., utescher, T., alcalde olIvares, C., dola-
Kova, N., Ivanov, D. A & Mosbrugger, V. (2004): Mid-
dle and Late Miocene spatial temperature patterns and 
gradients in Europe – preliminary results based on 
palaeobotanical climate reconstructions. – Courier For-
schungsinstitut Senckenberg, 249: 15–27.

bruch, A.A., utescher, T., Mosbrugger, V., gabrIelyan, I. 
& Ivanov, D.A. (2006): Late Miocene climate in the cir-
cum-Alpine realm – a quantitative analysis of terrestrial 
palaeofloras. – Palaeogeography, Palaeoclimatology, 
Palaeoecology, 238: 270-280.

bruch, A.A., utescher, T., Mosbrugger, V. & NECLIME 
members (2011): Precipitation patterns in the Miocene 
of Central Europe and the development of continental-
ity. – Palaeogeography, Palaeoclimatology, Palaeoecol-
ogy, 304: 202-211.

bůžeK, c. (1971): Tertiary flora from the Northern part of 
the Pétipsy area. – Věstník Ústředního Ústavu Geolog-
ického, 36: 1-118.

bůžeK, č., holý, f. & KvačeK, Z. (1976): Tertiary flora from 
the Volcanogenic Series at Markvartice and Veselíčko 
near Česká Kamenice (České Středohoří Mts.). – Sbor-
ník geologických věd, Paleontologie, 18: 69-132.

chrIstenhusZ, M.j.M., reveal, j.l., farjon, a., gardner, 
M.f. MIll, r.r. & chase, M.W. (2011): A new classi-
fication and linear sequence of extant gymnosperms. – 
Phytotaxa, 19: 55-70.

DenK, T. (1999a): The taxonomy of Fagus in western Eura-
sia, 1: Fagus sylvatica subsp. orientalis (= Fagus orien-
talis). – Feddes Repertorium, 110 (1-2): 177-200.

DenK, T. (1999b): The taxonomy of Fagus in western Eura-
sia, 2: Fagus sylvatica subsp. sylvatica. – Feddes Reper-
torium, 110 (5-6): 381-412.

denK, T. (2004): Revision of Fagus from the Cenozoic of 
Europe and southwestern Asia and its phylogenetic im-
plications. – Documenta naturae, 150: 1-72.

denK, t. & grIMM, g.W. (2009): The biogeographic history 
of beech trees. – Review of Palaeobotany and Palynol-
ogy, 158: 83-100.

DenK, T., GrIMM, G., Stögerer, K., Langer, M. & HeMle-
ben, V. (2002): Differentiation of Fagus in Europe and 
southwestern Asia – evidence from rDNA (ITS1 and 
ITS2) sequences and morphological data. – Plant Sys-
tematics and Evolution, 232: 213-236.

denK, t., gríMsson, f., Zetter, r. & síMonarson, l.a. 
(2011): Late Cainozoic floras of Iceland.15 Million 
Years of Vegetation and Climate History in the North-
ern North Atlantic. – Topics in Geobiology, 35: 854 pp.; 
Amsterdam (Springer).

derMItZaKIs, M.d. & georgIades-dIKeoulIa, E. (1987): 
Biozonation of the Neogene Invertebrate Megafauna of 
the Hellenic area. – Annals of the Hungarian Geological 
Institute, 70: 126-135.

DrInIa, h. (2009): foraminiferal biofacies and paleoenvi-
ronmental implications of the Early Tortonian deposits 
of Gavdos Island (Eastern Mediterranean). – Revue de 
Micropaleontologie, 52: 15-29. 

DrInIa, h., antonaraKou, a., tsaParas, n. & KontaKIotIs, 
g. (2007): Palaeoenvironmental conditions preceding 

eschweizerbart_xxx



74 D. Mantzouka et al.

the Messinian Salinity Crisis: A case study from Gavdos 
Island. – Geobios, 40: 251-265. 

DrInIa, h., antonaraKou, a., tsaParas, n., derMItZaKIs, 
M.d. & KontaKIotIs, g. (2004): foraminiferal record 
of environmental changes: Pre-Evaporitic diatomaceous 
sediments from Gavdos Island, Southern Greece. – Bul-
letin of the Geological Society of Greece, 36: 782-791.

DrInIa, h., PoMonI-PaPaIoannou, f., tsaParas, n. & an-
tonaraKou, a. (2010): Miocene scleractinian corals of 
Gavdos island, southern Greece: implications for tec-
tonic control and sea-level changes. – Bulletin of the 
Geological Society of Greece, 43: 620-626.

ellIs, b., daly, d.c., hIcKey, l.j., johnson, K., MItchell, 
j.d., WIlf, P. & WIng, s. (2009): Manual of Leaf Archi-
tecture. – 190 pp.; Cambridge, USA (Cornell University 
Press).

ettIngshausen, c. v. (1851): Die Tertiaer-Floren der Oester-
reichischen Monarchie. 1. Fossile Flora vom Wien. – 
Abhandlungen der kaiserlich-königlichen geologischen 
Reichsanstalt, 2: 1-36.

frIIs, e.M. (1977): Leaf whorls of Cupressaceae from the 
Miocene Fasterholt flora, Denmark. – Bulletin of the 
Geological Society of Denmark, 26: 103-113.

gaudant, j., tsaParas, n., antonaraKou, a., drInIa, h. & 
derMItZaKIs, M.d. (2005): The Tortonian fish fauna of 
Gavdos Island (Greece). – Comptes Rendus Palevol, 4: 
687-695.

gaudant, j., tsaParas, n., antonaraKou, a., drInIa, h., 
saInt-MartIn, s. & derMItZaKIs, M.d. (2006): A new 
marine fish fauna from the pre-evaporitic Messinian of 
Gavdos Island (Greece). – Comptes Rendus Palevol, 5: 
795-802.

guo, s.-X., KvačeK, Z., Manchester, s.r. & Zhou, Z-K. 
(2012): Ditaxocladus (extinct Cupressaceae, Cupressoi-
deae) from the Upper Cretaceous and Paleocene of the 
Northern Hemisphere. – Palaeontographica, (B), 288 
(5-6): 135-159.

hably, l. (1992): Early and late Miocene Floras from the 
Iharosbereny-I and Tiszapalkonya-I Boreholes. – Frag-
menta Mineralogica et Palaeontologica, 15: 7-40.

hantKe, R. (1954): Die fossile Flora der obermiozänen 
Oehninger-Fundstelle Schrotzburg (Schienerberg, Süd-
Baden). – Denkschriften der Schweizerischen Naturfor-
schenden Gesellschaft, 80 (2): 17-118.

heer, o. (1853): Übersicht der Tertiärflora der Schweiz. – 
Mitteilungen der geologischen Gesellschaft in Wien, 3 
(7): 88-153.

heer, o. (1856): Flora Tertiaria Helvetiae II. – 110 pp.; Win-
terthur (Wurster & Co.).

heer, o. (1859): Flora Tertiaria Helvetiae III. – 378 pp.; 
Winterthur (Wurster & Co.).

herendeen, P.s. (1992): The fossil history of the Legumi-
nosae from the Eocene of Southeastern North America. 
– In: herendeen, P.s. & dIlcher, d.l. (Eds.): Advances 
in Legume Systematics: Part 4. The Fossil Record: 85-
160; Kew (The Royal Botanic Gardens). 

hIlgen, f.j., KrIjgsMan, W., langereIs, c.g., lourens, 
l.j., santarellI, a. & ZacharIasse, W.j. (1995): Ex-
tending the astronomical (polarity) time scale into the 
Miocene. – Earth and Planetary Science Letters, 136: 
495-510.

I.G.M.E. (1993): Geological Map of Greece, Gavdos Island 
Sheet, 1:50.000.

Ivanov, d., utescher, t., ashraf a.r., Mosbrugger, v., 
boZuKov, v., djorgova, n. & slavoMIrova, e. (2012): 
Late Miocene palaeoclimate and ecosystem dynamics 
in southwestern Bulgaria − a study based on pollen data 
from the Gotse-Delchev Basin. – Turkish Journal of 
Earth Sciences, 21: 187-211.

jacques, f.M.b., shI, g. & Wang, W. (2011): Reconstruction 
of Neogene zonal vegetation in South China using the 
Integrated Plant Record (IPR) analysis. – Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology, 307: 272-284.

jähnIchen, h., frIedrIch, W.l. & taKáč, M. (1984): Engel-
hardioid leaves and fruits from the European Tertiary. 
Part II. – Tertiary Research, 6 (3): 109-134.

jähnIchen, h., MaI, d.h. & Walther h. (1977): Blätter und 
Früchte von Engelhardia lesch. ex Bl. (Juglandaceae) 
aus dem europäischen Tertiär. – Feddes Repertorium, 
88 (5-6): 323-363.

judd, W.s., caMPbell, c.s., Kellogg, e.a., stevens, P.f. & 
donoghue, M.j. (2002): Plant systematics. A phyloge-
netic approach. Second Edition. – 576 pp.; Sunderland 
(Sinauer).

KItanov, g. (1984): Pliocene flora composition in the Gotce 
Delchev region. – Fitologiya, 25: 41-70 (in Bulgarian).

Knobloch, e. (1964): Haben Cinnammomum scheuchzeri 
heer und C. polymorphum (A. Br.) heer nomenklato-
risch richtige Namen? – Neues Jahrbuch für Geologie 
und Paläontologie, Monatshefte, 1964: 597-603.

Knobloch, e. (1969): Tertiäre Floren von Mähren. – 200 
pp.; Brno (Moravské Zemské Muzeum).

Knobloch, e. & KvačeK, Z. (1976): Miozäne Blätterflo-
ren vom Westrand der Böhmischen Masse. – Rozpravy 
Ústředního ústavu geologického, 42: 1-131.

Knobloch, E. & VelItZelos, E. (1986): Die obermiozäne 
Flora von Likudi bei Elassona/Thessalien, Griechen-
land. – Documenta naturae, 29: 5-20.

KolaKovsKy, a.a. (1957): the first addition to the Pliocene 
flora of Kodor (Meore-Athara). – Trudy Sukhumskogo 
botanicheskogo sada, 10: 237-318 (in Russian).

KolaKovsKy, a.a. (1964): a Pliocene flora of the Kodor 
River. – 209 pp.; Sukhumi (Georgian Academy of Sci-
ences, Izdatel’stvo Akademii Nauk Gruzinskoĭ SSR) (in 
Russian).

Konjaroff, G. (1932): Die Braunkohlen Bulgariens. – 303 
pp.; Pernik (Publ. State Mines) (in Bulgarian).

KottIs, t., IoaKIM, c., velItZelos, e., KvačeK, Z., denK, t. 
& velItZelos, d. (2002): Field guide to the Neogene of 
the Island of Evia – Early Miocene flora of Kymi. – 6th 
European Paleobotany-Palynology Conference (Univer-
sity of Athens), 61 pp.

Kovar, j. (1982): Eine Blätter-Flora des Egerien (Ober-Oli-
gozän) aus marinen Sedimenten der Zentralen Parate-
thys im Linzer Raum (Osterreich). – Beiträge zur Palä-
ontologie von Österreich, 9: 1-209.

Kovar-eder, j. & KvačeK, Z. (2003): Towards vegetation 
mapping based on the fossil plant record. – Acta Univer-
sitatis Carolinae, Geologica, 46 (4): 7-13.

Kovar-eder, j. & KvačeK, Z. (2007): The integrated plant 
record (IPR) to reconstruct Neogene vegetation: the 
IPR-vegetation analysis. – Acta Palaeobotanica, 47 (2): 

eschweizerbart_xxx



 A new late Miocene (Tortonian) flora from Gavdos Island 75

391-418.
Kovar-eder, j., jechoreK, h., KvačeK, Z. & ParashIv, v. 

(2008): The Integrated Plant Record: an essential tool 
for reconstructing Neogene zonal vegetation in Europe. 
– Palaios, 23: 97-111.

Kovar-eder, j., KvačeK, Z. & ströbItZer-herMann, M. 
(2004): The Miocene Flora of Parschlug (Styria, Aus-
tria) – Revision and Synthesis. – Annalen des Naturhis-
torischen Museums in Wien, 105A: 45-159. 

Kovar-eder, j., KvačeK, Z., MartInetto, e. & roIron, P. 
(2006): Late Miocene to Early Pliocene vegetation of 
southern Europe (7-4 MA) as reflected in the megafos-
sil plant record. – Palaeogeography, Palaeoclimatology, 
Palaeoecology, 238: 321-339.

Kováts, J. (1856): Fossile Flora von Erdöbénye. – Arbeiten 
der Ungarischen Geologischen Gesellschaft, 1: 1-37.

KrIjgsMan, W., hIlgen, f.j., langereIs, c.g., santarellI 
a. & ZacharIasse, W.J. (1995): Late Miocene magne-
tostratigraphy, biostratigraphy and cyclostratigraphy in 
the Mediterranean. – Earth and Planetary Science Let-
ters, 136: 475-494.

KunZMann, l., KvačeK, Z., MaI, d.h. & Walther, h. 
(2009): The genus Taxodium (Cupressaceae) in the Pal-
aeogene and Neogene of Central Europe. – Review of 
Palaeobotany and Palynology, 153: 153-183.

KvačeK, Z. (1976): Towards nomenclatural stability of Euro-
pean Tertiary Conifers. – Neues Jahrbuch für Geologie 
und Paläontologie, Monatshefte, 1975: 284-300.

KvačeK, Z. (1989): The fossil Tetraclinis Mast. (Cupres-
saceae). – Časopis Národního Muzea, 155: 45-54.

KvačeK, Z. (2007): Do extant nearest relatives of ther-
mophile European Cenozoic plant elements reliably re-
flect climatic signal? – Palaeogeography, Palaeoclima-
tology, Palaeoecology, 253: 32-40.

KvačeK, Z. & hably, l. (1991): Notes on the Egerian stra-
totype flora at Eger (Wind brickyard), Hungary, Upper 
Oligocene. – Annales Historico-Naturales Musei Na-
tionalis Hungarici, 83: 49-82.

KvačeK, Z. & Knobloch, E. (1967): Zur Nomenklatur der 
Gattung Daphnogene ung. und die neue Art Daphno-
gene pannonica sp. n. – Věstník Ústředního ústavu geo-
logického, 41 (4): 291-294.

KvačeK, Z., Manchester, s.r. & schorn, h.e. (2000): 
Cones, seeds, and foliage of Tetraclinis salicornioides 
(Cupressaceae) from the Oligocene and Miocene of 
Western North America: a geographic extension of the 
European Tertiary species. – International Journal of 
Plant Sciences, 161 (2): 331-344.

KvačeK, Z., velItZelos, d. & velItZelos, e. (2002): Late 
Miocene Flora of Vegora (Macedonia, N. Greece). – 175 
pp.; Athens (University of Athens, Korali Publications).

Mädler, K. & steffens, P. (1979): Neue Blattfloren aus 
dem Oligozän, Neogen und Pleistozän der Türkei. – 
Geologisches Jahrbuch, (B), 33: 3-33.

MaI, D.H. (1963): Beiträge zur Kenntnis der Tertiärflora von 
Seifhennersdorf. – Jahrbuch des Staatlichen Museums 
für Mineralogie und Geologie Dresden, 1963: 39-114.

MaI, d.h. (1995): Tertiäre Vegetationsgeschichte Europas. 
– 691 pp.; Jena (G. Fischer).

MaI, d.h. & Walther, h. (1978): Die Floren der Hasel-
bacher Serie im Weißelster-Becken (Bezirk Leipzig, 

DDR). – Abhandlungen des Staatlichen Museums für 
Mineralogie und Geologie zu Dresden, 28: 1-200.

Massalongo, A. (1858): Synopsis florae fossilis Senogal-
liensis. – 138 pp.; Verona.

Massalongo, A. & scarabellI, G. (1859): Studii sulla flora 
fossile e geologia stratigrafica del Senigalliese. – 504 
pp.; Imola.

MeulenKaMP, j.e., derMItZaKIs, M., georgIadou-dIKaI-
oulIa, e., jonKers, h.a. & boerger, h. (1979): Field 
Guide to the Neogene of Crete. – 32 pp.; Athens (Pub-
lications of the Geology & Paleontology Department, 
University of Athens).

Meyer, h.W. & Manchester, s.r. (1997): The Oligocene 
Bridge Creek Flora of the John Day Formation, Oregon. 
– University of California Publications, 141: 1-195.

MIller, I.M., brandon, M.T. & hIcKey, L.J. (2006): Us-
ing leaf margin analysis to estimate the mid-Cretaceous 
(Albian) paleolatitude of the Baja BC block. – Earth and 
Planetary Science Letters, 245: 95-114.

Mohr, b., Köhler, j. & adaMeK-jaKobs, e. (1991): A late 
Miocene leaf flora from southern Crete (Greece). – Pan-
European Palaeobotanical Conference Vienna 1991, 
Abstract Volume: 26.

Mosbrugger, v. & utescher, t. (1997): The coexistence 
approach – a method for quantitative reconstructions of 
Tertiary terrestrial palaeoclimate data using plant fos-
sils. – Palaeogeography, Palaeoclimatology, Palaeoecol-
ogy, 134: 61-86.

Mosbrugger, V., utescher, T. & dIlcher, D. (2005): Ceno-
zoic continental climatic evolution of Central Europe. – 
Proceedings of the National Academy of Sciences, 102 
(42): 14964-14969.

ou, X., Zhang, Z., Wang, c. & Wu, Y. (2006): Vegetation 
Research in Meili Snow Mountain. – 239 pp.; Beijing 
(Science Press).

PalaMarev, e., usunova, K. & bojanova, I. (1991): Fossil 
Plants of Class Pinopsida from the Neogene Sediments 
of Satovea Graben in Rhodopes Region (Southwest Bul-
garia). – Documenta naturae, 66: 1-17.

PalaMarev, e., boZuKov, v., uZunova, K., PetKova, a. & 
KItanov, g. (2005): Catalogue of the Cenozoic plants of 
Bulgaria (Eocene to Pliocene). – Phytologia Balcanica, 
11 (3): 215-364.

PalIbIn, I.V. (1937): Fossil Flora of Godzersky Pass. – Trudy 
Botanicheskogo Instituta Akademii Nauk SSSR, 1 (4): 
7-92 (in Russian).

PalIbIn, I. (1939): Materials on the Tertiary flora of Arme-
nia. – In: On the 70th Birthday and 45th Anniversary of 
Scientific Work of Academician Vladimir Leontievich 
Komarov, President of the Academy of Sciences USSR, 
607-630 (in Russian).

Peel, M.c., fInlayson, b.l. & McMahon, t.a. (2007): 
Updated world map of the Köppen-Geiger climate clas-
sification. – Hydrology and Earth System Sciences, 11 
(5): 1633-1644.

PetKova, a. (1967): Paläobotanische Untersuchung des Sar-
mats an der unteren Strömung des Iskar-Flusses. – Izve-
stiya na Botanicheskiya Institut (Sofia), 17: 135-168 (in 
Bulgarian).

PoMonI, f., drInIa, h. & tsaParas, n. (2013): Palaeoeco-
logical and sedimentological characteristics of the Low-

eschweizerbart_xxx



76 D. Mantzouka et al.

er Tortonian scleractinian reef corals of Gavdos Island, 
southern Greece. – Geobios, 46 (3): 233-241.

PoPov, s.v., rögl, f., roZanov, a.y., steInInger, f.f., sh-
cherba, I.g. & Kovac, M. (2004): Lithological-Paleo-
geographic maps of Paratethys. 10 maps. Late Eocene 
to Pliocene. – Courier Forschungsinstitut Senckenberg, 
250: 1-46.

PostMa, g., hIlgen, f.j. & ZacharIasse, W.j. (1993): 
Precession-punctuated growth of a late Miocene sub-
marine-fan lobe on Gavdos (Greece). – Terra Nova, 5: 
483-444.

ProcháZKa, M. & bůžeK, c. (1975): Maple leaves from the 
Tertiary of North Bohemia. – Věstník Ústředního Ústa-
vu Geologického, 41: 7-81.

quan, c., lIu, y.-s.(c.) & utescher, t. (2014): Miocene 
shift of European atmospheric circulation from trade 
wind to westerlies. – Scientific Reports. DOI: 10.1038/
srep05660.

raffI, I., MoZZato, c., fornacIarI, e., hIlgen, f.g. & rIo, 
d. (2003): Late Miocene calcareous nannofossil bio-
stratigraphy and astrobiochronology for the Mediterra-
nean region. – Micropaleontology, 49 (1): 1-26.

reveal, j.l. (2012): An outline of a classification system 
for extant flowering plants. – Phytoneuron, 37: 1-221.

sachse, M. (1997): Die Makrilia-Flora (Kreta, Griechen-
land) – Ein Beitrag zur neogenen Klima- und Vegetati-
onsgeschichte des östlichen Mittelmeergebietes. – Ph.D. 
Thesis, ETH Zurich, 311 pp.

sachse, M. (2004): Die neogene Mega- und Mikroflora von 
Makrilia auf Kreta und ihre Aussagen zur Klima- und 
Vegetationgeschichte des östlichen Mittelmeergebietes. 
– Flora Tertiaria Mediterranea, 6 (12): 1-323.

sachse, M. & Mohr, b. (1996): An upper Miocene ma-
cro- and microflora from southern Crete (Greece), and 
its palaeoclimatic interpretation – Preliminary results. 
– Neues Jahrbuch für Geologie und Paläontologie, Ab-
handlungen, 200: 149-182.

sachse, M., Mohr, b. & suc, j.-P. (1999): The Makrilia-
flora (Crete, Greece) – A contribution to the Neogene 
history of the climate and vegetation of the Eastern 
Mediterranean. – Acta Palaeobotanica, 2: 365-372.

saMI, M. & teodorIdIs, V. (2013): Gli Aspetti Paleontologici 
della cava di Monte Tondo: Nota Preliminare. – In: er-
colanI, M., luccI, P., PIastra, S. & sansavInI, B. (Eds.): 
I gessi e la cava di Monte Tondo. Studio multidisciplina-
re di un’area nella vena del gesso Romagnola. Memorie 
dell’Istituto Italiano di Speleologia, ser. II, 26: 59-80.

saPorta, g. de (1865): Études sur la vegetation du Sud-Est 
de la France à l’epoque tertiaire. Flore d’Armissan et de 
Peyriac dans le basin de Narbonne (Aude). – Annales 
des Sciences Naturelles Botanique, 4: 5-264.

Schenau, s.j., antonaraKou, a., hIlgen, f.j., lourens, 
l.j., nIjenhuIs, I.a., van der WeIjden, c.h. & Zacha-
rIasse, W.j. (1999): organic-rich layers in the Metochia 
section (Gavdos, Greece): evidence for a single mecha-
nism of sapropel formation during the past 10 My. – Ma-
rine Geology, 153: 117-135.

sIMonellI, V. (1894a): Appunti sul la costituzione geologica 
dell’isola di Candia. – Atti della reale Accademia dei 
Lincei, 5: 236-241.

sIMonellI, V. (1894b): Appunti sopra i terreni neogenici e 

quaternari dell’ isola di Candia. – Atti della reale Acca-
demia dei Lincei, 5: 265-268.

sPIcer, r.a. (2013): http://clamp.ibcas.ac.cn/Clampset2.
html. Checked October 2013.

sPIcer, R.A., valdes, P.J., sPIcer, T.E.V., craggs, H.J., 
srIvastava, G., Mehrotra, R.C. & yang, J. (2009): New 
development in CLAMP: calibration using global grid-
ded meteorological data. – Palaeogeography, Palaeocli-
matology, Palaeoecology, 283: 91-98. 

sternberg, K. v. (1823): Versuch einer geognostisch-bota-
nischen Darstellung der Flora der Vorwelt, 1 (3): 1-39; 
Leipzig.

sternberg, K. v. (1825): Versuch einer geognostisch-bota-
nischen Darstellung der Flora der Vorwelt, 1 (4): 1-48; 
Regensburg.

su, t., XIng, y.-W., lIu, y-s., jacques, f.M.b., chen, W.-
y., huang, y.-j. & Zhou, Z.-K. (2010): Leaf margin 
analysis: A new equation from humid to mesic forests in 
China. – Palaios, 25: 234-238.

sun, b.n., Wu, j.y., lIu, y.s., dIng, s.t., lI, X.c., XIe, s.P., 
yan, d.f. & lIn, Z.c. (2011): Reconstructing Neogene 
vegetation and climates to infer tectonic uplift in west-
ern Yunnan, China. – Palaeogeography, Palaeoclimatol-
ogy, Palaeoecology, 304: 328-336.

tang, C.Q. (2006): Evergreen sclerophyllous Quercus for-
ests in northwestern Yunnan, China as compared to the 
Mediterranean evergreen Quercus forests in California, 
USA and northwestern Spain. – Web Ecology, 6: 88-101.

tang, c.q. & ohsaWa, M. (1997): Zonal transition of ever-
green, deciduous and coniferous forests along the alti-
tudinal gradient on a humid subtropical mountain, Mt. 
Emei, Sichuan, China. – Plant Ecology, 133: 63-78.

telles antunes, M., PaIs, j., balbIno, a., MeIn, P. & aguI-
lar, j.-P. (1999): The Cristo Rei section (Lower Mio-
cene). Distal fluviatile environments in a marine series, 
plants, vertebrates and other evidence, age. – Ciencias 
da Terra, 13: 141-155.

teodorIdIs, V., Kovar-eder, j. & MaZouch, P. (2011a): The 
IPR-vegetation analysis applied to modern vegetation in 
SE China and Japan. – Palaios, 26 (10): 623-638.

teodorIdIs, v., KvačeK, Z., Zhu, h. & MaZouch, P. (2012): 
Vegetational and environmental analysis of the mid-
latitudinal European Eocene sites and their possible 
analogues in Southeastern Asia. – Palaeogeography, 
Palaeoclimatology, Palaeoecology, 333-334: 40-58.

teodorIdIs, v., MaZouch, P., sPIcer, r.a. & uhl, d. (2011b): 
Refining CLAMP – investigations towards improv-
ing the Climate Leaf Analysis Multivariate Program. 
– Palaeogeography, Palaeoclimatology, Palaeoecology, 
299 (1-2): 39-48.

traIser, c., KlotZ, s., uhl, d. & Mosbrugger, v. (2005): 
Environmental signals from leaves – a physiognomic 
analysis of European vegetation. – New Phytologist, 
166: 465-484.

trIantaPhyllou, M.v., tsaParas, n., staMataKIs, M. & 
derMItZaKIs, M.D. (1999): Calcareous nannofossil 
biostratigraphy and petrological analysis of the pre-
evaporitic diatomaceous sediments from Gavdos Island, 
southern Creece. – Neues Jahrbuch für Geologie und 
Paläontologie, Monatshefte, 1999: 161-178.

tsaParas, n. (2005): Contribution in the history of sedi-

eschweizerbart_xxx



 A new late Miocene (Tortonian) flora from Gavdos Island 77

mentation of the marine formations from the Late Ceno-
zoic of Gavdos Island. – PhD Thesis, Athens (University 
of Athens), 210 pp.

tsaParas, n. & MarcoPoulou-dIaKantonI, A. (2005): Oto-
liths from the Middle to Upper Miocene of the Gavdos 
Island (South Greece). Systematics – Paleoecology – 
Revue de Paleobiologie, 24 (2): 617-628.

tsaParas, n., drInIa, h., antonaraKou, a., MarcoPoulou-
dIaKantonI, a. & derMItZaKIs, M.d. (2007): Tortonian 
Clypeaster fauna (Echinoidea: Clypeasteroida) from 
Gavdos island (Greece). – Bulletin of the Geological So-
ciety of Greece, 40: 225-237.

uhl, D., bruch, a., traIser, c. & KlotZ, S. (2006): Palaeo-
climate estimates for the Middle Miocene Schrotzburg 
flora (S Germany): a multi-method approach. – Interna-
tional Journal of Earth Sciences, 95 (6): 1071-1085.

uhl, d., KlotZ, s., traIser, c., thIel, c., utescher, t., 
KoWalsKI, e.a. & dIlcher, D.L. (2007a): Paleotem-
peratures from fossil leaves – a European perspective. 
– Palaeogeography, Palaeoclimatology, Palaeoecology, 
248: 24-31.

uhl, d., Mosbrugger, v., bruch, a. & utescher, t. (2003): 
Reconstructing palaeotemperatures using leaf floras – 
case studies for a comparison of leaf margin analysis 
and the coexistence approach. – Review of Palaeobota-
ny and Palynology, 126: 49-64.

uhl, d., traIser, c., grIesser, u. & denK, t. (2007b): Fos-
sil leaves as palaeoclimate proxies in the Palaeogene of 
Spitsbergen (Svalbard). – Acta Palaeobotanica, 47 (1): 
89-107.

unger, f. (1847): Chloris protogaea. Beiträge zur Flora der 
Vorwelt. 1-10: 1-149.

unger, f. (1850): genera et species Plantarum Fossilium. – 
Sumptibus academiae caesareae scientiarum. – 1-628; 
Vindobonae.

unger, f. (1864): Sylloge plantarum fossilium II. – Denk-
schriften der kaiserlichen Akademie der Wissenschaf-
ten, mathematisch-naturwissenschaftliche Classe, 22: 
1-36.

unger, f. (1867): Die fossile Flora von Kumi auf der Insel 
Euboea. – Denkschriften der Kaiserlichen Akademie 
der Wissenschaften in Wien, mathematisch-naturwis-
senschaftliche Klasse, 27: 27-87. 

utescher, T. & Mosbrugger, V. (2013): The Palaeoflora 
Database. http://www.palaeoflora.de 

utescher, T., bruch, A.A., MIcheels, A., Mosbrugger, V. 
& PoPova, S. (2011): Cenozoic climate gradients in Eu-
rasia – a palaeo-perspective on future climate change? 
– Palaeogeography, Palaeoclimatology, Palaeoecology, 
304: 351-358.

utescher, t., bruch, a.a., erdeI, b., françoIs, l., Ivanov, 
d., jacques, f.M.b., Kern, a.K., lIu, y.-c. (c.)., Mos-
brugger, v. & sPIcer, r.a. (2014): The Coexistence Ap-
proach – Theoretical background and practical conside-
rations of using plant fossils for climate quantification. 
– Palaeogeography, Palaeoclimatology, Palaeoecology, 
410: 58-73.

utescher, T., djordjevIc-MIlutInovIc, D., bruch, A. & 
Mosbrugger, V. (2007): Palaeoclimate and vegetation 
change in Serbia during the last 30 Ma. – Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology, 253: 141-152.

velItZelos, D., bouchal, J.M. & denK, T. (2014): Review 
of the Cenozoic floras and vegetation of Greece. – Re-
view of Palaeobotany and Palynology, 204: 56-117.

velItZelos, E. & KvačeK, Z. (1999): Review of the Late 
Miocene flora of Vegora, western Macedonia, Greece. 
– Acta Palaeobotanica, 2: 419-427.

velItZelos, E. & schneIder, H.E. (1977): Jungtertiäre 
Pflanzenfunde aus dem Becken von Vegora in West-
Mazedonien (Griechenland). – Annales Musei Goulan-
dris, 3: 173-180.

vIcente, J.C. (1970): Etude geologique de ile de Gavdos 
(Grece), la plus meridional de l’Europe. – Bulletin de la 
Societe Geologique de France, 7 (12): 481-495.

Walther, H. (1972): Studien über tertiäre Acer Mitteleuro-
pas. – Abhandlungen der Staatlichen Sammlungen des 
Museums für Mineralogie und Geologie zu Dresden, 
19: 1-309.

Webb, D.A. (1959): A physiognomic classification of Aus-
tralian rain forest. – Journal of Ecology, 47: 551-570.

Wessel, P. & Weber, o. (1856): Neuer Beitrag zur Terti-
ärflora der niederrheinischen Braunkohlenformation. – 
Palaeontographica, 4: 111-130.

WIlde, v. & franKenhauser, h. (1998): The Middle Eocene 
plant taphocoenosis from Eckfeld (Eifel, Germany). – 
Review of Palaeobotany and Palynology, 101: 7-28.

WInterscheId, H. & KvačeK, Z. (2014): Revision der Flora 
aus den oberoligozänen Seeablagerungen von Orsberg 
bei Unkel am Rhein (Rheinland-Pfalz). – Palaeontogra-
phica, (B), 291 (1-6): 1-83.

Wolfe, j.a. (1979): Temperature parameters of the humid to 
mesic forests of eastern Asia and their relation to forests 
of other regions of the Northern Hemisphere and Aus-
tralasia. – U.S. Geological Survey, Professional Papers, 
1106: 1-37.

Wolfe, j.a. & sPIcer, r.a. (1999): Fossil leaf character 
states: multivariate analysis. – In: jones, t.P. & roWe, 
n.P. (Eds.): Fossil plants and spores: modern techniques, 
233-239; London (The Geological Society).

XIng, Y., utescher, T., jacques, F.M.B., tao, S., lIu, Y.-S., 
huang, J.-J. & Zhou, Z.-Z. (2012): Paleoclimatic esti-
mation reveals a weak winter monsoon in southwestern 
China during the late Miocene: Evidence from plant 
macrofossils. – Palaeogeography, Palaeoclimatology, 
Palaeoecology, 358-360: 19-26.

yao, Y.-F., bruch, A.A., Mosbrugger, V. & lI, C.-S. (2011): 
Quantitative reconstruction of Miocene climate patterns 
and evolution in Southern China based on plant fossils. 
– Palaeogeography, Palaeoclimatology, Palaeoecology, 
304: 291-307.

ZIdIanaKIs, G. (2002): The Late Miocene Flora of Vrysses 
(Western Crete-Greece). A contribution to the climate 
and vegetation history of Crete. – Master of Science 
Thesis, Irakleio (University of Crete), 118 pp.

ZIdIanaKIs, g., IlIoPoulos, g. & fassoulas, c. (2010): A 
new Late Miocene plant assemblage from Messara Ba-
sin (Crete, Greece). – Bulletin of the Geological Society 
of Greece, 43(2): 781-792.

ZIdIanaKIs, g., Mohr, b.a.r. & fassoulas, c. (2007): A 
late Miocene leaf assemblage from Vrysses, western 
Crete, Greece, and its paleoenvironmental and paleo-
climatic interpretation. – Geodiversitas, 29 (3): 351-377. 

eschweizerbart_xxx



78 D. Mantzouka et al.

ZIjIstra, g. & KvačeK, Z. (2010): Proposal to conserve the 
name Cupressinocladus against Libocedrites (Fossil 
Coniferophyta). – Taxon, 59 (1): 11.

Manuscript received: November 15th, 2013.
Revised version accepted by the Stuttgart editor: September 
12th, 2014.

Addresses of the authors:

dIMItra MantZouKa, nIcolaos tsaParas, vasIleIos Ka-
raKItsIos, National and Kapodistrian University of Athens, 
Faculty of Geology and Geoenvironment, Department of 
Historical Geology and Palaeontology, Greece;
e-mails: dmantzouka@geol.uoa.gr, ntsapar@geol.uoa.gr, 
vkarak@geol.uoa.gr, 
ZlatKo KvačeK, Charles University in Prague, Faculty of 
Science, Institute of Geology and Palaeontology, Albertov 
6, 12843, Prague 2, Czech Republic,
e-mail: kvacek@natur.cuni.cz,
vasIlIs teodorIdIs, Charles University in Prague, Depart-
ment of Biology and Environmental Studies, Faculty of 
Education, Magdalény Rettigové 4, 116 39 Prague 1, Czech 
Republic,
e-mail: vasilis.teodoridis@pedf.cuni.cz
torsten utescher, Senckenberg Research Institute, Frank-
furt am Main; Steinmann Institute, University of Bonn, 
Nussallee 8, 53115 Bonn, Germany, 
e-mail: utescher@geo.uni-bonn.de 

eschweizerbart_xxx



 A new late Miocene (Tortonian) flora from Gavdos Island 79

Appendices
Appendix 1. Percentages of foliar physiognomic characters of the studied floras.

Foliar physiognomic characters [%] Gavdos Vrysses Makrilia
M

ar
gi

n 
ch

ar
ac

te
r s

ta
te

s Lobed 7.69 11.11 8.57
No teeth 59.62 55.56 61.43
Teeth regular 21.15 33.33 27.14
Teeth close 18.27 22.22 6.43
Teeth round 20.19 12.96 7.14
Teeth acute 23.08 31.48 29.29
Teeth compound 7.69 0.00 5.71

Si
ze

 c
ha

ra
ct

er
 st

at
es

Nanophyll 0.00 0.00 0.00
Leptophyll I 0.00 0.00 1.43
Leptophyll II 0.00 0.00 5.71
Microphyll I 0.00 20.37 44.29
Microphyll II 41.62 50.00 28.57
Microphyll III 29.42 25.93 17.14
Mesophyll I 27.50 3.70 2.86
Mesophyll II 1.27 0.00 0.00
Mesophyll III 0.00 0.00 0.00

A
pe

x 
ch

ar
ac

-
te

r s
ta

te
s Apex emarginate 0.00 0.00 1.43

Apex round 34.23 49.37 27.14
Apex acute 55.96 45.67 62.86
Apex attenuate 9.81 4.93 8.57

Ba
se

 
ch

ar
ac

te
r 

st
at

es

Base cordate 1.92 18.52 10.00
Base round 40.38 35.19 47.14
Base acute 57.69 46.30 42.86

Le
ng

th
 to

 w
id

th
 

ch
ar

ac
te

r s
ta

te
s L:W < 1:1 0.00 9.26 4.29

L:W 1-2:1 18.58 11.11 8.57
L:W 2-3:1 26.27 20.37 28.57
L:W 3-4:1 44.54 46.30 44.29
L:W > 4:1 10.58 12.96 14.29

Sh
ap

e 
ch

ar
ac

te
r 

st
at

es

Obovate 4.62 16.67 15.23
Elliptic 39.23 55.56 40.94
Ovate 56.15 27.78 43.80
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Appendix 2. Fossil taxa, nearest living relatives and climate date used in the Coexistence Approach (CA).

CA results Pitsidia

CA results Makrilia
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CA results Vrysses

CA results Gavdos

* data set for Fothergilleae
** data set for European Fagus
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