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Abstract: The purpose of this study is to describe a new fossil wood from the Middle Miocene of South Anatolia (Mersin) and to identify
it and evaluate its palaeoenvironmental implications. Thin sections of transverse, tangential, and radial surfaces were examined and
described using the terminology of the International Association of Wood Anatomists. The wood was determined to have characteristics
of Ziziphus (Rhamnaceae). It is the first fossil wood of Ziziphus and is described as Ziziphoxylon sayaz Akkemik sp. nov. It is from
the Middle Miocene Climate Optimum (MMCO), which is a relatively warm interval in the Miocene. Indistinct annual growth ring
boundaries and wide rings indicate optimum growth site conditions during its life time. Furthermore, this fossil wood also supports the

presence of shallow marine terrestrial areas in Mut Formation.

Key words: Ziziphoxylon, Mut Formation, palacobotany, Middle Miocene Climate Optimum, MMCO

1. Introduction

Fossil woods from Miocene of Tiirkiye provide detailed
information about the vegetation and climate of that time.
There are many woods described from Early Miocene
(e.g., Akkemik, 2021a,b,c; Akkemik et al, 2016, 2018,
2020), with fewer known from Middle Miocene (Akkemik
etal., 2017; Giingor et al., 2019; Mantzouka et al., 2022) to
Late Miocene (Akkemik and Acarca Bayam, 2019). These
woods not only provide information about the diversity of
the woody vegetation of the Miocene of Tiirkiye but also
about the palaeoclimate of that era.

The Middle Miocene has an important epoch called
the Middle Miocene Climate Optimum (MMCO) after
the former climate optimum time called Middle Eocene
Climate Optimum (MECO) represented with tropical
woods such as Palmoxylon sabaloides Greguss (Akkemik
et al., 2023), Actinodaphnoxylon zileensis Akkemik &
Mantz. (Akkemik et al., 2021), and Dichrostachyoxylon
zirkelii (Felix) Miiller-Stoll & Médel and Laurinoxylon
perseamimatus Petrescu (Akkemik et al., 2023). MMCO
covered the time interval of 16.9-14.7 Ma, and represented
a relatively warm interval in the Miocene (Beerling et
al., 2010; Ji et al, 2018; Steinthorsdottir et al., 2020).
Global mean annual temperature during the MMCO was
5-6 °C warmer than present-day temperatures (Goldner
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et al., 2014; Hui et al., 2018). Bohme (2003), based on
ectothermic vertebrates of Central Europe, indicated
differences in seasonality of precipitation during MMCO
with higher seasonality in precipitation, e.g., longer dry
seasons. High seasonality promotes distinct growth ring
boundaries in trees. Fossil trees in the middle Miocene of
Gokgeada have distinct growth ring boundaries (Gilingor
et al,, 2019) showing high seasonality.

Updating the world map of the Képpen-Geiger climate
classification, Peel et al. (2007) stated that a monthly
average temperature of 18 °C or higher in the coolest month
of tropical climates, and hot temperatures throughout
the year; yearly total precipitation is often abundant,
and shows a seasonal rhythm, together with seasonal
dryness to varying degree in some places. Trees in typical
tropical conditions produce wide tree rings with mostly
indistinct boundaries (e.g., Baas and Schweingruber,
1987). Actinodaphnoxylon trees from the Middle Eocene
Climate Optimum (MECO) have very wide growth rings
with indistinct boundaries and may be good indicators of
tropical conditions (Akkemik etal., 2021). During the Early
Miocene, trees produced distinct growth rings, indicating
seasonality (e.g., Akkemik et al., 2018, Acarca-Bayam et
al., 2018; Akkemik, 2021a,b,c). Additional samples of fossil
wood from the Middle Miocene of Tiirkiye are needed to
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provide more data on growth ring features. The purpose
of the present study is to describe and identify a new fossil
wood from the middle Miocene of South Anatolia (Silifke-
Mersin) and evaluate its growth conditions.

2. Geological setting

The study area is located in the Central Taurus Mountains,
on the Silitke-O31 sheet, which is situated between
Karaman Province in the north and Silifke District in the
south (Figure 1). The study area includes rocks that were
tectonically settled in the region and named Bozkir and
Aladag units by Ozgiil (1976), with Tertiary sedimentary
rocks unconformably overlying them. Quaternary
sediments overlie all these rocks (Figure 1).

The Bozkir Unit defined by Ozgiil (1976) includes
block and allochthon units of different ages, types,
and sizes. The Bozkir Unit, which has a Middle-Late
Triassic-Late Cretaceous age range, consists of four
lithostratigraphic units in the study area. These are
Kuztepe limestone, Asartepe limestone, Mersin Ophiolite,
and Mersin Ophiolitic mélange (Ozgiil, 1997). Only the
carbonate rocks of the Cambasi Formation belonging to
the Aladag Unit crop out in the region. Tertiary rocks
consist of Deringay, Mut, Koselerli, Dagpazari, Tirtar, and
Balli formations, respectively (Figure 2).

Tanar and Gokgen (1990) stated that the Mut and
Koselerli formations were deposited in shallow marine
conditions. In addition to these two researchers, Ozdogan
(1999) also acknowledged that the terrestrial rock units
were transitional with marine rock units. However, the Mut
Formation was deposited in reef and lagoon environments,
while the Koselerli Formation was deposited in the
basin slope and basin environment with the planktonic
foraminifera it covers, and there is a transgressive flooding
surface between the terrestrial and marine sediments
(Atabey et al., 2000a, b). The tree fossils, which are the
subject of this study, are found in these terrestrial areas.
In the region, a shallowing phase occurred as a result of
the seafloor uplift caused by tectonism and the related
regression at the end of the Langhian and the beginning
of the Serravallian. Claystone, limestone, beach pebbles
and sandstone were deposited in the formed lagoon
areas (Dagpazar1 Formation). Depending on the small
oscillations of the sea, some alluvial fan-delta deposits
have progressed on these coastal deposits. A second
transgression developed in the region after shallowing in
the Lower Serravallian. Limestone and clayey limestone
(Tirtar Formation) were deposited in the reef and back
reef environments of the sea that invaded the region at
the beginning of the Upper Serravallian, and Tortonian
clayey limestone, marl (Balli Formation) were deposited
in the basin slope and basin environment. At the end of
the Tortonian, a regressive phase developed again, and
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the Tirtar and Balli formations were covered by Pliocene
continental clastics (Atabey et al., 2000a, b) (Figure 2).

3. Materials and methods

The fossil wood described herein, measuring 43 cm in
length and 35 cm in diameter, was collected from Kavakl
Village in the Silifke District of Mersin Province. Although
the piece of wood looks like stem wood, the distinction
between root or stem wood is difficult because of the
indistinct growth ring boundaries and the presence of root
pieces extending in two different directions at the base
(Figure 3).

Asmallpieceofthewoodwasselected forthinsectioning,
and slides (about 30 um thick) of transverse, tangential, and
radial sections were prepared. Wood anatomy references
(e.g. Fahn et al., 1986; Schweingruber, 1990; Akkemik and
Yaman, 2012; InsideWood, 2004-onwards) were used for
wood identification. All anatomical structures of the fossil
wood were studied under a LEICA microscope (DM2500),
and microphotographs were taken with a LEICA camera
(DFC295). We followed the terminology suggested by
IAWA Hardwood Committee (1989), as well as that used
on the InsideWood web site (Wheeler, 2011; Wheeler et
al., 2020).

We searched the hardwood database of InsideWood
(2004-onwards) to identify the wood. In this key, we entered
the representative number for each feature proposed by
IAWA committee (1989) and the representative letter
for the presence or absence for each feature, which is
proposed in InsideWood: “p” present, “a” absent, “r”
present required, and “e” absent required. For example, in
“13r”, “13” represents presence of simple perforation plate,
and “r” indicates that this feature is required to be present
in any suggested match (Wheeler, 2011, Wheeler et al,,
2020). Thereafter, we examined the families, genera, and
species suggested by the InsideWood search.

4. Results and discussion

4.1. Systematic palaecobotany
Class: MAGNOLIOPSIDA Cronquist et al., 1996

Order: Rosales Bercht. & J.Presl. 1820

Family: Rhamnaceae Juss 1809

Genus: Ziziphoxylon Akkemik gen. nom. nov

Species: Ziziphoxylon sayaz Akkemik sp. nov.

(Figure 3, Plates IV-V)

Etymology: BasedontheRule 12Cin Latinnomenclature
(Lapage et al, 1992), the first letters of the following words,
including its region and fruit importance, were used in
selecting the species epithet “sayaz”: a fossil fruit wood
from South Anatolia, which is a Yieldful Agriculturally
and Zestful. Because Ziziphus is economically important
today, this epithet was selected for the fossil form of
modern Ziziphus wood.
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Stem/root?

Root

10 cm

Figure 3. The studied fossil wood. Lower part of the wood looks
like the root starting area. For wood identification, a wood
sample was taken from the tip (stem wood) of the fossil wood.

Nomenclature: The fossil genus name Zizyphoxylon
B.S.Trivedi & KSrivastava was first used by Trivedi &
Srivastava (1982). However, today the accepted name of living
plants of the genus is Ziziphus Mill., 1754, and Zizyphus Adans,
1763 is an orthographic variant of Ziziphus (https://www.ipni.
org/n/52402-3. According to the Vienne Code Article 61,
only one orthographical variant of any one name is treated
as validly published. Based on this discussion, and because of
different use of the fossil Zizyphoxylon wood as Ziziphoxylon
or Zizyphoxylon, we propose Ziziphoxylon Akkemik nom. nov.
for fossil wood resembling modern Ziziphus.

Furthermore, we propose to use the fossil forms of
the woods by adding the suffix “xylon”, because the suffix
“-xylon” is often used in generic names, indicating a
similarity with the wood of the modern genus whose name
is combined with that suffix. Because of having features in
common with both Ziziphus and Paliurus woods, we prefer
to use the suffix “xylon”. Finally, after making a nomen
novum to correct the fossil genus name as Ziziphoxylon and
proposing to use the fossil forms with the suffix “xylon”, we
propose two new combinations: Ziziphoxylon mandlaensis
(Trivedi & Srivastava, 1982) Akkemik, 2024 comb. nov. and
Ziziphoxylon oxyphylla (Edgew., 1992) Akkemik, 2024 comb.
nov.

Type locality: Kavak Village in the district of Silifke of
the province of Mersin, Tiirkiye.

Holotype: A large sample and three thin sections from it
with repository number ISTO-FW-00386).

Type stratigraphic horizon: Mut Formation

Geological age: Late Burdigalian-Late Serravallian.

Plant fossil name registry number for fossil genus:
PEN003227

Plant fossil name registry number for fossil species:
PFN003214

Repository: ISTO Herbarium Fossil Collection at the
Department of Forest Botany, Faculty of Forestry, Istanbul
University - Cerrahpasa, Istanbul, Tiirkiye.

Diagnosis: Growth ring boundaries indistinct. Wood
diffuse-porous. Vessels rounded, solitary and in radial
multiples of 2-3 (rarely up to 7) vessels, and sometimes
clusters present. Number of vessels per square millimetre:
5-20. Perforation plates simple. Intervessel pits large. Axial
parenchyma scanty paratracheal and vasicentric, and in one
or two rows of marginal axial parenchyma. Libriform fibres
nonseptate. Fibres thin- to thick-walled in regular radial rows.
Rays predominantly uniseriate, sometimes partly biseriate,
homocellular (all ray cells procumbent) and heterocellular,
body ray cells procumbent with 1-2 rows of square and/or
upright marginal cells, some rays with procumbent, square
and upright cells mixed throughout the ray. Crystals present
in both procumbent and square cells. Vessel-ray pits are
small and numerous similar to intervessel pits.
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Description: The description of the fossil wood was
made based on the three microscopic sections, transverse,
tangential, and radial as follows.

Transverse section: Growth ring boundaries indistinct
to distinct, 1-2 rows of marginal axial parenchyma, with
differences in vessel diameter near the marginal parenchyma
bands, the growth ring boundaries very slightly visible
microscopically (Figures 4A, 4B, 5A-5C). Wood diftuse-
porous. Vessels solitary and n radial multiples of 2-3 or
rarely up to 7 vessels. Vessel outline rounded. Libriform fibres
thin- to thick-walled (Figures 5A-5E). Tangential diameter
of vessels 106 (61-174) pm, radial diameters 141 (34-228)
um. Vessel frequency 13 (5-21) per square millimetre. Axial

parenchyma in 1-2 rows of marginal parenchyma, scanty
paratracheal, and vasicentric (Figures 5C-5E).

Tangential section: Rays predominantly uniseriate, partly
biseriate, and mostly 10-20 cells high (max. 26 cells) (Figures
6A and 6B). Ray cells variable in size (Figure 6B), mostly
large, square to rounded. Libriform fibres present. Axial
parenchyma strands 1-4 or more cells (Figure 6C). Rays
per millimetre 13-22. Crystals present in ray cells. Coloured
deposits may be seen in some ray cells (Figure 6D). Vessel
element length is 380 (115-671) pum.

Radial section: Rays both homocellular and
heterocellular. In homocellular rays, all ray cells are
procumbent. In heterocellular rays, body ray cells

Figure 4. Indistinct growth ring boundaries of the fossil wood. The arrows show a
slightly visible growth ring boundary having 1-2 rows of axial parenchyma.
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Transverse sections of Ziziphoxylon sayaz Akkemik sp. nov. A) Vessels solitary and in radial multiples; axial

Figure 5
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A vessel cluster and radial multiples, C) Vasicentric axial parenchyma,
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Figure 6. Tangential sections of Ziziphoxylon sayaz Akkemik sp. nov. A-B) Predominantly uniseriate and
sometimes partly biseriate rays, C) Mineralization within the vessel and axial parenchyma strands around the

vessel

D) Crystals in ray cells.

>
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procumbent with one row of upright and/or mostly square
marginal cells, and rays with procumbent and square cells
mixed throughout the ray or one row square cells (Figures
7A, 7D, 7F). Perforation plates simple (Figures 6B and
6C). Crystals and coloured materials are present in rays
(Figures 7E and 7F). Intervessel pits medium to large, 9
(7-12) pm in diameter.

Identification: The IAWA features of 2p 3e 5r 6a 8a 9e
12a 13r 14e 47p 59 77e 78p 79p 80a 81a 82a 83a 84a 85a
86a 87a 88a 89p 90a 92p 96p 98e 99¢ 104p 106p 110e 111e
112e 113e 114e 118e 119¢e 120e 121e 122e 124e 125e 126e
127e 128e 129¢ 130e 131e 132e 133e 134e 135e 136p 144a
149e 150e 151e 152e 153e 154e 155e 156e 157e 158e 159¢
were entered in the website of InsideWood with 1 allowable
mismatch, and the following results were obtained.

The combination of diffuse porous wood, 5-20 of
vessels per square millimetre, uniseriate rays, homocellular
and heterocellular rays, 1-4 or more cells per parenchyma
strands, presence of scanty paratracheal, vasicentric
and marginal axial parenchyma cells, occurs in some
woods of the Sapindaceae, Combretaceae, Oxalidaceae,
Anacardiaceae, and Rhamnaceae.

Because marginal parenchyma is absent from
Conocarpus (Combretaceae), Sarcotheca (Oxalidaceae),
many  Sapindaceae and  Anacardiaceae  genera
(InsideWood, 2004-onwards), our wood differs from all
these similar woods. Klaassen (1999) reviewed the woods
of Sapindaceae and stated that all woods have homocellular
and weakly heterocellular rays. In the present fossil wood,
heterocellular rays are common. Furthermore, rays in the
present fossil wood are clearly larger than those of most
Sapindaceae. Another similar wood, Anogeissus acuminate
(Roxb. ex DC.) Guillaum. & Perr. (Combretaceae) differs
from our wood in having diffuse axial canals in wood.
Due to having different combinations of wood features in
Anacardiaceae such as larger rays 4-10 seriate, presence
of axial canals, 1-3 seriate of rays, and different types of
axial parenchyma, our wood differs from the woods of
Anacardiaceae.

Within these woods, the closest affinities were found
with the taxa of the family Rhamnaceae (Metcalfe and
Chalk, 1950). Within Rhamnaceae, Suessenguth (1953)
proposed four tribes: Zizipheae, Rhamneae, Gouanieae,
and Colletieae. The features of the fossil wood are similar
to the tribe of Zizipheae. Schirarend (1991) divided
the tribe Zizipheae into three main groups based on
wood features. In group 1, the growth ring boundary is
distinct or indistinct, rays predominantly uniseriate, rays
heterogeneous to homogeneous. In this group, there
are three genera, Paliurus, Ziziphus, and Sarcomphalus.
Sarcomphalus differs in having larger rays 4-10 seriate and
much higher vessel number per square millimetre. Thus,
this fossil wood is closer to Paliurus and Ziziphus. In the
website of InsideWood (Wheeler, 2011), the species name

Paliurus spina-christii Mill. is given as Ziziphus spina-
christii (L.) Desf. According to Schweingruber (1990), in
Paliurus and Ziziphus, wood features are very similar and
they cannot be differentiated on the basis of wood anatomy.
However, in Paliurus, vessels are somewhat wider and
wood is diffuse to semiring-porous (Akkemik and Yaman,
2012). According to InsideWood criteria (InsideWood,
2004-onwards), the closest wood to our fossil wood is
Ziziphus jujuba Mill. with one mismatch of the feature
2 (growth ring boundary indistinct). In Ziziphus jujuba,
the growth ring boundary is mostly distinct. However,
indistinct growth ring boundaries are a common feature
in the modern tropical species of Ziziphus (InsideWood,
2004-onwards).

In conclusion, the features of diffuse porous wood,
simple perforation plates, medium or large sizes of pits,
predominantly uniseriate rays, presence of diffuse, scanty
paratracheal, vasicentric and seemingly marginal axial
parenchyma, rays with cells all procumbent or with 1-2
rows of marginal square cells, or with intermixed square
and procumbent cells, and presence of crystals are the
same in both modern Ziziphus and the fossil wood. Based
on these similarities, we consider this fossil wood to be
Ziziphoxylon, which is the fossil form of Ziziphus.

There is only one validly published fossil species
with similarity to Ziziphus, Zizyphoxylon mandlaensis
Trivedi & Srivastava (1982) from the Tertiary (probably
early Eocene) of Mandla district in India (Trivedi and
Srivastava, 1982). However, Trivedi and Srivastava
(1982), indicated three more fossil Rhamnaceae woods
as Ziziphus intertrappea (referred to Chitaley et al., 1970),
Rhamnoxylon intertrappa (Chitaley and Kate, 1972), and
Ziziphus eocenum (refered to Upadhye and Patil, 1979)
from the same region and formation. Two of these fossil
species (Zizyphus intertrappa and Zizyphus eocenus)
were published as abstracts in Proceedings of the Indian
Science Congress Part 3: 337 in 1970, and the third one
(Rhamnoxylon intertrappea referred to Chitaley and
Kate, 1972) was also published as an abstract in Indian
Science Congress Association Proceedings in 59 (3): 340,
1972. These three fossil species have no valid descriptions
and photographs. Guleria (1992) stated that “Detailed
account of fossil woods of Zizyphus intertrappea (Chitaley
et al., 1970) and Z. eocenus (Upadhye ¢ Patil, 1979) is
not available. Their published records are in the form of
abstracts without photographs. Even after two decades their
details have not been published till this date. So these records
seem questionable and are not being taken into account. It
is therefore suggested that such records should be overlooked
to avoid further confusion and unnecessary repetition in
literature, unless they are validly published”. Therefore,
these three fossil species of Rhamnaceae were not included
in InsideWood (2004-onwards).
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Figure 7. Radial sections of Ziziphoxylon sayaz Akkemik sp. nov. A) Homocellular and slightly heterocellular rays,
B-C) Simple perforation plates, D) Heterocellular rays, E-F) Crystal (arrow) and dark materials (star) in ray cells,
and a mixed type of procumbent and square ray cells.
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We compared our fossil wood with Zizyphus oxyphylla
Edgew., probably Pliocene, from Rajasthan (Northern
India) (Guleria, 1992), and Zizyphoxylon mandlaensis, and
prepared an identification key for the three fossil Ziziphus
woods (by using the proposed Latin names in this study)
as follows:

1A. Wood semiring porous.

Ziziphoxylon oxyphylla (Edgew.) Akkemik

1B. Wood diftuse porous.

2A. Wood with paratracheal vasicentric axial
parenchyma as 2-4 cells thick layer around the vessels; ray
tissue heterocellular, ray cells upright and procumbent.

Ziziphoxylon mandlaensis (Trivedi & Srivastava)
Akkemik

2B. Paratracheal vasicentric axial parenchyma is in
1-2 cells layer, irregular, or partly 2-3 seriate around the
vessels, scanty paratracheal parenchyma present; ray tissue
homocellular and heterocellular, cells in heterocellular
rays mostly square and/or upright and body ray cells
procumbent, and mixed of procumbent and square cells
through the ray.

Ziziphoxylon sayaz Akkemik sp. nov.

Based on these differences given in the identification
key, we described our fossil wood as a new fossil species
as Ziziphoxylon sayaz Akkemik sp. nov. from the middle
Miocene of South Anatolia.

4.2. Comparison with the nearest modern species,
Ziziphus jujuba

Today, the genus Ziziphus is represented with more than
80 species of deciduous and evergreen shrubs, climbers,
and trees found across the Old World tropics, subtropics,
and warmer temperate regions (Cahen et al. 2021; POWO
2023). Within the species of the genus, our fossil wood has
the closest features to Ziziphus jujuba, except for mostly
indistinct growth ring (InsideWood, 2004-onwards; Table
1). This species is most probably native to South Asia and
called Chinese date (POWO, 2023).

Comparison of the fossil species with the modern
Ziziphus jujuba showed that they are very similar to
each other. Except for the mostly indistinct growth ring
boundaries, all the other features are the same or similar.
Du et al. (2022) explained that Ziziphus jujuba diverged
from other Rosales species around 79.9 Ma, and two
interspecific groups of sour jujube diverged around 55.86
Ma. Due to these similarities, we can suggest that our
fossil wood from MMCO might be one of the interspecific
taxa under Ziziphus jujuba or a different species.

4.3. Palaeoenvironment of the fossil species

Growth ring boundaries are indistinct in root woods and
especially in evergreen woody plants that grow in warm-
tropical conditions with low seasonality (e.g., Tarelkin
et al,, 2016). Some species may have both distinct and

indistinct growth ring boundaries because of different
environments. In the fossil wood described above, presence
of wider growth rings and their indistinct boundaries may
be considered an indicator for tropical warm conditions
with even temperature and precipitation throughout the
year. In the Middle Miocene Climate Optimum (MMCO),
optimal growing conditions were likely present (B6hme,
2003; Beerling et al., 2010; Ji et al., 2018; Steinthorsdottir
et al., 2020). Bohme (2003) suggested that “Combining
herpetological, palaeobotanical and bauxite formation
data, it can be concluded that the Miocene Climatic
Optimum in Central Europe ranged from about 18 to
14.0-13.5 Ma (Ottnangian to Early/Middle Badenian)
and was characterized by a high mean annual temperature
(MAT) exceeding 17.4 °C to at least 20-22 °C. A period of
high precipitation during the Ottnangian and Karpatian
was followed by a period with stronger seasonality in
precipitation (up to six dry months) in the Lower Badenian”.
Even if the fossil wood is a part of root wood, its very wide
rings and wider vessels still may indicate optimum growth
site conditions.

Denk et al. (2022) identified Ziziphus paradisica, an
evergreen/deciduous angiosperm, from 18-20 Ma years
ago (Aquitanian to early Burdigalian) of West Anatolia
(Soma-Manisa), and they interpreted its vegetation as
VUO (steppe-like meadows with shrubs and/or small trees
scattered or in groups)-VU5a (well-drained hot lowland
forest). Both these Early Miocene (Denk et al.,, 2022) and
Middle Miocene conditions (this study) may be considered
the adaptation of the Ziziphus species to different conditions
during geological times with probably different species.
Today, there are about 80 species of the Ziziphus and they
grow in different conditions, from dry Mediterranean areas
(e.g., Ziziphus lotus L.) to the tropical conditions (POWO,
2023) and vary in growth ring boundaries (InsideWood,
2004-onwards).

5. Conclusion

Fossil woods from Tiirkiye reveal a rich diversity of woody
species, particularly during Miocene time. This study
describes a new fossil species, Ziziphoxylon sayaz Akkemik
sp. nov. for Tiirkiye. By making a nomen novum with this
study, we propose using Ziziphoxylon for all fossil forms
of the woods of Ziziphus. Wood anatomical features of the
fossil wood showed the presence of optimum growth site
conditions, which were warmer temperatures, high water
availability, and low seasonality during the MMCO in South
Anatolia. In conclusion, new fossil woods from different
regions of Tiirkiye may provide further evidence to enhance
our understanding of woody plant diversity, growth site
conditions, and climate during geological times.
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Table 1. Comparison of modern Ziziphus jujuba with fossil Ziziphoxylon sayaz Akkemik sp. nov. The features are very similar to each
other with some small differences.

Ziziphus jujuba Mill. (Schweingruber, 1990; InsideWood,

Features 2004-onwards) Ziziphoxylon sayaz Akkemik sp. nov. (This study)
Growth ring boundaries are indistinct, due to
. Growth ring boundaries are distinct. Marginal axial presence of 1 2 rows (.)f margma.l axial parenchyma
Growth ring band, and differences in vessel diameter around the
parenchyma bands present. . .
marginal parenchyma band, growth ring boundary
very slightly visible.
Wood diffuse-porous. Vessels diameter 50-200 pm, solitary Wood d 1ffuse-p9rous. .Vessels. diameters 50-200
. . . um, solitary and in radial multiple of 2-3 or rarely
and in short or long radial multiples. 5-40 vessels per square 1
Vessels 1 . up to 7 vessels. 5-20 vessels per square millimetre.
millimetre. Vessel outline rounded. Vessel element lengths . .
<350 um or 350800 um Vessel outline rounded. Vessel element length is 380
- ’ (115-671) pum.
Fibres Fibres thin- to thick-walled in regular radial rows. Libriform Fibres thin- to thick-walled, and libriform fibres
fibres present. present
Axial parenchyma Axial parenchyma d.1ffuse, scanty paratracheal, vasicentric, All thes.e types of the axial parenchyma present in
confluent, and marginal. the fossil wood.
Rays predominantly uniseriate, partly biseriate, height Rays predominantly uniseriate, partly biseriate,
up to 25 (40) cells. Ray cells are large, square to rounded. mostly 10-20 cells high (max. 26 cells). Ray cells are
Rays Rays homocellular to slightly heterocellular. Ray cells are large, square to rounded. Rays are both homocellular

generally short rectangular, procumbent, one to four rows and heterocellular. Body ray cells procumbent with
of square to upright marginal cells or mixed. Rays per one row of square to upright marginal cells or mixed.

millimetre 4-12 or >12.

Intervessel pits of the intervessel pits are polygonal.

Mineral inclusions .
containing crystals are enlarged.

Intervessel pits crowded, alternate, medium to large. Shapes

Crystals common in central and outer ray cells; some cells

Rays per millimetre 13-22.

All these features are present in the fossil wood.

Crystals present in central and outer ray cells.
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