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Abstract We had in study some samples from a private collection of petrified wood, from South Apuseni mts., found
in an area where numerous Miocene petrified woods were already described and tens lignotaxa were identified. These
new petrified woods were collected from Ociu area, on the Church’s brook. They could contribute to better knowing
that fabulous Mid-Miocene forest, and by palaeoxylotomic study the following arboreal taxa were identified: Thu-
joxylon sp., Magnolioxylon kréuselii (Greguss) Van der Burgh, Spiroplatanoxylon densiradiatum (Petrescu) Suss,

and Quercoxylon sp. cf. Quercus frainetto Tenore.

Keywords: South Apuseni mts., Zarand Petrified Forest, Todea Collection, Miocene taxa.

INTRODUCTION

“Todea Collection” is a private collection of petrified
wood, initially gathered simply by curiosity, from some
areas with occurrences of silicifications often as colored
opals, related to volcanic rocks, otherwise common and
known in some points of South Apuseni mountains. The
idea of their study captivated us, hoping that those beauti-
ful samples, hosted now home by one of the authors of
the present paper, would be donated to the “Gold Muse-
um” of Brad town. The here studied specimens were col-
lected from Mid-Miocene deposits from Ociu locality,
Bisericii brook (i.e Church's brook), in Pravileni-Ociu
area, South Apuseni mts., where a Zarand Miocene Petri-
fied Forest is already outlined by previous studies (see
Fig. 1 in lamandei & lamandei, 2017).

The composition of that fossil forest was revealed by the
study of numerous petrified wood remains collected from
those fossiliferous sites, the list of the identified lignotaxa
comprising more than 30 species of Conifers, Angio-
sperms - Dicots and Monocots. By the study of six sam-
ples of petrified wood from “Todea Collection” we have
identified the following taxa: Thujoxylon sp., Magnoli-
oxylon krauselii (Greguss) Van der Burgh, Spiroplatan-
oxylon densiradiatum (Petrescu) Siss, and Quercoxylon
sp. cf. Quercus frainetto Ten.

PALEOXYLOTOMY

Family Cupressaceae Gray, 1822, nom. cons. (sensu
Farjon, 2005)

Subfamily Cupressoideae Rich. ex Sweet,1826

Genus Thujoxylon Unger, 1847

Thujoxylon sp.

Fig. 1, a-i; Fig. 2, a-i.

Material
Two samples of petrified wood collected from South

Apuseni mts., Ociu area, Bisericii brook, from Mid-
Miocene deposits (late Badenian-early Sarmatian), kept

now in “Todea Collection”, in Criscior-Brad locality,
under the indicative OB-4 and OB-5, both with standard
oriented thin sections prepared, were submitted to the
paleoxylotomical study.

Microscopic description

The growth rings are relatively wide, of 36-60 cells, with
distinct boundaries, since the late wood is represented by
5-7 tangential rows of radially flattened and thick-walled
cells, disperse few parenchyma cells often with black
content. Normal resin canals are absent.

The tracheids, in the early-wood, are big, quadrangular or
polygonal shaped, or slightly elongate, and are relatively
thin-walled (4-6 um the double wall). Their lumina have
slightly rounded corners, and radial / tangential diameters
of 25-35/ 20-30 um, gradually diminishing through tran-
sitional 6-8 tangential rows of smaller lumened cells to
the latewood, where they appear in 8-12 tangential rows
of small, quadrangular, radially crushed and very thick-
walled cells, of 8-12 um double wall, and with r / tg di-
ameters of 10-15/8-15 um. There are 1-9 radial rows be-
tween two rays and the density is of 1900-2025 tracheids
on sg. mm. The tangential tracheidal walls seem to be
pitted, with small and spaced pits. The radial abietineous
pitting is uniseriate, spaced or nearly contiguous and
probably with crassulae, difficult to see due to bad
preservation. The bordered pits are relatively small (8-12
um the diameter), with round aperture, of 3-5 um in di-
ameter.

The axial parenchyma seems to be absent, or rare, or dif-
ficult to observe in cross-section, since is quite similar to
the tracheids. However, it is obvious in tangential view,
having horizontal nodular walls, and presenting glomeruli
of resin inside, or plugs with round concavities.

The rays are uniseriate, not too high, of up to 8-12 cells.
Radially the rays seem to be homogeneous and are consti-
tuted from cells of 12-14 pm taller marginals and with
waved outer walls. No details on the inclined walls have
been observed. Indentures probably present, difficult to
observe due to bad preservation. In the cross-fields, 1-2
small round to oval, small, badly preserved cupressoid or
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Fig. 1 a-i (graphic scale, pm). Thujoxylon sp., Ociu, Bisericii brook, South Apuseni, Romania, sample OB-4.

a-c. (cross section) —

distinct growth rings, earlywood and latewood tracheids, few parenchyma dispersed, uniseriate

— uniseriate short rays, parenchyma with nodular horizontal walls and resin content; g-i.

rays; d-f. (tangential section)
(radial section) — uniseriate pitting on tracheids, 1

in cross-fields, in vertical and also horizontal pairs.

2 round pits
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Romania, sample OB-5.

Ociu, Bisericii brook, South Apuseni,

Fig. 2 a-i (graphic scale, pm). Thujoxylon sp.

a-c. Cross section — distinct growth rings, early-wood and late-wood tracheids, disperse parenchyma, uniseriate rays; d-f.
(tangential section) — uniseriate short rays, parenchyma with nodular horizontal walls and resin content with round empty

spaces and thick terminal walls; g-

pairs also.

2 round pits in cross-fields, vertical

i. (radial section) — uniseriate pitting on tracheids, 1
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taxodioid pits of 5-6 pum in diameter, horizontally ar-
ranged or in vertical pairs in the late-wood cross-fields,
having rounded lens-like, inclined to vertical apertures. In
the marginal cross fields 2-4, as superposed pairs of
round pits are present.

Affinities and discussions

The palaeoxylotomical observations made on the studied
specimens suggests, by the aspect of the structure in cross
section, devoid of resin canals, with few parenchyma
having horizontal nodular walls and cupressoid cross-
fields with typical aspect of a cupressaceous structure of
Thujidae group, especially of Thuja type, even if some
badly preserved details do not allow identifying a species.
The identification key of Vaudois & Privé (1971) explain
that the cupressaceous structures have “zones
d’acroissement distinctes, tracheides a ponctuations ra-
diales abietineénnes uniseriées, parenchyme absent ou
rare, a parois transversales noduleuses ou ponctuées,
rayons généralement peu élevés, uniseriés, parfois bise-
riés sur un faible hauteur; champs de croisement conte-
nant 1-4 ponctuations taxodioides, parfois cupressoides,
indentures présentes” for Thuja type structure. The
Chamaecyparis type has a lot of parenchyma and the
Juniperus type has specific juniperoid nodules on the
inclined tangential walls of ray cells in tangential view,
details not observed in our specimens.

The fossil morphogenus, initially variably spelled as
Thuyoxylum-Thuoxylon-Thuioxylon-Thuyoxylon, was
correctly spelled as Thujoxylon by Hartig in 1848 (see
Andrews, 1955, p. 251; Dijkstra & van Ameron, 2002).
Numerous morphospecies were described, in time (see
also Vaudois & Prive, 1971 revising the Cupressaceous
fossil lignotaxa). Between the last described species, we
cite Thujoxylon antissum Suss & Velizelos, 1998, de-
scribed from Lesvos, Greece, a tertiary form representing
root-wood with a special pattern of growth rings and
cross section. The species was quoted and discussed
again by Mantzouka et al. (2013). Also, a Cretaceous
species named Thujoxylon beipiaoense Ding et al., 20186,
having similar features, was described from China.

Pretty badly preserved specimens were described from
Romanian extra-Carpathian area as Cupressinoxylon sp.
aff. Thujoxylon sp. (lamandei et al. 2008, 2011, 2012).
Anyway, taking into account the papers of Greguss
(1967), Dupéron-Laudouéneix (1979), Zalewska (1953),
the revised diagnoses of Krdusel (1949) and Vogellehner
(1967, 1968), and using the key of identification pro-
posed by Vaudois et Privé (1971), we assign our studied
specimens to Thujoxylon sp., and no more, due to bad
preservation of the studied material.

Family Magnoliaceae Jussieu, 1789 nom. cons. (APG IlI
2009, APG IV 2016)

Genus Magnolioxylon Hofmann, 1952

Magnolioxylon kréauselii (Greguss) Van der Burgh, 1973
Fig. 3, Photos a-i.

Material

22

From a sample of petrified wood collected from South
Apuseni mts., Ociu area, Bisericii Book, from Mid-
Miocene deposits (Late Badenian-Early Sarmatian), kept
within “Todea Collection”, in Criscior-Brad locality, un-
der the indicative OB-1, with standard prepared thin sec-
tions that were submitted to the paleoxylotomical study.

Microscopic description

The growth rings are not too high, with boundaries
marked by some tangential rows of thin-walled cells,
radially flattened (marginal parenchyma). The structure is
generally diffuse-porous or slightly semi-ring-porous,
since in the late-wood the pores’ size slightly diminishes.
Also, at the boundary of the annual rings, the rays present
typical slight dilations.

The vessels are arranged in 1-3 radial rows between two
rays and are usually solitary or in radial small multiples
of 2-4 vessels. The solitary pores seem to be oval in
shape, usually deformed, relatively thick-walled (of 7-9
pum the double wall), sometimes touching the rays. The
diameters of the solitary vessels are of 50-70 um. The
vessel density is high, of more than 200 pores on mm2.
The scalariform perforations plates have up to 10-12
quite thick bars. On the longitudinal walls, spiral thicken-
ings are present, and intravascular pitting, as numerous
pits, horizontal-elliptical, opposite, to almost scalariform,
especially on narrower vessels appear. Sometimes, isolate
tyloses inside the vessels are visible.

The axial parenchyma appears either as marginal bands at
the ring boundary, or diffuse or scanty-paratracheal, or
difficult to be observed due to bad preservation.

The rays, in cross-section seen, appear as 1-2 seriate, with
slight dilations at the growth ring boundary, and consist
of rectangular cells radially elongated, filled with some
dark material. Generally, the rays have a linear or slightly
curled trajectory and sometimes touch vessels. In tangen-
tial view it is obvious that the rays are 1-2-seriate, hetero-
geneous, and their frequency is of 6-10 rays on tangential
horizontal mm. They have 10-25 cells in height, or are
even taller. In tangential-view the ray cells appear polyg-
onal rounded and alternately arranged, sometimes slightly
uneven. Radially seen, the rays show heterocellular char-
acter, the body cells are low, procumbent, and the mar-
ginals - slightly taller. In the cross-fields numerous short
elongate superposed pits appear.

The fibro-tracheids have moderately-thick walls, and
horizontal-elliptic pits, opposite to almost scalariform.
The fibres have also moderately thick walls but offer few
details, due to bad preservation.

Affinities and discussions

Evaluating the observed xylotomical features in our stud-
ied specimen we found that some of them as scalariform
perforations, scalariform pitting, biseriate rays, heteroge-
neous, terminal parenchyma and thick-walled fibers,
which suggest similarity with members of Magnoliaceae,
a large extant family comprising 7 genera and around 230
species, partially with arboreal habit, widespread in tem-
perate to tropical areas from Eastern Asia and North
America (see Watson & Dalwitz, 1992). The Plant List
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Fig. 3 a-i (graphic scale, um). Magnolioxylon kréuselii (Greguss) Van der Burgh, 1973, Ociu, Bisericii brook,
South Apuseni, Romania, sample OB-1.

a-c. (cross section) — distinct boundary of growth ring, marked by marginal parenchyma and ray dilations; d-f. (tan-
gential section) — spiral thickenings and scalariform pitting on vessels, biseriate heterogeneous rays; g-i. Radial
section — spiral thickenings and scalariform pitting on vessels, scalariform perforation plates, pitted cross-fields.

23



Stanila lamandei, Eugenia lamandei & Petru Todea

(2013) admits that Magnoliaceae is a family with 5 gene-
ra and 247 species.

However only three fossil genera were validly described
till now, having different diagnoses:

« Liriodendroxylon Prakash, Biezinova & Buzek, 1971,
corresponding to the extant genus Liriodendron L.,
known as tulip tree, whose structure can be diagnosed as
such: wood diffuse-porous, with small to mean-sized ves-
sels, solitary or in multiples of two or more, having sca-
lariform perforations plates with few bars (6-13), then
angular to elliptic intervascullar pitting, opposite, in hori-
zontal pairs or rows, terminal parenchyma, 1-5-seriate
rays or broader, slightly heterogeneous, fibers with po-
lygonal cross field, thin to thick walled and non-septate.

» Magnoliaceoxylon Wheeler, Scott & Barghoorn, 1977,
name used especially by American and Asian scientists,
as morphogenus of fossil wood of Magnoliaceae, almost
identical with the morphogenus Magnolioxylon created
by Hofmann (1952), is characterized by numerous narrow
vessels in cross-section, mostly in radial multiples, with
exclusively scalariform  perforation plates, with
scalariform intervessel pitting, marginal (terminal) band-
ed parenchyma and 1-4-seriate heterocellular rays (see
Wheeler et al., 1977; Srivastava & Suzuki, 2001; Wheeler
& Manchester, 2002).

» Magnolioxylon Hofmann, 1952, corresponding to the
extant genera of magnolias such as Magnolia L., Miche-
lia L., Talauma L., has the following diagnosis: diffuse-
porous wood with low growth rings, small solitary ves-
sels or as multiples of 2-3 up to 5(7), and simple perforat-
ed plates, small to large vascular pitting. (Additionally,
scalariform perforations and scalariform pitting, and even
very specific ones appear - a reason to emend the genus’
diagnosis). Rays 1-4(5)-seriate, rarely broader, with
slightly sinuous trajectory in cross-section, with up to 22
cells in height, heterogeneous, body cells procumbent,
marginals upright. Paratracheal uniseriate and marginal
(terminal) parenchyma and thick-walled fibers are pre-
sent.

The xylotomical details observed in our specimen, unfor-
tunately rather badly preserved, support the assignment to
Magnolioxylon morphogenus and, even if we had not the
access some older identifications of magnoliaceous fossil
woods (Unger, Caspary, Lignier, Edwards, and Kruse, for
example) quoted by Schonfeld (1958), we compared our
studied wood structure with more recently identified
forms:

- Magnolioxylon michelioides Hofmann, 1952, the type-
species described from Prambachkirchen, Austria, has
radial multiples of 3-5-7 vessels, paratracheal and termi-
nal parenchyma, rays of two sizes - broad of 3-5 cells and
uniseriates numerous which bring it closer to the extant
species Michelia baviens L. It was, also, described from
the Oligocene of Canada by Roy & Stewart (1971), as
having similar features or almost identical. Both forms
are quite similar to our material.

- Magnolioxylon scandens Schénfeld, 1958, described
from the German Late Oligocene of Niederrheinischen
Bucht, shows diffuse-porous wood with thick growth
rings, solitary vessels and in small radial multiples, some-
times diagonal to tangential, simple and high scalariform
perforation plates (with up to 33 bars), scalariform inter-
vascular pitting, thick-walled tracheids, round to scalari-
24

form pitted, thick-walled pitted libriform, 1-4-seriate high
rays, heterocellular with 1-3(5) rows of marginal, thick-
walled, upright cells (77-92 [m high). Schénfeld shows
that these details suggest similarities with extant species
like Magnolia and Talauma, but also with some lianas
like Schisandra, Kadsura. The same species was de-
scribed by us from Mid-Miocene deposits of Pravileni,
South Apuseni area (lamandei et al., 2004), but is not
identical to here studied specimen.

- Magnolioxylon transilvanicum Nagy & Marza, 1967,
was described also from South Apuseni area. The wood
structure presents bi- and triseriate heterocellular rays,
with body ray cells procumbent, and with mostly 2-4
rows of upright and/or square marginal cells, platanoid
dilations at the boundary of the growth-rings, simple and
scalariform perforations, elongated to scalariform pits on
vessels, simple and bordered, with slit-like apertures,
scanty paratracheal axial parenchyma and, also, marginal
(terminal), tracheids with spiral thickenings and scalari-
form pits, septate and pitted fibres. The same species was
subsequently identified in the same area (lamandei &
lamandei, 1997), having 2-3-seriate rays, idioblastic se-
cretory cells, scalariform perforations, bordered elliptic to
scalariform pitting, quite similar, of “buttonhole” type on
fibro-tracheids and on fibers. Also, a Miocene Magnoli-
oxylon cf. transilvanicum was described from Bala area,
Mehedinti County, Romania (Iamandei et al., 2011) and
recently Magnolioxylon aff. transilvanicum in Rhodopes
mts. (lamandei et al., 2016).

- Magnolioxylon acuminatum lamandei et lamandei,
1997, is another species described from Pravileni, close
to Ociu area, from the same Mid-Miocene deposits. It is
characterized by distinct growth rings, semi-ring-porous
structure wits radial multiples of 2-3(7) mean-sized ves-
sels (84/66 [m), density 105-120 vessels on sg.mm., sim-
ple perforations, alternate to opposite vascular pits, va-
sicentric tracheids with spiral thickenings and thin-walled
tyloses, apotracheal parenchyma, diffuse and marginal,
heterocellular rays usually uniseriate, with 1-4 secretory
cells, 1-2 pits in cross-fields thick-walled pitted fibers
(lamandei & lamandei, 1997).

- Magnolioxylon sp., described by Petrescu & Nutu
(1970) also from Pravaleni, from the same formation, has
badly preserved anatomical details - solitary vessels or in
2-3 radial multiples and 1-4-seriate rays, typical generic
details - but not sufficient for a specific identification.

- Magnolioxylon parenchymatosum Van der Burgh, 1973,
described from the Late Oligocene of Niederrheinischen
Braunkohlenformation, presents many xylotomical simi-
larities with the extant species Magnolia fraseri and M.
sororum and, also, with the fossil species Magnolioxylon
scandens described by Schonfeld (1958) from the same
deposits, having small sized vessels, with scalariform
perforation plates with 2-12 spaced bars, intervascular
scalariform pitting, helical thickenings, and also pitted
tracheids and fibers, axial parenchyma diffuse and 1-3-
banded and marginal (terminal), 1-3-seriate heterocellular
rays, with body-cells procumbent, and two rows of mar-
ginal upright cells, pitted.

- Magnolioxylon krauselii (Greguss) van der Burgh 1973,
initially described by Greguss (1969) as Liquidambaroxy-
lon, presents, besides the generic details, simple and sca-
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lariform perforations with (3)10-12 spaced thick bars,
sometimes forked, pitted and crystalliferous parenchyma,
1-2-seriate rays of 10-16 cells high, heterocellular, thick
to very thick-walled fibers, pitted fibro-tracheids.

Since the here studied specimen has scalariform perfora-
tions with up to 10-12 spaced thick bars, sometimes
forked, pitted and crystalliferous parenchyma, 1-2-seriate
heterocellular rays, of 16-17 cells high, or more, thick to
very thick fibers, pitted fibro-tracheids, perfectly resem-
bles to the morphospecies Magnolioxylon krauselii (Gre-
guss) Van der Burgh, 1973, to which we attribute our
studied specimen.

Family Platanaceae Lestiboudois, 1826 (ex Dumortier,
1829), nom. cons. (APG 111 2009, APG IV 2016)

Genus Spiroplatanoxylon Siiss 2007

Spiroplatanoxylon densiradiatum (Petrescu) Siss 2007
Fig. 4, a-i; Fig. 5, a-i.

Material

From two samples of petrified wood collected from South
Apuseni mts., Ociu area, Bisericii Book, from Mid-
Miocene deposits (Late Badenian-Early Sarmatian), kept
within “Todea Collection”, in Criscior-Brad locality, un-
der the indicative OB-2 and OB-6, with standard oriented
thin sections that were submitted to the paleoxylotomical
study.

Microscopical description

The growth rings are distinct, the wood structure is dif-
fuse-porous to slightly semi-ring-porous and the rays are
dilated at ring boundaries.

The vessels appear, in cross-section, as solitary pores or
as tangential to diagonal pairs, sometimes slightly angu-
lar, rounded or deformed and moderately thick-walled, 7-
10 um the double wall. The woody bundles, between two
rays, may have 1-5 vessels, which are mean sized, with
the radial/tangential diameters ratio 30-63/15-35 um The
pores’ size is relatively uniform 275-360 per square mm,
we can talk about a diffuse-porous wood tending to semi-
ring-porous, since a gradually diminishing size is ob-
served to the late-wood, where smaller sized pores are
visible, of 15-30/12-15 pum the diameters ratio (r/tg). In
longitudinal sections scalariform perforations can be
seen, on tilted plates, with 12-18 or more thin bars, quite
badly preserved. The vessels’ walls are bordered pitted,
with opposite, horizontaly elongate pits to scalariform, by
apertures’ coalescence. Even if badly preserved, helical
thickenings are present, no tyloses inside the vessels ap-
pear, and the vessels’ elements length is of 80-200 pum, or
difficult to measure.

The axial parenchyma is of apotracheal type, diffuse, as
scattered cells among the fibers or as uniseriate short
lines and as marginal (terminal) parenchyma. In longitu-
dinal view, the parenchyma cells are thin-walled, proba-
bly simple pitted, and have strands of rectangular cham-
bered cells, empty or bearing prismatic crystals.

The rays, in cross section seen, have linear trajectory,
rectangular cells, are two-sized, of 1-4, respectively, (6)8-
12 cells wide, and have typical platanoid dilations at ring

boundaries. In tangential view they appear fusiform and
compact, sometimes have cell-sheath and are usually
high. The body ray-cells are slightly polygonal, unequally
sized and relatively thick-walled. The uniseriate ray end-
ings have 1-5 slightly polygonal cells, often slightly larg-
er. The ray-frequency is of 9-12 rays per tangential mm.
Radially seen, the rays appear heterocellular, with pro-
cumbent body cells, the marginals square or slightly tall-
er. Sometimes hypertrophied cells appear, most probably
secretory and/or bearing crystals.

The fibres, polygonal in cross section, have rounded lu-
mina, and are quite thick-walled (up to 3-5 um double
wall). The longitudinal walls are pitted, but quite badly
preserved.

Affinities and discussions

All the observed microscopical features in the studied
specimens showed in cross-section a diffuse-porous to
semi-ring-porous vessels’ distribution, opposite bordered
pits, horizontaly elongate to scalariform by apertures’
coalescence on vessels, spiral thickenings and scalariform
perforations, and heterocellular rays dilated at ring
boundary (typical “platanoid dilatations”), so, we appre-
ciated that there are clear similarity with the platanaceous
structure. The Platanaceae is a monogeneric family of
flowering plants, from the order Proteales. Platanus is a
large deciduous tree adapted to temperate climate and has
10-12 species and some hybrids, scattered in North
America, Southeast Europe, Southern and Eastern Asia.
Its secondary xylem has moderately small vessels in radi-
al small groups, having scalariform and simple perfora-
tions, intervascular bordered pits elongate to scalariform
parenchyma apotracheal, two-sized rays with typical plat-
anoid dilation at the ring boundary (Greguss, 1959; Wat-
son & Dallwitz, 1992)
As it is known, there are three still valid fossil genera of
platanaceous woods: Plataninium, Platanoxylon and Spi-
roplatanoxylon. Extended discussions concerning the
validity of these genera and of their associated species are
already published (Suss, 2007; Sakala et al., 2010; Gryc
& Sakala, 2010; Tovarkova et al., 2011; Koutecky & Sa-
kala, 2015; lamandei et al., 2020, in this Journal).
* The genus name Plataninium is still used by some
American, Asiatic and even European scientists, and is
considered as a primitive type which support the Bayley
concept regarding the xylotomic features’ evolution (see
Wheeler & Baas, 1991) since it has scalariform perfora-
tions, spiral thickenings, marked heterocellular rays.
Many scientists have described species under this genus
name (see Felix, 1894; Brett, 1972; Crawley, 1989; Poole
et al., 2002; Meijer, 2000; Page, 1968; Stockmans, 1936;
Wheeler, McClammer & LaPasha, 1995; Takahashi &
Suzuki, 2003).
« The genus Platanoxylon Andreanszky, 1951 was also
subject of revision and dispute at least in the last time
(Sliss 1960, 1971, 1986, 2007; Suss & Miiller-Stoll,
1977). This genus is considered by Selmeier (1996) as
representing an evolved type which has simple (and sca-
lariform) perforations, no spiral thickenings and homocel-
lular rays, and was longtime admitted as the best equiva-
lent of the extant platanoid taxa (Siss, 1960, 1971, 1980,
1986, 2007; Siss & Miiller-Stoll, 1977).
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Fig. 4 a-i (graphic scale, um). Spiroplatanoxylon densiradiatum (Petrescu) Suss 2007, Ociu, Bisericii brook, South
Apuseni, Romania, sample OB-2.

a-c. (cross section) — distinct boundary of growth ring, diffuse-porous wood structure, ray dilatations at boundaries; d-f.
(tangential section) — two-sized rays - fine and multiseriate fusiform, spiral thickenings on vessels; g-i. (radial section) —
procumbent body ray cells, chambered crystalliferous parenchyma, scalariform perforation plates.
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Fig. 5 a-i (graphic scale, um). Spiroplatanoxylon densiradiatum (Petrescu) Siss 2007, Ociu, Bisericii brook, South

Apuseni, Romania, sample OB-6.
a-c. (cross section) — distinct boundary of growth ring, diffuse-porous wood structure, two-sized rays with dilations at

boundaries; d-f. (tangential section) — two-sized rays - fine and multiseriate; g-i. (radial section) — heterocellular ray,

scalariform pitting on vessels, chambered crystalliferous parenchyma.
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* The genus name Spiroplatanoxylon Suss, 2007 was cre-
ated from the Tertiary of Europe and southwestern Asia
and is characterized, beside the Platanus-like wood struc-
ture, by two aspects considered more primitive but char-
acteristic to the genus: the scalariform perforation plates
and the helical thickenings on vessels. From this reason a
lot of species of Plataninium and Platanoxylon were at-
tributed to Spiroplatanoxylon (see Suss, 2007; Gryc &
Sakala, 2010). Also, Icacinoxylon was reconsidered as
bad identification of a taxon with only intertropical extant
correspondents and the numerous species described in
Europe, but not only, were reassigned to Spiroplatanoxy-
lon (Suss, 2007).

In a recent paper on some wood remains from Bozovici,
an extended discussion on the evolution of the taxonomy
of the fossil platanaceous structures is done (lamandei et
al., 2020, in this Journal). All the described xylotomical
features of the studied specimens are consistent with the
genus diagnosis of Spiroplatanoxylon, and for this reason
we will attribute our woods to it.

Since the wood structure of here studied specimens from
South Apuseni mts., from Ociu locality, on Church
Brook, xylotomically resembles to many already de-
scribed species, for example to the forms described, by
Petrescu & Dragastan (1972) as Spiroplatanoxylon gram-
bastfessardi (Petrescu) lamandei (in lamandei et al.,
2020, in this Journal), from the Oligocene of Telega and,
also, by Petrescu & Nutu (1970, 1971, 1972) from
Pravaleni, respectively from Almagul Mare and Boiu, as
to Spiroplatanoxylon porosum (Felix) Suss, 2007 and
also with the species Spiroplatanoxylon densiradiatum
(Petrescu) Siiss, 2007 (former Icacinoxylon densiradia-
tum Petrescu, 1978) which is almost identical, having
smaller angular vessels, solitary or in clusters, scalariform
perforation plates with 20-35 bars, spiral thickenings and
ray cells with crystals, two-sized rays and high ray-
frequency.

We tried to find very specific details, to discriminate be-
tween the described species, and to identify the studied
material, which is quite badly preserved, but showing
distinct growth rings, diffuse-porous wood structure to
slightly half-ring-porous, vessels solitary or in tangential
to diagonal pairs, angular to rounded, thick-walled, mean-
sized, scalariform perforations with 12-18 thin bars or
more, bordered opposite pits, horizontally elongate to
scalariform by apertures’ coalescence, helical thicken-
ings, no tyloses; axial parenchyma apotracheal diffuse,
and as marginal parenchyma, thin-walled cells in strands
of rectangular chambered cells, bearing prismatic crys-
tals; rays, two-sized (1-4 and (6)8-12 cells wide), with
platanoid dilations, fusiform and compact usually high,
sometimes cell-sheath, body ray-cells slightly polygonal,
unequally sized, thick-walled, rays heterocellular, with
procumbent body cells and marginals square or slightly
taller, sometimes with hypertrophied cells probably secre-
tory and/or bearing crystals, fibres polygonal, thick-
walled, pitted. Since we appreciate a close similarity with
Spiroplatanoxylon densiradiatum (Petrescu) Suss, 2007,
we assign our two studied specimens to this species.

Family Fagaceae Dumortier, 1829 nom. cons. (APG llI-
2009, APG 1V-2016)
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Genus Quercoxylon (Krdusel) Miller Stoll & Madel,
1957 emend. Gros, 1988

Quercoxylon sp. cf. Quercus frainetto Tenore

Fig. 6, a-i.

Material

From a sample of petrified wood collected from South
Apuseni mts, Ociu area, Bisericii Book, from Mid-
Miocene deposits (Late Badenian-Early Sarmatian), kept
within “Todea Collection”, in Criscior-Brad locality, un-
der the indicative OB-3, with standard prepared thin sec-
tions that were submitted to the paleoxylotomical study.

Microscopic description

The growth rings in cross-section are distinct, but with
not well marked boundaries by a special tissue; the wood
structure is ring-porous and shows an abrupt change be-
tween the early and the late-wood: from few solitary,
round, big, early-wood vessels, to smaller, solitary, round
or slightly oval late-wood vessels, in radial pattern ar-
ranged, to slightly diagonal or as composed fascicles ar-
ranged, from dendritic to almost porous arrangement, the
pores’ size gradually diminishing to the final wood.

The vessels in the early wood, are exclusively solitary,
round, large sized of 200-350 um in diameter and thick-
walled (of 5-7 um the simple wall), in 1-3 tangential rows
arranged. In the transitional to late wood, round to radial
oval, small sized vessels appear (of 90-150/70-130 um
r/tg diameters), also exclusively solitary and thick-walled.
The vessels’ density is variable, of 2-3 pores per square
millimeter in the early-wood, more numerous (11-14)
only in the late-wood (mean density is between 7-11
pores, variably-sized, per square millimeter). In longitu-
dinally view, the vessels have simple perforation plates,
quite difficult to see due to bad preservation. On vessels
and on vasicentric tracheids, alternate bordered pits with
horizontal apertures appear.

The axial parenchyma is less visible in cross section,
must be diffuse, of apotracheal type, scattered among the
libriform or tracheids. In longitudinal sections can be
seen as vertical strands of rectangular chambered cells
among the elements of ground-mass, or even paratrache-
al. Due to bad preservation no other detail is visible.

The rays, in cross-section seen, appear linear, slightly
wavy in the early wood and are two-sized: fine rays,
mostly uniseriates, short and numerous and broad rays,
compact multiseriates of 8-15 cells, often taller than 1
mm. Tangentially they show polygonal cells, unequal in
size - of 12-25 pm in diameter, and relatively thin-walled
(2-3 um the double-wall). The ray-frequency is variable,
of 10-14 rays on tangential millimeter, the multiseriates
being rare and, at relatively uniform intervals. Radially,
the rays are homocellular showing cells all procumbent,
and the cross fields have vertical-rectangular bordered
pits, in palisade arrangement.

The fibers, transversally seen, appear as thick-walled
cells with point-like lumina. In longitudinal view, they
are unpitted and unsepted. The fibro-tracheids are rela-
tively similar to the fibers and difficult to separate in all
sections, due to bad preservation.
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Fig. 6 a-i (graphic scale, um). Quercoxylon sp. cf. Quercus frainetto Ten., Ociu, Bisericii brook, South Apuseni, Romania,

sample OB-3.

apertures on vessels, simple perforation plates,

round late-wood vessels two-sized rays. d-f. (tangential section) — two-sized rays, fine and multiseriate, short vascular ele-

ments, parenchyma cells. g-i. (radial section) — bordered pits with horizontal

a-c. (cross section) — indistinct boundary of growth ring, ring-porous wood structure, two-sized solitary thick-walled vessels,
rectangular pits "in palisade" in cross fields
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Affinities and discussions

The cross-section of the studied specimen shows a typical
aspect of wood of Fagaceae, i.e. obvious ring-porousity,
rounded pores and two-sized rays, finer, mostly uniseriate
and multiseriates broad, typical features of some quer-
cineous structures. After Hadziev & Madel (1962) for the
extant oaks could be separated four types of wood struc-
tures:

« Type white oaks (Weisseichen), comprising most of the
species of Lepidobalanus sectio — having ring porous
structure and small, polygonal, thin-walled vessels in the
late wood.

» Type red oaks (Roteichen), comprising the species of
Eritrobalanus sectio and some species of Lepidobalanoi-
deae section, with ring-porous structure and relatively
large, round, thick-walled vessels in the late wood.

* Type sempervirent oaks, comprising species of Quercus
and of Lithocarpus with (diffuse)-porous or semi-ring-
porous structure, and relatively small and spaced vessels
often radially arranged in the late wood.

* Type oak root-wood, present in all the Quercineae, hav-
ing diffuse-porous structure and crowded large pores.
Privé-Gill (1975), observed that the oak-wood is charac-
terized by vessels in radial rows, more or less dendritical-
ly distributed, and simple perforated, specifying that two-
sized rays (fine, 1-2-seriates and broad, multiseriates) are
present in Quercus L. and in Lithocarpus BIl. (= Pasania
Oerst.) with some tens of species from temperate to warm
regions of north hemisphere, islander also. The structures
with diffuse pore distribution characterize the evergreen
species. The ring-porous structure is typical to the decid-
uous species of Quercus and the most septentrional spe-
cies of Lithocarpus. In the root-wood, the deciduous spe-
cies often tend to lose their ring-porousness becoming
similar to the evergreen species, and the broad rays be-
come divided in false rays, i.e. aggregate rays (Privé-Gill,
1975).

Also, for a correct generic identification, other two keys
of identification were consulted:

* The key of Shimanji (in Suzuki & Ohba, 1991) who
made a comparative synthesis of the essential xylotomical
characters of the extant fagaceous taxa, based on the ana-
tomic studies and the phylogenetic relations between the
genera of Fagaceae, comprised in a big table presented.
Using this key we observed that having ring porous struc-
ture, round thick-walled vessels in latewood, simple per-
forations and compact thick rays, our structure can be
similar to a Quercus of white type from Quercus section.
» The key of Petrescu (1976), systematizing the extant
and fossil Fagaceous wood-types (Table 1), and separat-
ing them by ring structure, perforated plates and ray-type,
key slightly emended here by us, since Lithocarpoxylon
is considered invalid genus (Selmeier, 1997). Using at
least these keys, the generic identification as Quercoxylon
of our specimen is correct. Consulting, also, the atlas of
Schweingruber (1990), the onward site of Schoch et al.
(2004), the site InsideWood 2004-onwards, and the paper
of Wheeler (2011), we also found a perfect similarity of
our studied specimen with the quercineous structure.

This fossil genus Quercoxylon was initially created by
Elise Hofmann (1929), when she quotes the species
Quercoxylon cerris, but without Fig.s or description, so,
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it was considered not correctly published. Ten years after,
it was Kréusel (1939) who correctly defined and imposed
the genus name Quercoxylon, describing a new species,
Q. retzianum Kréusel, 1939, and establishing it as type-
species, giving a correct genus’ diagnosis, as it follows:
Secondary wood porous or ring porous, with more or less
obvious growth rings, usually solitary vessels with simple
perforations, with big alternate pits, bigger to parenchyma
or to ray cells, from irregular oval to polygonal, usually
vertical; specific two-sized vessels and tracheids; libri-
form fibres and parenchyma difusse, or as short tangential
uniseriate bands; two-sized rays, short uniseriate, some-
times as false broad rays, and real broad rays, compound,
compact and aggregate.

This genus diagnosis was emended by Muller-Stoll &
Médel (1957), and again by Gros (1983, 1988), to com-
prise new specifications on the porous or ring-porous
structure, on the usually solitary vessels simple perforated
and with alternate vascular pitting, on the pitted paren-
chyma, banded or diffuse, on the libriform, tracheids and
small vessels from groundmass and on the two-sized
rays.

Another revision and emendation was made by Suzuki &
Ohba (1990), they proposing to get out from the confu-
sion with many other older validly published generic
names of oak wood-structures as Kloedenia, Quercinium,
Quercites, Quercoxylon, by sending them in synonymy,
and replacing them with the Linnaean name Quercus, but
this proposal not respecting the current ICBN rules was
not followed by any paleoxylologist (see Selmeier, 1997).
They also emmended the genus Lithocarpoxylon Petres-
cu, 1978 which was invalidated by Selmeier (1997).
Reviewing many extant described species of “white oak”,
Privé-Gill (1975) conclude that there is a big intraspecific
variation. This is true for the entire genus Quercus L.,
which shows a great interspecific anatomic homogeneity
and in such a situation, it is very difficult to delimitate a
fossil species and, often, any xylotomic observation has
only a descriptive value for the studied specimen (Privé-
Gill, 1975).

Selmeier (1996) observed also that vessel diameter, ray
size, ray frequency and ray distribution are variable, and
even in the same described fossil species the biometric
values may differ. For this reason, in the xylotomical
description of extant wood we find no actualized meas-
urements, and any accurate measurements made by pale-
oxylologists cannot be always useful to identify an un-
known. Much more, the rules from "IAWA List of Mi-
croscopic Features for Hardwood" (Wheeler at al., 1989)
impose different ways to express the older measurements.
A lot of other oak fossil woods described from the Euro-
pean Miocene were usually identified with “white oak-
type”, as Quercoxylon bavaricum Selmeier, 1971, a per-
fect equivalent of the extant Quercus robur L. which be-
long to Quercus section.

This species described by Selmeier (1971) have a corre-
spondent within Carpathian area in Quercoxylon sarmati-
cum Starostin & Trelea, 1969 which seems to have priori-
ty, defining the same type of wood which was found
again by Petrescu (1976), Lupu (1984), lamandei et al.
(2001, 2011).

The xylotomical analysis of here studied specimen shows
that it should belong to "Roteichen" type, from
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Table 1 Key of identification of Fagaceous wood (after Petrescu, 1976, slightly modified)

times some scalariform, with
few bars

compact-composed or, par-
tially aggregate rays

Uniseriate and multiseriate

Vessels, perforations Rays Extant taxa Valid fossil taxa
Structures with solitary ves-

Type A | sels or grouped (2-3 or more), | Fine rays (1-3-seriate) and | Fagus Fagoxylon, Notho-
with simple and scalariform | compact multiseriate. Nothofagus fagoxylon
perforations on vessels

. - Castanea
Exclusively uniseriate rays . Castanoxylon
Castanopsis
Structures with solitary ves- | Uniseriate and compact mul-
Type B sels, simple perforated, some- | tiseriate rays, sometimes Quercus

Quercoxylon

aggregate rays

Lithocarpus

Erytrobalanus sectio, since they present in cross section,
ring porous structure and small, round, thick-walled ves-
sels in late wood, with radial or tending to dendritic pat-
tern distribution of the vessels, or to already porous even
if they may have many variations, as some other authors
previously have been shown (see Selmeier, 1971; Privé,
1975).

At a first sight, the here studied wood structure seems to
correspond to the extant Quercus borealis L. (in
Schweingruber, 1990), known now as synonym of extant
Quercus rubra L., which belong to the red oak group
(Quercus, section Lobatae), living now in North Ameri-
ca, in the northeastern United States and southeast of
Canada, locally named “Northern Red Oak” or “Champi-
on Oak”. Also, similarities of the structure of our speci-
men with the extant Quercus suber (cork oak) and with
the fossil Quercoxylon compactum (Starostin & Trelea,
1969) were observed.

However, the cross-fields with vessels show in a homo-
cellular ray structure numerous quadrangular rounded
vertically aranged bordered pits, in palissade, very similar
to extant species Quercus frainetto Ten. (see
Schweingruber, 1990), known as Hungarian Oak or Ital-
ian Oak (synonyms: Quercus conferta Kit., Quercus far-
netto Ten.) classified in Quercus sect. Mesobalanus, and
is a species of oak native to Southeastern Europe and
Turkey.

A similar specimen was described by us, from the Middle
Miocene from Bala area, Mehedinti County, Romania
(lamandei et al., 2011). In these circumstances we prefer
to give to the here studied specimen the name Quercoxy-
lon sp. cf. Quercus frainetto Ten., and to search for a
better fossilized specimen, or specimens, which could
support the description maybe of a new species.

CONCLUSIONS

Previous evaluation of the ecological requirements of the
paleotropical taxa in Pravileni-Ociu association conclud-
ed that the arboreal Badenian vegetation represents an
altitudinally storied Mixed Mesophytic Forest with Lau-
racee and Conifers, living in an insular mountainous envi-
ronment within an equal climate, warm and wet, devoid
of freezing intervals. Otherwise the regional palaeogeo-
graphic reconstruction indicates lower latitude of the area

and a Mediterranean environment inside Paratethys. After
our fossil wood identifications the list of arboreal flora
comprises species of Tetraclinoxylon, Thujoxylon,
Chamaecyparixylon, Taxodioxylon, Sequoioxylon, Pi-
nuxylon, Magnolioxylon, Cinnamomoxylon, Spiroplatan-
oxylon, Liquidambaroxylon, Eucaryoxylon, Rhysocaryox-
ylon, Pterocaryoxylon, Fagoxylon, Quercoxylon, Alnoxy-
lon, Populoxylon, Salicoxylon, Nyssoxylon, Pa-
raphyllanthoxylon, Piranheoxylon, Aceroxylon, Frax-
inoxylon, Rhizopalmoxylon (see lamandei et lamandei,
2010), to which we are adding newly identified species of
Thujoxylon type, of Magnolioxylon, of Spiroplatanoxylon
and of Quercoxylon, perfectly integrated within the late
Badenian regional vegetation.
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