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Introduction

Turkey had four volcanic provinces during the Miocene. 
One of them was the Galatean Volcanic Province (GVP) (or 
Köroglu Volcanics) (Text-fig. 1), which covered an area of 
approximately 12,800 km2 in central Anatolia (Toprak et al. 
1996, Koçyiğit et al. 2003, Kazancı 2012). Koçyiğit et al. 
(2003) identified three major volcanic phases. They were 
(1) the late Campanian – Lutetian subductional phase; (2) 
the post-Lutetian collisional phase and (3) the Oligocene 
– Miocene post collisional phase. The most (significant) 
palaeobotanical studies were performed on remains from the 
Miocene. Keller et al. (1992), Toprak et al. (1996), Wilson 
et al. (1997) and Adiyaman et al. (2001) all stated that two 
distinct phases of volcanism occurred in the Miocene of 
the GVP, in the early Miocene (24–17 Ma) and in the late 
Miocene (9–10 Ma). Several petrified wood descriptions 
were reported from the early Miocene of the west GVP 
(Akkemik et al. 2009, 2016, 2017, Bayam et al. 2018). 
However, there is no information related to the late Miocene 
of the east GVP with respect to petrified woods.

Sequoioxylon gypsaceum (Göpp.) GreGuss was 
described for the first time by Özgüven-Ertan (1983) from 
Beypazarı-Ankara (Turkey), located on the southern border 

of the GVP. The location where this species was originally 
found was dated as Pliocene (Özgüven-Ertan 1983). There 
are other petrified woods from the GVP (Akkemik et al. 
2009, 2016, 2017, Bayam et al. 2018) of Burdigalian (early 
Miocene) age. Sequoioxylon R.E.Torr. and Taxodioxylon 
HarTiG (Akkemik et al. 2009), and Glyptostroboxylon 
Conw. (Akkemik et al. 2017) were identified in the central 
GVP from the middle – late Burdigalian. A forest structure 
composed of Palmoxylon sp. possible wood of Trachycarpus 
H.wendl. (Iamandei et al. 2018), Salix L./Populus L., 
Liquidambar L., Quercus L. section Ilex, Juniperus L., 
Acer L., Cedrus Trew. and Picea a.dieTr., Ulmus L. and 
Pinus L. (Akkemik et al. 2016) was identified in the western 
GVP with an age of early – middle Burdigalian. Recently, 
Bayam et al. (2018) added Podocarpus l’Hér. ex pers., 
Fraxinus L. and Zelkova spaCH to the forest composition 
in the western GVP. Concerning the description of the 
Podocarpus wood in the western GVP, there is also a 
possibility that a “podocarpoid” wood, attributed to the 
fossil genus Podocarpoxylon GoTHan, represents another 
extinct type, e.g. wood of Doliostrobus Marion can in 
principle be labelled as Podocarpoxylon helmstedtianum 
H.GoTTwald (see Sakala 2011).
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Other types of remains such as leaves, cones and fruits 
from Güvem in the central GVP were initially identifi ed by 
Kasaplıgil (1977), and subsequently by Denk et al. (2017b), 
who re-analysed the macrofossils and identifi ed more than 
40 species. By using pollen data, Yavuz-Işık and Demirci 
(2009) identifi ed a vegetation assemblage composed of 
Pinaceae, Ulmus, Salix, Quercus, Carpinus L., Carya nuTT. 
and Engelhardia lesCH. ex BluMe in the central GVP. 
Furthermore, the Miocene palynofl ora of central Anatolia 
was determined by palynological studies (Karayiğit et al. 
1999, Akgün et al. 2002, 2007, Kayseri and Akgün 2008, 
Yavuz-Işık 2008). Although the Oligocene and early 
Miocene forest vegetation of the western and central GVP 
has been studied in detail (Kasaplıgil 1977, Akkemik et 
al. 2009, 2016, Yavuz-Işık and Demirci 2009, Denk et al. 
2017b, Bayam et al. 2018), there is still a gap in the wood 
fl ora from the late Miocene of the eastern GVP. The purpose 

of this study is to describe some new fossil conifer woods 
from the late Miocene of the eastern GVP, and to evaluate 
the results with respect to palaeoclimate.

Geological setting

The study area is located in the eastern GVP, near the 
village of Sakarcaören near to the town of Orta, Çankırı 
province (Text-fi g. 1). Its latitude and longitude coordinates 
are 40°36′42.46″ N and 33°9′16.14″ E. The current altitude of 
the site is 1,340 m. The fossil site is described in the geology 
map numbered Çankırı – G30 (Sevin and Uğuz 2011). 
Sengüler (2007) studied the geological setting of the area in 
detail (Text-fi g. 2). The fossil site is situated in the Hüyükköy 
Formation. The Hançili Formation from the early Miocene lies 
under the Hüyükköy Formation (Text-fi g. 2). The Hüyükköy 

Sampling area in this study (SAK)

Macrofossil sampling areas after Denk et al. (2017a)

Border of the Galatian Volcanic Province

Volkanic centers

Sampled fossil sites by Akkemik et al. (2009), Akkemik et al. (2016),
Akkemik et al. (2017) and Bayam et al. (2018)

Text-fig. 1. Sampling areas in Çankırı province: the village of Sakarcaören near to the town of Orta (green circle) in the east of 
GVP, and the other sites (yellow circles), volcanic centers (red circles) and the border of GVP. The sites marked as yellow circles: 
ELM, Elmali village; SOG, Soguksu National Park; BUG, Bugralar village; INO, Inozu Valley South Side; INL, Inozu Valley 
North Side; KAR, Karasar village; MEN, Menceler Plateau; KIR, Kiraluc Site near Nuhhoca village; AGU, Asagiguney village; 
KUZ, Kuzca village (Bayam et al. 2018); PEL, Pelitcik village (Akkemik et al. 2009); GUD, Gudul (Akkemik et al. 2017); HOC, 
Hoçaş village and KOZ, Kozyaka village (Akkemik et al. 2016). The sites located in the western part (INO, INL, KAR, MEN, KIR, 
AGU, KUZ, HOC and KUZ) are from early – middle Burdigalian and Hancili Formation (Altun et al. 2002, Akbaş et al. 2002). 
The sites in the central part (GUD, BUG, ELM, PEL and SOG) are from middle – late Burdigalian, Pazar Formation (Kazancı 
2012, Sen et al. 2017), and finally the fossil site in the east part of GVP is the late Miocene, Hüyükköy Formation (Sengüler 2007).



270

Formation is described as having an abundance of fossil 
remains and petrified woods and can be differentiated from 
the other formations with the same remains (Sengüler 2007). 
This formation has yellow, dirty white and grey claystone, 
sandstone and marl layers. Palynological studies of the peats 
suggested the age to be late Miocene – Pliocene (Türkecan et 
al. 1991, Sengüler 2007). Türkecan et al. (1991) also stated 
that the Hüyükköy Formation was deposited in a fresh water 
lake or mild brackish lake environment based on the presence 
of peats, silicified trees and other fossil plant remains. Based 
on the fossil specimens taken from the level of the lacustrine 
limestone lying over the peat, the Hüyükköy Formation was 
confirmed as late Miocene (Türkecan et al. 1991).

Material and methods

The petrified wood pieces are small and distributed 
throughout the field site (Text-fig. 3). A total of 21 petrified 
wood samples were collected from the area of size: height 
7–28 cm, width 2–8.5 cm and length 1.5–25 cm.

The petrified wood samples were coded as SAK01 to 
SAK21 using the first three letters of the site name. All 
samples are deposited in the Wood Anatomy Laboratory 

of the Forest Botany Department, Faculty of Forestry at 
Istanbul University.

The samples were separated into two groups based on their 
macroscopic features visible under binocular microscope. 
Macroscopically the woods could be separated into two 
groups: (1) growth ring boundaries distinct, transition from 
earlywood to latewood mostly abrupt, and (2) growth ring 
boundaries indistinct, transition from earlywood to latewood 
gradual. Four of the samples, two from each group (SAK12 
and SAK15 from group 1; SAK 14 and SAK18 from group 
2), were selected for three thin plane sections (transverse 
section, TS, radial longitudinal section, RLS, and tangential 
longitudinal section, TLS). Wood identification was carried 
out using transmitted light microscopy. In the analysis, 
we followed the terminology and guidelines of the IAWA 
Committee (2004) for softwood identification. The related 
references (e.g. Barefoot and Hankins 1982, Tidwell 1998, 
Fairon-Demaret et al. 2003, Akkemik et al. 2005, 2009, 2016, 
2017, Vassio et al. 2008, Wheeler 2011, Uhl et al. 2014, Pujana 
and Ruiz 2017) and microslides of extant woods accompanied 
by herbarium vouchered specimens housed in the Forest 
Botany Department of the Faculty of Forestry, Istanbul 
University, were used in identification and comparisons.

Systematic palaeobotany

Order Cupressales Link, 1829
Family Cupressaceae Gray, 1822 nom. cons.

Genus Glyptostroboxylon Conw., 1885

Glyptostroboxylon rudolphii DoLezyCh et BurGh, 2004

S t u d i e d  m a t e r i a l . SAK14 and SAK18 
(Repository: Fossil collection of the Department of Forest 
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Text-fig. 2. Generalised stratigraphy of the area including the 
fossil site in Orta-Şabanözü (Sengüler 2007). The coloured 
formation is Hüyükköy Formation, aged as late Miocene and 
containing fossil woods.

Text-fig. 3. Photo of the area where the fossil samples were 
collected. It is near to Sakarcaören village in the city of Orta, 
Çankırı Province. Arrows indicate the petrified wood pieces.
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Botany, Faculty of Forestry, Istanbul University, Istanbul, 
Turkey).

H o r i z o n . Hüyükköy Formation.

A g e . Late Miocene (Tortonian).

L o c a l i t y . Çankırı: The village of Sakarcaören near 
to the town of Orta (latitude and longitude coordinates are 
40°36′42.46″ N and 33°9′16.14″ E).

D e s c r i p t i o n . The studied specimen sizes are: height 
7.5–8.5 cm, width 4.5–7 cm and lengths 2.5–4 cm in SAK14 
and SAK18, respectively. The microscopic description of 
the woods is given below:

Transverse Section (TS): Annual rings are 0.25–1 mm, 
with indistinct boundaries marked by only 1–2 rows of radially 
flattened latewood tracheids. Earlywood/latewood transition 
gradual, and no direct transition from earlywood to latewood 
was observed. No resin canals were observed. Tracheids are 
usually polygonal (Pl. 1, Fig. 1). The tangential and radial 
diameters of the tracheids are 37 (21–47) μm and 44 (24–63) 
μm in the early part of the earlywood and 34 (22–49) μm and 21 
(7–36) μm respectively, in the final rows of latewood. Double 
wall thickness is 5 (1–10) μm in earlywood and 6 (4–9) μm in 
latewood (Tab. 1). The number of tracheids between two rays 
is 2–14. Axial parenchyma abundant, and diffuse.

Tangential Longitudinal Section (TLS): Rays are 
uniseriate (Pl. 1, Fig. 2, right), and very rarely partly 
biseriate (Pl. 1, Fig. 2), cells very low 1–4(–7) in height 
(Pl. 1, Fig. 2). Ray width is 18 (12–23) μm and height is 
53 (21–121) μm (Tab. 1). Axial parenchyma cells have thin 
smooth transverse walls (Pl. 1, Fig. 3).

Radial Longitudinal Section (RLS): Rays are 
homogeneous. Tracheidal pits small in diameter, and in 
1–3 horizontal rows (Pl. 1, Fig. 4). No helical thickenings 
observed, and crassulae only slightly visible. Cross-

field pits mostly with significantly reduced border, i.e. 
“glyptostroboid” (similar to pinoid as in IAWA Committee 
2004) and sometimes taxodioid, with 2–3 (1–4) pits per 
cross-field, and arranged in 1–2 rows, regular or more often 
irregular (Pl. 1, Figs 5, 6).

C o m p a r i s o n . According to the emended 
diagnosis given by Dolezych and Van der Burgh (2004), 
Glyptostroboxylon has clear growth rings having wider 
tracheids in earlywood than in latewood, 1–3(–4) 
rows of tracheidal pitting, axial parenchyma smooth to 
moderately thick with pitted end walls, homogeneous 
rays and predominantly glyptostroboid, also cupressoid 
and taxodioid type of cross-field pits. In the wood studied 
here, growth ring borders are visible, cross-field pits are 
predominantly glyptostroboid, (sometimes taxodioid), and 
ray height is relatively low. As it has very similar features 
to Glyptostroboxylon, we attributed the wood to this fossil 
genus. Sequoioxylon and Taxodioxylon are the other similar 
genera. In Sequoioxylon and Taxodioxylon, annual ring 
borders are clearly distinct, cross-field pits are predominantly 
taxodioid and often arranged in one horizontal row, ray 
heights are variable but generally much higher than in 
Glyptostroboxylon (Süss and Velitzelos 1997, Dolezych and 
Van der Burgh 2004, Teodoridis and Sakala 2008, Akkemik 
et al. 2009, 2017, Koutecký and Sakala 2015). Recently, 
Akkemik et al. (2017) identified Glyptostroboxylon from the 
middle – late Burdigalian (early Miocene) from the central 
area of the GVP. Kasaplıgil (1977) and Denk et al. (2017b) 
collected leaf and cone fossils of this genus from the early 
Miocene fields of the Güvem area. The present description is 
from the late Miocene (Tortonian) of the eastern GVP.

Two fossil-species of Glyptostroboxylon were described 
as Glyptostroboxylon tenerum (Kraus) Conw. and 
Glyptostroboxylon rudolphii dolezyCH et BurGH (Text-fig. 4). 

Text-fig. 4. Distribution of Glyptostroboxylon rudolphii in the Miocene (solid circles) and Glyptostrobus pensilis at present (open 
circles). It grows in the subtropical swamps of Vietnamese and China (Eckenwalder 2009, Farjon 2010).
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The main differences between these two fossil-species 
are in the pitting on the tracheid radial walls. If the pits 
are biseriate with crassulae, the wood is evaluated as G. 
rudolphii. In contrast, wood having uniseriate pits on the 
tracheid radial wall but without crassulae, is accepted as 
G. tenerum (Dolezych and Van der Burgh 2004, Teodoridis 
and Sakala 2008). Because tracheid pitting can be up to 3 
vertical rows and abundant, cross-field pits are generally 
1–4 predominantly glyptostroboid but also taxodioid types, 
our woods are identified as Glyptostroboxylon rudolphii.

Dolezych and Van der Burgh (2004), Teodoridis and 
Sakala (2008) and Dolezych (2011) explained that two species 
of Glyptostroboxylon are represented by two different genera. 
Glyptostroboxylon tenerum (Kraus) Conw. is represented by 
modern Cunninghamia r.Br. in riCH., and Glyptostroboxylon 
rudolphii dolezyCH et BurGH by modern Glyptostrobus. 
The modern Glyptostrobus has only one species (G. pensilis 
K.KoCH) growing in the swamp forests of Vietnam and China 
(Eckenwalder 2009, Farjon 2010; Text-fig. 4).

Genus Taxodioxylon hartiG, 1848
(emended by Gothan 1905)

Taxodioxylon gypsaceum (Göpp.) kräuseL, 1949

S t u d i e d  m a t e r i a l . SAK12 and SAK15 (Repository: 
Fossil collection of the Department of Forest Botany, Faculty 
of Forestry, Istanbul University, Istanbul, Turkey).

H o r i z o n . Hüyükköy Formation.

A g e . Late Miocene (Tortonian).

L o c a l i t y . Çankırı: The village of Sakarcaören near to 
the town of Orta (latitude and longitude are 40°36′42.46″ N 
and 33°9′16.14″ E).

D e s c r i p t i o n . The sizes of the studied specimens 
are: height 13.5–15.5 cm, width 6.5–14 cm, and length 2.5–
4.5 cm in SAK12 and SAK15, respectively. Microscopic 
description of the woods is given below.

Transverse Section (TS): Growth rings 0.5–3.0 mm in 
width, with distinct boundaries marked by 2–13 rows of thick-
walled latewood tracheids. Latewood distinctive, earlywood/
latewood transition gradual or abrupt. No resin canals were 
observed. Tangential and radial diameters of tracheids are 
35 (19–53) μm and 37 (18–58) μm in earlywood and 26 
(15–34) μm and 10 (4–22) μm respectively, in latewood. 
Double wall thickness is 6 (2–10) μm in earlywood and 8 
(3–12) μm in latewood, respectively (Tab. 1). The number 
of tracheids between two rays is 2–14. Axial parenchyma 
abundant, diffuse, and seen in the latewood zone or in the 
transition to latewood area (Pl. 2, Figs 1, 2).

Tangential Longitudinal Section (TLS): Rays are 
uniseriate. Ray width is 12 (7–17) μm and height is 2–32 
(mostly 5–14) cells, and 124 (20–507) μm (Tab. 1; Pl. 2, Fig. 
3). Transverse walls of axial parenchyma cells are smooth 
and slightly nodular (Pl. 2, Figs 4, 5).

Radial Longitudinal Section (RLS): Tracheidal 
pitting is 1–2(–3) seriate on the radial surface of tracheids 
(Pl. 2, Figs 7, 9). Crassulae slightly visible (Pl. 2, Fig. 7). 
Horizontal and end walls of rays are smooth (Pl. 2, Fig. 6). 
Cross-field pits are taxodioid and 1–6 pits in one horizontal 
row per cross-field (Pl. 2, Fig. 8).

C o m p a r i s o n . The studied woods show a clear 
latewood zone, gradual to abrupt transition from earlywood to 
latewood, smooth transverse walls of axial parenchyma cells 
and 1–3 rows of tracheid pits. We consider them as taxodioid 
wood. Anatomical features of the specimens are rather similar 
to Sequoioxylon from Turkey (Özgüven-Ertan 1983, Akkemik 
et al. 2005, 2009, 2017, 2019, Akkemik and Sakınç 2013), 
and Taxodioxylon from Turkey (Akkemik et al. 2009).

Regarding fossil species of Sequoioxylon and 
Taxodioxylon, many studies were carried out on these 
species (e.g. Greguss 1967, Özgüven-Ertan 1971, 1983, 
Yang and Zheng 2003, Erdei et al. 2009, Blokhina et al. 
2010, Dolezych 2011, Iamandei et al. 2013, Koutecký and 
Sakala 2015, Tian et al. 2018) (Text-fig. 5).

Table 1. Tracheid dimensions and ray features of the samples.

Sample

Tracheids Rays

Tangential 
diameter in 
earlywood 

(µm)

Radial 
diameter in 
earlywood 

(µm)

Wall 
thickness in 
earlywood 

(µm)

Tangential 
diameter in 
latewood 

(µm)

Radial 
diameter in 
latewood 

(µm)

Wall 
thickness in 

latewood 
(µm)

Height 
(µm)

Width
(µm)

Glyptostroboxylon

SAK14
40

(32–44)
44

 (28–57)
4

 (1–6)
37 28 6 66 18

(29–41) (22–36)  (4–8)  (29–121)  (12–23)

SAK18
34

(21–47)
44

(24–63)
5

 (2–10)
31 14 6 37 17

(22–49) (7–24) (4–9) (21–75) (14–22)

Average
37 44 4.5 34 21 6 53 17.5

(21–47) (24–63) (1–10) (22–49) (7–36) (4–9) (21–121) (12–23)

Sequoioxylon

SAK12
38 31 6 27 10 8 110 10

 (19–53) (18–44) (2–10) (19–34)  (4–22)  (5–12)  (52–212)  (7–15)

SAK15
32 42 5 24 9 8 138 13

(24–38) (25–58) (2–8) (15–32) (4–13) (3–12) (20–507) (11–17)

Average
35 37 6 26 10 8 124 12

(19–53) (18–58) (2–10) (15–34) (4–22) (3–12) (20–507) (7–17)
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Blokhina et al. (2010) stated that the classification of 
these types of fossil woods is open to discussion. Some 
authors use “Taxodioxylon” and others “Sequoioxylon”. 
The name Taxodioxylon was used first by Hartig (1848) and 
was proposed for all woods of the tribe Sequoieae (Sequoia 
endl., Sequoiadendron J.BuCHHolz and Metasequoia 
Hu et w.C.CHenG), Taxodieae (Taxodium riCH.), and 
Cunninghamieae (Athrotaxis d.don.). Subsequently, some 
authors used generic names (e.g. Biondi and Brugiapaglia 
1991, Süss and Velitzelos 1997, Erdei et al. 2009). 
Alternatively, other authors (e.g. Greguss 1967, Basinger 
1981, Özgüven-Ertan 1983, Blokhina 1986, 1997, Blokhina 
and Nassichuk 2000, Akkemik et al. 2005, 2009, Blokhina 
et al. 2010, Akkemik and Sakınç 2013) used the name 
Sequoioxylon only for the fossil wood showing affinity to 
the members of Sequoieae (Sequoia, Sequoiadendron and 
Metasequoia). Recently, Tian et al. (2018) again discussed 
taxodioid wood and suggested that the genus Sequoioxylon 
had been used for fossil woods showing wood anatomical 
characters of the modern representatives of Sequoioideae 
with traumatic resin canals, and Taxodioxylon for fossil woods 
without traumatic resin canals. In the light of this discussion, 
and the combination of the features given for these two fossil 
genera, we can consider our woods as Taxodioxylon.

The most common fossil species of Taxodioxylon 
is T. gypsaceum. In this fossil species, growth rings are 
generally variable, tracheids angular in cross-section, wide 
in earlywood, narrow in latewood, bordered pits 1–3 seriate, 
15–20 µm in diameter, crassulae present, axial parenchyma 
abundant, horizontal walls of axial parenchyma smooth, 
rays uniseriate, up to 35 cells in height, cross-field pits 
predominantly taxodioid (Van der Burgh and Meijer 1996, 
Koutecký and Sakala 2015). In contrast, T. taxodii GoTHan 
has typical nodular thickening in the axial parenchyma 

transverse walls. Yang and Zheng (2003) stated that T. szei 
yanG et zHenG had ray tracheids, nodular transverse walls 
in the axial parenchyma, and higher rays. Blokhina et al. 
(2010) commented on the absence of vertical traumatic 
resin canals, and presence of taxodioid type only, and 
larger number of cross-field pits, and 1–3 seriate tracheidal 
pitting in T. sizimanicum BloKHina. Blokhiana et al. (2010) 
summarized the features of Sequoioxylon laramense 
R.E.Torr., S. montanense R.E.Torr., S. dakotense 
R.E.Torr. and S. burgessii (penH.) R.E.Torr. They have ray 
tracheids, nodular transverse walls in the axial parenchyma, 
very high rays with continuous biseriate ranges. Erdei et al. 
(2009) identified T. germanicum (GreGuss) BurGH having 
1–3 seriate vertical pits on the tracheid radial wall, the 
presence of crassulae, pits also recorded on tangential walls 
of tracheids, many cupressoid pits in cross-fields, uniseriate 
and occasionally biseriate rays.

The wood characters determined in this study are very 
similar to the characters of Taxodioxylon gypsaceum. Based 
on this findings, we considered our woods as T. gypsaceum. 
Van der Burgh and Meijer (1996) first discussed its possible 
botanical affinities as Athrotaxis (Sequoia) couttsiae 
(Heer) Gardner, and later, Teodoridis and Sakala (2008) 
associated T. gypsaceum with Quasisequoia couttsiae Heer. 
It is generally associated with recent Sequoia sempervirens 
endl. (e.g. Dolezych 2011) as its nearest living relative 
(Text-fig. 5).

Forest vegetation of GVP in the late Miocene

The results suggested that the GVP forest composition 
underwent a structural change during the Miocene (Tab. 2). 
In the western GVP a riparian forest composed of Palmae, 

Text-fig. 5. Distribution of Taxodioxylon gypsaceum in the Miocene (solid circles) and distribution (open circles) of its nearest 
representatives at present (Sequoia sempervirens, Sequoiadendron giganteum and Metasequoia glyptostroboides) (Eckenwalder 
2009, Farjon 2010).
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Salix, Populus and Liquidambar was described from the 
early – middle Burdigalian. Around this riparian forest 
Quercus sect. Ilex, Acer, Fraxinus, Zelkova, Ulmus, Prunus,
Juniperus, Pinus, Picea, Cedrus and Podocarpus constituted 
the mesic and mesic-xeric forest vegetation (Akkemik et 
al. 2016, Bayam et al. 2018). Akkemik et al. (2009, 2017) 

and Bayam et al. (2018) proposed that the central part of 
the GVP had a broad riparian/swamp forest area during 
the middle – late Burdigalian (early Miocene). The present 
study suggests that this riparian/swamp forest composed of 
Glyptostroboxylon rudolphii and Taxodioxylon gypsaceum 
existed also in the late Miocene (during the Tortonian) in 

Table 2. Petrified wood identification, including the genera of Glyptostroboxylon and Sequoioxylon, throughout Turkey and petri-
fied wood flora of the Galatean Volcanic Province during the Miocene.

European part of Turkey
(Özgüven 1971, Kayacık et al. 1995, 

Akkemik et al. 2005, Sakınç et al. 
2007, Akkemik and Sakınç 2013)

West of GVP
(Akkemik et al. 2016, Bayam et al. 

2018)

Central GVP
(Akkemik et al. 2009,
Akkemik et al. 2017,
Bayam et al. 2018)

East of GVP
(The present study)

late Oligocene to
early Miocene

early Miocene late Miocene

early – middle Burdigalian
(20–18 Ma)

middle – late Burdigalian
(18–17 Ma)

Tortonian
(10–9 Ma)

Swamp Forest
Sequoia

Riparian Forest
Palmae
Salix

Populus
Liquidambar

Lowland and upland forests
Quercus sect. Ilex

Acer
Fraxinus
Zelkova
Ulmus
Prunus

Juniperus
Pinus
Picea

Cedrus
Podocarpus

Swamp Forest
Glyptostrobus

Taxodium
Sequoia

Swamp Forest
Glyptostrobus

Sequoia

a
The eastern part of GVP: The geological age of the area 
is the late Miocene and forest type is swamp forest 
composed of Glyptostrobus and Sequoia, and a riparian – 
humid forest having Sequoia trees. This new forest type 
is rather similar to the forest type in the middle – late 
Burdigalian of the central GVP.

b
The central part of GVP: The geological age of the area 
is the middle – late Burdigalian (early Miocene) and forest 
type is swamp forest composed of Glyptostrobus, 
Taxodium and Sequoia, and riparian – humid forest having 
Sequoia trees (Akkemik et al. 2009, Akkemik et al. 2017).

c
The western part of GVP: The geological age of the 
area is the early – middle Burdigalian and forest type is 
riparian forest composed of Palmae, Salix, Populus, 
Liquidambar; humid – xeric forests composed of Acer, 
Quercus sect. Ilex, Fraxinus, Ulmus, Zelkova, Prunus, 
and conifer trees composed of Pinus, Picea, Cedrus, 
Juniperus and Sequoia (Akkemik et al. 2016, Bayam et 
al. 2018).

Swamp Forest

Swamp Forest

Conifer Forest

Riparian–Humid Forest
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Text-fig. 6. The riparian/swamp forest structure of the village of Sakarcaören in the late Miocene, location within the east part of 
GVP, and comparison with the other forest types from early Miocene of GVP (Akkemik et al. 2009, 2016, 2017, Bayam et al. 2018).
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the GVP (Text-fig. 6). All former studies in Turkey and its 
surroundings revealed that these genera (Taxodioxylon and 
Sequoioxylon) lived during the late Oligocene (Özgüven-
Ertan 1971, Akkemik et al. 2005, Sakınç et al. 2007, Akkemik 
and Sakınç 2013) and early Miocene (Süss and Velitzelos 
1997, Akkemik et al. 2009, Bayam et al. 2018). Our results 
show that the genera of Glyptostroboxylon, Taxodioxylon 
and Sequoioxylon had a longer history beginning in the 
Oligocene and persisting to the late Miocene.

Taxodious woods were identified from the middle to the 
late Miocene of Romania (Iamandei et al. 2008). Later it was 
found in Pliocene sediments of Ukraine (Tiemei et al. 2013), 
Romania (Diaconu 2011) and Spain (Olivares et al. 2004). 
According to our results, G. rudolphii and T. gypsaceum 
became extinct in GVP not earlier than the late Miocene.

Climate of GVP in the late Miocene

The genus Glyptostrobus, which is the modern 
representative of Glyptostroboxylon rudolphii, is one of the 
typical components of swamp forests. Today, it has only one 
species (Glyptostrobus pensilis) (Text-fig. 4) which grows in 
low, damp, riparian areas and swamps of Vietnam and South 
China (Eckenwalder 2009, Farjon 2010). These swamp 
forests exist under warm and subtropical climate conditions. 
Satchell (1985) suggested that Glyptostrobus forests formed 
raised swamps in a warm climate with high, nonseasonal 
rainfall (Text-figs 4, 6).

The genus Sequoia, which is the modern representative 
of Taxodioxylon gypsaceum, is typical of riparian, well 
drained and warm to cool conditions. Snyder (1992) 
suggested that cool, wet winters and warm summer droughts 
were the climate conditions of the redwood region today, and 
maritime fog and stratus regimes provide good conditions 
during dry seasons. The best growing sites of Sequoia are 
sedimentary soils and riparian areas far from salt sprays of 
coastlines.

Today, the cold hardiness limit of both genera (Sequoia 
and Glyptostrobus) is between –12.1 °C and –6.7 °C 
(Bannister and Neuner 2001). Snyder (1992) also concluded 
that Sequoiadendron was restricted to west-central North 
America in the late Oligocene, and Sequoia had been 
common through Eurasia up to the end of the Pliocene 
(Text-fig. 5).

These two wood species grew in swamp forests and the 
surrounding areas under warm-temperate climate conditions. 
Numerous palaeobotanical studies (e.g. Akgün et al. 2007, 
Akkiraz et al. 2011, Velitzelos et al. 2014, Akkemik et al. 
2016, Bouchal et al. 2016, 2017, Güner et al. 2017, Denk 
et al. 2017a, b, c, Bayam et al. 2018) suggested that a 
subtropical to warm-temperate climate prevailed over large 
parts of Turkey and Greece during the early Miocene. The 
present study shows that the identified species lived under 
similar climate conditions in the late Miocene.

Conclusions

This study included the first petrified wood identification 
from the eastern GVP. This volcanic massive was separated 
into two volcanic phases: 1) early Miocene and 2) late 

Miocene. The early Miocene wood flora of the western 
and central GVP, has provided evidence of taxonomically 
distinct local associations and further support for the current 
hypotheses of a warm temperate climate prevailing over a 
heterogeneous landscape comprising a riverine association, 
a mesic-xeric woodland association and possibly a mixed 
coniferous forest in the western area of the GVP, and swamp 
forest associations located towards the central area of the 
GVP. The study showed that very similar wood flora and 
swamp forests in the central GVP continued in the second 
volcanic phase during the late Miocene of the eastern 
GVP. These results and discussions may also suggest that 
new taxodioid type woods might be found from younger 
geological formations (Pliocene) in Turkey.
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Explanations to the plates

PLATE 1

Wood features of Glyptostroboxylon rudolphii (SAK18)
1. TS showing indistinct growth ring boundaries marked 

by 1–2 indistinct rows of radially flattened latewood 
tracheids (arrows).

2. TLS showing partly biseriate ray (arrow).
3. Uniseriate rays of 1–4 cell rows in height.
4. Smooth thin end wall of an axial parenchyma cell 

(arrow).
5. RLS showing the radial surface of tracheids (arrows) 

with abundant bordered pits, up to 3 rows.
6.–7. Mostly glyptostroboid type cross-field pits (arrow) 

together with taxodioid types.

PLATE 2 

Wood features of Taxodioxylon gypsaceum (Fig. 2 is SAK12, 
the others are SAK15)
1.–2. TS showing growth rings with distinct boundaries and 

abrupt earlywood/latewood transition, and having 2–13 
rows of latewood zone.

3. TLS showing uniseriate rays (up to 32 cells in height).
4.–5. TLS axial parenchyma cells with smooth (4) and 

slightly nodular (5) transverse wall (arrows).
6. RLS with smooth horizontal and end walls of ray cells 

(arrow).
7. Crassulae and biseriate pitting (RLS) (arrow).
8. Rays with taxodioid type cross-field pits in one horizontal 

row (RLS) (arrow).
9. RLS showing up to 3 rows of bordered pits on the radial 

surface of tracheids (arrow).
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PLATE 2
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