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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. 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 and/or mucilage cells, Cinna-
momoxylon, Lesbos Island (Greece), UNESCO Global Geoparks, Czech Re-
public, Hungary.
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INtRODUCtION

Lauraceae is a family distributed worldwide with about 50 genera (van der Werff & 
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 
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 deter- 
mine 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 mod-
erately 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 accord-
ing 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 coloured contents. Idioblasts in Lauraceae have been known 
since 1676, with the first report made by Antoni van Leeuwenhoek (Baas & Gregory 
1985).
 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 Laurinoxylon and probably should be transferred to another 
genus.
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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 north-
eastern 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 17 November 2015, the 195  
Member States of UNESCO ratified the creation of the UNESCO Global Geoparks. 

Figure 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 Oligo- 
cene. – 3: Jáchymov, Czech Republic (?Oligocene). – 4: Ipolytarnóc, Hungary (early Miocene). 
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 the holotype of Laurinoxylon czechense Prakash et al. (No. CNB-2 with 5 slides: 
G 4036, G 4037, G 4038, G 4063, G 4064), 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 discover- 
ed 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 sam-
ple as a potential part of the holotype of L. mueller-stollii. the fossiliferous sediment, 
which is mainly formed of a 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 Depart- 
ment of Historical Geology & Paleontology, Faculty of Geology & Geoenviron-
ment, National and Kapodistrian University of Athens; thin sections of the Czech and  
Hungarian material were prepared at the Czech Geological Survey in Prague. Micro-
scopic observations were made with an Olympus BX51 microscope, Olympus DP73 
camera and QuickPHOtO MICRO 3.0 image analysis software. Anatomical descrip-
tions 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 website 
(InsideWood 2004-onwards; Wheeler 2011). Idioblast frequency was determined from 
transverse sections.
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APPROACH

the distinctions between oil and mucilage cells in structure and chemistry were re-
viewed 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.
 First, we determined which extant genera differ from Dupéron et al.’s (2008) 
emended diagnosis. We relied on publications dealing with extant Lauraceae wood anat- 
omy, especially Richter’s (1981a) monograph. Other references used were: Richter 
(1981b, 1985, 1990), van der Werff & Richter (1985, 1996), Richter & Van Wyk (1990), 
Callado & Costa (1997), Loutfy (2009), Rohwer et al. (2014. 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, 
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).
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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., Dahlgreno-
dendron, Syndiclis (P. Détienne pers. observ. 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 ali-
form 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).
 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 idio- 
blasts, so it is excluded.

Modern genera with features of Laurinoxylon
 After using the “filters” discussed above, this leaves several extant genera with fea-
tures 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, Neo-
litsea.
 tribe Perseae Nees: Aiouea, Aniba, Cinnamomum, Dehaasia, Dicypellium, End-
licheria, 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). 
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Below we list those groups and the extant genera with similar idioblast location. We 
fully 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) consider- 
ed 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 Ameri- 
can 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, Apol-
lonias, 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.

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., Neo-
litsea 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 do not 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., Cin-
namomum, Endlicheria, Nectandra p.p., Neolitsea p.p. and Ocotea.
 Subgroup 1. Genera with a high percentage of crystals: Actinodaphne p.p., Endlich-
eria, 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.
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table 4 (see p. 484) 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 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. perseamima- 
tus Petrescu (1978).
 Possible Laurinoxylon type 2a are: Laurinoxylon sp. from Karlovy Vary, Czech 
Republic (Březinová 1981) and L. stickai Boonchai & Manchester from the Eocene  
of Wyoming, USA (Boonchai & Manchester 2012).
 Possible Laurinoxylon type 2b species are these Indian species: L. deomalien-
sis 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

Laurinoxylon Type 1
 Fossil species – Laurinoxylon aff. czechense Prakash, Březinová & Bůžek (Fig. 
2A–F, 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% in groups of 
two, 7.5% in groups of 3, 3.5% in groups of 4 and 21% clusters; tangential diameter  
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Figure 2. Laurinoxylon type 1. A–F. Laurinoxylon aff. czechense Prakash et al. (Lesbos) (DMDA13.1). 
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 up- 
right 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 bars = 
50 µm in D, F, G; 100 µm in B, C, H, I; 250 µm in E; 1000 µm in A.



468 IAWA Journal 37 (3), 2016

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, B, E); vessel walls thin; per-
foration 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, E), 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 deter- 
mine due to the bad preservation). – Idioblasts: associated with the ray parenchyma 
cells only (Fig. 2B, F). 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 Type 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 InsideWood database and the 
literature, some of the Laurinoxylon species that belong to type 1 and warrant com-
parison 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.

Abbreviations used in Tables 1, 2a, 2b, 3, & 4:
GR: growth ring boundaries – V Grps: 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 millimetre – VEL: vessel element  
length – PP simple/PP scalariform: perforation plates simple-/-scalariform – IVP size (µm): 
intervessel pit 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 para- 
tracheal, vc: vasicentric, alf: aliform) – RW (cell no.): ray width (no. of cells) – RW (µm): ray 
width – R/mm: rays per millimetre – RH (µm): ray height – SepFib: septate fibres. 
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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 idio-
blasts, 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.
For abbreviations used in tables 1, 2a, b, 3 & 4, see legends on page 468.

  Laurinoxylon  Laurinoxylon Laurinoxylon Laurinoxylon Laurinoxylon Laurinoxylon Laurinoxylon
  microtracheale* litseoides oligocenicum intermedium* czechense czechense aff. czechense
       new observ.

Laurinoxylon Type 1
 Locality Hasenberg bei Hasenberg bei South Bohemian Landes, Kadaň (Zadní Kadaň (Zadní Southeastern
  Wiesa unweit Wiesa unweit basin, S. France Vrch Hill), Vrch Hill), Lesbos,
  Kamenz Kamenz Czech Rep.  Doupovské hory Doupovské hory Greece
  (Sachsen) (Sachsen)   Mts, Czech Rep. Mts, Czech Rep.

 Age Middle–Upper Middle–Upper Oligocene? Miocene Oligocene Oligocene Early Miocene
  Oligocene Oligocene

 GR Distinct Distinct Distinct Weak with Distinct Distinct Distinct
     seemingly
     terminal bands

 Porosity Diffuse Diffuse Diffuse Diffuse Diffuse Semi-Ring/ Diffuse
       Diffuse

 V Grps mainly sol & mainly sol & sol & in rms sol (48%), mainly sol, often mainly sol (76%), sol (18%) and
  in rms of 2, in rms of 2, of 2–4 in rms of 2 in radial or in rms of 2 cls (21%),
  rarely of 3–6 rarely of 3–6  (31%), of oblique multi- (12%), rarely mainly in rms
   and clusters  3–5 (21%) ples of 2–3 in rms of 3–4 of 2 (50%),
      or more (6%) and cls sometimes rms
       (6%) of 3 (7.5%),
        rarely in rms
        of 4 (3.5%)

 VtD: Mean 45 (35–60) 70 (30–125) (70–190 ) (80–100) /  (50–150) 100 60 (40–85)
 (range) µm    (70–130)

 V /mm² 35 35 10–14 15–27  15–25  24 52–74

 VEL: Mean 55 (40–65) 95 (40–150) (60–225) (90–150) / (60–195) 125 73 (50–110)
 (range) µm    (20–90)

 tyloses Present Present Present Present? Absent Present Present 

 PP simple /  yes /No yes / No yes / No No /yes: yes /yes yes / No yes / No
 scalariform    10 (15)–20 (10–15 bars)
     bars

 IVP  size  sm–med,     med–lrg,      med–lrg,    lrg (10 in
 (µm)  6–7.5 × 5–6 8–10  8–12  DM 13.1)

 AP vc scp, vc scp, vc, tending  marginal? &  scp scp, vc scp? vc
    to aliform concentric
     bands of
     4–12 cells

 RW (cell no.) 1–5,  1–4,  1–3,  1–5,  1–3,  1–3,  1–3, 
  mostly  3–4 mostly 2–3 mostly 2–3 mostly 3–4 mostly 3 mostly 2–3 mostly 2–3

 RW (µm) 12–57 15–40  15–55 12–40  25–30

 RH (µm) 50–320 100–470  120–700 80–900  280–520

 SepFib yes yes yes No yes yes Probably 
        non-septate

 Idioblasts Numerous  Few  8–22  37 35–65
 per mm²

 Idioblast R: 35 (25–47), R: 45 (27–60)    R: 20–25, R: 15–45,
 size (µm);  t: 21 (12–30), t: 28 (22–42),    t: 40–50 t: 10–36
 R: radial  ? Ht: 65 Ht 75
 t: tangential  (35–100) (37–105)
 Ht: height
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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 re- 
discovered 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. Laurin-
oxylon 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 simi- 
lar 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–I). 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 
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. nec-
tandrioides Kräusel & Schönfeld. However, L. microtracheale has predominantly 
homocellular rays, which does not agree with the diagnosis of Laurinoxylon. Homo- 
cellular 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 mate- 
rial of L. microtracheale needs to be examined to determine if its combination of fea- 
tures 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).
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Laurinoxylon Type 2a
 Fossil species – Laurinoxylon mueller-stollii Greguss emend. Süss & Mädel
(Fig. 3A–D, table 2a).
 Material: specimen IGP Ipolytarnóc No. 05 + 3 slides: No. 05/A, 05/B & 05/C 
(potential part of the holotype of L. mueller-stollii).
 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, B). – Wood: diffuse-
porous (Fig. 3A, B). – Vessels: 12–18 vessels /sq.mm; 56% solitary, 25% in 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; 

Figure 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, vasicen-
tric 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 bars = 200 µm in B, C, D; 500 µm in A.
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Table 2a. Comparison of the anatomical characteristics among species of Laurinoxylon 
type 2a.
* is used for the species that we suggest are excluded from Laurinoxylon. For abbreviations used 
in tables 1, 2a, b, 3 & 4, see legends on page 468.
  Laurinoxylon  Laurinoxylon Laurinoxylon Laurinoxylon Laurinoxylon Laurinoxylon Laurinoxylon
  endiandroides* aniboides* nectandrioides* annularis* (+ cf.) ehrendorferi müller-stollii
      hasenbergense

Laurinoxylon Type 2a
 Locality Hasenberg at Ipolytarnóc, Netherlands East Bavarian Hasenberg, Lemnos island Ipolytarnóc 
  Wiesa close to Komitat (Holland), Molasse near Wiesa, (2 km SSE of, (Hungary) and
  Kamenz, Saxony, Nograd, Germany Ortenburg Saxony, Mudros), Wiesa, Kamenz
  Germany Hungary  close to Passau Germany Greece (Germany)

 Age Middle–Upper Early Miocene Allochthonous Middle–Upper Early or Early Miocene
  Oligocene Miocene  from Lower Oligocene (Süss), Middle (Burdigallan)
     Eocene age  Early Mocene Miocene
     inside Lower (Greguss)
     Miocene fluvial
     sediments

 GR Distinct Distinct Weak (Berger), Distinct Distinct Weakly distinct Distinct
    distinct (K-S) or  (but ‘blurred’)
    indistinct-absent
    (van der Burgh)

 Porosity Diffuse Diffuse Semi-ring or Ring-porous Diffuse Diffuse Diffuse
    diffuse

 V Grps sol, rms of 2, sol, rms of 2, mainly sol, sol, rms sol, rms of 2, sol, rms of 2, sol (56%),
  rarely in rms often in rms of rarely in rms of 2–4 rarely rms  rarely rms of 3 rms of 2 (25%)
  of 3–6 3–4, rarely cls of 2–3  of 3–4  and 3–4 (19%)

 VtD: Mean 67 (30–90) 133 (55–220) (50–180) 80–95  60–95 (25–130) up to 200 160 (85–200)
 (range) µm

 V /mm² 10 25 10–20   10–25, 30–45  12 12–18

 VEL: Mean 90 (30–135) 180 (65–280) 250–400 110–135 70–100 (30–170) 500 175 (85–240)
 (range) µm     105–140 (30–230)

 tyloses Present Present Present Probably Present  Present 
     present

 PP simple/  yes /No No/ yes  yes / No yes/ yes yes /No yes / ? yes / yes
 scalariform

 IVP  size sm–med,  med–lrg, sm–med, sm, 4–6  sm–lrg,   lrg lrg
 (µm) 7.5 × 6–7.5 7–10 × 7–15 6–7  5–10(–12)

 VRP   red  sim sim, red sim, red

 AP alf to cfl vc scp, vc, alf,  vc (ring  vc (ring 1–3 scp, vc scp, vc
    cfl, marg 3 cells width) cells wide)

 RW 1–3 (mostly 2,  1–4 (mostly 1–4,  1–3  1–3  2–4 1–3, 
 (cell no.) rarely 4) 2–3, rarely 5) mostly 2–3    mostly 2

 RW (µm) 28 (10–60) 37 (20–60) 12–16  12–52  25–30

 R/mm 9–11 7–8   6–11 5 5–8

 RH (µm) 270 (85–620) 460 50–100  250–390 up to 800 260–500
   (110–1230)   (60–1200)

  SepFib yes No yes No yes yes

 Idioblasts Very  Numerous     35–65
 per mm² numerous

 Idioblast  R: 48 (35–67), R: 56 (30–75) R: 40–75,  R: 40-50 (15-100), Ht: 200, Ht: 40–75,
 size (µm);  t: 33 (25–52), t: 47 (25–70), t: 30–50  t: 25–32 (10–65), width: 80 width: 30–50
  Ht: 130 Ht: 120   Ht: 85–130 in tLS
   (55–310) (60–320)   (30–300)

 Prismatic yes yes yes Not  yes Not Not
  crystals    observed  observed observed
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outline of solitary vessels round to oval (Fig. 3A, B); perforation plates simple and 
scalariform (Fig. 3D); tyloses common (Fig. 3A–D), 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–D), 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 paren-
chyma: vasicentric (Fig. 3A–C) 15–20 µm wide circle around the vessel. – Fibres: with 
simple to minutely bordered pits, probably septate (Fig. 3C, D). – Idioblasts: associated  
with the ray and axial parenchyma, tangential height 40–75 µm, width 30–50 µm (Fig. 
3C, D). Number of idioblasts per sq. mm (transverse section): 35–65.

 Comparison with Laurinoxylon Type 2a species (table 2a).
 IGP Ipolytarnóc No. 05, potential part of the holotype of Laurinoxylon mueller-
stollii 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–D). 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 ob-
servations (table 2a).
 Our search of the InsideWood 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. ehrendorferi Berger, L. endi-
androides Süss, 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 Laurin-
oxylon).
 Berger (1953) suggested L. ehrendorferi was closely related to L. nectandrioides, 
based on idioblast characteristics, and was similar to the extant lauraceous genera Acro- 
diclidium, Aiouea, Cinnamomum, Cryptocarya, Persea and Phoebe. We agree that 
Laurinoxylon ehrendorferi Berger is similar to L. nectandrioides, except for more fre- 
quently grouped vessels in L. ehrendorferi and more abundant axial parenchyma in  
L. 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 occur-
rence 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 
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“Problems and proposals” paragraph below). There are additional differences between 
the Hungarian material we studied and L. mueller-stollii, 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 the “Prob-
lems 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.
 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 1 mm and only scalariform perforation plates. Because of the ex- 
clusively 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 
Březinová & 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 
could 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.
 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 
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with the fibres as alluded to by Süss (1958, p. 32, “einige scheinbar in der Holzmasse 
verstreut”). If idioblasts among 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 an 
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 the 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-stollii has septate fibres and no crystals, 
so it could be related to the extant genera with features of Laurinoxylon type 2a that 
do not have crystals and belong to the tribe Perseae Nees: Aiouea, Cryptocarya from 
Madagascar, Nothaphoebe and Persea. Fossil lauraceous leaves also occur at Ipoly-
tarnóc (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-stollii and those 
Persea leaves.

Laurinoxylon Type 2b
 Fossil species – Laurinoxylon aff. diluviale (Unger) Felix emend. Dupéron et al. 
(Fig. 4A–J, 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 pre-
served) 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 was not 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  
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Figure 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 paren-
chyma 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 diluvi-
ale 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 parenchy- 
ma, 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 bars = 50 µm in B, C, D;  
100 µm in I, J; 200 µm in F, G, H; 500 µm in A, E.

H

oval (Fig. 4A, B); vessel walls thin; perforation plates mostly simple (Fig. 4C, D), some  
scalariform with 6–12 bars; polygonal alternate intervessel pits small (5 µm) to me-
dium (7.5 µm), tyloses common (Fig. 4A, B). – Rays: heterocellular up to 3 cells wide 
(extremely rarely 4 cells), (20–60 µm), and 160–650 µm high (Fig. 4C); body of mul-
tiseriate rays composed of procumbent and upright cells, marginal rows of 1–4 upright  
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cells; crystals not seen; rays per mm: 11–16. – Axial parenchyma: scanty paratracheal 
(Fig. 4B). – Fibres: probably septate. – Idioblasts: associated with the ray parenchy- 
ma cells and among the fibres (Fig. 4C, D), 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.

Table 2b. Comparison of the anatomical characteristics among species of Laurinoxylon 
type 2b.
* is used for the species that we suggest are excluded from Laurinoxylon. For abbreviations used 
in tables 1, 2a, b, 3 & 4, see legends on page 468.
  Laurinoxylon Laurinoxylon Laurinoxylon Laurinoxylon
  (Ulminium) perfectum* compressum* aff. diluviale (n=3)
  diluviale

Laurinoxylon Type 2b
 Locality Jachymov Landes, S. France Landes, S. France Southeastern 
  (Bohemen),   Lesbos
  Czech Republic

 Age ? Oligocene Miocene Miocene Lower Miocene

 GR Distinct Distinct Distinct Distinct

 Porosity Diffuse Diffuse Ring-porous Diffuse

 V Grps sol (75%), sol (35%), mostly sol, sol (29%)
  rms of 2 (20%), rms of 2 (35%) rarely in rms and in rms of 2 
  of 3–4 (2%), and and 3–4 of 2–3 (50%), 3 (17%),
  in cls (3%) (29%)  and 4 (4%)

 VtD: Mean (range) µm ew: 100–154; ew: 100 (75–140), ew: 110–150, 40–110
  lw: 44–72 lw: 55 (40–70) lw: 70–95 

 V /mm² 9–33 10–15   20–100 

 VEL: Mean (range) µm 300–550 lw: 57 (48–80); ew: 180–240; 50–150
   ew: 125 (65–160) lw: 110–150 

 tyloses Present Present Present Present

 PP simple/  scalariform yes / yes yes / No yes / No yes / yes
  (6–12 bars)   (6–12 bars)

 IVP  size (µm) med–lrg (7–15) lrg (10–15)  sm–med (occ. lrg)

 VRP  red red–sim

 AP scp, vc (1–2 cells scp, sometimes scp, vc scp?, vc
  wide rows) tends to alf

 RW (cell no.) 1–5 (3s–51%) 1–3 (mostly 2) 1–3 (mostly 2) 1–4 (mostly 2–3)
  4s 29% 

 RW (µm)  20–48  20–60

 R/mm 6–9 16  11–16

 RH (µm) 60–820 1s: 170 (60–370), avg: 270 (150–500) 160–650
  (frequently: 220–420) 2s: 290 (220–420),
   3s: 390 (250–500)

  SepFib Probably yes No Probably

 Idioblasts per mm2 0–18 Abundant 25–33 Usually 35–70

 Idioblast size (µm)  At ray edges: R: 50–80, Large tangential: R: 25–70,
  t: 27–60 (max. ht: 300) height: 115 (65–180), t: 15–40 (in tS)
  Inside rays: R: 37, t: 27  width: 64 (55–80) or
    transversal: 35–60
    radial diam.: 50–90

 Prismatic crystals No No No No
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 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 InsideWood 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, with 1–3-seriate rays, lower vessel fre- 
quency and fewer rays per mm. Both L. compressum and L. perfectum should be exclud-
ed from Laurinoxylon (for explanation see the “Problems and proposals” paragraph).
 Laurinoxylon diluviale from Jáchymov appears the most similar to the Lesbos mate-
rial. 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 ex-
amined 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–J). 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 Sassafras-
oxylon 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.

 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, and 
therefore we suggest that Laurinoxylon aff. diluviale might have affinities with the 
group of Nectandra species without crystals.
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Laurinoxylon Type 3 / Cinnamomoxylon Gottwald
 Fossil species – Cinnamomoxylon seemannianum (Mädel) Gottwald (Fig. 5A–G, 
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 the naked eye.
 Microscopic description – Growth rings: distinct. – Wood: diffuse-porous. – Ves-
sels: 40–100 vessels /sq. mm; 17% solitary, 33% in 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, E); 
tyloses common (Fig. 5A); intervessel pits alternate. – Rays: heterocellular, up to 5-seri-
ate (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, G); crystals not seen; rays 9 (7–14) per mm. – Axial parenchyma: scanty 

Figure 5. Cinnamomoxylon Gottwald (= Laurinoxylon type 3), Cinnamomoxylon seemannia- 
num (Mädel) Gottwald (DMDA6a, DMDA6b, DMDA6c). – A, B: (Scanty) vasicentric para- 
tracheal 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 15–40 μm, 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 bars = 50 µm in B; 100 µm in D, E, F, G; 200 µm in A, C.
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paratracheal, vasicentric to confluent (Fig. 5A, B, D, E). – 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.

Table 3. Comparison of the anatomical characteristics among species of Laurinoxylon 
type 3.
* is used for the species that we suggest are excluded from Laurinoxylon. For abbreviations used 
in tables 1, 2a, b, 3 & 4, see legends on page 468.
  Cinnamomoxylon Laurinoxylon Laurinoxylon Cinnamomoxylon Cinnamomoxylon
  limagnense* variabile* bergeri seemanianum* seemannianum
  [syn. Laurinoxylon   [syn. Laurinoxylon [syn. Laurinoxylon
  limagnense]   seemannianum] seemannianum]
      DMDA 6

Laurinoxylon type 3
 Locality d’Aigueperse d’Aigueperse Hasenberg at Randecker Maar Southeastern
  (Puy-de-Dome), (Puy-de-Dome), Wiesa close to (SW Germany) Lesbos, Greece
  France France Kamenz (Saxony,
    Germany)

 Age Oligocene Oligocene Middle–Upper Upper Miocene Early Miocene
    Oligocene

 GR Distinct Distinct Distinct Distinct Distinct

 Porosity Diffuse Diffuse Diffuse Diffuse Diffuse

 V Grps sol (66%), sol (52%), sol, rms of 2, sol and rms sol (17%), rms of
  rms of 2 (28%), rms of 2 (36%), rarely of 3–4 of 2 –3 2 (33%), 3 (14%)
  3 (6%), and 3 (9%), 4 (2%)   and 4 (15%), and
  4 (1%) and 5 (1%)   cls (21%)

 VtD: Mean 93 (60–140) 164 (65–225) 80–87 (30–135) 99 (25–150) 45–50
 (range) µm 

 V /mm² 12–15 3–5 5–40 20 (13–29) 40–100 

 VEL: Mean  187 295 105–110 115 (45–180) 60–110
 (range) µm   (30–180) 

 tyloses Present  Present Present Present

 PP simple/  yes / Occasion- yes / No yes / No yes / No yes / No
 scalariform ally (5–8 bars)

 IVP  size (µm) 9–12 6–7 

 VRP Elliptic (4–7 x 6–7 sim
  7–15 µm) or cir-
  cular (6–10 µm)

 AP vc, cfl alf–cfl scp, vc scp, vc scp, vc

 RW (cell no.) 1–4 1–3(–4)-seriate 1–3 1–3 (2–3) 1–5 

 RW (µm) 60  25 (7–40) 15–35 50–60

 R/mm 7–8 3–8 9–11 5–10 7–14 (mostly 9)

 RH (µm) 620 50–225) 200–230 100–400 300–500
    (25–800)

  SepFib Possibly No No Some Possibly

 Idioblasts per mm2 very numerous  very numerous numerous 15–33

 Idioblast size (µm)  20–75 × 26–70 × 30–150 R: 50 (25–75), R: 53 (20–95), R: 30–50,
  40–170 (in tS) t: 25 (15–40), t: 38 (20–50), t: 90–175
    Ht: 110 (50–250/ Ht: 130 (50–150)
    70 (55–120)

 Prismatic crystals No No No No No
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 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 fos-
sil 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 InsideWood 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.
 Cinnamomoxylon limagnense differs from DMDA 6 in vessel grouping, mean ves-
sel 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 polyan-
tha 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 im-
portant 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 Cin-
namomoxylon 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 seeman-
nianum 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.
 Laurinoxylon cf. seemannianum described by Selmeier (1967, 1969, 1984) and Gott-
wald (1992) seems problematic (see the “Problems and proposals” paragraph) because 
these two authors have reported idioblasts associated only with the ray parenchyma. 
therefore, DMDA 6 was compared only with Laurinoxylon seemannianum Mädel and 
not with Laurinoxylon cf. seemannianum.
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 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 dif-
fering 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 of the 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 
to 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 Cinna-
momoxylon seemannianum (Mädel) Gottwald (1987), and we propose the new com-
bination 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 func-
tioned 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:
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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. Ex-
clusively homocellular rays, B3. Rays more than 5 cells wide, B4. Rays storied.

C. Porosity not characteristic of Laurinoxylon: Ring-porous wood.
D. the absence of idioblasts (oil and /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 Per-
seae (Aiouea, Aniba, Cinnamomum, Dehaasia, Dicypellium, Endlicheria, Licaria, 
Nectandra, Nothaphoebe, Ocotea, Persea - North American species, Phoebe, Pleuro- 
thyrium, 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, the Litsea chinensis group, North American Persea, Systemono-
daphne, 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, Nectan- 
dra 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 Laurinoxylon czechense from Kadaň-Zadní Vrch Hill (Type 1) and  
L. diluviale from 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 fea- 
tures, 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 fos- 
sil 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.
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