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Abstract. This study analyzes petrified wood samples collected from the Bulgarian Black Sea shore near the Byala
locality. These specimens originate from the Galata Formation and date to the Chokrakian age (mid-Miocene). The
three well-preserved specimens were identified as Cupressinoxylon sp. (cf. Thujoxylon sp.). In contrast, one poorly
preserved specimen suggested a dicot structure and was recognized as Populoxylon sp. (cf. Populus tremula L.). The
geological characteristics of the Galata Formation in this region are also discussed.
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INTRODUCTION

The Middle Miocene, particularly the Chokrakian
stage, was a pivotal period in the geological history of the
Eastern Paratethys, which included regions of the
present-day Black Sea, Caspian Sea, and surrounding
areas (Popov et al., 2022, 2023). The end of this epoch
witnessed significant environmental and vegetational
changes, primarily influenced by the transition from the
Middle Miocene Climate Optimum (MMCO) to the
Middle Miocene Climate Transition (MMCT) (Mourik et
al., 2010; Ivanov et al., 2011; Methner et al., 2020).

During the Chokrakian regional stage, which forms
part of the Middle Miocene (Palcu et al., 2019; Raffi et
al., 2020), the Eastern Paratethys region was
characterized by a warm temperate to subtropical climate
that supported a rich diversity of plant life. The
vegetation during this period reflected a gradual transition
from subtropical, humid conditions in the early
Tarkhanian, towards more arid conditions in the
Chockrakian (Vernyhorova et al., 2023). In this study, we
present the results of an investigation of petrified wood
material from an emerged section of a petrified forest
preserved submerged in East Bulgaria.

SAMPLES AND GEOLOGICAL CONTEXT

The petrified wood samples analyzed in this study
were collected by Dr. Palcu and his team during
stratigraphic fieldwork along the Bulgarian Black Sea
coast near Byala, south of Varna (Fig. 1) in 2017-2018.
The specimens were found as fragmented pieces (Fig. 2)
and, in some cases, as in situ petrified tree trunks (Fig. 3),
preserved within the mid-Miocene deposits located in the
lower part of Galata Formation. A total of 65 petrified

wood fragments were encountered outcropping or lying
washed on the beach. The clustering of these fragments
suggests that they were removed from outcrops in the
vicinity of the beach and redeposited along the shore due
to wave and storm action. The samples were mapped
(Fig. 4), and a subset was collected for specific
investigations, which are presented in this paper.

The samples were found in the lowermost part of the
base of the Galata Formation (Georgiev 2012). This
stratigraphic unit spans the Chokrakian, Karaganian and
Konkian regional stages of the Eastern Paratethys (Palcu
et al., 2019). The samples, corresponding to the
lowermost part of the Galata Fm., correspond to the
Chokrakian regional stage. This regional stratigraphic
unit corresponds to the upper part of the Langhian stage
(Raffi et al., 2020) and is also equivalent to the lower part
of the Badenian regional stage of Central Paratethys (see
Palcu in Popov et al., 2022). The formation is well-
exposed along the coastline of the Black Sea (Fig. 1)
between the Black Cape in the South, sitting
uncomfortably above the Oligocene with anoxic
sediments of the Ruslar Fm. (Tulan et al., 2020), and
Varna, in the North, where it is overlain by oxic
sediments of the Middle Miocene sediments of the
Evksinograd Fm. (see Zdravkov et al., 2015).

The base of the Galata Fm. (Fig. 5) is defined by an
erosional boundary with an angular unconformity of
approximately 10° relative to the underlying Oligocene
deposits. This basal contact is visible along a rocky beach
for about 1 km and exhibits significant irregularities,
including erosional depressions ranging from 10 to 15
meters deep and 20 to 50 meters wide.

The Galata Formation begins with polygenic
conglomerates containing clasts measuring between 5 and
30 cm along the b-axis, alongside larger clay fragments
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Fig. 1. The location of the studied area (A), a geological sketch (B) of the region of Dolna Kamchiya Basin (after
Cheshitev et al., 1991; Kancev & Geréeva, 1992, modified) and a simplified lithological column of the Galata Fm. (C).
Geological sketch symbols represent: 1 — recent marine beach sands (Holocene); 2 — alluvial deposits of river bed and
flood plain (Holocene); 3 — proluvial deposits (Holocene); 4 — alluvial deposits of 1st and 2nd terraces above flood plain
(Pleistocene); 5 — eolian—alluvial-talus deposits (Pleistocene); 6 — alluvial-proluvial deposits (Pleistocene); 7 — undi-
vided Pliocene sediments; 8 — Galata Fm. (Miocene); 9 — Ruslar Fm. (Oligocene); 10 — Arnautlar Fm. (Priabonian); 11
— Dolni Chiflik Mb. of the Avren Fm. (Bartonian—Priabonian); 12 — Dvoynitsa Fm. (Ypresian—Lutetian); 13 — lithostrat-
igraphic boundary; 14 — normal fault (a — certain, b — uncertain); 15 — fossilized normal fault; 16 — trust (a — certain, b —

uncertain).

derived from Oligocene fine-grained deposits near the
base (Fig. 5B, 5C). The conglomerates are clast-
supported with a minimal sandy matrix, displaying poorly
defined festoon stratification and clast imbrication (Fig.
5, 6A). These features suggest deposition associated with
high-energy processes, such as fast flooding or slope
collapses.

Above this basal unit, conglomerates associated with
fluvial and distributary channel systems are present (Fig.
5A). Pebble imbrication and erosional bases within these
deposits indicate sediment transport in a braided stream
environment, with paleocurrents directed toward the
NNE. The fluvial deposits transition sharply into cross-
bedded sandstones, which overlie the conglomerates with
no evidence of a gradual shift. These sandstones exhibit
both tabular and trough cross-bedding, with sets
measuring 20 to 40 cm in thickness. Tabular cross-
bedding is dominant, with sandstone bodies forming
tabular units 3 to 5 meters thick and bounded by erosional
surfaces.

Within the middle stratigraphic interval of the Galata
Formation, petrified wood fragments were found
scattered along the shore. Detailed observations revealed
that their source was a cross-bedded sandstone bed
12

containing petrified tree trunks preserved in situ. These
trunks were encased in coarse sandstone concretions
measuring 20 to 30 cm thick (Figs. 2, 3). Such deposits
reflect sedimentation within a fluvial to shallow marine
environment influenced by tidal and geostrophic currents.

SEDIMENTARY STRUCTURES
DEPOSITIONAL ENVIRONMENTS

AND

The Galata Formation features a complex suite of
sedimentary structures indicative of varying depositional
conditions. In its southern exposures, large-scale cross-
bedded sands dominate, with individual sets ranging
between 5 and 10 meters in thickness and characterized
by low-angle internal stratification (Fig. 6). These
deposits are interpreted as sand wave formations, likely
generated by tidal or geostrophic currents. Their coarse
grain size and absence of wind-formed separation cells
differentiate them from eolian deposits.

Fine-grained intervals, comprising silty mudstones
interbedded with sandstones, occur sporadically within
the formation. One notable interval includes a 1.5-meter-
thick succession of muddy siltstone capped by a 20 cm
thick micritic limestone bed containing siliciclastic
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Fig. 2. Plant remains found in the studied area are very diverse: leaf imprints (A), petrified wood in a concretion (B),
loose light-colored petrified wood fragments (C, D), loose dark coloured petrified wood fragments (E, F).

detritus and weak bioturbation. These deposits suggest
periods of low-energy sedimentation in environments
such as salt marshes, shallow coastal lakes, or lagoons.
The presence of such fine-grained facies indicates
episodes of reduced fluvial input and lower energy
conditions, potentially linked to transgressive events.
Erosional features within the formation include scours
measuring 5 to 10 meters deep and 30 to 40 meters wide,
filled with conglomerates and sandstones. These scours
exhibit fining-upward sequences, indicative of strong

erosional currents followed by sediment infill. Such
features, often associated with entrenched channels or
paleo-valleys, are prominent in the southern part of the
Galata Formation.

In the wupper stratigraphic levels, transgressive
deposits appear as horizontally extensive units of micritic
limestone and coquina beds (Fig. 7). These units,
spanning approximately 2 km laterally, consist of basal
sands overlain by micritic limestone beds that represent
rapid transgressive events over a shallow marine
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matrix
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fragment

Fig. 3. Petrified trunk in original position (A) enveloped in a sandstone concretion. Conglomerate block preserving a
petrified wood fragment (B), evidence of at least one of the sources of the petrified wood in the Black Cape coastal
section.

Interval
with
petrified
wood

Fig. 4. Detailed position of the petrified wood fragments (A, B) and statistics (C) for 65 petrified wood fragments found
in the Black Cape coastal section, note the lack of an orientation and dominance of the horizontal and sub-horizontal
inclinations (41 samples with inclinations between 0° and 22°) — associated with recently redeposited loose fragments,
over intermediate (17 samples with inclinations between 22° and 60°) and steep inclinations (7 samples with inclinations
> 60°) that are more likely associated with large conglomerate blocks or are preserved in-situ.

platform. Coquina layers at the top of these sequences
indicate further deepening of the basin and a transition to
low-energy conditions below the wave base. These
transgressive sequences, observed at multiple levels,
highlight repeated shifts in sea level during the mid-
Miocene.

The final depositional stages in the Galata Formation
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are represented by beach deposits observed near Galata
Cape. These deposits, comprising sandstone layers with
parallel stratification dipping seaward at low angles (2°—
5°), reflect a prograding beach environment. Lower
shoreface to offshore facies exhibiting hummocky cross-
stratification are also present, further illustrating the
dynamic depositional history of the formation.
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Fig. 5. Base of the Galata Fm. (A). Please note the lithological boundary and the large clasts (LC) present in the base
and highlighted in panels (B - LC1) and (C - LC2). The human silhouettes (HS - 1.7 meters) are meant to highlight the
perspective effect in the picture and correct the perception of the outcrop size.

Fig. 6. Conglomerates corresponding to the fluvial and distributary channels (A), and cross-bedded sands (B, C).
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PALAEOXYLOTOMICAL STUDY

Material and methods. Some samples of fossil wood
were collected from the Bulgarian shore of the Black Sea,
south of Varna, near the Byala locality (Fig. 1). They
were found as petrified wood fragments scattered along
the shore (Fig. 5), originating from the basal
conglomerates, or even as in situ petrified trunks (see Fig.
4), and from the fluvial cross-bedded deposits in the basal
part of the Galata Formation, of lower Badenian age, i.e.
Chokrakian (see D.V. Palcu in Popov et al., 2022).

For the xylotomical study, oriented thin sections of
petrographic type were prepared from each sample,
according to the recommended three standard directions:
transverse, tangential, and radial. These sections were
examined using a transmitted light microscope. Four
specimens exhibited wood structure and were subjected
to the microscopic study.

All anatomical details were studied and described for
each specimen, using the scientific terms as defined by
the TAWA lists of microscopic features for softwood and
hardwood identification, as published by the IAWA
Committee (Wheeler et al., 1989). Photos of the
xylotomical details were captured with an “EverFocus*
video camera adapted to the microscope, using the
software ,,AVerMedia“, and the images were processed
with specialized computer programs.

The identification of the unknown original tree was
subsequently performed by comparing it with previously
described similar aspects of fossil or recent wood
structures from published scientific papers (all included
in the References section). The systematics followed
A.P.G. IV (2016) and the ICN-Shenzhen Code (Turland
et al., 2018).

SYSTEMATICS

GYMNOSPERMS

Family Cupressaceae Bartlett (sensu lato — Gadek et al.,
2000)
Genus Cupressinoxylon Goppert emend. Dolezych, 2005

Cupressinoxylon sp. (cf. Thujoxylon sp.)
Fig. 8, photos. a-i. Fig. 9, photos. a-i.

Material: The studied material consists of small
fragments of petrified wood collected from the Bulgarian
shore of the Black Sea, near the Byala locality, south of
Varna. These fragments come from the sedimentary
deposits of the Galata Formation, of Chokrakian age
(Lower Badenian), outcropping along the Black Sea
shore (see details above). The petrified wood samples are
labeled with the field numbers BW2, BW3, and BW5 and
are deposited in the GIR Collection at the National
Geological Museum, in Bucharest, under the inventory
numbers 27722, 27723 and, respectively 27725.

Microscopic description: Growth rings — appear
variably sized in cross-section, ranging from 10 to 30
cells wide, or more, with a gradual reduction occurring
only in the late wood. The late wood consists of 6-8 rows
of smaller pores and 2-4 rows of radially flattened cells
(the final wood), marking the boundaries of the growth
rings, which become quite distinct, as the early wood
always starts with larger cells. Axial canals are absent.

The tracheids — in cross-section — have a polygonal
shape with rounded corners, sometimes deformed by
compression. In the early wood, their radial/tangential
diameters range from 20—60(70) pm / 25-50(60) pm, and

Fig. 7. Transgressive (coquina) deposits alternating with poorly cemented sands.
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they are thick-walled, with double walls measuring 10—15
pm. In the late wood, the diameters gradually decrease,
and in the final wood, smaller tracheids appear,
measuring 7-17 / 15-25 pm in diameter with slightly
thicker walls (12—17 um for the double wall). In cross-
section, the cells are regularly arranged in 2—13 or more
radial rows between two successive rays, with
intercellular spaces often present. Their density ranges
from 650 to 950 tracheids per mm?. On the radial walls,
the pits are arranged in a uniseriate pattern, occasionally
biseriate and opposite. The pits are round, of the bordered
type, with a diameter of 8—12 pum, a large chamber, and a
round to elliptic aperture. On the tangential walls, pitting
is usually absent or, rarely, appears as smaller pits (5—8
um), arranged uniseriately. Helical or callitroid
thickenings, crassulae, and organic deposits are generally
absent.

Axial parenchyma — is present as a few cells in a
diffuse arrangement, scattered in the late wood, thick-
walled, and usually present. In vertical view, the
parenchyma cells show few nodules on the end walls.

Rays — appear thin and linear in cross-section, and in
tangential view, they are exclusively uniseriate. They are
low to medium tall, with 3-9 (—15) cells or more. Ray
density is 5—7 rays per tangential mm. Regarding the ray
composition, the rays are homogeneous, composed of
parenchymatous ray cells, all procumbent, with the
marginals slightly taller. Ray tracheids are absent. The
end walls of ray parenchyma cells are smooth. The
horizontal walls of ray parenchyma cells are smooth and
pitted. Indentures are not visible or are absent. In the
cross-fields, small cupressoid pits of 3-5 (7) um in
diameter appear, as 1-2 (-3) pits, with inclined slit-like
apertures, on the marginals in 2—3 superposed rows or
slightly disordered. Resin canals (axial or radial) are
absent. Mineral inclusions (as crystals) are not present.

Affinities and discussions: We studied some samples
of petrified wood collected from the Bulgarian shore of
the Black Sea, originating from the basal sedimentary
deposits of the Galata Formation, of Chokrakian age.
Three of these samples exhibited a coniferous structure,
with distinct growth rings, no resin ducts, thick-walled
tracheids, and few parenchyma cells scattered, especially
in the late wood. The parenchyma cells show few nodules
on the end walls. The tracheids have uniseriate, and rarely
biseriate, radial pitting. Tangentially, pitting is rarely
uniseriate and smaller. In the cross-fields, cupressoid pits
appear, often in 2—3 superposed rows.

These anatomical features suggest an affinity to the
cupressaceous wood type (see Vaudois & Privé, 1971;
Watson & Dallwitz, 2008; Schweingruber, 1990;
Ibrahim, 2015). Such a xylotomy points to a possible
structural similarity with Cupressus or Thuja types, both
from the Subfamily Cupressoideae Rich. ex Sweet, 1826,
as described in the latest -classification of the
Cupressaceae family sensu lato (see Gadek et al., 2000;
Farjon, 2000; Christenhusz et al., 2011).

For this type of fossil wood, Goppert (1850) created
the fossil genus Cupressinoxylon Goppert, describing
more specimens, but not specifying a very clear
diagnosis. Vaudois & Privé (1971) cited a diagnosis
reformulated after many previous authors. The diagnosis,
attributed to Goppert was emended by Dolezych (2005).
Interesting observations on it were also made by Bodnar
et al. (2015) and Ruiz & Bodnar (2019).

Even though this genus name was previously
considered a ,,wastebasket taxon” (see Miiller-Stoll &
Schultze-Motel, 1990; Wang et al., 1996), a proposal to
conserve the name  Cupressinoxylon  against
Retinodendron was made by Bamford et al. (2002).

Fossil forms equivalent to this genus were described
from Cretaceous rocks of northern Europe and up to the
Pliocene, it appears to have migrated to more southerly
regions. After the Pliocene, it is believed to have
disappeared from Europe (see Farjon, 2000).

Species of Cupressinoxylon were, more recently,
described from the Aegean area: from Turkey, by
Akkemik & Yaman (2012), Akkemik (2019), and Gilingor
et al. (2019), as fossil equivalents of the current species
Cupressus sempervirens L., known as the Mediterranean
cypress.

Taking into account the observed features of the
studied specimens, we compared their description with
other cupressaceous fossil forms previously described,
such as species of Cupressinoxylon sp. of Thuja type (see
lamandei et al.,, 2008a, b; 2011; 2012), or even as
Thujoxylon (see lamandei & lamandei, 2017), to which
they show some general xylotomical resemblances. In the
Aegean area, no other fossil remains related to this genus
have been identified (see Velitzelos D. et al., 2014),
except for a doubtful form of fossil wood from Lesbos
Island, described as Thujoxylon antissum by Siss et
Velitzelos (2008), and interpreted as root wood.

In fact, for the Aegean area, and possibly for entire
Europe, the presence of fossil Thuja is debatable, since
the current genus has (or perhaps had) a disjunct
distribution in the Northern Hemisphere, in Eastern Asia
and North America. Anyway, since the xylotomy of the
studied specimens, which are quite poorly preserved, is
more comparable with the Thuja type, we assign them to
Cupressinoxylon sp. (cf. Thujoxylon sp.).

ANGIOSPERMS

Family Salicaceae Mirbel
Genus Populoxylon Médel-Angeliewa, 1968

Populoxylon sp. (cf. Populus tremula L.)
(Fig. 10a-1)

Material: The studied specimen is represented by a
fragment of petrified wood, collected from the Bulgarian
shore of the Black Sea, near the Byala locality, south of
Varna. This fossil comes from the sedimentary deposits
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(graphic scale). Cupressinoxylon sp. (cf. Thujoxylon sp.). (Specimen 27722).
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of the Galata Formation, of Chokrakian age (lower
Badenian), which outcrop along the shore of the Black
Sea. The petrified wood sample has the field number
BW4 and is deposited in the GIR Collection at the
National Geological Museum in Bucharest under the
inventory number 27724.

Microscopic description: The growth rings, in
cross-section, are not very distinct, showing a diffuse
porous to semi-ring porous wood structure with quite
indistinct ring boundaries. It is difficult to distinguish
between the late wood, with smaller pores, and the early
wood, which suddenly starts with large pores.

The vessels appear, in cross-section, either solitary or
in radial multiples of 2-3 (up to 5) pores or more. When
solitary, they have a polygonal or rounded to oval
contour, but in multiples, the larger vessels may appear
deformed by compression. The mean tangential diameter
of the solitary vessel lumen ranges from 50 to 120 pm,
with thick walls of 5-8 um (simple wall). The density is
30-50 or more vessels per square millimeter, sometimes
exceeding this number. In a longitudinal view, the vessels
show simple perforation plates, which are inclined and
often poorly preserved. The intervessel pits are
polygonal, of the bordered type, of medium size (7-10
pm in diameter), with horizontal-elliptic apertures
measuring 3—4 pm. These pits are numerous, alternately
arranged, but usually very poorly preserved. The vessel-
element length is probably 200—500 pm or more, but it is
difficult to measure due to poor preservation. Tyloses,
gum remains, and helical thickenings were not observed.

Fibro-tracheids are sometimes present, as a few
smaller cells linking the radial groups of vessels.

The ground tissue includes libriform fibers and
parenchyma, which are usually mixed. The libriform
fibers have a polygonal cross-section, with a diameter of
12-16 pm, are relatively thick-walled, and are non-
septate. The axial parenchyma appears in cross-section as
few and scarce, diffuse, or rather indiscernible.

The rays appear, in cross-section, fine, as radial
fascicles of rectangular, radially elongated cells, often
filled with gum content, making it difficult to see details
on their horizontal walls. The ray trajectory is usually
linear or slightly sinuous. Tangentially, the rays appear
exclusively uniseriate, though occasionally some biseriate
rows can be seen. The ray height ranges from 3 to 15 (-
25) cells, or even more. The ray cells have a polygonal
shape, rounded to vertically elongate. The ray frequency
is > 12 per mm. Radially, the ray body is composed of
thin-walled, homocellular cells, all procumbent, with
marginal cells slightly taller or even square, suggesting a
tendency toward heterocellularity. The cross-fields with
vessels contain 1-2 (—4), weakly bordered pits per field,
sometimes more numerous in the marginal fields. The
pits are polygonal, rounded to oval, with diameters
ranging from 4 to 7 um, arranged in 1—4 horizontal rows,
more numerous in the margins, but often difficult to
observe due to poor preservation.

Special details on rays, such as sheath cells or tile

20

cells, are absent. Additionally, storied structures,
secretory elements, intercellular canals, cambial variants,
and included phloem are not present.

Affinities and discussions: The xylotomical features
observed in the studied specimen indicate a
dicotyledonous tree type, typical of the current members
of the Salicaceae family. These features include the
diffuse-porous distribution of the vessels, usually in
radial multiples of 2-3(-5) pores, with few solitary pores.
The rays are exclusively uniseriate and homocellular,
with  cross-fields specifically pitted, which are
characteristics that align with the xylotomy of the current
genus Populus L. Similar features also appear in the
current Salix L., where the cross-section shows only a
diffuse-porous distribution of vessels, which are usually
solitary, and the rays are heterocellular (Greguss, 1959;
Schweingruber, 1990; Sakala et al., 2018). There are
several current species of Populus L. naturally growing in
Europe and the Anatolian area today, including Populus
euphratica Oliver, P. nigra L., P. alba L., P. tremula L.,
and P. x canescens (Aiton) Sm., which is considered a
hybrid between the last two species (see
https.//en.wikipedia.org/wiki/Populus _x_canescens).

All of these current species have very similar
xylotomy, making it difficult to distinguish them from
one another based solely on anatomical details. However,
some differences may exist, as in the fossil species, where
the rays appear to be taller and the marginal axial
parenchyma could be more prevalent (Schweingruber,
1990; Sakala et al., 2018).

As a fossil correspondent, the genus Populoxylon was
established by Maidel-Angeliewa (1968), who described
the species Populoxylon priscum Midel-Angeliewa 1968
as the type species. The original genus diagnosis is as
follows: ,,Diffuse porous wood with usually grouped
vessels that has simple perforations and numerous
alternate intervascular pitting. The uniseriate rays have
all-procumbent cells, the marginals higher, the cross-
fields simple pitted, in 2-3 horizontal rows of slightly
oval pits, and few parenchyma*.

For comparison with our studied specimen, we
considered several described European fossil species.
Greguss (1969) described a Populoxylon sp. (cf. Populus
tremula L.) from the Sarmatian of Mikfalva (Hungary),
which exhibited a semi-ring-porous wood structure with
radially grouped vessels that had simple perforation
plates, alternate polygonal intervessel pits, and uniseriate
rays. However, Sakala (2006) and Sakala et al. (2018)
noted that, due to the lack of a radial section in Greguss'
identification, it cannot be confirmed whether the rays are
homocellular, as in Populus L., or heterocellular, as in
Salix L. Doutrelepont et al. (1997) described a fossil
poplar from Belgium as Populoxylon sp., which featured
biseriate rays and a vessel distribution in cross-section
similar to the current Populus euphratica Olivier, making
it distinct from our specimen.

Tamandei et al. (2005, 2011) described a Populoxylon
sp. (cf. Populus alba L.), collected from several Mid-
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Fig. 10. photos a-i, (graphic scale). Populoxylon sp. (cf. Populus tremula L.). Specimen 27724. a-c — cross-section:
growth rings with diffuse porous distribution of vessels, poorly preserved; d-f — tangential section: exclusively

uniseriate rays; inclined thin helical thickenings on vessels (f); g-i — radial section: homocellular rays, with poorly
preserved cross-fields; vessels with simple perforated plates (h-i).
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Miocene sites in Romania, noting a significant
xylotomical similarity to the current Populus alba L.
However, it differs slightly from the specimen studied
here, particularly in terms of its porosity. Additionally,
Akkemik (2021) described a new species of fossil poplar
from Turkey, Populoxylon sebenense Akkemik, which
differs from our specimen due to the obvious presence of
marginal axial parenchyma.

Numerous Miocene wood remains, exhibiting a
xylotomy very similar to the current species Populus
tremula L., were collected from the Apuseni Mountains
(Romania) and were described by us as Populoxylon
tremuloides in the unpublished Ph.D. thesis (Iamandei,
2002).

Additionally, some other Miocene wood remains
collected from the Moldavian platform, including those
from the Otovasca quarry near Chisinau (Iamandei et al.,
2008 b), and from the Simila quarry in the Barlad area
(Iamandei et al, 2023a), displayed a xylotomical
structure very similar to the current species Populus
tremula L., as well as to the material studied here.

More recently, while studying some fossil wood
samples collected by a Bulgarian geological team from
the same Bulgarian site, on the beach of the Black Sea,
near Byala, we found that their structure is almost
identical to the specimen studied here (see lamandei et
al., 2023 b).

Thus, considering all the above discussion and noting
the strong xylotomical similarity between the studied
specimen and the xylotomy of the current Populus
tremula L. (see Greguss, 1959; Schweingruber, 1990), we
assign it to the fossil form Populoxylon sp. (cf. Populus
tremula L.). Additionally, the genus Populus was
widespread in the Bulgarian Cenozoic flora, with thirteen
species identified through leaf imprints. Otherwise, the
species Populus tremula L. is also recorded in Bulgaria,
from the Upper Miocene to Upper Pliocene (Palamarev et
al., 2005).

CONCLUSION

The Galata Formation exhibits variations in
depositional environments and stratigraphic features
indicative of significant geological processes, including
tectonic activities, transgressive events, and fluctuations
in sedimentation energy. The basal part frequently
contains strange concretions of unclear origin, as well as
remains of petrified wood, including in situ tree trunks
and fragmented pieces (Figs. 2 and 3). This suggests the
presence of a petrified forest, possibly submerged in the
Black Sea, as indicated by recent reports from sea divers.

To further investigate this potential Petrified Forest, a
research project was initiated (Kenderov et al., 2022), and
new samples of petrified wood collected from the area are
currently being studied for taxonomic identification to
determine the floristic composition of the fossil forest. In
this study of 5 samples, we have identified
Cupressinoxylon sp. (cf. Thujoxylon sp.) and Populoxylon
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sp. (cf. Populus tremula L.). The last one was also
identified previously (see Iamandei et al., 2023b).

New geological prospections and palacoxylological
studies in the fossiliferous sites along the Bulgarian shore
of the Black Sea, as well as in the submerged zone, will
lead to the description of a partially submerged petrified
forest.

ACKNOWLEDGMENTS

The authors are grateful to the Dan V. Palcu PNRR
C9 - I8 project ,,Multiproxy reconstruction of Eurasian
Megalakes, connectivity and isolation patterns during
Neogene-Quaternary  times™, code 97/15.11.2022,
Contract No. 760115/23.05.2023, and the Dutch Research
Council (NWO) project (grant 865.10.011).

The anonymous reviewers are also thanked for their
constructive comments, which helped to improve the
manuscript.

REFERENCES

Akkemik U. 2019. New fossil wood descriptions from
Pliocene of central Anatolia and presence of
Taxodioxylon in Turkey from Oligocene to Pliocene.
Turkish Journal of Earth Science, 28: 398-409.
https://doi.org/10.3906/yer-1805-24

Akkemik U., 2021. A new fossil Cedrus species from the
early Miocene of northwestern Turkey and its
possible affinities. Palacoworld, 30(4): 746-756.
https://doi.org/10.1016/j.palwor.2020.12.003

Akkemik U. & Yaman B., 2012. Wood Anatomy of
Eastern Mediterranean Species. Kessel Publishing
House, Germany.

AP.G. 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.
https://doi.org/10.1111/b0j.12385.

Bamford M., Zijlstra G. & Philippe M., 2002. Proposal to
conserve the name Cupressinoxylon Goppert (fossil
Gymnospermae, Coniferales) against Retinodendron
Zenker. (Fossil, Gymnospermae, Coniferales), with a
conserved type. Taxon 51: 205-206.

Bodnar J., Ruiz D.P., Artabe A.E.E., Morel EM. &
Ganuza D.G., 2015. Voltziales y Pinales (=
Coniferales) de la Formacion Cortaderita (Tridsico
Medio), Argentina, y su implicancia en la
reconstruccion de las coniferas Tridsicas. Revista
Brasileira de Paleontologia, 18: 141-160. DOI:
10.4072/rbp.2015.1.10

Cheshitev G., Chontova C., Popov N. & Kojumdgieva E.,
1991. Geological Map of Bulgaria, on Scale 1:100
000, Balchik and Shabla Map Sheets. Committee of
Geology, Dept. of Geophysical Prospecting and


https://doi.org/10.3906/yer-1805-24
https://www.sciencedirect.com/journal/palaeoworld
https://www.sciencedirect.com/journal/palaeoworld/vol/30/issue/4
https://doi.org/10.1016/j.palwor.2020.12.003
https://doi.org/10.1111/boj.12385

New Mid-Miocene petrified wood in Galata Formation from the Bulgarian Black Sea shore

Geological Mapping, Sofia.
Christenhusz M.G.M., Reveal J.L., Farjon A., Gardner
M.F., Mill RR. & Chase M.W., 2011. A new

classification and linear sequence of extant
gymnosperms. Phytotaxa, 19: 55-70.
www.mapress.com/phytotaxa/ Copyright © 2011

Magnolia Press; ISSN 1179-3163 (online edition).

Dolezych M., 2005. Koniferenhdlzer im Lausitzer Floz
und ihre Okologische Position. Ph.D. thesis,
Department of Botany, University of Utrecht, Utrecht.
LLP Contributions, Series No. 19: 1-339. Google
Scholar

Doutrelepont H., Smith T., Damblon F., Smith R. &
Beeckman H., 1997. Un bois silicifié de peuplier de la
transition Paléocéne-Eocéne de Dormaal, Belgique.
Bulletin de I’Institute Royal des Sciences Naturelle de
Belgique, Science et Terre, 67: 183—188, Bruxelles.

Farjon A., 2000. A monograph of Cupressaceac and
Sciadopitys. Book — Published by Royal Botanic
Gardens, Kew, Hardcover, 648 Pages. (Available as
eBook from 2005).

Gadek P.A., Alpers D.L., Heslewood M.M., & Quinn
C.J., 2000. Relationships within Cupressaceae sensu
lato: a combined morphological and molecular
approach. American Journal of Botany, 87: 1044—
1057

Georgiev G., 2012. Geology and hydrocarbon systems in
the Western Black Sea. Turkish Journal of Earth
Sciences, 21: 723-754; https://doi.org/10.3906/yer-
1102-4.

Goppert H.R., 1850. Monographie der
Koniferen. 286 pp. Arnz & Comp., Leiden.

Greguss P., 1959. Holzanatomie der europdischen
Laubholzer and Strducher, Akadémiai Kiado, 1—
330pp + 307pl., 6 tab., Budapest.

Greguss P., 1969. Tertiary Angiosperm woods in
Hungary, Akadémiai Kiado, Budapest, 152 pp.

Giingdr Y, Akkemik U, Kasapci C. & Basaran E., 2019.
Geology and woods of a new fossil forest from the
early Miocene of Gokgeada (Turkey). Forestist 69(1):
22-34. DOI 10.26650/forestist.2019.412545

Iamandei S., 2002. Fossil wood from the Neogene of
Zarand Basin (Transylvania). PhD Thesis, Univ.
Bucharest, 294 p., 62 pl. (in Romanian, unpublished).

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

Tamandei S. & Iamandei E., 2017. New trees identified in
the Petrified Forest of middle Miocene from Zarand,
Apuseni Mountains, Romania. Acta Palaeontologica
Romaniae, 13(2): 37-90.

Iamandei S., ITamandei E. & Ionesi V., 2008a. New
petrified woods within Sarmatian Somuz Formation,
NE Romania. Acta Paleontologica Romaniae, 6: 137-
144.

Tamandei S.,

fossilen

lamandei E., Obada T., Lungu A. &

Postolachi V., 2008b. New Sarmatian Petrified
Woods from Moldova Republic. Acta Palacontologica
Romaniae, 6: 201-212.

Iamandei E., lamandei S. & Diaconu F., 2011. Fossil
woods in the collection of Drobeta-Turnu Severin
Museum. In: Bucur, 1., Sésdran, E. and Pop, D.
(Editors) - Acta Palaeontologica Romaniae, 7: 199-
218.

Jamandei S., Iamandei E., Frunzescu D. & Branoiu G.,
2012. New petrified woods from the Curvature
Carpathians. Romanian Journal of Earth Sciences,
vol. 86(2): 67-89.

Jamandei S., lamandei E. & Ursachi L., 2023 a. Late-
Miocene  moldavian  petrified  forest. = Acta
Palacontologica Romaniae, 19(1): 61-85.

Jamandei S., Iamandei E., Bozukov V., Simov N. &
Ivanov D., 2023b. First evidence for Middle Miocene
petrified wood remains from the Bulgarian Black Sea
Shore. Comptes rendus de I’Académie bulgare des
Sciences (Geology-Paleobotany), 76(5)/2023: 742 —
750.

Ibrahim A., 2015. Late Cretaceous conifer woods of
Terlingua ranch, Brewster county, Texas A. M.S.
Thesis in Biology, Texas State University.

Ivanov D., Utescher T., Mosbrugger V., Syabryaj
S., Djordjevi¢-Milutinovi¢ D. & Molchanoff S., 2011.
Miocene vegetation and climate dynamics in Eastern
and Central Paratethys (Southeastern Europe).
Palacogeography, Palacoclimatology, Palacoecology,
304:262-275; https://doi.org/10.1016/j.palaco.2010.
07.006.

Kancev 1. & GerCeva Y., 1992. Geological map of
Bulgaria on scale 1:100 000. Dolni Ciflik Map Sheet.
Committee of Geology and Mineral Resources,
Department of Geophysical Prospecting and
Geological Mapping.

Kenderov L., Bozukov V. et al., 2022. Project No. KP-
06-N61/11- 15.12.2022: Complex ecosystem study of
the water area of the natural phenomenon Underwater
Petrified Forest, Sozopol Bay, financed by the
National Science Fund, Ministry of Education and
Science of Bulgaria.

Maidel-Angeliewa E., 1968. Eichen und Papelholz aus der
pliozéne kohle im Gebiet von Baccinello (Toskana,
Italien). Geologisches Jahrbuch, 86: 433—470.

Methner K., Campani M., Fiebig J., Loffler N., Kempf O.
& Mulch A., 2020. Middle Miocene long-term
continental temperature change in and out of pace
with marine climate records. Scientific Reports, 10:
1-10; https://doi.org/10.1038/s41598-020-64743-5.

Mourik A.A., Bijkerk J.F., Cascella A., Hiising S.K.,
Hilgen F.J.,, Lourens L.J. & Turco E., 2010.
Astronomical tuning of the La Vedova High CIliff
section (Ancona, Italy)-Implications of the Middle
Miocene Climate Transition for Mediterranean
sapropel formation. Earth and Planetary Science
Letters, 297:249-261, https://doi.org/10.1016/j.epsl.

23


https://doi.org/10.1016/j.palaeo.2010
https://doi.org/10.1016/j.epsl

Stanila lamandei, Eugenia lamandei, Dan Valentin Palcu, [zabela Maris & Alexandru Gabriel Calin

2010.06.026.

Miiller-Stoll W.R. & Schultze-Motel J., 1990.
Gymnospermen-Hoélzer des deutschen Jura. Teil 3:
Abietoid (modern) getiipfelt Holzer. Zeitschrift der
deutschen geologischen Gesellschaft, 141: 61-77.

Palamarev E., Bozukov V., Uzunova K., Petkova A. &
Kitanov G., 2005. Catalogue of the Cenozoic plants of
Bulgaria (Eocene to Pliocene). Phytologia Balcanica,
11(3): 215-364.

Palcu D.V., Popov S.V., Golovina L.A., Kuiper K.F., Liu
S. & Krijgsman W., 2019. The shutdown of an anoxic
giant: Magnetostratigraphic dating of the end of the
Maikop Sea. Gomndwana Research, 67, 82-100,
https://doi.org/10.1016/j.gr.2018.09.011.

Popov S.V., Golovina L.A., Palcu D.V., Goncharova
ILA., Pinchuk T.N., Rostovtseva Yu.V., Akhmetiev
M.A., Aleksandrova G.N., Zaporozhets N.L,
Bannikov A.F., Bylinskaya M.E. & Lazarev S.Yu.,
2022. Neogene Regional Scale of the Eastern
Paratethys, Stratigraphy and Paleontological Basis.
Paleontological Journal, 56 (no.12): 1557-1720. ©
Pleiades Publishing, Ltd., 2022. ISSN 0031-0301,
DOI: 10.1134/S0031030122120024

Popov S., Golovina L., Palcu D.V., Gontsharova 1.A.,
Pinchuk T., Rostovtseva Y., Akhmetiev M.A.,
Aleksandrova G.N., Zaporozhets N.I., Bannikov A.
F., Bylinskaya M.E., Zastrozhnov A.S. & Lazarev
S.Yu., 2023. Neogene of the Eastern Paratethys: a
regional stage scale, reference sections, and problems
of correlation. (Proc. PIN RAS. V.299). — M.: RAS. -
2023. — 504 p. ISBN 978-5-907645-02-8. [In
Russian].

Raffi 1., Wade B.S., Pilike H., Beu A.G., Cooper R., Cru
ndwell MP., Krijgsman W., Moore T., Raine 1., Sarde
llaR. & Vernyhorova Y.V.,2020. Chapter 29-The
NeogenePeriod.In: Gradstein F.M., Ogg J.G., Schmitz
M.D., Ogg G.M. (Eds.), Geologic Time Scale-2020:
p.1141-1215.  Elsevier, DOI:/ 10.1016/B978-0-12-
824360-2.00029-2. CrossRefGoogle Scholar.

Ruiz D.P. & Bodnar J., 2019. The oldest record of
Juniperoxylon, a cupressaceous fossil wood from the
Middle Triassic of Argentina. Acta Palacontologica
Polonica, 64(3): 481-488.

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

Sakala J., Selmeczi 1. & 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 Europérischer
Holzer, 1-765, Verlag Paul Haupt, Bern, Stuttgart.

24

Stiss H. & Velitzelos E., 2008. Lebensspuren
holzzerstorender Organismen an fossilen Holzern aus
dem Tertidr der Insel Lesbos, Griechenland. Fossil
Record, 4(1): 57-69.

Sweet R., 1826. Sweet's Hortus Britannicus: or a
catalogue of plants cultivated in the gardens of Great
Britain, arranged in natural orders, p. 372, London

Tulan E., Sachsenhofer R.F., Witkowski J., Tari G., Cori¢
S. & Bechtel A., 2020. Microfossil assemblages
(Diatoms, calcareous nannofossils, and
silicoflagellates), paleoenvironment, and hydrocarbon
source rock potential of the Oligocene Ruslar
formation at Karadere, Bulgaria. Turkish Journal of
Earth Sciences, 29: 154-169.
https://doi.org/10.3906/yer-1907-9.

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, TW., McNeill J.,
Monro A.M., Prado J., Price M.J. & Smith G.F.,
2018. International Code of Nomenclature for algae,
fungi, and plants (Shenzhen Code). Regnum
Vegetabile, 159. Glashiitten: Koeltz Botanical Books.

Wang Ru-Feng, Wang Yu-Fei & Chen Yong-Zhe, 1996.
Cupressinoxylon jiayinense, a new species of the late
Cretaceous from Heilongjiang province, China.
IAWA Journal, 17(3):319-326.

DOI: 10.1163/22941932-90001582

Vaudois N. & Privé C., 1971. Révision des bois fossiles
de Cupressaceac. Palacontographica, Abt. B,
Paldophytol., 134: 61-86.

Velitzelos D., Bouchal J.M. & Denk T., 2014. Review of
the Cenozoic floras and vegetation of Greece. Review
of Palacobotany and Palynology, 204: 56—117.

Vernyhorova Y.V., Holcovda K., Dolakova N.,
Reichenbacher B., Scheiner F., Ackerman L., Rejsek
J., Bortoli L.De, Truba¢, J. & Utescher, T., 2023. The
Miocene Climatic Optimum at the interface of
epicontinental sea and large continent: A case study
from the Middle Miocene of the Eastern Paratethys.
Marine Micropaleontology, 181,
https://doi.org/10.1016/j.marmicro.2023.102231.

Watson L. & Dallwitz M.J., 2008 onwards. The families
of gymnosperms. Version: 5th August 2019.
deltaintkey.com

Wheeler E.A., Baas P. & Gasson P.E. (Eds) (1989)
TAWA list of microscopic features for hardwood
identification with an appendix on non-anatomical
information, JAWA Bulletin, n.sr., 10(3), 219-332,
Published for the International Association of Wood
Anatomists at the National Herbarium of the
Netherlands, Leiden, PREFAC.

Zdravkov A., Bechtel A., Cori¢ S. & Sachsenhofer R.F.,
2015. Depositional environment, organic matter
characterization and hydrocarbon potential of Middle
Miocene sediments from northeastern Bulgaria
(Varna-Balchik Depression). Geologica Carpathica,
66: 409-426, https://doi.org/10.1515/geoca-2015-
0034.


https://doi.org/10.1016/j.gr.2018.09.011
https://www.researchgate.net/profile/Sergey-Popov-27?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNjaWVudGlmaWNDb250cmlidXRpb25zIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/profile/Larisa-Golovina?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InNjaWVudGlmaWNDb250cmlidXRpb25zIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicHJldmlvdXNQYWdlIjoicHVibGljYXRpb24ifX0
https://www.researchgate.net/profile/Dan-Palcu
https://www.researchgate.net/scientific-contributions/I-A-Gontsharova-2272888295
https://www.researchgate.net/profile/Tatyana-Pinchuk-2
https://www.researchgate.net/profile/Yuliana-Rostovtseva
https://www.researchgate.net/scientific-contributions/M-A-Akhmetiev-2008327419
https://www.researchgate.net/profile/G-Aleksandrova-2
https://www.researchgate.net/scientific-contributions/N-I-Zaporozhets-77232090
https://www.researchgate.net/profile/A-Bannikov
https://www.researchgate.net/profile/Marina-Bylinskaya
https://www.researchgate.net/scientific-contributions/A-S-Zastrozhnov-2272907572
https://www.researchgate.net/scientific-contributions/S-Yu-Lazarev-2272858149
https://www.biorxiv.org/lookup/external-ref?access_num=10.1016/B978-0-12-824360-2.00029-2&link_type=DOI
https://www.biorxiv.org/lookup/google-scholar?link_type=googlescholar&gs_type=article&q_txt=Raffi+I%2C+Wade+BS%2C+P%C3%A4like+H%2C+Beu+AG%2C+Cooper+R%2C+Crundwell+MP%2C+Krijgsman+W%2C+Moore+T%2C+Raine+I%2C+Sardella+R%2C+Vernyhorova+YV.+2020.+Chapter+29-The+Neogene+Period.+In%3A+Gradstein+FM%2C+Ogg+JG%2C+Schmitz+MD%2C+Ogg+GM+ads.+Geologic+Time+Scale+2020.+Elsevier+1141%E2%80%931215.+DOI%3A%2F+10.1016%2FB978-0-12-824360-2.00029-2.
https://www.researchgate.net/profile/Ru-Feng-Wang?_sg%5B0%5D=Zjsgu1nT_wusBKA1lUotxUM5EeIuPhb1iPS3Fg9-a2Z5x_mbabk74FTG4lfeFG7DGEpHgbc.c1HknCCANdEqaNLQ1gQGyiXvLOtrRJhLZtfSndm96tWklZCDfiWpoo-UvGsdarZFeaWue5cjXisN109NxPzpuA&_sg%5B1%5D=6wAfLyKhzy21e_ae1FZYsf1QeeZqpKfRgOtbbxbL6DhRQaPTHUKK9tTgp2ZvO5uiWnd4D90.POkVmUfWzpPwAlWBVQBtGjpi2uKU5mrPbGVJKsz4AbPs4znSw1M_Em05oGpIqxroS023DNtE6tnaci6eslBISw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/profile/Yu-Fei-Wang?_sg%5B0%5D=Zjsgu1nT_wusBKA1lUotxUM5EeIuPhb1iPS3Fg9-a2Z5x_mbabk74FTG4lfeFG7DGEpHgbc.c1HknCCANdEqaNLQ1gQGyiXvLOtrRJhLZtfSndm96tWklZCDfiWpoo-UvGsdarZFeaWue5cjXisN109NxPzpuA&_sg%5B1%5D=6wAfLyKhzy21e_ae1FZYsf1QeeZqpKfRgOtbbxbL6DhRQaPTHUKK9tTgp2ZvO5uiWnd4D90.POkVmUfWzpPwAlWBVQBtGjpi2uKU5mrPbGVJKsz4AbPs4znSw1M_Em05oGpIqxroS023DNtE6tnaci6eslBISw&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/Yong-Zhe-Chen-2062972390?_sg%5B0%5D=Zjsgu1nT_wusBKA1lUotxUM5EeIuPhb1iPS3Fg9-a2Z5x_mbabk74FTG4lfeFG7DGEpHgbc.c1HknCCANdEqaNLQ1gQGyiXvLOtrRJhLZtfSndm96tWklZCDfiWpoo-UvGsdarZFeaWue5cjXisN109NxPzpuA&_sg%5B1%5D=6wAfLyKhzy21e_ae1FZYsf1QeeZqpKfRgOtbbxbL6DhRQaPTHUKK9tTgp2ZvO5uiWnd4D90.POkVmUfWzpPwAlWBVQBtGjpi2uKU5mrPbGVJKsz4AbPs4znSw1M_Em05oGpIqxroS023DNtE6tnaci6eslBISw
https://www.researchgate.net/scientific-contributions/Yong-Zhe-Chen-2062972390?_sg%5B0%5D=Zjsgu1nT_wusBKA1lUotxUM5EeIuPhb1iPS3Fg9-a2Z5x_mbabk74FTG4lfeFG7DGEpHgbc.c1HknCCANdEqaNLQ1gQGyiXvLOtrRJhLZtfSndm96tWklZCDfiWpoo-UvGsdarZFeaWue5cjXisN109NxPzpuA&_sg%5B1%5D=6wAfLyKhzy21e_ae1FZYsf1QeeZqpKfRgOtbbxbL6DhRQaPTHUKK9tTgp2ZvO5uiWnd4D90.POkVmUfWzpPwAlWBVQBtGjpi2uKU5mrPbGVJKsz4AbPs4znSw1M_Em05oGpIqxroS023DNtE6tnaci6eslBISw
https://www.researchgate.net/journal/IAWA-Journal-2294-1932?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
http://dx.doi.org/10.1163/22941932-90001582
https://doi.org/10.1515/geoca-2015-0034
https://doi.org/10.1515/geoca-2015-0034

