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Abstract A collection of petrified wood, hosted by the Natural Sciences Section of the Museum “Vasile Parvan”
from Barlad, was submitted to a palaeoxylotomical study. The samples come from the central part of Moldova,
Northward of Bérlad, and were collected from Simila gravel-quarry, from fluvial-deltaic sediments of Maeotian age,
most probably representing reworked elements from a Sarmatian formation which occurs in situ more Northward, in
Solesti-Averesti-Husi area. Previous palacobotanical studies made in that region outlined an interesting Late Miocene
Flora on the Moldavian Platform, and the palaeoxylotomical studies confirmed in that area the presence of forests
with conifers, elms, oaks and poplars. The results of the present study show the following taxa identified taxa:
Glyptostroboxylon cf. rudolphii Dolezych et Van der Burgh, Ulmoxylon scabroides Greguss, Quercoxylon bavaricum
Selmeier, Quercoxylon intermedium Petrescu et Velitzelos, Populoxylon tremuloides lamandei et lamandei, and

Prunoidoxylon multiporosum Dupéron.

Keywords: petrified wood, Maeotian deposits, Sarmatian Flora.

INTRODUCTION

In the central part of Moldavia, Northward of Bérlad, it
develops from a geologic point of view, a fluvial-deltaic
sandy formation of Maeotian age with lenticular gravel
levels (fig. 1), with rounded fragments of sandstones and
petrified wood, reworked from the Sarmatian sediments
which occur, in situ, more Northward, in Husi-Averesti-
Solesti area (see also Iamandei et al. 1999, 2000, 2001a,
2010).

The previous palaeobotanical studies on fruits, leaves or
wood, previously made in the region by Macarovici &
Paghida (1966), Starostin & Trelea (1969, 1984),
Tibuleac, (1998, 2001) and the palynological studies of
Tabara & Florea (2007), Chirila & Tabarad (2008, 2010)
allowed the identification of an interesting late Miocene
fossil flora in the Moldavian Platform. The conspectus of
the Sarmatian (l.s.) flora described by the study of plant
remains from the Moldavian Platform (see Givulescu,
2001) comprises species of Carpinus, Cassia, Persea,
Corylus, Fagus, Fraxinus, Juglans, Parrotia, Platanus,
Populus, Quercus, Rhus, Salix, Sapindus, Tilia, Ulmus
and Zelkova. In fact, Givulescu (2001) revised the
Khersonian flora described by Macarovici & Paghida
(1966) at Paun (a flora with Populus, Salix, Ulmus,
Zelkova, Alnus, Carpinus Laurus, Liquidambar, Parrotia,
Sapindus, Platanus, Vitis, Tilia, Cassia, Cercis, Juglans),
and by David (1916, 1922) and Barbu (1934) at Harsova
(a flora with Populus, Ulmus, Carpinus, Laurus, Cassia,
Fagus, Juglans, Quercus, Rhus), coming from the upper
part of the Khersonian formation and not from the
Bessarabian, as wrongly Givulescu (2001) mentioned
(this is the opinion of lonesi et al., 2005, p. 439).

To these, some other informal taxa were identified by
Tibuleac (1998, 2001) from the Volhynian of the Molda-

vian Platform, must be added: Taxodium, Glyptostrobus,
Pinus, Magnolia, Nyssa, Lauraceae div. sp., Platanus,
llex, Cassiophyllum, Cassia, Corylus, Betula, Carpinus,
Alnus, Juglans, Carya, Engelhardia, Quercus, Salix,
Populus, Myrica, Liquidambar, Zelkova, Vitis, Acer,
Fraxinus, Typha, Phragmites and Potamogeton.

Also, the results of the palynological studies of Tabira &
Florea (2007) and Chirila & Tabara (2008, 2010) indi-
cate in that region the presence of: Taxodium, Sciadopit-
ys, Abies, Picea, Cedrus, Pinus, Tsuga, Magnolia, lllex,
Carpinus, Fagus, Castanea, Quercus, Ulmus, Betula,
Tilia, Juglans, Carya, Platycarya, Engelhardia, Acer,
Myrica, Symplocos and also of some Oleaceae, Chenopo-
diaceae, Typhaceae and Cyrillaceae. Such studies indi-
cate a complex late Miocene flora, and a Mixed Meso-
phytic Forest type living in the Moldavian Platform, fa-
vored in this large area by the development of the hydro-
logical system after the retreat of the Dacian Basin, and
the expansion of the dry areas, also expressed by the veg-
etation, since abundant pollen of Artemisia being ob-
served. This plant association suggests, for that time, an
arid palaeoclimate of continental type with two marked
seasons, probably at the sylvosteppic edge and with medi-
terranean influences.

The list of late Miocene lignotaxa described till present in
the Moldavian Platform by Starostin & Trelea (1969,
1984), Lupu (1984)), comprises the following taxa: Ul-
moxylon khersonianum Starostin & Trelea 1969, U. scab-
roides Greguss 1969, Quercoxylon bavaricum Selmeier
1971, Q. sarmaticum Starostin & Trelea 1969, Q. den-
sannulatum (Starostin & Trelea, 1984), Q. macarovicii
Starostin & Trelea 1984, Q. praefrainetto Lupu, 1984.
Later, lamandei et al. (2001 a,b,c; 2006; 2008 a,b; 2010)
described from the Moldavian Platform some coniferous
lignotaxa as species of Taxodioxylon taxodii Gothan, Se
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Fig. 1 The geological map of Romania, with the petrified woods area marked by circle.

quoioxylon gypsaceum (Goepp.) Greguss, Glyptostro-
boxylon tenerum (Kraus) Conwentz, Cupressinoxylon sp.,
Tetraclinoxylon romanicum lamandei et lamandei.

The species of Araucarioxylon (A. moldavicum) de-
scribed by Boureau et al. (1969) from similar deposits,
most probably is a wrong identification of a fossil wood
of Tetraclinoxylon type, at least because the Araucaria-
ceae were no more documented in the Northern Hemi-
sphere during Neogene. Anyway, a revision of the origi-
nal material is necessary.

The fossil wood studied here represents a reworked mate-
rial, which appeara as rounded fragments of petrified
trunks brought as sedimentary elements from the Molda-
vian Platform, by the tributary palaeorivers from the pal-
aeohydrographic basin of Barlad river (fig 1), and were
collected from Simila gravel quarry, close to Zorleni
(Vaslui county).

After a palaeoxylotomical study, the following species
have been identified here: Glyptostroboxylon rudolphii
Dolezych et Van der Burgh, 2004; Ulmoxylon scabroides
Greguss, 1969; Quercoxylon bavaricum Selmeier, 1971;
Quercoxylon intermedium Petrescu et Velitzelos, 1981;
Populoxylon tremuloides lamandei et lamandei, 2006;
Prunoidoxylon multiporosum Duperon, 1976. They rep-
resent probably the fossil equivalents of extant tree spe-
cies, living now in the Moldavian Platform, and this can
have a great scientific significance, helping us with the
palaeoclimatic and paleoenvironmental reconstructions
for this region.
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MATERIAL AND METHODS

We had in the study a collection of 53 samples of petri-
fied wood gathered from Simila gravel quarry - Zorleni
(Vaslui County) and hosted by the Natural Sciences De-
partment of ,,Vasile Parvan“ Museum, Bérlad, Romania.
For the xylotomical study, from each sample, oriented
thin-sections of petrographic type were prepared, accord-
ing to the recommended three standard directions - trans-
versal, tangential and radial. These sections have been
studied under a transmitted light microscope and all the
anatomical details were described for each specimen,
using the scientific terms as defined by the IAWA list of
microscopic features for softwood and hardwood identifi-
cation published by the IAWA Committee (1989, 2004).
The photos of the xylotomical details were captured on an
“Ever Focus” video camera adapted to the optic micro-
scope, using the software “AVerMedia”, and the images
were processed with specialized computer programs.

The identification of the unknown original tree was sub-
sequently performed by comparison with previously de-
scribed similar aspects of fossil or current wood struc-
tures, from published scientific papers (all included in the
References chapter). For the systematic terminology, we
followed APG (2009, 2016), Christenhusz et al. (2011),
and the ICN-Shenzhen Code (Turland et al., 2018).
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SYSTEMATIC PALAEOBOTANY

Gymnosperms

Division Pinophyta Cronguist, Takht. & Zimm., ex Re-
veal, 1996

Order Cupressales Link, 1829

Family Cupressaceae Rich. ex Bartling, 1830

Subfamily Taxodioideae Endlicher ex K.Koch, 1873
Genus Glyptostroboxylon (Conwentz, 1884) emend.
Dolezych et Van der Burgh, 2004

Glyptostroboxylon cf. rudolphii Dolezych et Van der
Burgh, 2004

Fig. 2, a-i.

Material code: Pb11, Pb12, Pb17, and Pb23.

Locality: Simila gravel quarry (Vaslui county), central
part of Moldova, Northward of Barlad.

Repository: in the Collection of the Natural Sciences
Section of the Museum “Vasile Parvan”, from Barlad
city, Romania.

Age: Maeotian age.

Formation: Fluvio-deltaic sediments with gravel levels,
exploited in Simila gravel quarry, where the petrified
wood samples appear as reworked centimetric elements
with fibrous structure.

Microscopic description: The growth rings, in cross-
section, appear distinct, variably sized, of up to 50-60
cells wide and the transition from earlywood to latewood
is slightly gradual. The ring boundaries are distinct,
marked by the 3-5(-8) tangential rows of flattened cells of
the latewood which are sometimes resiniferous and par-
tially destroyed.

The tracheids are polygonal with rounded corners in
cross-section, having in the earlywood 25-50/30-55 pm
the radial/tangential diameters (r/tg.d.), diminishing in the
latewood to 10-25/15-30 um (r/tg.d.) and relatively thick
walls, of 5-10 um the double wall. There are 1-8(11) ra-
dial regular rows between two successive rays. The densi-
ty of the structure is of (650)900-1950 tracheids per mm?.
The radial pits are typical abietineous, of 12-18 um in
diameter, in 1-2(4) vertical rows of the opposite, spaced
or contiguous pits, often presenting small irregularities in
their arrangement. On the tangential walls the pitting is
missing or if sometimes it appears is either uniseriate,
spaced, or irregularly arranged in smaller pits of 6-8-10
um in diameter, with small borders and small circular
apertures. Crassulae are rarely present. No helical thick-
enings were seen on the tracheids, but resin granular re-
mains sometimes appear inside them.

The axial parenchyma is few, as dispersed cells, less visi-
ble in cross-section, since not always have dark content
and appear similar or smaller than tracheids. In vertical
view rarely appears as having thin terminal (horizontal)
walls, smooth, slightly rugose, or nodular. Inside the
cells, resinous granular remains appear.

The rays are usually uniseriate, sometimes with local
short biseriations, having 5-15 or more cells in height. In

tangential view, the ray cells appear vertical-oval, often
as unequally sized cells, sometimes determining lateral
intercellular spaces. The ray density is 8-15 rays per mil-
limeter horizontal tangential. In radial view, the rays
show a homocellular structure with cells all procumbent
and have thin and smooth horizontal walls thicker, with a
height of 10-17 um or more, the marginals are slightly
taller, showing a wavy outer wall. Ray-tracheids are not
present. The tangential walls are slightly nodular, but
indentures were not observed. The earlywood cross fields
have 3-4 glyptostroboid, sometimes taxodioid pits, but
with many reduced borders, like cupressoid type, of 8-10
pm, arranged in horizontal rows, or in slightly diagonal
pairs, or single in the latewood cross fields. In the mar-
ginal cross fields, there are more numerous pits in 1-2
horizontal rows. The pit apertures are nearly round or
oblique elliptic.

Mineral inclusions - usually absent.

Affinities and discussions

The xylotomic description of all the studied specimens
shows a combination of characters that suggest a cupres-
saceous structure of “taxodiaceous” type. Thus the shape
and distribution of the tracheids and of the parenchyma in
cross-section, the tracheidal pitting, the cross-fields with
cupressoid, taxodioid or glyptostroboid pitting indicate a
possible correspondent of the extant Glyptostrobus Endl.,
a member of the subfamily Taxodioideae Endl. ex
K.Koch, which include also Taxodium Rich. and Crypto-
meria D.Don., in the new systematic of Cupressaceae
(see Gadek et al., 2000; Farjon, 2000).

The fossil correspondent used for “taxodiaceous” woods
was Taxodioxylon Hartig, 1848 emend. Gothan, 1905.
The species Taxodioxylon gypsaceum (Goppert) Krausel
defined wood of Sequoia type but Torrey (1923) erected
the genus Sequoioxylon Torrey but, because the distinc-
tion between those two genera was problematic enough,
some of the paleoxylologists contested the validity of it,
considering the diagnosis of Taxodioxylon genus as suffi-
ciently comprehensive and that to establish new compe-
tency domain can complicate the fossil wood identifica-
tions (see Privé-Gill, 1975).

Another fossil species described as Taxodium europaeum
by Brongniart (1833) was replaced later by a new “tax-
odiaceous” fossil genus, Glyptostrobus Endlicher 1847,
to describe the

numerous similar fossil macroremains. But, only later
such a conifer was found and described as a living tree, in
China (Henry & Mclntyre, 1926).

For fossil wood, the correct fossil genus name, Glyp-
tostroboxylon, was erected by Conwentz (1884), emend-
ed later by Dolezych & Van der Burgh (2004), after a
new investigation on the original material from Wetterau,
the type-locality for Glyptostroboxylon tenerum (Kraus)
Conwentz, 1884. Thus, in their revision, they observed
that this species was the initial basionym for the genus
(the first name was Glyptostrobus tener Kraus, 1864).
This genus was taken again in discussion later by Seward
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Fig. 2. — Glyptostroboxylon cf. rudophii Dolezych et Van der Burgh, 2004. Specimen Pb23. a, b, ¢ — cross section: distinct
growth-ring boundary by flattened tracheids in late wood; dispersed parenchyma; d, e, f — tangential section: tracheids few
pitted; uniseriate rays; g, h, i - radial section: 1-2(4) radial pits on tracheids, cross-fields with 2-4 pits.
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(1919, p. 198) and Jurasky (1933), but only Krausel
(1949) was the one who corrected the name, in respect of
current ICBN Rules (now ICN, see Turland et al. 2018),
however noting the great variability of the glyptostroboid
pits, up to the cupressoid, in the cross fields.

Whereas Gothan (1905) and later, Rudolph (1935), Wa-
tari (1948), Siss & Velitzelos (1997) and Fairon-Demaret
et al. (2003) have observed affinities between the wood
of Glyptostroboxylon tenerum (Kraus) Conwentz and
wood of Cunninghamia R.Br. and after a new investiga-
tion on the original material from Wetterau, the type-
locality, Dolezych & Van der Burgh (2004) have ob-
served that the affinity of this wood is not to Glyptostro-
bus, but clearly to Cunninghamia, now Glyptostroboxy-
lon tenerum is interpreted as fossil wood of Cunning-
hamia type. Thus, Dolezych & Van der Burgh (2004)
have described a new species of Glyptostroboxylon, as G.
rudolphii Dolezych & Van der Burgh, emending also the
genus’ diagnosis and taking this species as basionym.
This is the new genus diagnosis:

- Coniferous wood with distinct growth rings.
Tracheids in the earlywood are wider than in the late-
wood. On the radial walls of tracheids, pits in 1-3(4) ver-
tical rows. Wood parenchyma with thin and smooth to
moderately thick and pitted terminal (horizontal) walls.
Rays are homogeneous, mostly uniseriate. Cross-field
pits in the earlywood are predominantly glyptostroboid,
but also some cupressoid and taxodioid pits may be pre-
sent.

The species name come from the name of a scientist who,
they say, was the first discussing the affinity of the fossil
to the recent wood of Cunninghamia vs. Glyptostrobus
(Rudolph, 1935), and observed that the pits in cross-fields
of the fossil wood are glyptostroboid and taxodioid, in a
random distribution. The newly described species, Glyp-
tostroboxylon rudolphii Dolezych et VVan der Burgh 2004
represents, most probably, the fossil wood of Glyptostro-
bus europaeus (Brongniart) Unger, described on the basis
of adpressions of shoots, leaves and cones, and frequently
found in the European Cenozoic formations (see Hofman,
1952; Zalewska, 1953, Greguss, 1967).

More recent discussions of Matsumoto et al. (1997),
Dolezych & van der Burgh (2004), LePage (2007) or
Manzouka et al. (2019) suggest that the evolutionary and
biogeographic history of Glyptostrobus, started in Cana-
da, in Aptian.

An interesting discussion is made by Teodoridis & Sakala
(2008, p. 307), who observed that there is a disproportion
between abundant leaves and cones/seeds of Glyptostro-
bus in the Most Basin (Czech Republic) and only one
specimen of fossil wood found preserved as xylite, rather
difficult to identify, attributable to this genus, and tradi-
tionally considered as the main coal-generating element:
“association of Glyptostrobus” sensu Kvaéek & Buzek
(1982).

Anyway, after the revision and emendation of Glyp-
tostroboxylon genus, new specimens were described and

other revised as Glyptostroboxylon rudolphii Dolezych et
Van der Burgh, 2004:

Teodoridis & Sakala (2008) studying a fragment of sider-
itized wood from Bilina Mine, from the Most Basin, de-
scribed G. rudolphii, as having crassulae, large intercellu-
lar spaces between ray-cells and cross-field pits exclu-
sively glyptostroboid.

Vassio et al. (2008), described G. rudolphii from Middle
Pliocene, studying in situ stumps from Stura di Lanzo,
right riverbank (NW Italy), based on their typical fea-
tures, especially the presence of exclusively glyptostro-
boid cross-field pits.

Dolezych, in Erdei et al. (2009) studying xylotomically
stumps from the Miocene Fossil Forest of Bikkabrany
(Hungary), described wood structures comparable to
Glyptostroboxylon as having similar cross-field pits. Such
an idea is confirmed also by the presence of the organic-
rich sediments underlying and embedding the stumps,
which provided a high abundance of Glyptostrobus End-
licher wood remains, foliage, cones and seeds.

Gryc & Sakala (2010), took again in the study some
woods from the Miocene opencast lignite mine of
Bukkabrany (Hungary), exposed in the "Visitor Centre of
the Ipolytarn6c Fossils Nature Reserve”, and described
them as Glyptostroboxylon rudolphii, having cross-field
pits mainly glyptostroboid.

Havelcova et al. (2013) described G. rudolphii from the
Stump Horizon in the Bilina open cast mine (Czech Re-
public), as has also the typical details, regarding cross-
field pitting.

Koutecky & Sakala, (2015) described G. rudolphii also
from Doupovske hory, Czech Republic, also having glyp-
tostroboid and taxodioid pits (1-2, occasionally up to 4)
in cross-field, and rays up to 12 cells high.

Recently, Akkemik et al. (2017) published the first Glyp-
tostroboxylon from central Turkey, and then, Akkemik et
al. (2019) identified a G. rudolphii from another site of
central Turkey based on the nearest features such as 2-5
pits per cross-field, predominantly glyptostroboid, but
also taxodioid and apparently higher ray height.

Some forms of Glyptostroboxylon previously described,
could be reassigned to the real equivalent of Glyptostro-
bus, i.e. Glyptostroboxylon rudolphii Dolezych et Van
der Burgh, since they are characterized mainly by glyp-
tostroboid cross-field pits. Thus:

The species described by Kostyniuk (1938), as having
oval or round and glyptostroboid pits in cross-fields,
clearly agree with G. rudolphii, to which it could be reas-
signed.

lamandei et al. (2001), described a specimen from the
Early Sarmatian from Leucusesti — Falticeni, North-
eastern Romania as G. tenerum which has to be reas-
signed to G. rudolphii, having also glyptostroboid cross-
fields.

Nagy et al. (2002) described G. tenerum from the late
Badenian deposits of Pravileni (South Apuseni Moun-
tains), and having glyptostroboid cross-fields can be reas-
signed to G. rudolphii.
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In our here studied specimens, even if poorly preserved,
we tried to observe the pattern of the growth-rings, the
tracheids arrangement and their radial pitting, the axial
parenchyma, the details of rays, especially the cross-
fields which show glyptostroboid aspect.

Thus, taking into account the combination of the ob-
served xylotomical features, compared with those com-
prised in the specific diagnosis, and with the above-cited
identifications, we think that the studied specimens could
be attributed to Glyptostroboxylon cf. rudolphii Dolezych
et Van der Burgh, 2004.

Class Magnoliopsida Brogniart, 1843
Family Ulmaceae Mirbel, 1815
Genus Ulmoxylon Kaiser, 1879
Ulmoxylon scabroides Greguss, 1969
Fig. 3, a-i.

Material code: Pb13, Pbl5, Pbl6, Pb21, Pb22, Pbh24,
Pb29, Pb30, Pb31, Pb32, Ph33, Pb34, Ph35, Pb43, Pb46,
Pb47, Pb48, Pb49, Pb54, Pb60 and Ph63.

Locality: Simila gravel quarry (Vaslui county), central
part of Moldova, Northward of Barlad.

Repository: in the Collection of the Natural Sciences
Section of the Museum “Vasile Parvan”, from Bérlad
city, Romania.

Age: Maeotian age.

Formation: Fluvio-deltaic sediments with gravel levels,
exploited in Simila gravel quarry, where the petrified
wood samples appear as reworked centimetric elements
with obvious ring porous and fibrous structure with big
vessels — visible by the naked eye, typical for a dicot.

Microscopic description: The growth rings appear dis-
tinct in cross-section, defining a general structure of a
ring porous wood, with distinct boundaries marked by the
abrupt change of size and distribution of the vessels, large
ones in the earlywood face to the latewood where they
appear small and with typically ulmiform arrangement, as
wavy thick bands.

Thus, the vessels are obviously two-sized, in the ear-
lywood they are usually solitary and large-sized and in
slightly irregular radial arrangement, or as small groups
of 2-3, slightly deformed, appearing as 1-3 tangential
rows, or more. In the latewood, they are clustered in 1-6
short tangential bands, thick of 3-6 tangential rows of
smaller, unequal, crowded and deformed thin-walled
pores. These bands are not always tangential, usually they
are slightly diagonal between two rays, giving to the gen-
eral structure a slightly wavy aspect (= the typical ulmi-
form arrangement). The solitary large vessels are round to
oval or slightly deformed by tangential compression, hav-
ing the radial/tangential lumina diameter of 150-300/50—
150 pm and moderately thick walls, of 2-3.5 um (simple
wall). The smaller pores of the latewood are usually oval
or deformed by tangential compression, with lumina of
15-50 pm in diameter and with relatively thin walls of
about 2-3 pum (double wall). The density is variable, for
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the large pores of the earlywood, of 3-5 pores on tangen-
tial millimeter, and more numerous in the latewood, of
16-24 pores on tangential millimeter, i. e. 100-450(-600)
pores on square millimeters, sometimes more for they are
small and crowded in the latewood. Longitudinally, sim-
ple perforation plates are present, sometimes badly pre-
served. The intervascular pitting, usually poorly pre-
served, is alternate, contiguous, numerous, polygonal
rounded, bordered, of (7)9-13 um in diameter, and have
small circular apertures, rather less visible. The vessel-ray
pits appear in horizontal row, have much reduced borders
to apparently simple, corresponding to the ray-cell pits
from the cross-fields, described below. The size of the
vascular elements is difficult to measure because the sim-
ple perforations are, usually, less visible. Helical thicken-
ings in vessel elements are not present. Sometimes inside
the vessels tyloses and fungi remains can be observed.
The ground tissue is constituted of libriform fibres and
parenchyma.

The axial parenchyma in cross-section appears apotra-
cheal, diffuse in the transitional and latewood, mixed
with libriforms, but also as paratracheal parenchyma,
close to the earlywood vessels or close to the clusters of
vessels in the latewood type. In the longitudinal sections,
it is also visible as touching vessels, and it is obviously
pitted, and sometimes, chambered and crystalliferous.
The libriform fibres show in cross-section rounded-
shaped lumina, of 10-20 um in diameter, with moderate-
ly thick walls, of 3-5 um, and are densely arranged espe-
cially in the earlywood.

Tracheids, vascular fibres or vasicentric tracheids are not
present.

The rays are multiseriate, having a quasi-linear trajectory
in cross sections and are slightly dilated at the ring
boundary. Tangentially seen they appear 1-7 seriate (but
frequently 4-6 seriate), are usually compact, fusiform and
tall, of 10-60 cells in height. The ray-cells appear in the
tangential sections as polygonal, rounded to oval and
relatively thick-walled (of 3-4 pm double wall), are
slightly unequal, even if the rays appear homocellular in
the radial view, with ray-cells all procumbent. The ray-
density is variable, of 7-10 rays on tangential millime-
ters, finer rays being less frequent. Radially the rays show
cross-fields with vessels with small pits, of 3—4 um, poor-
ly preserved, even indistinct.

Mineral inclusions appear sometimes as various crystals,
in the axial chambered parenchyma.

Other details. Storied structure - not present in the struc-
ture. Secretory elements — as oil or mucilage cells not
present. Intercellular canals - not present. Cambial vari-
ants — as included phloem not present.

Affinities and discussions

The distribution of the vessels, in cross-section, defines a
ring-porous structure with two-sized classes of vessels
recognized as typical arrangement, defined as “ulmi-
form”, very specific for the members of Ulmaceae fami-
ly, especially for the current genus Ulmus L.
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Fig. 3 - Ulmoxylon scabroides Greguss, 1969. Specimen Pb49. a, b, ¢ — cross-section: ring porous structure with two-sized
vessels, small vessels in late wood grouped in ulmiform arrangement; d, e, f — tangential section: fusiform broad rays, vessels,
ground mass; g, h, i — radial section: vessels with simple perforations, homocellular rays, pitted ray cells in cross fields.
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Consulting the atlas of Schweingruber (1990), the paper
of Sweitzer (1971), the sites of Schoch et al. (2004 -
www.woodanatomy.ch) and of Wheeler (2011 — as In-
sideWood - onwards -
http://insidewood.lib.ncsu.edu/search) and also, the atlas
of Akkemik & Yaman (2012), we found a great simili-
tude of the structure of our specimens with the current
Ulmus glabra Huds., named ,,scotch elm” or ,,wych elm”,
a taxon spread in Europe and temperate Asia, and also in
the Mediterranean area (including Northern Africa and
Middle East). This species includes now several syno-
nyms, inclusively U. scabra, U. campestris... (see The
Plant List - Ulmus glabra Huds. — The Plant List).

The accepted fossil correspondent genus for this wood
type is Ulmoxylon Kaiser, which was described by the
study of a Miocene ulmaceous wood from Gleichenberg -
Steiermark, Austria. Kaiser (1879) named it Ulmoxylon,
reviewing the species Cottaites lapidariorum Unger (see
Jogmans & Edwards, 1931 p.80-81) and, probably con-
sidering it as a type for the genus, he did not design it,
clearly, a genus-type, a fact that now is not accepted, con-
sidered type non designatus” (see ING Database).

In fact, more recently, Doweld (2017) made a proposal to
reject the name Cottaites, specifying that ”at the present
time, Ulmoxylon is widely adopted in modern palaeobot-
any for ulmaceous fossil woods, containing nearly 12
species” (Gregory et al. 2009, p.133); see also IFPNI
(2014) - http://fossilplants.info/). Also, Doweld (2017)
specifies: Ulmoxylon Kaiser should not be confused with
its later illegitimate homonym Ulmoxylon E. Hofmann
(1939), which was later renamed as Celtixylon by Gre-
guss (1943), having affinity with Celtidaceae Endl. (see
Endlicher 1841, p.163-164).

We remarked Ktusek (2012), who made a good discus-
sion on the adventures of the genus name for ulmaceous
fossil wood, classified, in time, as Ulminium, Ulmoxylon
or Ulmus. Also, she gave a useful comparative table of
the previously described fossil species.

However few European fossil species were described
until the present day and we used some of them for com-
parison with our here studied specimens.

Starostin & Trelea (1969) described from the Moldavian
area, an Ulmoxylon kersonianum from the Carpathian
Miocene, quite similar to our specimens having also two-
sized vessels and ulmiform arrangement in latewood.
Privé & Brousse (1969) described from western Europe
an Ulmoxylon aff. lapidariorum (Unger) Felix, on poorly
preserved material. Latter, Privé-Gill et al. (2008) de-
scribed an Ulmoxylon lapidariorum, considered to be
closer to the extant species Ulmus campestris L., and
quite similar to our specimens, especially by the typical
ulmiform arrangement of the latewood.

Greguss (1969) described from the Mio-Pliocene of Hun-
gary an Ulmoxylon cf. Ulmus carpinifolia Gled., slightly
different of our specimens by their short and wide rays.
Also, Petrescu & Dragastan (1971) described from the
Carpathian area an Ulmoxylon cf. Ulmus americana L.,
has well-developed latewood with long wavy bands of
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vessels as ulmiform aspect, slightly different of our spec-
imens.

Sakala (2002), described on some fossil wood from
Czech Rep. an Ulmoxylon marchesonii Biondi which has
structural details similar to the current species Ulmus
macrocarpa Hance, from North America, to
U. parvifolia Jacq. from China and to the European
common elm U. carpinifolia Gled. and, having short and
wide rays, is slightly different of our specimens which
have tall rays, slightly slender.

lamandei & lamandei (2010) described from the Miocene
formations from Solesti area, an UImoxylon scabroides as
identical to the species described by Greguss (1969) from
the Miocene deposits of Hungary, which corresponds to
the current Ulmus scabra Mill. which is a synonym of the
,»scotch elm”, i.e. Ulmus glabra Huds.

Thus, by their typical ulmiform ring-porous structure,
with two-sized vessels, 1-3 rows of big vessels in the
earlywood, simple perforations and alternate pitting on
vessels, apotracheal and paratracheal parenchyma, some-
times chambered and with crystals, 1-7 seriate rays, but
frequently 4-6 seriate, are usually compact, fusiform and
tall, of 10-60 cells in height, homocelular and with typical
pitting in the cross-fields, structural features similar up to
identity with the current ,,scotch elm” and with the fossil
species described by Greguss, we attribute the studied
specimen to the fossil morphospecies Ulmoxylon scab-
roides Greguss, 19609.

Order Fagales Engler, 1892

Family Fagaceae Dumortier, 1829

Subfamily Quercoideae Orsted, 1867

Genus Quercoxylon Kréusel 1939 (emend. Miller-Stoll
& Madel, 1957; em. Gros, 1988)

Quercoxylon bavaricum Selmeier, 1971

Fig. 4, a-i.

Material code: Pb19, Pb20, Pb26, Pb27, Pb28, Pb38,
Pb44, Pb45, Pb52, Pb58, Pb59, and Ph64Zo0.

Locality: Simila gravel quarry (Vaslui county) and
Zorleni, in the central part of Moldova, Northward of
Barlad.

Repository: in the Collection of the Natural Sciences
Section of the Museum “Vasile Parvan”, from Barlad
city, Romania.

Age: Maeotian age.

Formation: Fluvio-deltaic sediments with gravel levels,
exploited in Simila gravel quarry, where the petrified
wood samples appear as reworked centimetric elements
with obvious ring porous and fibrous structure with big
vessels — visible by the naked eye, typical for a dicot.

Microscopic description

The growth rings are distinct in cross-section, the wood
structure of the ring-porous type, with two-sized vessels
and show distinct ring-boundaries marked by an abrupt
change between the latewood with small vessels and ear-
lywood suddenly starting with large vessels. Also, the


http://www.woodanatomy.ch/
http://insidewood.lib.ncsu.edu/search
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wood structure is marked by the presence of two-sized
rays.

The vessels of the earlywood appear large-sized in cross-
section, are exclusively solitary, and are arranged in 1-
2(3) tangential rows. They appear as round to oval-
shaped pores, radially elongated or slightly deformed by
compression, and have the lumina size of 100-250(350) /
70-200(250) um the radial/tangential diameters (r/tg d.),
and the wall-thickness of 3-5(7) um the simple wall. In
the transitional to latewood, the vessels appear suddenly
as small-sized pores, almost exclusively solitary, some-
times in small groups, the latewood slightly diminishing
close to the ring boundary (as final wood). They appear in
radial bundles between the numerous fine rays, floating in
a mixed ground-mass, and they form in the transitional to
latewood a quassi-triangular patern, having intermediary
portions devoid of vessels. The solitary small vessels of
the transitional and latewood have, usually, polygonal
cross-section, rounded or deformed, even star-like, prob-
ably due to compression and fossilization processes, and
have r/tg diameters of 20-40(50) / 15-30(50) pum, and
thin walls, of 2-3 pm the simple wall. The vessels’ densi-
ty is variable, with 2-3(5) large pores per tangential mil-
limeter but more numerous in the transitional to latewood
(often more than 100 pores per square millimeter). Longi-
tudinally, the vessels show simple perforation plates, ra-
ther poorly preserved. Also, vascular bordered pits ap-
pear, numerous, alternate and in some vertical rows, often
difficult to see due to poor preservation of all the wood
structure. The vessel-ray parenchyma pits have reduced
borders. Inside the vessels, thin-walled, large tyloses are
common, but poorly preserved, so, difficult to observe.
The vascular element size usually is difficult to measure.
The ground tissue is mixed, constituted by libriform fi-
bers and fibrotracheids (described below) and parenchy-
ma, often difficult to identify each other in cross sections,
having quite a similar aspect.

The fibers in the cross-section appear slightly irregularly
arranged mixed with the diffuse or banded parenchyma.
They have polygonal rounded sections and are relatively
thick-walled (4-5 pm double wall), and are unpitted and
unsepted. The fibrotracheids appear mixed in the ground
tissue and are relatively unclear in cross-section, because
of bad preservation. Also, longitudinally they present
small pitting, bordered, round or slightly elliptic, with
small apertures, in 1(2) vertical rows arranged. As va-
sicentric tracheids appear with smaller rounded cross-
sections and are coiling the big vessels. Vertically they
bear small, round, alternate, bordered pits with small
round apertures, in 1-2 vertical rows arranged.

The axial parenchyma, in cross-section, appear diffuse, of
apotracheal type, scattered among the libriforms, or dif-
fuse-in-aggregate, or as short thin tangential bands, and
scanty paratracheal. In longitudinal sections, the paren-
chyma cells difficultly can be seen amongst the elements
of the groundmass. Sometimes vertical rows of large
crystals in chambered parenchyma cells were observed in
some of the studied specimens.
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The rays are of two distinct sizes: fine rays, uniseriate and
biseriate, low and numerous, linear or slightly curved
molding the vessels in the earlywood, and broad rays,
multiseriate, compact or compound, of 13-20 cells wide
(up to 50-60 um). In tangential section they appear often
taller than 1 mm and sometimes dissected by libriform
fibers, giving them an aspect of aggregate rays. They are
constituted of rounded to polygonal cells, unequal in size
(10-20 pm in diameter) and relatively thin-walled (2-3
um the double wall). The ray frequency is variable, with
8-15 thin rays on tangential millimeters, the multiseriate
being rare and at relatively uniform intervals. Radially the
rays are homocellular and show cells all procumbent.
Sometimes there is a tendency to heterocellularity, the
rays showing 1-2 rows of square or upright marginal
cells. In the cross-fields, 5-7 small bordered pits appear,
rounded to elliptic (of 8-12 / 5-9 um) usually hardly visi-
ble, since often gum remains and solitary crystals appear
inside the ray cells are present, blurring the details.
Sheath cells or tile cells are not present.

Special details — such as storied structures, secretory ele-
ments, intercellular canals, cambial variants, included
phloem are absent.

Mineral inclusions are present as usually rounded crys-
tals, as we showed above, present in chambered axial
parenchyma cells and in ray parenchyma cells.

Affinities and discussions

Evaluating the studied specimens, at least in cross-
section, we observed their affinity to the fagaceous wood
structures by their well-expressed ring-porosity. The two-
sized rays (wide multiseriates and finer, mostly uniseri-
ate) and the two-sized vessels with their distribution in a
ring porous structure are typical for Quercineae (see
Privé-Gill, 1975), especially for the extant genus Quercus
L.

By consulting the books of Greguss (1959) and
Schweingruber (1990), the site of Schoch et al. (2004) -
onwards and Wheeler et al. (2011 - InsideWood — on-
wards) — we also have observed the xylotomical identity
of our studied specimens to the quercineous taxa. For
correct generic identification, some other keys of identifi-
cation were consulted too, for example:

1. The key of Hadziev & Médel (1962), which separate
within the current Quercoideae subfamily, four types of
wood structure:

» Type “Weisseichen” (white oaks), comprising most of
the species of section Quercus (former Lepidobalanus) —
having a ring-porous structure with small, polygonal,
thin-walled vessels in the latewood, densely and flame-
like arranged. This type of structure is quite similar to our
here studied specimens.

» Type “Roteichen” (red oaks), comprising the species of
the section Lobatae (former Eritrobalanus) and some
species of Lepidobalanoideae, with ring-porous structure
and relatively large, round, thick-walled vessels in the
latewood.
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» Type “Immergriine eichen” (sempervirent oaks), com-
prising species of Quercus and of Lithocarpus with dif-
fuse porous or half-ring-porous structure, the relatively
small and spaced vessels, often radially disposed in the
latewood.

* Type “Wurzelholz” (root-wood), present in all the
Quercoideae and having diffuse porous structure and
crowded large pores.

2. The key of Petrescu (1976), in which the author tried to
systematize the fossil fagaceous wood structures, separat-
ing within the ring-porous structures those with uniseriate
and compact pluriseriate rays, sometimes compact-
compound or partially-aggregate, corresponding to the
current Quercus genus and to the fossil genus Quercoxy-
lon.

For fossil wood of this type was created, during the time,
more genera, as it follows: Kloedenia, Quercinium,
Quercites, Quercus and Quercoxylon - used by Goeppert,
Felix, Unger, Conwentz, Mercklin, Schleiden, Edwards,
Schister, Platen, Knowlton, Pampaloni, Webber, Nee,
Ogura, Watari, Shimakura (see Muller-Stoll & Méadel,
1957).

However, the accepted fossil morphogenus is Quercoxy-
lon, which was created by Hofmann (1929), but was cor-
rectly defined later, by Krdusel (1939), with Q. retzianum
Kréusel as type-species and with this diagnosis: "Second-
ary wood porous or ring porous with more or less obvious
growth rings, usually solitary vessels, with simple perfo-
rations, with large alternate pits, bigger to parenchyma or
to ray cells from irregular oval to polygonal, usually ver-
tical; specific two-sized vessels and, tracheids, and libri-
form fibers and parenchyma as diffuse, as short tangential
uniseriate bands. Two-sized rays: short, uniseriate rays,
sometimes as false broad rays; and real broad rays, com-
pound, compact and aggregate".

The genus was slightly emended by Miiller-Stoll &
Médel (1957) and by Gros (1983, 1988). This is the last
diagnosis of Quercoxylon given by Gros (1988): "Porous
or ring-porous structure, usually simply perforated soli-
tary vessels, alternate vascular pitting; pitted parenchyma,
banded or diffuse; libriform tracheids and small vessels in
groundmass; and two-sized rays".

Later Suzuki & Ohba (1991), have described some quer-
cineous species from Japan, and made a revision of fossil
woods of Quercus-type and of Lithocarpoxylon genus.
They did not commented the validity of the genus Litho-
carpoxylon, created by Petrescu (1978), which was con-
sidered later invalid by Selmeier (1997) who considered
the diagnosis of Quercoxylon as including references to
similar details. For more details on the adventures of
these morphogenera see Suzuki & Ohba (1991), Gregory
et al. (2009, pp.46-54).

The analysis of the xylotomy of our studied specimens
shows that they should belong to “Weisseichen” type,
from Quercus section, since they present in cross-section
ring porous structure with large vessels in the earlywood
and small, polygonal, thin-walled vessels in the latewood,
as Hadziev & Médel (1962) said.

But the distribution of the vessels may have many varia-
tions, as some other authors previously have been shown
(see Selmeier, 1971; Privé-Gill, 1975). Thus, Privé-Gill
(1975) observed 5 types of latewood vessels' distribution:
1. typical dendritical distribution as radial complexes
separate by libriform bands; 2. diffuse distribution; 3.
irregular distribution of few vessels or absence; 4. the
vessels of the earlywood separated by a fibrous zone; 5.
as radial complexes of vessels with gradual diminishing
and separated by libriform fibers. The same author ob-
served that the different types of distribution of the late-
wood vessels may correspond to some ecological varia-
tion that affected the trunk growing. Well-developed
latewood indicates irrigated soil and reduced latewood is
determined by a dry climate. The localization of the sam-
ple in the tree is told by the proportion of latewood,
which can be bigger in the trunk than just under the cano-
py or at the periphery and, the growth rings are more re-
duced in the branches that are in the trunk. Reviewing
many extant described species of “white oak”, the same
author observed that there is a big intraspecific variation
(Prive-Gill, 1975, p.125)

Selmeier (1996) also observed that, generally, the vessel
diameter, ray size, ray frequency and ray distribution are
variable and, even in the same described fossil species,
the biometric values may be different. For this reason, in
the xylotomical description of extant wood, we find no
actualized measurements. So the accurate measurements
made by palaeoxylologists cannot be always useful to
identify an unknown.

Much more, the rules from “IAWA List of Microscopic
Features for Hardwood” (Wheeler et al., 1989) impose
different ways to express the older measurements.

Thus, because the current genus Quercus L., having over
500 species, shows a great interspecific xylotomic homo-
geneity, there is very difficult to delimitate the fossil spe-
cies, and they have only a descriptive value, as form-
species, otherwise very numerous (see Gregory et al.,
2009, pp.46-54).

After this discussion, and reviewing the description of
our specimens, we observed that the arrangement of the
vessels of the early, transitional and latewood is very sim-
ilar to the current white oak group (Sect. Quercus),
spread in Europe and partially in western Asia.

It appears that such an oak-type has dominated the Euro-
pean Miocene, since such similar forms, even identical
(see Petrescu, 1976) have been described in the Panno-
nian space by Felix, Andrednszky, Hofmann, Greguss (in
Miiller-Stoll & Madel, 1957), usually described as equiv-
alents to the current Quercus robur L., which belong to
Quercus section, identified later as Quercoxylon bavari-
cum Selmeier 1971. In fact, many similar species were
described in Carpathians, even from Husi-Averesti-
Solesti area, an area slightly northward of the site of
origin of here studied material, which we suppose it was
transported from that area, and we cite them: Quercoxy-
lon sarmaticum, Q. compactum, Q. macarovicii, Q. ker-
sonianum and Q. solesticum described by Starostin &
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Trelea (1969, 1984, 1987). Also, some other quite similar
Miocene oak wood were described from the Carpathian
area by lamandei et al. (2001a,b,c; 2006; 2008a,b; 2010;
2017; 2020).

Some of the wood remains collected from Solesti area by
lamandei & lamandei (2010) were attributed to
Quercoxylon bavaricum Selmeier, considered as the
nearest living relative to the current Quercus robur L.,
maybe to Q. petraea (Matt.) Liebl., as a white oak too,
and very similar (Greguss, 1959; Schweingruber, 1990;
Akkemik & Yaman, 2012). However, this species de-
scribed by Selmeier (1971) from Germany has a corre-
spondent within the Carpathian area in Quercoxylon sar-
maticum described by Starostin & Trelea (1969), and this
species must be revised, because, if Petrescu (1976) was
right, the Romanian fossil species could have priority
versus the German one, defining the same type of wood.
Therefore, after the above discussion and taking into ac-
count the structural details observed in our here studied
specimens, regarding the vessels arrangement in the
growth ring, the aspect of the ground tissue and of cross-
field pitting which are similar to the form described by
Selmeier (1971), we assign them to the species Quercoxy-
lon bavaricum Selmeier 1971.

Quercoxylon intermedium Petrescu et Velitzelos, 1981
Fig. 5, a-i.

Material code: Pb39, Pb4l, Pb42, Pb50, Ph55, Ph56,
Pb57, Pb61 and Ph62.

Locality: Simila gravel quarry (Vaslui county), central
part of Moldova, Northward of Bérlad.

Repository: in the Collection of the Natural Sciences
Section of the Museum “Vasile Parvan”, from Barlad
city, Romania.

Age: the Maeotian age.

Formation: Fluvio-deltaic sediments with gravel levels,
exploited in Simila gravel quarry, where the petrified
wood samples appear as reworked centimetric elements
with obvious ring porous and fibrous structure with big
vessels — visible even by the naked eye, typical for a di-
cot.

Microscopic description

The growth rings are quite distinct in cross-section, the
wood structure appears as semi-ring-porous, with vessels
in radial bundles, usually gradually diminishing from the
earlywood to the latewood one. Often, in some speci-
mens, a two-sized aspect of the vessels is visible. The
ring boundaries are marked by the abrupt change between
the latewood with small vessels and the suddenly starting
earlywood with big vessels. Also, two-sized rays are usu-
al.

The vessels appear exclusively solitary, arranged in radial
bundles, giving a slightly irregular to diffuse general as-
pect. The cross-section of the earlywood vessels is round
to oval, often deformed or radially elongated. Their lumi-
na varies between 200-350 pm in diameter, while the
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smaller vessels diminishing to the latewood are usually
rounded polygonal or star-like, and their diameters vary
between 40-150 um. The vessels are moderately thick-
walled: 3-5 pm the simple wall. The vessels’ density is
variable, as 3-5 vessels per square millimeter in the ear-
lywood, and between 7- 14 in the latewood. Simple per-
forations on tilted plates are present and numerous bor-
dered pits are visible on the vessel walls, corresponding
to those of the vasicentric parenchyma. The pits are
slightly small oval, of 4-5 um in diameter, opposite, sub-
oppositely to slightly alternately arranged, and crowded.
Helical thickenings are not visible, also tyloses or con-
tent, since poorly preservation. Mean vessel elements,
difficult to measure, range from 350 to 800 um.

The ground tissue is constituted from libriform fibers and
parenchyma, which are often difficult to identify from
each other, due to bad preservation.

The libriform fibres, in cross-section seen, constitute the
major part of ground tisue, are relatively thick walled
and, longitudinally viewed, are pitted and non-septated.
Fibrotracheids and vasicentric tracheids are also present,
and difficult to identify in cross-section, but on their ver-
tical walls, pitting can be observed.

The axial parenchyma appear in cross-section of apotra-
cheal type, either diffuse, scattered among the fibers, or
diffuse-in-aggregates. Also, paratraheal parenchyma ap-
pears, less visible in cross-section, closely appressed to
the vessels and pitted in longitudinal view, sometimes
chambered and crystalliferous, difficult to observe, due to
the poor preservation.

The rays are of two sizes and, in cross-section, appear
quite linear. The fine rays, usually uniseriate, are numer-
ous and low. The broad rays occur, in cross-section, at
relatively uniform and large intervals. They are multiseri-
ate, of 13— 20 cells wide (i. e. up to 300-350 pm in
width), are often taller than 1 mm and are usually dissect-
ed by libriform fibers, giving them a typical aspect of
compound-aggregate or even aggregate rays. In the tan-
gential section, the ray cells appear rounded to polygonal
cells, unequal in size (8- 15um) and rather thin-walled
(2-3 um the width of the double wall). The ray-density is
variable, varying between 10-20 rays on a tangential mil-
limeter. In radial view the rays are slightly heterocellular,
showing procumbent cells in the median part, followed
by squared to upright cells in the external part (marginal-
ly). In the cross fields, numerous rectangular or vertical
elliptic large pits are arranged “in palisade”. Sometimes,
gum remains and solitary crystals are present inside the
ray cells, often difficult to observe, due to poor preserva-
tion.

Special details - as storied structures, secretory elements,
intercellular canals, cambial variants, included phloem
not observed or are absent.

Mineral inclusions seems to be present as rounded crys-
tals in chambered axial parenchyma cells and in ray pa-
renchyma cells.


https://en.wikipedia.org/wiki/Heinrich_Gottfried_von_Mattuschka
https://en.wikipedia.org/wiki/Franz_Kaspar_Lieblein
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Fig. 5 - Quercoxylon intermedium Petrescu et Velitzelos, 1981. Specimen Pb55. a, b, ¢ — cross section: semi-ring-porous wood
with gradually diminishing vessels, in radial bundles, and two-sized rays and growth-ring boundary difficult to guesss; d, e, f —
tangential section: broad fusiform rays, dissected by libriform fibers giving them a typical aspect of compound-aggregate or even
aggregate rays (e, f), and thin rays 1-2 seriate; g, h, i — radial section: vessels with simple perforations and alternate pitting on
vessels, bad preserved cross-field (g, h) but clear rectangular or vertical elliptic large pits arranged “in palisade(i).
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Affinities and discussions

The studied specimens show, in cross-section, a semi-
ring porous wood-structure with broad rays and this indi-
cates them as possible fagaceous woods (see Petrescu,
1976). The aspect of the vessels, the two-sized rays with
the broad rays situated at relatively uniform and large
intervals and usually dissected by libriform fibers giving
aspect of compound-aggregate or aggregate rays and their
cross fields with pits “in palisade”, all clearly suggest an
oak-tree type structure, as resulted from consulting Gre-
guss (1954), Hadziev & Madel (1962), Schweingruber
(1990), the site of Schoch et al. (2004) - onwards and
Wheeler et al. (2011 - InsideWood — onwards) (see dis-
cussion above).

However, their structure could be also diffuse-porous,
which is characteristic of the evergreen species, while the
ring-porous structure characterizes the deciduous species
of Quercus (and the most septentrional species of Litho-
carpus). In the root wood, the deciduous species often
tend to lose their ring-porousness and to become similar
to the evergreen species, and the broad rays become di-
vided into false rays, i.e. aggregate rays (Privé-Gill,
1975).

For quercineous fossil wood (see discussion above), the
accepted valid name is Quercoxylon Kréusel 1939
(emend. Miller-Stoll & Madel, 1957; em. Gros, 1988),
and based on the cited keys of identification, it appears
that the here studied specimens suggest a structure of
white oak type, close to the extant Mesobalanus group.
Thus for comparison we used several fossil forms of
Quercoxylon, described by Muiller-Stoll & Médel (1957),
Greguss (1969), Nagy & Petrescu (1969), Hadziev &
Madel (1962), Huard (1966), Privé-Gill (1975, 1984,
1990), Privé & Brousse (1976); Petrescu (1976, 1978),
Petrescu et al. (1969, 1970, 1971, 1972, 1978, 1980,
1981), Starostin & Trelea (1969, 1984), Selmeier (1971,
1997), Suzuki & Ohba (1991), Selmeier et Velitzelos
(2000), lamandei et al. (2008a,b, 2010, 2011, 2014).
Taking into account the great intraspecific anatomic ho-
mogeneity inside the current Quercus genus and the vari-
ability of the measurable characters (see Prive-Gill, 1975
and Selmeier, 1996), and comparing the xylotomy of our
specimens with that found in the above-cited studies, at
other fossil oak described above as Quercoxylon bavari-
cum, we admit that, at the first sight, the wood structure
of the here studied specimens seems to be similar to the
current Quercus borealis L. (in Schweingruber, 1990), a
synonymous of the current Quercus rubra L., a species of
the red oak group (Quercus, section Lobatae), living now
in North America, in the northeastern United States and
southeast Canada (and locally named Northern Red Oak,
or Champion Oak).

However, we consider that the Miocene ancestors of the
extant oak species should not be searched on the Ameri-
can continent, but in the Mediterranean-European area.
Thus, we selected Petrescu et al. (1980, 1981), which
have described from the Oligocene of Trakia (North-East
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of Greece) a Quercoxylon helladae (Petrescu, Velitzelos
& Stavropodis, 1980) Selmeier 1997, which has some
similarities with our specimens, and also the species
Quercoxylon intermedium Petrescu & Velitzelos 1981
which is very similar to mediterranean evergreen oak
species and to our studied specimens by the distribution
of vessels in cross-section, by the aspect of rays of com-
pound-aggregate and the aggregate type and by the cross-
field pitting with palisade arrangement. This species was
also described by lamandei et al. (2014) from Rhodopes
mts., Bulgaria. Reviewing the current mediterranean
Quercus ilex L., an evergreen oak, and also the current Q.
cerris L., a deciduous form native to south-
eastern Europe and Asia Minor (Akkemik 2012; see also
InsideWood), we observed that a lot of structural details
are similar with those described in our specimens.

Thus, the tall broad rays usually dissected by libriform
fibers giving a typical aspect of compound-aggregate or
even aggregate rays (Fig. 6e-f) suggest a similarity up to
identity with the fossil species Quercoxylon intermedium
Petrescu et Velitzelos 1981, to which we assign the stud-
ied specimens.

Family Salicaceae Mirb., 1815

Genus Populoxylon Médel-Angeliewa, 1968
Populoxylon tremuloides lamandei & lamandei, 2006
Fig. 6, a-i.

Material code: Pb14, Pb18, Pb25 and Pb37.

Locality: Simila gravel quarry (Vaslui county), central
part of Moldova, Northward of Barlad.

Repository: in the Collection of the Natural Sciences
Section of the Museum “Vasile Parvan”, from Barlad
city, Romania.

Age: the Maeotian age.

Formation: Fluvio-deltaic sediments with gravel levels,
exploited in Simila gravel quarry, where the petrified
wood samples appear as reworked centimetric elements
with obvious ring porous and fibrous structure with ves-
sels — visible even by naked eye, typical for a dicot.

Microscopic description

The growth rings — distinct, wide, are often unequally
wide, since having distinct ring-boundaries, marked by a
few rows of slightly flattened cells of ground tissue as
final wood and the sudden start of the earlywood with
large pores.

The vessels, in the cross-section seen, have quite similar
sizes and are evenly distributed throughout the growth
ring, so defining a diffuse-porous wood structure. They
appear in radial pattern between two successive rays,
usually as radial multiples of 2-4(-6) pores, sometimes
mixed with a few solitary pores, whose contour is polyg-
onal rounded to oval, or star-like. The radial groups use
to be radially linked by 1-5 fibro-tracheids (described
below). In the groups larger and smaller vessels are pre-
sent. The mean tangential diameter of the solitary vessels
lumina is 50-120 um. The density is 80-160 vessels per
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square millimeter, sometimes more. In the longitudinal
view, the vessels show simple perforation plates, in-
clined, and usually poorly preserved. The intervessel pits
are of bordered type, numerous, alternate, polygonal,
mean-sized of 8-10 um in diameter, with a horizontal-
elliptic aperture of 3-4 um. Vessel-ray pits with distinct
borders, similar to intervessel pits in size and shape
throughout the ray cell, but poorly preserved, and diffi-
cult to observe. The vessel-element length is probably >
800 pm, but difficult to meassure, due to poor preserva-
tion. Thin-walled tyloses and dark gum remains or fungi,
rarely appear inside vessels.

The ground tissue include fibers and parenchyma, usual-
ly mixed.

The libriform fibres have also polygonal cross-section, of
12-16 um in diameter, and relatively thick walls: 4-6 um
the double wall. They show a poorly preserved pitting on
the longitudinall walls and are non-septate.
Fibro-tracheids are present, linking the radial groups of
vessels, as 1-5 cells, and are similar to the libriform fi-
bers, or larger, of 15-20 pm, and are moderately thick-
walled, of 3-6 um the double wall. More microscopic
details on the tracheids which are linking the radial
groups of vessels are difficult to observe, due to poor
preservation.

The wood parenchyma appears few and scarce, diffuse or
terminal, rather indiscernible, even if sometimes it ap-
pears in the vertical sections.

The medullary rays appear thin in cross-section and
formed by quassi-rectangular radially elongated cells. On
the horizontal walls simple small pits difficultly can be
seen, since granular gum remains usually are present in-
side the ray cells. The ray trajectory is usually linear, or
slightly sinuous. Tangentially the rays appear exclusively
uniseriate and have 5-35(-55) cells in height or even
more. The ray-cells have polygonal rounded to vertical
elongate shapes and, the marginals are slightly higher.
The ray-frequency is > 12 / mm, we counted even 18-22(-
35) rays per tangential mm. Radially, the rays are homo-
cellular, constituted from thin-walled cells, all procum-
bent, the marginals slightly taller. The cross-fields with
vessels are difficult to observe due to poor preservation,
but present 1-2 weakly bordered pits to apparently sim-
ple, per field, round to oval, of 4-7 um in diameter, and in
the marginal fields appear usually in 2-3 horizontal rows.
Special details - as sheath cells or tile cells are not pre-
sent. Also, storied structures, secretory elements, intercel-
lular canals, and cambial variants, including phloem are
absent.

Mineral inclusions are present as usually rounded crys-
tals, as we showed above, present in chambered axial
parenchyma cells and in ray parenchyma cells.

Affinities and discussions

The studied specimens show, in cross-section, some xy-
lotomical features typical for the current members of Sal-
icaceae family, such as the uniseriate rays, diffuse-porous
distribution of vessels, usually as radial multiples of 2-4(-
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6) pores, sometimes mixed with few solitary pores, and
homocellular rays with cross-fields specifically pitted,
suggesting the current genus Populus L. Quite similar
features appear in the current Salix L., in which the cross-
section shows the diffuse-porous distribution of vessels
which appear usually solitary, and the rays are heterocel-
lular (Greguss, 1959; Schweingruber, 1990; Schoch et al.,
2004 — onwards; Wheeler et al., 2011; Akkemik & Ya-
man, 2012; Sakala et al., 2018).

From the above-cited scientific papers we found there are
only five species of poplars, naturally growing in Europe
today and in the Anatolian area: Populus euphratica Oli-
ver P. nigra L., P. alba L., P. tremula L. and also, P. *ca-
nescens  (Aiton) Sm., which is  considered
a hybrid between the last two species (see P. *canescens -
Wikipedia). All these species are very similar since they
cannot be distinguished from each other on the basis of
their wood anatomy (see Schweingruber, 1990; Akkemik
& Yaman, 2012). There is only one small difference: the
rays are higher in the fossil species, and maybe the mar-
ginal axial parenchyma is more common in the fossil
species.

There are no many fossil forms described by the study of
wood remains, but the correspondent fossil genus - Popu-
loxylon was created by Madel-Angeliewa, in 1968, based
on the study of the type species P. priscum Maédel-
Angeliewa 1968. The diagnosis indicates: ”Diffuse po-
rous wood with usually grouped vessels, that has simple
perforations and numerous alternate intervascular pitting.
The uniseriate rays have all procumbent cells, the mar-
ginals higher, the cross-fields simple pitted, in 2-3 hori-
zontal rows of slightly oval pits, and few parenchyma”.
And our studied specimens have almost the same xy-
lotomical features.

For comparison we consulted the paper of Nastschokin
(1968) who described a Populus sp. (P. tremula L.?) from
the Quaternary of Yenisei-river basin (Russia). Close to
us, Greguss (1969) has described a Populoxylon sp. (cf.
Populus tremula L.), from the Sarmatian of Mikfalva
(Hungary), which has a semi-ring porous wood with radi-
ally grouped vessels with simple perforation plates and
alternate polygonal intervessel pits, and only uniseriate
rays. Both these structures send to the current species
Populus tremula L., (see Greguss, 1959; Schweingruber,
1990), and are very similar to our studied specimens.
However, as Sakala (2006) and Sakala et al. (2018) ob-
served, because of the lack of a radial section, it is not
possible to confirm whether the rays are homocellular,
similar to Populus L., or heterocellular, similar to Salix L.
Dutrelepont et al. (1997) described a Populoxylon sp.,
which has the vessel distribution in cross-section similar
to the extant Populus euphratica Olivier, which is slight-
ly different of our specimens.

From far-East, Blokhina & Snezhkova (2003) described
from the Upper Miocene of the Erkovetskii brown coal-
field (Amur River Region), a Populoxylon priamurensis
Blokhina et Snezhkova, and also, Terada and Suzuki de-
scribed from Japan, a Miocene Populus soyaensis (in
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Choi et al., 2010), which differ of our specimens by lower
vessels density and arrangement in cross-section.
lamandei et al. (2005, 2011) described some Mid-
Miocene petrified woods collected from Pravileni
(Apuseni Mts.) and, respectively, from Bala area (Me-
hedinti Mts.) which presented xylotomical similarity to
the current Populus alba L., as Populoxylon sp. (cf.
Populus alba L.), which is slightly different, by their po-
rosity.

From the Late Badenian of South Apuseni (Romania)
lamandei & lamandei (2006) and later, from Moldova
Rep. (lamandei et al., 2008b), have described Populoxy-
lon tremuloides lamandei et lamandei as xylotomically
identical with the extant species Populus tremula L., (see
Greguss, 1959; Schweingruber, 1991) and with our stud-
ied specimens from Simila gravel quarry.

Also, Akkemik (2021) described from Turkey (Hogas
village, Seben city, Bolu), a new species, as Populoxylon
sebenense Akkemik, which is slightly different of our
specimens by the obvious presence of marginal axial pa-
renchyma.

Thus, consulting also the identification key of Akkemik
(2021) and revising once again the description of the here
studied specimens, we observed an identity of their xy-
lotomical features with those of the current species Popu-
lus tremula L., and also with the fossil form Populoxylon
tremuloides described from Carpathian area, so we attrib-
ute them to the species Populoxylon tremuloides laman-
dei et lamandei, 2006.

Family Rosaceae Jussieu, 1789

Subfamily Amygdaloideae Arnott, 1832 (in Potter et al.
2007)

Genus Prunoidoxylon Dupéron, 1976

Prunoidoxylon multiporosum Dupéron, 1976

Fig. 7, a-i.

Material code: Pbh36, Pb40 and Pb59.

Locality: Simila gravel quarry (Vaslui county), central
part of Moldova, Northward of Bérlad.

Repository: in the Collection of the Natural Sciences
Section of the Museum “Vasile Parvan”, from Barlad
city, Romania.

Age: the Maeotian age.

Formation: Fluvio-deltaic sediments with gravel levels,
exploited in Simila gravel quarry, where the petrified
wood samples appear as reworked centimetric elements
with obvious ring porous and fibrous structure with big
vessels — visible even by the naked eye, typical for a di-
cot.

Macroscopic description

The growth rings are relatively wide, with quite indistinct
ring-boundaries that can be guessed when a size differ-
ence appears between the latewood and earlywood pores.
The vessels porosity is of diffuse-porous to semi-ring-
porous type, the pores appearing in diffuse or slightly
dendritic arrangement, as solitary and small radial multi-

ples of 2-4 vessels. The solitary vessels outline is polygo-
nal rounded and is usually of small type, even in the ear-
lywood, having 40-70 pum in diameters, slightly diminish-
ing in the final wood (20-30 pwm) and are moderately
thick-walled: 3-5 pm the simple wall. The pores are very
numerous, their density is > 100 vessels per square mil-
limeter. In the longitudinal view, simple perforation
plates appear and the vascular pitting appears as numer-
ous, alternate, small-bordered pits and poorly preserved.
The vessel-ray pitting difficult to observe, is quite simi-
lar, with many reduced borders to apparently simple, cor-
responding to the cross-field pits (described below). Ty-
loses are absent, and gum deposits and crystals, are usual-
ly present.

The ground tissue — is represented by fibers, fibrotrache-
ids and parenchyma.

The fibers are relatively thin-walled and poorly pre-
served, probably minutely pitted, and helical thickenings
and non-septate. The fibrotracheids appear paratracheal,
coiling the vessels, and are small pitted.

The axial parenchyma appear diffuse, and is extremely
rare or even absent.

The rays are usually 1-5-seriate, sometimes broader, up to
10-seriate, and with variable height, sometimes up to 1
mm. Ray density is 6-8 rays mm horizontal, often more.
As cellular composition, the rays are heterocellular, with
all cells procumbent, the marginals slightly higher. The
cross-fields, poorly preserved, have numerous alternate
pits, in horizontal rows arranged, poorly preserved.

Other special details such as sheath cells or tile cells, sto-
ried structures, secretory elements, intercellular canals,
cambial variants or included phloem are not present.
Prismatic crystals, inside vessels, sometimes appear,
probably with a secondary origin.

Affinities and discussions

The studied specimens show some xylotomical features,
especially the vessels diffuse-porous arrangement, in
cross-section, very specific for the Rosaceae of ”Prunoi-
deae” type in fact from Amygdaloideae subfamily, by
priority (see Potter et al., 2007) and not Spiraeroideae, as
the International Botanical Congress from 2011 stated
(ICN-Melbourne Code, see Wiersema et al. 2011).

For this type of wood, the genus Prunoidoxylon was
erected by Dupéron (1976), studying some fossil wood
from the Stampian formation of Agenais, from ”Bassin
d’Aquitaine”, France, as having xylotomical features of
”Prunoideae”, describing the species Prunoidoxylon mul-
tiporosum Duperon 1976, designed as generotype, its
diagnosis including the next details: Heteroxyl fossil
wood showing growth rings with semi-porous aspect,
with relatively small vessels (tangential diameter of 20 to
70 um) in dendritic arrangement in latewood, and very
numerous (100 to 195 pores per square millimeter), the
density being greatest in earlywood. Vessel elements of
short and medium length (260-460 pm.), with spiral
thickenings, with simple perforations, perhaps rarely sca-
lariform, and with small bordered pits (5-6 umin
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Fig. 7 - Prunoidoxylon multiporosum Duperon, 1976. Specimen Pb59; a, b, ¢ — cross-section: aspects of growth rings, diffuse
porous distribution of vessels, fine and broad rays, regular libriform fibers, relatively badly preserved; d, e, f — tangential sec-
tion, crystals in vessels (d) uniseriate and multiseriate rays (e, f); g, h, i — radial section, simple perforated plates poorly pre-
served, small pits on paratracheal fibrotracheids (i), poorly preserved cross-fields.
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diameter). Parenchyma is absent or extremely rare. Rays
are very fine to medium broad (1 to 5 seriate), usually
low and numerous, sometimes articulated, and heteroge-
neous. Libriform fibres are pitted with spiral thickenings.
Selmeier (1984) described from the Upper Miocene de-
posits of the localities Attenfeld, Egweil and Hammer-
bach (Germany), some petrified woods as members of
Rosaceae family, as Crataegoxylon cristalliferum and
Pruninium, alongside of a salicaceous species (Populoxy-
lon priscum). He considered the valid name Pruninium
Platen 1908, not Prunoidoxylon Dupéron, citing Suss
(1982: 1556).

However, Wheeler & Landon (1992) described from the
Late Eocene of Nebraska (US), between some other di-
cotyledonous fossil woods, a Prunoidoxylon eocenicum
Wheeler & Landon, in which he described helical thick-
enings on vessels, tangential bands of traumatic gum ca-
nals, which are restricted to the subfamiliy ”Prunoideae”,
and in particular to the genus Prunus s.l. (Metcalfe and
Chalk, 1950; Zhang and Baas, 1992). Our specimens do
have not such details that seem to be of traumatic origin,
and so, are slightly different.

More recently, Akkemik et al. (2019) — described a new
species of Prunoidoxylon, within a complex flora from
the Neogene of Kilyos, a coastal area in Istanbul, Turkey,
which can be similar to our specimens by their large rays.
However, using the identification key of Akkemik et al.
(2019) and taking into account the xylotomical features
observed in our specimens as the vessels arrangement,
their big density, the presence of paratracheal fibrotrache-
ids coiling the vessels, and the ray composition, even if
the studied structures are rather poorly preserved, we
assign them to the species Prunoidoxylon multiporosum
Dupéron, 1976.

CONCLUSIONS

A collection of petrified woods from Simila gravel quary
and Zorleni, in the central part of Moldavia, Northward of
Bérlad, hosted in the Collection of the Natural Sciences
Section of the Museum “Vasile Parvan”, from Barlad
city, Romania, was submitted to a palaeoxylotomical
study, and here you are the results.

The fossil woods was found in a fluvial-deltaic sandy
formation of Maeotian age, which has levels of sandy
clays or gravels. The gravel levels comprise rounded el-
ements of sandstone or of petrified woods, and we sup-
pose both come from a Sarmatian sedimentary formation
which occurs in situ, more Northward, in Averesti-Solesti
area.

A complex list of late Miocene flora conspected by
Givulescu (2001) after the previous palaeobotanical stud-
ies on fruits, leaves or woods was completed by other
studies of Tibuleac (1998, 2001), Tabira & Florea
(2007), Chirila & Tabara (2008, 2010) Starostin & Trelea
(1969, 1984), Lupu (1984), lamandei et al. (1999, 2000,
2001a, 2010).

This woody flora characterizes a late Miocene Mixed
Mesophytic Forest, which was growing on the Moldavian
Platform and whose remains have been accumulated in
the synchronous sediments collected by the developing
hydrologic system, after the gradually retreat of the Daci-
an Basin. And, such plant association suggests, for that
time, a mediterranean to arid palaeoclimate of continental
type with two marked seasons, probably at the sylvostep-
pic edge.

As results of this complex palaeoxylotomical study, the
following species have been identified here: Glyptostro-
boxylon cf. rudolphii Dolezych et Van der Burgh 2004,
Ulmoxylon scabroides Greguss 1969, Quercoxylon bava-
ricum Selmeier 1971, Quercoxylon intermedium Petrescu
et Velitzelos 1981, Populoxylon tremuloides lamandei et
lamandei 2006, Prunoidoxylon multiporosum Duperon
1976. They represent probably the fossil equivalents of
the extant species, living in Moldova now, and this can
have great scientific significance, helping us with the
palaeoclimatic and paleoenvironmental reconstructions
for this region.

ACKNOWLEDGMENTS

The authors thank a lot to the Museum “Vasile Parvan”
of Barlad, which offered to study their fossil woods col-
lection. We are also grateful to the two reviewers, Dr.
Unal Akkemik (Istanbul University-Cerrahpasa) and Dr.
Valentin Paraschiv (National Geology Museum, Bucha-
rest), and to the editors, for their constructive comments
that helped us to improve this manuscript.

REFERENCES

Akkemik, U. & Yaman, B., 2012. Wood anatomy of
Eastern Mediterranean species (5-310). Remagen,
Germany: Kessel Publishing House.

Akkemik, U., Acarca, NN. & Hatipoglu, M., 2017. The
first Glyptostroboxylon from the Miocene of Turkey.
IAWA Journal, 38(4): 561-570.

Akkemik, U., Akkilig, H., & Gilingor, Y., 2019. Fossil
wood from the Neogene of the Kilyos coastal area in
Istanbul, Turkey. Palaeontographica Abteilung B,
299(1-6): 133-185.

Akkemik, U., 2021. A re-examination of the angiosperm
wood record from the early and middle Miocene of
Turkey, and new species descriptions. Acta Palaeobo-
tanica, 61(1): 42-94. https://doi.org/10.35535/acpa-
2021-0004

Barbu, 1.Z., 1934. Contributions to the knowledge of fos-
sil flora from Moldavian Plateau and Basarabia.
Memoriile Sectiei de Stiinte, Academia Romana,
X(5): 105-134. (In Romanian).

Bartling, F.G. 1830. Ordines Naturales Planta-
rum eorumque characteres et affinitates; adjecta gene-
rum enumeratione. Sumptibus Dieterichianis; 1-V: 1-
498 pp. Gottingae. Biblioteca Digital.

79


https://doi.org/10.35535/acpa-2021-0004
https://doi.org/10.35535/acpa-2021-0004
https://species.wikimedia.org/wiki/Friedrich_Gottlieb_Bartling
https://species.wikimedia.org/wiki/Ordines_Naturales_Plantarum
https://species.wikimedia.org/wiki/Ordines_Naturales_Plantarum
https://bibdigital.rjb.csic.es/records/item/14384-redirection

lamandei S., lamandei E. & Ursachi L.

Blokhina, N. I. & S.A. Snezhkova. 2003. Fossil woods
from the Upper Miocene of the Erkovetskii brown
coalfield (Amur River Region). Paleontological Jour-
nal, 37(5): 545-551. [Journal ID: ISSN 0031-0301;
TRN: 000100211].

Brongniart, A., 1833. Notice sur une Conifére fossile du
terrain d’eau douce de I’ile d’Iliodroma. Annalles des
sciences naturelles, 30: 168-176.

Brongniart, A.T 1843. Enumération des Genres de Plant-
es Cultivés au Muséum d'Histoire Naturelle de Paris
(suivant l'ordre établi dans I'école de botanique en
1843). XXVI: 95 (Fortin, Masson & Co.: Paris).

Boureau, E., Starostin, G. & Trelea, N., 1969: Sur la pré-
sence d'une espéce ligneuse araucariénne, dans le
Sarmatien du Plateau Moldave Central. Comunicari
de Botanica (1968), Societatea de Stiinte Biologice,
Bucuresti.

Chirild, G. & Tabara, D., 2008. Palaeofloristic study of
the Volhynian from Réasca (Moldavian Platform) —
palaeoclimatic and palaeoenvironmental implications.
Acta Palaeontologica Romaniae, 6: 29-42.

Chirila, G. & Tabara, D., 2010. Palynological study of
the outcrop from Ciofoaia Brook (Moldavian
Platform) — palaeoclimatic and palaeoenvironmental
implications. Analele stiintifice ale Univ. A.l.Cuza,
Iasi, Sr. n. Geologie, AUI-G 2010 Special Issue: 94-
99.

Choi, S-K., Kim, K., Jeong, E-K., Terada, K., Suzuki, M.
& Uematsu, H., 2010. Fossil Woods From the mio-
cene in the Yamagata Prefecture, Japan. IAWA Jour-
nal, 31(1): 95-117. Available from:
https://www.researchgate.net/publication/286392796
Fosil_woods_from_the_Miocene_in_the Yamagata
Prefecture_Japan [accessed Jul 28 2022].

Christenhusz, M.G.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. www.mapress.com/phytotaxa/
Copyright © 2011 Magnolia Press; ISSN 1179-3163
(online edition). Available from:
https://www.researchgate.net/publication/

228691404 A new_classification_and_linear_sequen
ce_of extant_gymnosperms [accessed July 28, 2022].

Conwentz, H., 1884. Sobre algunos arboles des Rio Ne-
gro. Bolletin Academia Nacional Ciencias, Cérdoba,
7: 435-456

Cronquist, Al 1981. An Integrated Sys-
tem of Classification of Flowering Plants. Columbia
University Press, I-XVI11, 1-1262. New York.

Cronquist, A.J., 1988. The Evolution and Classifica-
tion of Flowering Plants (2nd ed). New York Botani-
cal Gardens, New York.

David, M., 1916. Note on the fossil plants of the pliocene
strata of Moldavian Plateau. Annales Scientifiques de
I’Université de Jassy, X(1): 85-89. (In French)

David, M., 1922. Geological research in Moldavian Plat-
eau. Anuarul Institutului Geologic, 1X: 151p. (In Ro-
manian).

80

Dolezych, M. & Burgh, J., van der, 2004. Xylotomische
Untersuchungen an inkohlten H6lzern aus dem
Braunkohlentagebau Berzdorf (Oberlausitz, Deutsch-
land). Feddes Repertorium. 115(5-6): 397-437.

Doweld, A., 2015. The International Fossil Plant Names
Index (IFPNI): First Year Report Project: THE IN-
TERNATIONAL FOSSIL PLANT NAMES INDEX
(IFPNI)

Doweld, A.B., 2017. (2535) Proposal to reject the name
Cottaites (fossil Ulmaceae). TAXON, 66(3): 766

Dumortier, B.C.J., 1829. Analyse des Familles des Plant-
es, avec l'indication des principaux genres qui S'y rat-
tachent. Publisher: J. Casterman, Tournai, 104 pp.

Duperon, J., 1976. A propos de quelques bois fossiles du
sud-ouest de la France. Bulletin du Société Botanique
de France, 123: 533-540

Doutrelepont, H., Smith, T., Damblon, F., Smith, R. &
Beeckman, H., 1997. Un bois silicifie de peuplier
de la transition Paleocene-Eocene de Dormaal, Bel-
gique. Bulletin de I’Institute Royal des Sciences Na-
taturelle de Belgique, Science et Terre, 67: 183-188,
Bruxelles.

Endlicher, St., 1841. Enchiridion Botanicum (exhibens
classes et ordines plantarum, accedit nomenclator
generum et officinalium vel usualium indicatio):
pp.763. Enchiridion botanicum - Biodiversity Herit-
age Library (biodiversitylibrary.org)

Endlicher, St. 1847. Synopsis  Coniferarum. Apud
Scheitlin und Zollikofer, Sangalli (Sankt Gallen), 368
pp., Switzerland.

Engler, A., 1892. Syllabus der Pflanzenfamilien: eine
Ubersicht ber das gesamte Pflanzensystem mit
Berlicksichtigung der Medicinal- und Nutzpflanzen
zum Gebrauch bei Vorlesungen und Studien ueber
specielle und medicinisch-pharmaceutische Botan-
ik (2nd ed.- 1898). Berlin: Gebruder Borntraeger Ver-
lag., 214 pp. Syllabus der Pflanzenfamilien : Adolf
Engler : Free Download, Borrow, and Streaming : In-
ternet Archive

Erdei, B., Dolezych, M. & Hably, L., 2009. The buried
Miocene forest at Biikkabrany, Hungary Review of
Palacobotany and Palynology, 155: 69-79. jour-
nal homepage: www.elsevier.com/locate/revpalbo

Fairon-Demaret, M., Steurbaut, E., Damblon, F., Dupuis,
C., Smith, T. & Gerrienne, P., 2003. The in situ Glyp-
tostroboxylon forest of Hoegaarden (Belgium) at the
Initial Eocene Thermal Maximum (55 Ma). Review of
Palaeobotany and Palynology, 126: 103-129. R
Available  online at  www.sciencedirect.com,
www.elsevier.com/locate/revpalbo

Farjon, A., 2000. Monograph of Cupressaceae and Sci-
adopitys. Hardcover, 648 Pages, Published by Royal
Botanic Gardens, Kew. ISBN-13: 978-1-84246-068-
9, ISBN: 1-84246-068-4

Farr, E. R. & G. Zijlstra, G., (eds.), 1996. ING — Index
Nominum  Genericorum  (Plantarum).  Online:
http://botany.si.edu/ing/ [accessed: July 30, 2022].



http://legacy.tropicos.org/Person/989?langid=66
https://www.researchgate.net/publication/286392796_Fosil_woods_from_the_Miocene_in_the_Yamagata_Prefecture_Japan
https://www.researchgate.net/publication/286392796_Fosil_woods_from_the_Miocene_in_the_Yamagata_Prefecture_Japan
https://www.researchgate.net/publication/286392796_Fosil_woods_from_the_Miocene_in_the_Yamagata_Prefecture_Japan
http://www.mapress.com/phytotaxa/
https://www.researchgate.net/publication/%20228691404_A_new_classification_and_linear_sequence_of_extant_gymnosperms
https://www.researchgate.net/publication/%20228691404_A_new_classification_and_linear_sequence_of_extant_gymnosperms
https://www.researchgate.net/publication/%20228691404_A_new_classification_and_linear_sequence_of_extant_gymnosperms
https://www.researchgate.net/project/THE-INTERNATIONAL-FOSSIL-PLANT-NAMES-INDEX-IFPNI
https://www.researchgate.net/project/THE-INTERNATIONAL-FOSSIL-PLANT-NAMES-INDEX-IFPNI
https://www.researchgate.net/project/THE-INTERNATIONAL-FOSSIL-PLANT-NAMES-INDEX-IFPNI
https://www.biodiversitylibrary.org/item/31953#page/7/mode/1up
https://www.biodiversitylibrary.org/item/31953#page/7/mode/1up
https://archive.org/details/syllabusderpfla00englgoog
https://archive.org/details/syllabusderpfla00englgoog
https://archive.org/details/syllabusderpfla00englgoog
https://archive.org/details/syllabusderpfla00englgoog
https://archive.org/details/syllabusderpfla00englgoog
https://archive.org/details/syllabusderpfla00englgoog
https://archive.org/details/syllabusderpfla00englgoog/page/n13/mode/2up
https://archive.org/details/syllabusderpfla00englgoog/page/n13/mode/2up
https://archive.org/details/syllabusderpfla00englgoog/page/n13/mode/2up
http://www.elsevier.com/locate/revpalbo
http://www.sciencedirect.com/
http://www.elsevier.com/locate/revpalbo
https://www.gettextbooks.com/author/Aljos_Farjon
https://www.gettextbooks.com/isbn/9781842460689/
https://www.gettextbooks.com/isbn/9781842460689/
http://botany.si.edu/ing/

Late-Miocene Moldavian petrified forest

Gadek, P.A., Alpers, D.L., Heslewood, M.M & Quinn,
C.J., 2000. Relatii in cadrul Cupressaceae sensu lato:
o abordare combinatd morfologicd si molecu-
lard. American Journal of Botany, 87: 1044—
1057. Disponibil online.

Givulescu, R., 2001. Contributions to the knowledge of
flora and vegetation of the Tertiary in the
extracarpathian area of Romania. Studia Universitatis
Babes-Bolyai, Geologia, 46(2): 5-21, Cluj Napoca.

Gothan, W., 1905. Zur anatomie lebender und fossile
Gymnospermen Holzer.  Abhandlungen  der
Preussischen Geologischen Landesanstalt, 44: 38.

Gothan, W., 1906. Die fossilen Coniferenhdlzer von
Senftenberg. Abhandlungen der Preussischen Geolo-
gischen Landesanstalt, 46: 155-171.

Gregory, M., Poole, I. & Wheeler, E.A., 2009. Fossil
dicot wood names — an annotated list with full bibli-
ography. IAWA. Journal Supplement, 6: 1-220

Greguss, P. 1943. Bemerkungen zu der Arbeit
“Verkieselte Holzer aus dem Sarmat des Tokaj-
Eperjeser Gebirges” von E. Hofmann. Foldtani
Koézlony, 73: 582-593 + pl. 36-44.

Greguss, P. 1954. Az ipolytarnoci also—miocén
kovesedett famaradvanyok. [Les vestiges de bois si-
licifié du Miocéne inférieur d’Ipolytarnoc.]. Foldtani
Kozlony, 84: 91-110 + pl. VI-XIX.

Greguss, P., 1955. Identification of living Gymnosperms
on the basis of xylotomy. Akademiai Kiado, 350 pl., 8
tab., Budapest.

Greguss, P., 1959. Holzanatomie der européischen
Laubholzer and Stréucher. Akademiai Kiado, 330
pp.+307 pl.

Greguss, P. - 1967 - Fossil Gymnosperm woods in Hun-
gary, from the Permian to the Pliocen. Akademiai Ki-
ado, p. 1-152, 93pl., 18 maps, 2 tab., Budapest

Greguss, P. (1969), Tertiary Angiosperm woods in Hun-
gary. Akademiai Kiado, Budapest, 152 pp+93 pl

Gros, J.P., 1983. Nouveau bois fossile d’Eggenburgian
d’Autriche: Quercoxylon furwaldense n.sp. Révue
Générale de Botanique, 90: 43-80.

Gros, J.P., 1988. La dénomination des bois fossiles iden-
tifiés a des chénes. Bulletin mensuel de la Sociéte lin-
néenne de Lyon, 57: 250-260.

Gryc, V. & Sakala, J., 2010. Identification of fossil trunks
from Bikkabrany newly installed in the Visitor Cen-
tre of the Ipolytarndc Fossils Nature Reserve (No-
vohrad — Ndgrad Geopark) in Northern Hungary. Ac-
ta Universitatis Agriculturae et Silviculturae Mendeli-
anae Brunensis, 58:117-122.
http://ipolytarnoc.kvvm.hu/uploads/File/pdf/Sakala_a
cta_bukkabrany.pdf

Hadziev, P. & Mddel, E., 1962. Zwei neue Eichenholzer,
aus dem Plioz&n Bulgariens. Paldontologische Ab-
handlung, 1/2: 107-122.

Hartig, T., 1848. Beitrdge zur Geschichte der Pflanzen
und zur Kenntnis der norddeutschen Braunkohlen
Flora. Botanische Zeitung (Berlin), 6: 122-190; 7:
122-128; 8: 137-141; 9: 166-172; 10: 185-190

Havelcova, M., Sykorova, l., Bechtel, A., Mach, K,
Trejtnarova, H., Zaloudkovd, M., Matysova, P.,
Blazek, J., Boudova, J. & Sakala, J. 2013. “Stump
Horizon” in the Bilina Mine (Most Basin, Czech Re-
public) — GC-MS, optical and electron microscopy
in identification of wood biological origin. Interna-
tional Journal of Coal Geology, 107 : 62-77.

Henry, A. & Mclintyre, M., 1926. The Swamp Cypress-
es: Glyptostrobus of China and Taxodium of America,
with Notes on Allied Genera. Proceedings of the Roy-
al Irish Academy (Sect. B, no. 13), 37: 90-116, 8
plates. Hodges, Figgis & Company.

Hofmann, E., 1929. Verkieselte Holzer von der Vashegy-
(Eisenberg-) Gruppe Vasvarm. Annalles Sabariensis
111, Szombathely Véros Kultiregyes. Vasvarm. Mdz.
Evk. 3: 81-87.

Hofmann, E., 1939. Verkieselte Holzer aus dem sarmat
des Tokaj-Eperjeser Gebirges. Tisia, 3: 261-266.

Hofmann, E., 1952. Pflanzenreste aus dem Phospho-
ritvorkommen, von Prambachkirchen Im Ober6-
stereich, 11 Teil. Palaeontographica, Abt. B, Paldophy-
tol. 92(3-6): 122-138.

Huard, J., 1966 (1967). Etude d’un bois de chéne prove-
nant des couches a lignite d’ Arjuzans (Landes). Bulle-
tin du Muséum National d’Histoire Naturelle, sr. 2,
38(6): 969-978.

lamandei, E., lamandei, S. & Lupu A.l,, 2001a Some
fossil woods in the Jassy Botanical Garden
Collection. Analele stiintifice ale Univ. “A.I.Cuza”
lasi, (sr.n.), 47: 267-276.

Iamandei, S., Tamandei, E. & Tibuleac, P., 2001b. Fossil
Wood from Coal-layer "B" of Volhinian Formation in
Leucusesti - Falticeni area. Analele Stiintifice ale
Universitatii "Al.l.Cuza" (sr.n.), Geologie, 47: 211-
216. lasi

lamandei, S., lamandei, E. & lonesi, V., 2001c. Sarmati-
an fossil wood from from Filticeni-Suceava region.
Analele Stiintifice ale Universitatii "AlI.Cuza" din
lasi (sr.n.), Geologie, 47: 235-24

lamandei, S. & lamandei, E., 2005. Fossil Salicaceae
from the Badenian Petrified Forest from Pravileni-
Ociu, South Apuseni Mts. Rev. Roum. de Géologie,
Acad. Rom., tome 49: 57-61.

Iamandei, S., lamandei, E. & Obadi, T., 2006. Sarmatian
Petrified wood within “Bursuc Flora” (Moldova
Rep.). Acta Paleontologica Romaniae (2005), 5: 223-
229.

lamandei, S., lamandei, E. & lonesi, V., 2008a. New pet-
rified woods within Sarmatian Somuz Formation, NE
Romania. Acta Paleontologica Romaniae (2007), 6:
137-144.

lamandei, S., lamandei, E., Obadd, T., Lungu, A. &
Postolachi, V., 2008b. New Sarmatian Petrified
Woods from Moldova Rep. Acta Paleontologica Ro-
maniae (2007), 6: 123-136.

lamandei, S. & lamandei, E., 2010. New petrified woods
from Solesti area (Vaslui county, Romania). Revue

81


http://www.amjbot.org/cgi/reprint/87/7/1044.pdf
http://ipolytarnoc.kvvm.hu/uploads/File/pdf/Sakala_a%20cta_bukkabrany.pdf
http://ipolytarnoc.kvvm.hu/uploads/File/pdf/Sakala_a%20cta_bukkabrany.pdf
https://www.sciencedirect.com/journal/international-journal-of-coal-geology
https://www.sciencedirect.com/journal/international-journal-of-coal-geology
https://www.google.ro/search?hl=ro&tbo=p&tbm=bks&q=bibliogroup:%22Proceedings+of+the+Royal+Irish+Academy%22&source=gbs_metadata_r&cad=7
https://www.google.ro/search?hl=ro&tbo=p&tbm=bks&q=bibliogroup:%22Proceedings+of+the+Royal+Irish+Academy%22&source=gbs_metadata_r&cad=7
https://www.google.ro/search?hl=ro&tbo=p&tbm=bks&q=bibliogroup:%22Proceedings:+Sect.+B,+no.+13%22&source=gbs_metadata_r&cad=7

lamandei S., lamandei E. & Ursachi L.

Roumaine de Géologie (2009-2010), 53-54: 61-76,
Bucuresti.

lamandei, E., lamandei, S. & Diaconu, F., 2011. Fossil
woods in the collection of Drobeta-Turnu Severin
Museum. In: Bucur, 1., Sasaran, E. and Pop, D. (Edi-
tors) - Acta Palaeontologica Romaniae 7: 199-218.
http://www.geo-
paleontologica.org/page13/18 lamandei-1.pdf

lamandei, S., lamandei, E., Bozukov, V. & Tsenov, B.,
F., 2014. Oligocene fossil wood from Rhodopes, Bul-
garia. Acta Palaeontologica Romaniae, 9(2): 15-25.

lamandei, S. & lamandei, E., 2017. New trees identified
in the Petrified Forest of middle Miocene from
Zarand, Apuseni mountains, Romania. Acta Palaeon-
tologica Romaniae, 13(2): 37-90;

Ionesi, L., Tonesi, B., Lungu, A., Rosca, V. & lonesi, V.,
2005. Sarmatianul mediu si superior de pe platforma
Moldoveneasca. Editura Academiei Romane 1-558.
[in Romanian].

Jogmans, W.(ed.) & Edwards, W.N., 1931. Fossilium
Catalogus. Il. Plantae. Pars 17. Dicotyledones
(Ligna). By - W. Junk, Verlag und Anticariat fur
Naturwissenschaften, Berlin, W. 15.

Jussieu, A.L, de, 1789. Genera plantarum: secundum
ordines naturales disposita, juxta methodum in Horto
regio parisiensi exaratam, anno
M.DCC.LXXIV [Genera of Plants Arranged Accord-
ing to Their Natural Orders, Based on the Method
Devised in the Royal Garden in Paris in the Year
1774] (in Latin). Paris. OCLC 5161409. (translated
into French, with revisions, by Ventenat (1799)
as Tableau du régne végétal selon la méthode de Jus-
sieu).

Jurasky, K.A., 1933. Glyptostroboxylon tenerum (Kraus)
Conwentz in der oberpliozaenen Braunkohle von
Wodlfersheim (Wetterau). Braunkohle, 40: 746-750.

Kaiser, P., 1879. Ulmoxylon. Ein Beitrag zur Kenntniss
fossiler Laubhdlzer. Zeitschrift fir die Gesammten
Naturwissenschaft, Halle, 52: 88-100.

Klusek, M., 2012. Silicified angiosperm wood from the
Middle Miocene of Poland: Ulmoxylon in the Neo-
gene cover of the Holy Cross Mountains, southern Po-
land. Acta Palaeobotanica 52(2): 359-367.

Koch, K., 1873. Dendrologie. Baume, Straucher und
Halbstraucher, welche in Mittel- und Nord-Europa im
Freien kultivirt werden. ii. 2 - Die cupuliferen, conife-
ren und monocotylen. 1-424. Erlangen Verlag von
Ferdinand Enke. Internet link:
http://nrs.harvard.edu/urn-3:HUL.FIG:005788153

Kostyniuk, M. 1938. Trzeciorzgdowe drewna i pylki z
Mazowsza i Wotynia (summary: Ueber die tertidren
Pollen und Koniferenhdlzer von einigen Gegenden
Polens). Kosmos (Lwow), 63: 1-33.

Koutecky, V. & Sakala, J., 2015. New fossil woods from
the Paleogene of Doupovske hory and Ceske
sttedohoti Mts. (Bohemian Massif, Czech Republic).
Acta Musei Naturalis Pragae, Series B, Historia Natu-
ralis, 71(3-4): 377-398.

82

Kraus, G., 1864. Mikroskopische Untersuchung uber den
Bau lebender und vorweltlicher Nadelhdlzer. Wirz-
burg Naturwissenschaft Zeitschrift, 5: 144-200.

Krausel, R., 1939. Ergebnisse der Forschungsreisen Prof.
E. Stromers in den Wiisten Agyptens, IV: Die Fos-
silen Floren Agyptens. Abhandlungen der Bayer-
ischen Akademie der Wissenschaften, Neue Folge.,
47: 1-140; 23 Taf.; 33 Textabb.; 1 Tab., Verlag der
Bayerischen Akademie der Wissenschaften, Mun-
chen.

Krausel, R., 1949. Die fossilen koniferen-Hdélzer (unter
ausschluss von Araucarioxylon Krauss). Il Teil.
Kritische Untersuchungen zur diagnostic Lebender
und Fossilen Koniferen-Hoélzer. Palaeontographica
Abt. B, 89(4-6): 83-203, Stuttgart.

LePage, B.A., 2007. The Taxonomy and Biogeograph-
ic History of Glyptostrobus Endlicher (Cupressaceae).
Bulletin of the Peabody Museum of Natural History,
48(2): 359-426. https://doi.org/10.3374/0079-
032X(2007)48[359: TTABHO]2.0.CO;2

Link, J.H.F., 1829. Handbuch zur Erkennung der
nutzbarsten und am h&ufigsten vorkommenden
Gewadchse. Erster Theil. 864 pp., Berlin: Haude &
Spener. BHL

Macarovici, N., Paghida, N. (1966): Flora si fauna din
Sarmatianul de la Paun-lagi. Analele Universitatii
Bucuresti, Stiintele Naturii, Geologie-Geografie,
25(1): 67-81.

Méadel-Angeliewa, E., 1968. Eichen und Papelholz aus
der pliozéne kohle im Gebiet von Baccinello (Tos-
kana, Italien). Geologisches Jahrbuch, 86: 433-470, 3
Abb, 5 Taf., Hannover.

Mantzouka, D., Sakala, J., Kvadek, Z., Koskeridou, E. &
loakim, Chr., 2019. Two fossil conifer species from
the Neogene of Alonissos Island (Iliodroma, Greece).
Geodiversitas, 41(3): 125-142.
https://doi.org/10.5252/geodiversitas2019v41a3.,
http://geodiversitas.com/41/ 3.

Matsumoto M., Ohsawa T.A., Nishida M. & Nishida H.,
1997. Glyptostrobus rubenosawaensis sp. nov., a new
permineralized conifer species from the Middle Mio-
cene, Central Hokkaido, Japan Paleontological Re-
search, 1(2): 81-99, 12 Figs., © by the Palaeontologi-
cal Society of Japan.

Metcalfe, C.R. & Chalk., L., 1950. Anatomy of the dicot-
yledons. Vol. 1 and 2. Clarendon Press, Oxford.

Miller, J.S., Funk, V. A., Wagner, Warren, H., Barrie,
F.R., Hoch, P.C., & Herendeen, P., 2011. Outcomes
of the 2011 Botanical Nomenclature Section, at the
XVIII International Botanical Congress. Pensoft Pub-
lishers 2011;
DOI: https://doi.org/10.3897/phytokeys.5. 1850

Mirbel, C.F.B. de, 1815. Elémens de physiologie végétale
et de Botanique. Premiere partie. A Paris, Chez
Magimel, Libraire, rue de Thionville, No 9.

Miiller-Stoll, W.R. & Madel, E., 1957. Uber tertiare
Eichenholzer aus dem pannonischen Becken. Senck-
enbergiana lethaea, 38(3-4): 121-168



http://www.geo-paleontologica.org/page13/18_Iamandei-1.pdf
http://www.geo-paleontologica.org/page13/18_Iamandei-1.pdf
https://www.google.ro/search?q=Fossilium+Catalogus.+II.+Plantae.+Pars+17.+Dicotyledones+%28Ligna%29&sxsrf=ALiCzsZG-GMRSXHR4JWXeK6JqR1--VV5QQ%3A1655236835903&source=hp&ei=4-ioYp7INJKPxc8PrYWGeA&iflsig=AJiK0e8AAAAAYqj286k8NcYpoIMdd-mwKrFZe7k1exih&ved=0ahUKEwjexfvc3a34AhWSR_EDHa2CAQ8Q4dUDCAc&uact=5&oq=Fossilium+Catalogus.+II.+Plantae.+Pars+17.+Dicotyledones+%28Ligna%29&gs_lcp=Cgdnd3Mtd2l6EANQAFgAYJ8SaABwAHgAgAGAAYgBgAGSAQMwLjGYAQCgAQKgAQE&sclient=gws-wiz
https://www.google.ro/search?q=Fossilium+Catalogus.+II.+Plantae.+Pars+17.+Dicotyledones+%28Ligna%29&sxsrf=ALiCzsZG-GMRSXHR4JWXeK6JqR1--VV5QQ%3A1655236835903&source=hp&ei=4-ioYp7INJKPxc8PrYWGeA&iflsig=AJiK0e8AAAAAYqj286k8NcYpoIMdd-mwKrFZe7k1exih&ved=0ahUKEwjexfvc3a34AhWSR_EDHa2CAQ8Q4dUDCAc&uact=5&oq=Fossilium+Catalogus.+II.+Plantae.+Pars+17.+Dicotyledones+%28Ligna%29&gs_lcp=Cgdnd3Mtd2l6EANQAFgAYJ8SaABwAHgAgAGAAYgBgAGSAQMwLjGYAQCgAQKgAQE&sclient=gws-wiz
https://www.google.ro/search?q=Fossilium+Catalogus.+II.+Plantae.+Pars+17.+Dicotyledones+%28Ligna%29&sxsrf=ALiCzsZG-GMRSXHR4JWXeK6JqR1--VV5QQ%3A1655236835903&source=hp&ei=4-ioYp7INJKPxc8PrYWGeA&iflsig=AJiK0e8AAAAAYqj286k8NcYpoIMdd-mwKrFZe7k1exih&ved=0ahUKEwjexfvc3a34AhWSR_EDHa2CAQ8Q4dUDCAc&uact=5&oq=Fossilium+Catalogus.+II.+Plantae.+Pars+17.+Dicotyledones+%28Ligna%29&gs_lcp=Cgdnd3Mtd2l6EANQAFgAYJ8SaABwAHgAgAGAAYgBgAGSAQMwLjGYAQCgAQKgAQE&sclient=gws-wiz
https://www.biodiversitylibrary.org/item/7125
https://www.biodiversitylibrary.org/item/7125
https://www.biodiversitylibrary.org/item/7125
https://www.biodiversitylibrary.org/item/7125
https://en.wikipedia.org/wiki/OCLC_(identifier)
https://www.worldcat.org/oclc/5161409
https://en.wikipedia.org/wiki/%C3%89tienne_Pierre_Ventenat
http://nrs.harvard.edu/urn-3:HUL.FIG:005788153
https://doi.org/10.3374/0079-032X(2007)48%5b359:TTABHO%5d2.0.CO;2
https://doi.org/10.3374/0079-032X(2007)48%5b359:TTABHO%5d2.0.CO;2
https://doi.org/10.3374/0079-032X(2007)48%5b359:TTABHO%5d2.0.CO;2
https://species.wikimedia.org/wiki/Handbuch_zur_Erkennung_der_nutzbarsten_und_am_h%C3%A4ufigsten_vorkommenden_Gew%C3%A4chse
https://species.wikimedia.org/wiki/Handbuch_zur_Erkennung_der_nutzbarsten_und_am_h%C3%A4ufigsten_vorkommenden_Gew%C3%A4chse
https://species.wikimedia.org/wiki/Handbuch_zur_Erkennung_der_nutzbarsten_und_am_h%C3%A4ufigsten_vorkommenden_Gew%C3%A4chse
https://biodiversitylibrary.org/page/53334725#page/5
https://doi.org/10.5252/geodiversitas2019v41a3
https://doi.org/10.5252/geodiversitas2019v41a3
http://geodiversitas.com/41/3
https://doi.org/10.5252/geodiversitas2019v41a3
http://geodiversitas.com/41/3
https://www.biodiversitylibrary.org/creator/142657
https://www.biodiversitylibrary.org/creator/203282
https://www.biodiversitylibrary.org/creator/191212
https://www.biodiversitylibrary.org/creator/95968
https://www.biodiversitylibrary.org/creator/95968
https://www.biodiversitylibrary.org/creator/95969
https://www.biodiversitylibrary.org/creator/95970
https://doi.org/10.3897/phytokeys.5.%201850

Late-Miocene Moldavian petrified forest

Nagy, F. & Petrescu, 1., 1969. Prezenta resturilor de
Quercoxylon si Liquidambaroxylon in Tertiarul din
Transilvania (Presence of remnants of Quercoxylon
and Liquidambaroxylon in the Tertiary from Transyl-
vania). Contributii Botanice, Univ. “Babes-Bolyai” -
Botanical Garden, 273-279 (in Romanian).

Nagy, F., Petrescu, I. & Marza, 1., 2002. La présence
d’unbois de Glyptostroboxylon dans le Miocéne de
Pravileni — Brad. Contributii Botanice, Gradina Bo-
tanicd “Alexandru Borza” Cluj-Napoca, XXXVII:
293-298

Nastschokin, V.D., 1968. Fossil wood from Mesozoic,
Tertiary and Quaternary sediments from Central Sibe-
ria. Nauka Publishing House, Moscow (in Russian)

Orsted, A.S., 1867. Investigaciones sobre la clasificacion
de los Quercus. Memorias de la Sociedad de Historia
Natural de Copenhague.

Platen, P., 1908. Untersuchungen fossiler Holzer aus dem
Westen der vereinigten Staaten von Nordamerika.
Sitzungsberichte der Naturforschenden Gesellschaft
zu Leipzig 34, 1-155, 161-164. Verlag von Quelle &
Meyer, in Leipzig. 1908 — Untersuchungen fossiler
Holzer... (biodiversitylibrary.org).

Petrescu, I. & Liszkay, 1., 1969. Prezenta unui lemn de
stejar in Miocenul superior de la Rogia Montana [An
oak wood in Upper Miocene from Rosia Montana)].
Studia UBB, Geologia-Mineralogia, 2: 53-58 [in Ro-
manian].

Petrescu I. & Lazar 1., 1970a. Date anatomice asupra unor
trunchiuri din Oligocenul de la Fildul de Jos (NV
Romaniei) [Anatomical data on Oligocene tree-trunks
from Fildul de Jos (NW Romania)]. Sargetia, sr. Sc.
Nat., VII: 259-265, Acta Musei Devensis [in Roma-
nian].

Petrescu, 1. & Nutu, A., 1970b. Alte tipuri de lemne din
Miocenul superior de la Pravaleni-Brad [Other late
Miocene wood types in Pravaleni-Brad]. Sargetia, Ac-
ta Musei Devensis, sr. Sc. Nat., VII: 253-258 [in Ro-
manian].

Petrescu, |I. & Dragastan, O., 1971a. Rezultatul cer-
cetarilor asupra unor resturi de trunchiuri din Tertiarul
Romaniei, Studii si Cercetari de Geol., Geof., Geogr.
- sr. Geol., tom 16(1): p.265-269, 3 pl., Ed. Acad.,
Bucuresti (in Romanian)..

Petrescu, I. & Nutu, A., 1971b. Asupra unor noi aflori-
mente de lemne fosile din Miocenul superior al
muntilor Metaliferi [On new outcrops with fossil
wood from late Miocene of Metalliferous Mts.]. Sar-
getia, Acta Musei Devensis sr. Sc. Nat., VIII: 9-14,
[in Romanian].

Petrescu, I. & Blidaru, I., 1972. Date noi asupra unor
lemne de dicotiledonate neogene din nord-vestul
Romaniei [New data on Neogene dicotyledonous Oli-
gocene fossil wood from Rhodopes, Bulgaria 13
woods from NW Romania]. Sargetia, sr. Sc. Nat. , IX:
83-103, Acta Musei Devensis [in Romanian].

Petrescu, 1., 1976. Asupra unor lemne de stejari
(Quercoxylon) din Neogenul de la sud de Campulung

(jud. Arges). Contributii Botanice, Univ. “Babes-
Bolyai”, Gradina Botanica. Cluj-Napoca: 179-185, [in
Romanian].

Petrescu, 1., 1978: Studiul lemnelor fosile din Oligocenul
din nord-vestul Transilvaniei. Mémoires (IGR),
XXVII: 113-184, 74 pl., Bucuresti (in Romanian).

Petrescu, 1., Velitzelos, E. & Stavropodis, I. D. (1980):
The occurrence of the genus Lithocarpoxylon Petres-
cu 1978 (Fagaceae) in the Tertiary of Greece. - An-
nales Géologiques des Pays Helléniques, 30: 366-379,
6 figs., 7 pis.; Athens.

Petrescu, I. & Velitzelos, E., 1981. Quercoxylon interme-
dium n. sp. in Oligocenul din Tracia (Grecia de Nord-
Est). [Q. intermedium n. sp. in the Oligocene of
Thrace (northeastern part of Greece)]. Contributii bo-
tanice. Univ. Babes-Bolyai Cluj: 9-16. [in Romanian].

Petrescu, 1., Velitzelos, E. & Stavropodis, J., 1978. The
occurrence of the genus Lithocarpoxylon Petrescu
1978 (Fagaceae) in the tertiary of Greece. Annales
Géologiques des Pays Helléniques, 1° série, XXIX
(2): 366-379.

Potter, D., Eriksson, T., Evans, R.C.,S. Oh,
S., Smedmark, J.E.E., Morgan, D.R., Kerr M, Robert-
son, K.R., Arsenault, M., Dickinson, T.A. & Camp-
bell, C.S., 2007.Phylogeny and classification of
Rosaceae (PDF). Plant  Systematics and Evolu-
tion. 266 (1-2): 5-43._d0i:10.1007/s00606-007-0539-
9; JSTOR 23655774. S2CID 16578516.

Privé-Gill, C., 1975. Etude de quelques bois fossile de
chénes tertiaires du Massif Central, France. Palaeon-
tographica Abt. B, 153(4-6): 119-140.

Privé-Gill, C., 1984. Les bois fossile Tertiaires dans les
departements du Puy de Dome et d'Allier. Rev. Sc.
Nat. d'Auvergne, 50: 79-86.

Privé-Gill, C., 1990. Bois fossile tertiaires de Villeneuve-
les-Cerfs (Puy-de-D6me) et Razet (Allier), Massif
Central, France. Palaeontographica Abt. B, 220(5-6):
119-142.

Privé, C. & Brousse, R., 1969. Bois fossiles de la nappe
de ponces villafranchienne & la Bastide-du-Fau (Can-
tal), 8% Congrés INQUA-1969, Paris - Etudes sur le
Quaternaire dans le Monde: 233-263.

Privé, C. & Brousse R., 1976. Decouverte d’un bois de
chéne dans le Mont-Dore. Actes du 101¢ Congres na-
tional des sociétés savantes, Lille - 1976, Sciences, f.
1: 107-120.

Privé-Gill, C., Cao, N. & Legrand, Ph., 2008. Fossil
wood from alluvial deposits (reworked Oligocene) of
Limagne at Bussiéres (Puy-de-Déme, France). Re-
view of Palaeobotany and Palynology, 149(1-2): 73-
84.

Reveal, J.L., 1995. Newly required suprageneric names in
Magnoliophyta. Phytologia. 79(2): 68-76. Phytologia,
79(2)-Biodiversity Heritage Library (biodiversityli-
brary.org)

Rudolph, K., 1935. Mikrofloristiche Untersuchungen
Tertidrer Ablagerungen im Nordlistchen Bohmen.
Beihefte zum Botanische Zentralblatt, 54: 244-328.

83



http://elianto.fisica.unimi.it/life/index.php?x=4761&d=100&l=1
https://www.eswiki.org/wiki/Quercus
https://www.biodiversitylibrary.org/item/181484#page/4/mode/1up
https://www.biodiversitylibrary.org/item/181484#page/4/mode/1up
https://link.springer.com/article/10.1007/s00606-007-0539-9#auth-D_-Potter
https://link.springer.com/article/10.1007/s00606-007-0539-9#auth-T_-Eriksson
https://link.springer.com/article/10.1007/s00606-007-0539-9#auth-R__C_-Evans
https://link.springer.com/article/10.1007/s00606-007-0539-9#auth-S_-Oh
https://link.springer.com/article/10.1007/s00606-007-0539-9#auth-J__E__E_-Smedmark
https://link.springer.com/article/10.1007/s00606-007-0539-9#auth-D__R_-Morgan
http://biology.umaine.edu/Amelanchier/Rosaceae_2007.pdf
http://biology.umaine.edu/Amelanchier/Rosaceae_2007.pdf
https://en.wikipedia.org/wiki/Plant_Systematics_and_Evolution
https://en.wikipedia.org/wiki/Plant_Systematics_and_Evolution
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs00606-007-0539-9
https://doi.org/10.1007%2Fs00606-007-0539-9
https://en.wikipedia.org/wiki/JSTOR_(identifier)
https://www.jstor.org/stable/23655774
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:16578516
https://www.sciencedirect.com/science/article/abs/pii/S0034666707001431#!
https://www.sciencedirect.com/science/article/abs/pii/S0034666707001431#!
https://www.sciencedirect.com/science/article/abs/pii/S0034666707001431#!
https://www.sciencedirect.com/journal/review-of-palaeobotany-and-palynology
https://www.sciencedirect.com/journal/review-of-palaeobotany-and-palynology
https://www.sciencedirect.com/journal/review-of-palaeobotany-and-palynology/vol/149/issue/1
https://www.biodiversitylibrary.org/page/47534152#page/80/mode/1up
https://www.biodiversitylibrary.org/page/47534152#page/80/mode/1up
https://www.biodiversitylibrary.org/item/46853#page/5/mode/1up
https://www.biodiversitylibrary.org/item/46853#page/5/mode/1up
https://www.biodiversitylibrary.org/item/46853#page/5/mode/1up

lamandei S., lamandei E. & Ursachi L.

Sakala, J., 2002. First record of fossil angiosperm wood
(Ulmoxylon, Ulmaceae) from the famous locality of
Bilina (Czech Republic, Early Miocene). Compte
Rendus Palévol, 1(3): 161-166.
https://doi.org/10.1016/S1631-0683(02)00025-8.

Sakala, J., 2006. Re-evaluation of the fossil angiosperm
wood from the area of Kadan (Oligocene of north-
western Bohemia, Czech Republic). Scripta Facultatis
Scientiarum Naturalium Universitatis Masarykianae
Brunensis, Geology 33-34: 74.

Sakala, J., Selmeczi, I. & Hably, L., 2018. Reappraisal of
Greguss’ fossil wood types and figured specimens
from the Cenozoic of Hungary: overview, corrected
geology and systematical notes. Fossil Imprint, 74(1-
2): 101-114, Praha. ISSN 2533-4050 (print), ISSN
2533-4069 (on-line).

Schweingruber, F., H., 1990. Anatomie européischer
Hoélzer (Anatomy of European woods). 1-765. Verlag
Paul Haupt, Bern, Stuttgart.

Schoch, W., Heller, 1., Schweingruber, F.H. & Kienast,
F., 2004. Wood anatomy of central European Species.
Online version: www.woodanatomy.ch

Selmeier, A., 1971. Ein verkieseltes Eichenholz, aus
jungtertidaren Schichten Niederbayerns (Aidenbach).
Mitteilungen der Bayerischen Staatssammlung fiir
Paldontologie und Historische Geologie, 11: 205-222.

Selmeier, A., 1984. Kleinporige Laubholzer (Rosaceae,
Salicaceae) aus jungtertiaren Schichten Bay-
erns. Mitteilungen der Bayerischen Staatssammlung
fur Palaontologie und Historische Geologie 24: 121-
50. Google Scholar

Selmeier, A., 1996. Tertiary Platanus woods from the
northalpine Molasse basin (Austria, Germany). Mit-
teilungen der Bayerischen Staatssammlung fir
Paldontologie und Historische Geologie, 36: 157-183.

Selmeier, A., 1997. Tertiare Lithocarpus Holzer aus Bad
Abbach (Bayern, Suddeutschland). Mitteilungen der
Bayerischen Staatssammlung flr Paldontologie und
Historische Geologie, 37: 119-134.

Seward, A.C., 1919. Fossil plants: a text-book for stu-
dents of botany and geology. Volume 1V: Ginkgoales,
Coniferales, Gnetales. Cambridge Biological Series,
Cambridge University Press. BHL

Starostin, G. & Trelea, N., 1969. Studiul paleoxylologic
al florei din Miocenul Moldovei. Analele stiintifice
ale Univ. "ALL Cuza" Iasi, sect. ll-a — Biol., XV(2):
447-451, Pl. 1-6, lasi (in Romanian).

Starostin, G. & Trelea, N., 1984: Contributions a I'étude
du genre Quercus du Sarmatien de Moldavie (Rou-
manie). Buletinul Gradinii Botanice (Vol. Fest. "150
ani de la infiintarea Muzeului de Istorie Naturald") :
317-322, 1 pl., Univ. "A.L. Cuza", lasi

Starostin, G. & Trelea, N., 1984. Contributions a I'etude
du genre Quercus du Sarmatien de Moldavie (Rou-
manie). Bull. Grad. Bot. (Vol. "150 ani de la infi-
intarea Muzeului de Istorie Naturala"): 317-322, 1 pl.,
Univ. "A.I. Cuza", lasi.

84

Suzuki, M. & Ohba, H., 1991. A Revision of Fossil
Woods of Quercus and Its Allies, in Japan. Journal of
Japanese Botany, 66: 255-274.

Suss, H., 1982. Die Holzanatomie als Hilfswissenschaft
der Entomologie. Gleditschia, 9: 27-31.

Suss, H. & Velitzelos, E., 1997. Fossile Holzer der Fami-
lie Taxodiaceae aus tertidren Schichten des Ver-
steinerten Waldes von Lesbos, Griechenland. Feddes
Repertorium, 108: 1-30.

Silss H. & Velitzelos, E., 1998. Thujoxylon antissum sp.
nov, ein fossiles Wurzelholz aus tertidren Schichten
des Versteinerten Waldes von Lesbos, Griechenland.
Feddes Repertorium, 109(5-6): 341-350.
http://onlinelibrary.wiley.com/doi/10.1002/fedr.19981
090502/abstract.

Sweitzer, E.M. 1971. Comparative anatomy of the Ulma-
ceae. Journal of the Arnold Arboretum, 52: 523-585.

Teodoridis, V. & Sakala, J., 2008. Early Miocene conifer
macrofossils from the Most Basin (Czech Republic).
N. Jb. Geol. Paldont. Abh., 250: 287 312; Stuttgart.
Available from:
https://www.researchgate.net/publication/

229048176 _Early Miocene_conifer_macrofossils_fro
m_the Most_Basin_Czech_Republic [accessed Jul 28
2022].

Torrey, R., 1923. The comparative anatomy and phyl-
logeny of the Coniferales, part 3: Mesozoic and Ter-
tiary coniferous woods. Memoirs read before
the Boston Society of Natural History, 6: 39-106.

Turland, N. J., Wiersema, J. H., Barrie, F. R., Greuter,
W., Hawksworth, D. L., Herendeen, P. S., Knapp, S.,
Kusber, W.-H., Li, D.-Z., Marhold, K., May, T. W.,
McNeill, J., Monro, A. M., Prado, J., Price, M. J. &
Smith, G. F. (eds.), 2018. International Code of No-
menclature for algae, fungi, and plants (Shenzhen
Code) adopted by the Nineteenth International Botan-
ical Congress, Shenzhen, China, July 2017. Regnum
Vegetabile 159. Glashiitten: Koeltz Botanical Books.
DOl https://doi.org/10.12705/Code.2018

Tabara, D. & Florea, F.F., 2007. Palaeofloristic study of
Volhynian from Partestii de Sus. Analele stiintifice
ale Universitatii ,,A.I. Cuza” lasi, Geologie, 53: 137-
149.

Tibuleac, P., 1998. Studiul geologic al depozitelor sar-
matiene din zona Falticeni-Sasca-Raucesti (Platforma
Moldoveneascd), cu referire speciala asupra stratelor
decarbuni. Teza de doctorat, Univ. ,,Al. I.Cuza” Iasi.

Tibuleac, P., 2001. New records about theVolhynian flora
from the Falticeni-Malini-Raucesti area (Suceava
county, Moldavian Platform). Analele Stiintifice ale
Univ. ,,A.L. Cuza” lasi, s. Geol., 47: 189-201.

Vassio, E., Martinetto, E., Dolezych, M. & Van der
Burgh, J., 2008. Wood anatomy of the Glyptostrobus
europaeus “whole-plant” from a Pliocene fossil forest
of Italy. Review of Palaeobotany and Palynology,
151: 81-89. Elsevier.



https://doi.org/10.1016/S1631-0683(02)00025-8
http://www.woodanatomy.ch/
https://scholar.google.com/scholar_lookup?title=Kleinporige+Laubholzer+(Rosaceae%2C+Salicaceae)+aus+jungtertiaren+Schichten+Bayerns&author=Selmeier+A.&publication+year=1984&journal=Mitteilungen+der+Bayerischen+Staatssammlung+fur+Palaontologie+und+Historische+Geologie&volume=24
https://species.wikimedia.org/wiki/Albert_Charles_Seward
https://biodiversitylibrary.org/page/18766934
https://www.researchgate.net/publication/%20229048176_Early_Miocene_conifer_macrofossils_from_the_Most_Basin_Czech_Republic
https://www.researchgate.net/publication/%20229048176_Early_Miocene_conifer_macrofossils_from_the_Most_Basin_Czech_Republic
https://www.researchgate.net/publication/%20229048176_Early_Miocene_conifer_macrofossils_from_the_Most_Basin_Czech_Republic
https://doi.org/10.12705/Code.2018

Late-Miocene Moldavian petrified forest

Watari, S. 1948. On a new species of Glyptostroboxylon.
Botanical Magazine Tokyo 61(715- 716): 11-14. (in
Japanese with English abstract)

Wiersema, J.H., McNeill, J., Turland, N.J., Barrie,
F.R., Buck, W.R. (et al.), 2011. International code of
nomenclature for algae, fungi and plants (Melbourne
code) : Appendices II-VIII : adopted by the Eight-
eenth International Botanical Congress Melbourne,
Australia, July 2011. Regnum vegetabile, 157; Ko-
nigstein (Ger.): Koeltz Scientific Books (2015). Con-
ference publication.

Wheeler, E.A. & Manchester, S.R., 2007. Review of the
wood anatomy of extant Ulmaceae as context for new
reports of late Eocene Ulmus woods. Bulletin of Geo-
sciences, 82(4): 329 — 342.

Wheeler, E.A. 2011. InsideWood - a web resource for
hardwood anatomy. IAWA Journal 32 (2): 199-211.
(see also http://insidewood.lib.ncsu.edu/search/ )

Wheeler, E.A. & Landon, J., 1992 Late Eocene (Chad-
ronian) dicotyledonous woods from Nebraska: evolu-
tionary and ecological significance. Review of Palae-
obotany and Palynology, 74:267-282

Zalewska, Z., 1953. Treciorzedowe szczatki drewna z
Turowa nad Nysa Luzycka. Acta Geologica Polonica,
111(4): 481-543, 10 pl., Warszawa.

Zhang, S-Y. & Baas, P., 1992. Wood anatomy of trees
and shrubs from China. Ill. Rosaceae. International
Association of Wood  Anatomists  Bulletin,
n.sr., 13: 21- 91, Web of Science®Google Scholar

Zhong, Y., Baas, P. & Wheeler, E.A., 1992. Wood anat-
omy of trees and shrubs from China. 1V. Ulmaceae.

International Association of Wood Anatomists Bulle-
tin, n.sr. 13: 419-453.

Internet Sources

APG Il - 2009. An update of the Angiosperm Phylogeny
Group classification for the orders and families of
flowering plants. (APG IlIl: Birgitta Bremer, Kare
Bremer, Mark W. Chase, Michael F. Fay, James L.
Reveal, Douglas E. Soltis, Pamela S. Soltis and Peter
F. Stevens, with contributions from Arne A. Ander-
berg, Michael J. Moore, Richard G. Olmstead, Paula
J. Rudall, Kenneth J. Sytsma, David C. Tank, Ken-
neth Wurdack, Jenny Q.-Y. Xiang and Sue Zmarzty).
Botanical Journal of the Linnean Society, 161: 105-
121, 1 fig. Published on the Internet:
https://doi.org/10.1111/].1095-8339.2009.00996.x

APG IV - 2016. An update of the Angiosperm Phylogeny
Group classification for the orders and families of
flowering plants. (Compiled by APG IV: Chase
M.W., Christenhusz, M.J.M., Fay, M.F., Byng, JW.,
Judd, W.S., Soltis, D.E., Mabberley, D.J., Sennikov,
A.N., Soltis, P.S. & Stevens, P.F.). Botanical Journal
of the Linnean Society, 181(1): 1-20. Published on
the Internet: https://doi.org/10.1111/b0j.12385

IAWA Commitee, 1989. IAWA list of microscopic featu-
res for hardwood identification with an appendix on
non-anatomical information (Editors: Wheeler, E.A.,

Baas, P. & and Gasson, P.E.). IAWA Bulletin, n.sr.,
10(3): 219-332 [4th printing 2007]. Published for the
International Association of Wood Anatomists at the
National Herbarium of the Netherlands, Leiden,
PREFAC. Published on the Internet: (24) (PDF) lawa
list of microscopic features for hardwood identificati-
on: With an Appendix on non-anatomical information
(researchgate.net)

IAWA Commitee, 2004. IAWA list of microscopic fea-
tures for softwood identification. (Editors: Richter,
H.G., Grosser, D., Heinz, I. & Gasson, P.E.). IAWA
Journal, 25(1): 1-70. Published for the International
Association of Wood Anatomists at the National Her-
barium Nederland, Leiden, The Netherlands. Pu-
blished on the Internet: IAWA LIST OF MI-
CROSCOPIC FEATURES FOR SOFTWOOD
IDENTIFICATION in: IAWA Journal Volume 25 Is-
sue 1 (2004) (brill.com)

IFPNI, 2014. International Fossil Plant Names Index
2014, Published on the Internet.
http://fossilplants.info/ (See: Doweld, A., 2015). [ac-
cessed: July 30, 2022].

ING — online database, 1996. Index Nominum Generico-
rum, Botany (see above Farr, E.R. & Zijlstra, G.,
eds. 1996. ING-). Online: Index Nominum Generico-
rum (ING), Botany, Smithsonian Institution (si.edu)
[accessed: July 30, 2022].

InsideWood. 2004-onwards. Published on the Internet.
http://insidewood.lib.ncsu.edu/search/ [accessed: July
30, 2022]. (See also: Wheeler, E.A. 2011. Inside-
Wood).

The Plant List, 2013. Version 1.1. Published on the Inter-
net: http://www.theplantlist.org/ [accessed 2022-10-
06].

85


https://www.worldcat.org/search?q=au%3AWiersema%2C+John+Harry.&qt=hot_author
https://www.worldcat.org/search?q=au%3AMcNeill%2C+John%2C&qt=hot_author
https://www.worldcat.org/search?q=au%3ATurland%2C+Nicholas+J.&qt=hot_author
https://www.worldcat.org/search?q=au%3ABarrie%2C+Fred+R.&qt=hot_author
https://www.worldcat.org/search?q=au%3ABuck%2C+William+R.&qt=hot_author
https://www.worldcat.org/search?qt=hotseries&q=se%3A%22Regnum+vegetabile%22
http://www.geology.cz/bulletin/contents/1999/vol82no4
http://www.geology.cz/bulletin/contents/1999/vol82no4
http://insidewood.lib.ncsu.edu/search/
https://bsapubs.onlinelibrary.wiley.com/servlet/linkout?suffix=null&dbid=128&doi=10.2307%2F2656681&key=A1992HL32200003
http://scholar.google.com/scholar_lookup?hl=en&volume=13&publication_year=1992&pages=21-91&journal=International+Association+of+Wood+Anatomists+Bulletin%2C+New+Series&author=P.+Baas&title=Wood+anatomy+of+trees+and+shrubs+from+China.+III.+Rosaceae
https://doi.org/10.1111/j.1095-8339.2009.00996.x
https://doi.org/10.1111/boj.12385
https://www.researchgate.net/publication/333369509_Iawa_list_of_microscopic_features_for_hardwood_identification_With_an_Appendix_on_non-anatomical_information
https://www.researchgate.net/publication/333369509_Iawa_list_of_microscopic_features_for_hardwood_identification_With_an_Appendix_on_non-anatomical_information
https://www.researchgate.net/publication/333369509_Iawa_list_of_microscopic_features_for_hardwood_identification_With_an_Appendix_on_non-anatomical_information
https://www.researchgate.net/publication/333369509_Iawa_list_of_microscopic_features_for_hardwood_identification_With_an_Appendix_on_non-anatomical_information
https://brill.com/view/journals/iawa/25/1/article-p1_1.xml?language=en
https://brill.com/view/journals/iawa/25/1/article-p1_1.xml?language=en
https://brill.com/view/journals/iawa/25/1/article-p1_1.xml?language=en
https://brill.com/view/journals/iawa/25/1/article-p1_1.xml?language=en
http://fossilplants.info/
https://naturalhistory2.si.edu/botany/ing/
https://naturalhistory2.si.edu/botany/ing/
http://insidewood.lib.ncsu.edu/search/
http://www.theplantlist.org/

