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Cercidiphyllum crenatum (UNGER) R. BROWN 1935
FROM THE BOZOVICI BASIN, SOUTH CARPATHIANS, ROMANIA
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Abstract. Cercidiphyllum crenatum (Unger 1850) R. Brown 1935 (Magnoliophyta, Cercidiphyllaceae Engl.) is reported from the
Badenian coal-bearing deposits of the Bozovici Basin, South Carpathians. Although it is a common species in the European Mio-
Pliocene deposits, Cercidiphyllum crenatum is a rare species in the Romanian fossil flora, as it was previously collected and
described from only two Pontian localities in Transylvania (GIVULESCU, 1964; GIVULESCU & GHIURCA, 1969; GIVULESCU,
1984). This is the first record of Cercidiphyllum crenatum in the Miocene continental formations of Romania. From a
palaeoecological point of view, Cercidiphyllum crenatum lived in a warm-temperate climate, associated with gymnosperms
belonging to the genera Abies, Sequoia and to angiosperm genera such as Acer, Salix, Betula, Juglans, Fagus, Carya and Quercus
(PREDA et al., 1994; PETRESCU, 2003).
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Rezumat. Cercidiphyllum crenatum (Unger) R. Brown 1935 din Bazinul Bozovici, Carpatii Meridionali, Romania.
Cercidiphyllum crenatum (Unger 1850) R. Brown 1935 (Magnoliophyta, Cercidiphyllaceac ENGL.) a fost gasita in depozitele
badeniene din Bazinul Bozovici din Carpatii Meridionali. Desi este o specie des intalnita in depozitele mio-pliocene din Europa,
Cercidiphyllum crenatum este o specie rara in flora fosila a Romaniei, fiind colectata si descrisa doar din doua localitati pontiene din
Transilvania (GIVULESCU, 1964; GIVULESCU & GHIURCA, 1969; GIVULESCU, 1984). Cercidiphyllum crenatum este
semnalatd pentru prima datd in formatiunile continentale miocene din Roméania. Din punct de vedere paleoecologic aceastd specie
traia intr-un climat temperat-cald, in asociatie cu gimnosperme precum Abies, Sequoia si cu angiosperme precum Acer, Salix, Betula,
Carya, Juglans, Fagus, Carya si Quercus (PREDA et al., 1994; PETRESCU, 2003).

Cuvinte cheie: Cercidiphyllaceae, Cercidiphyllum crenatum, Miocen, Bazinul Bozovici, Romania.

INTRODUCTION

The family Cercidiphyllaceae, Order Saxifragales, with a single extant genus Cercidiphyllum Siebold et
Zuccarini 1846, is considered to be a member of the core eudicots (SOLTIS et al., 2007; JIAN et al., 2008; APG III,
2009). Cercidiphyllum is an archaic Cretaceous genus with peculiar morphology, considered illustrative for the
evolution and development of plants (KRASSILOV, 2010). The genus Cercidiphyllum includes two extant species:
Cercidiphyllum japonicum Siebold et Zuccarini 1846 and Cercidiphyllum magnificum (Nakai) Nakai 1920.

Cercidiphyllum japonicum is living in the following Chinese provinces: Henan, Zhejiang, Hebei, Shanxi,
Shaanxi, Gansu, Jiangsi and Sichuan, as well as in the following Japanese prefectures: Shikoku, Kyushu, Hokkaido and
Honshu, while Cercidiphyllum magnificum is living in Nikko and Honshu prefectures of Japan (SPONGBERG, 1979).
Cercidiphyllum japonicum is a large canopy tree, reaching 25-30 m in height and 2-2.5 m in diameter, living in warm-
temperate, deciduous forests of China and Japan. Cercidiphyllum magnificum is a small sized tree living in cool-
temperate, subalpine forests of Japan (QI et al., 2012). Nonetheless, both species are dioecious and have very similar
leaves, making it difficult to separate them morphologically.

The Cenozoic reprezentatives of genus Cercidiphyllum, mainly Cercidiphyllum crenatum (Unger) Brown 1935, are
recorded from western North America, Europe and eastern Asia, occuring in Oligocene-Pleistocene continental formations
(GIVULESCU, 1964; GIVULESCU & GHIURCA, 1969; GIVULESCU, 1984; MEYER & MANCHESTER, 1997;
KOVAR-EDER et al., 1998; KVACEK, 2008; MANCHESTER et al., 2008; DENK et al., 2017; KVACEK et al., 2018). In
Romania, Cercidiphyllum crenatum was reported from Transylvania, from two Pontian localities (GIVULESCU, 1964;
GIVULESCU & GHIURCA, 1969; GIVULESCU, 1984). In this paper, we discuss a new record of Cercidiphyllum crenatum
in Romania, from the Bozovici Basin, South Carpathians, Badenian in age.

GEOLOGICAL SETTING

The Bozovici Basin is a typical Alpine molassic, intramountainous basin of the South Carpathians (Fig. 1),
formed during the post-Laramian Alpine phases. This Tertiary basin is sealing two significant tectonic units of the
South Carpathians, the Getic Nappe and the Danubian Units (BALINTONI, 1997; IANCU et al., 2005). It occurs in the
Caras-Severin County, bordered by the Semenic Mountains to the North, the Almdj Mountains to the South and the
Locva Mountains to the South-West. The Bozovici Basin has an irregular shape, having approximatively a NE-SW
orientation. It is 40 km long and its maximum width is 7-8 km in the area of Bozovici and Eftimie Murgu towns. The
Bozovici Basin was studied primarily mainly because of its coal seams (POP, 1959; RAILEANU et al., 1963;
PETRESCU et al., 1987; PREDA et al., 1994; POPA & PREDEANU, 2018; POPA & ANASTASIU, 2019), while its
fossil plants were under-rated by stratigraphical and coal geology studies.
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The sedimentary sequences of the Bozovici Basin are formally separated in two formations (Fig. 2): the
Lapusnicul Mare Formation and the Dalboset Formation (CODREA, 2001). The Lapusnicu Mare Formation includes
two members: the Paraul Lighidia Member, Eggenburgian in age, and the Valea Slatinicului Member, Badenian in age.
The age of the two members belonging to the Lapusnicu Mare Formation was debated for a long time. The
Eggenburgian age of the Paraul Lighidia Member was established by GRIGORESCU (1985), based on the occurrence
of the vertebrate remains assigned to Brachyodus onoideus Gervais. Also, the same age was confirmed by PETRESCU
& NICORICI (1989) based on the results of the palynomorph study. The Badenian age of the Valea Slatinicului
Member was suggested by CODREA (2001), based on micro-mammal remains.

The sedimentary sequences of the Bozovici Basin can reach up to 750 m and they consist mainly of
sandstones, clays, marls and conglomerates, including up to nine interbedded coal seams with highly fossiliferous roof
shales and tuff intercalations. An essential peculiarity of this flora is the occurrence of well-preserved permineralized
trunks, both silicified and carbonatic (PREDA et al., 1994).
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Figure 1. The simplified geological map of Romania and the occurrence of the Bozovici Basin in the South Carpathians
(modified after SANDULESCU, 1984; POPA et al., 2017).

MATERIAL AND METHODS

The sample was collected from the Lighidia quarry by one of the authors (C.A.G.), an open cast mine located
near the Bozovici town, during one of the several field work campaigns of 2015-2017. The stratigraphic position of the
material is from the upper sequence of the Valea Slatinicului Member of the Lapusnicu Mare Formation. The sample,
recorded in the field as Bozl, is preserved as an impression on red porcelanite. The sample is curated as 27626 at the
National Geological Museum of the Geological Institute of Romania, in Bucharest. The macrophotographs were taken
using a Canon EOS 60D digital camera with a Canon EF-S 18-55mm lens. More detailed photographs were taken using
a Carl Zeiss Stemi 508 Stereo Microscope (Fig. 2).
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Figure 2. Stratigraphic synthetic column of the Miocene formations of the Bozovici Basin, with the stratigraphic position
of Cercidiphyllum crenatum marked by a fossil leaf symbol (with the exclamation mark)
(modified after CODREA, 2001; PIRNEA & POPA, 2018).

SYSTEMATICS

Phylum Magnoliophyta

Class Magnoliopsida
Order Saxifragales
Family Cercidiphyllaceae Engler 1907

Genus Cercidiphyllum Siebold et Zuccarini 1846
Cercidiphyllum crenatum (Unger) Brown 1935
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Figure 3. Cercidiphyllum crenatum, from Bozovici, Valea Slatinicului Member, Lapusnicul Mare Formation, Bozovici Basin,
Lighidia quarry. Sample 27626. a: general view; b-c: details of the leaf fragment showing the 2nd and 3rd vein category and the
crenate-serrate leaf margins. Scale bar: 10 mm.

1935  Cercidiphyllum crenatum (Unger) R. W. Brown — Brown: p. 575, P1. 68, Figs. 1, 9, 10

1964 Cercidiphyllum crenatum (Unger) R. W. Brown — Givulescu: p. 569, Fig. 1

1969  Cercidiphyllum crenatum (Unger) R. W. Brown — Givulescu & Ghiurca: p. 21, Pl. 3, Fig.2

1977  Cercidiphyllum crenatum (Unger) R. W. Brown — Kasaphgil: Fig. 27

1984  Cercidiphyllum crenatum (Unger) R. W. Brown — Givulescu: 4 (72), P1. 7, Fig. 17

1987  Cercidiphyllum crenatum (Unger) R. W. Brown — Manchester & Meyer: p. 116, Fig. 3G

1989  Cercidiphyllum crenatum (Unger) R. W. Brown — Zhilin: Fig. 1

1995  Cercidiphyllum helveticum (Heer 1855) Jahnichen, Mai et Walther — Meller: p. 46, P1. 7, Figs. 1 — 4
1996  Cercidiphyllum helveticum (Heer 1855) Jahnichen, Mai et Walther — Meller: Table 1 —2

1996  Cercidiphyllum helveticum (Heer 1855) Jahnichen, Mai et Walther — Kovar-Eder: Tablel

1997 Cercidiphyllum crenatum (Unger) R. W. Brown — Meyer & Manchester: p. 73, P1. 7, Figs. 2-8; PI. 8, Fig. 1
1998  Cercidiphyllum helveticum (Heer 1855) Jahnichen, Mai et Walther — Kovar-Eder et al.: Table 5
1998a Cercidiphyllum helveticum (Heer 1855) Jahnichen, Mai et Walther — Meller: Tab. 7, Figs. 1 — 4
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1998b Cercidiphyllum helveticum (Heer 1855) Jahnichen, Mai et Walther — Meller: Table 1, Figs. 3 -5
1998  Cercidiphyllum crenatum (Unger) R. W. Brown — Kovar-Eder: Pl. 1, Figs. 23 — 24

2000 Cercidiphyllum crenatum (Unger) R. W. Brown — Kvaéek & Hurnik: Pl. 3, Fig. 1, pl. 4, Fig. 10
2004 Cercidiphyllum crenatum (Unger) R. W. Brown — Kovar-Eder et al.: P1. 2, Fig. 7

2017 Cercidiphyllum crenatum (Unger) R. W. Brown — Denk et al.: P1. 12, Figs. 6 — 8

2018 Cercidiphyllum crenatum (Unger) R. W. Brown — Kvacek et al.: PL. 5, Fig. 1

Description. The sample includes a single leaf fragment (Fig. 3a), a microphyll (933 mm?®) with 35 mm in
length and 40 mm in width. The lamina is symmetrical, with a marginal position of the petiole’s attachment. The leaf
has an oblate shape and a length/width ratio of 0.9/1. The base of the leaf is cordate, with a reflex angle, and the apex is
convex and obtuse. The leaf margin is crenate-serrate. The tooth spacing is regular with a single order of teeth and five
teeth per centimetre. Each tooth apex is simple with convex basal and apical teeth and the sinus between teeth is angular
(Fig. 3b). The first vein category is basal actinodromous, the major secondary vein category is semicraspedodromous
with excurrent attachment. The interior secondary veins are present and the intercostal tertiary vein fabric is irregular
reticulate (Fig. 3c). The major secondary vein spacing is irregular with an uniform vein angle.

DISCUSSION

Cercidiphyllum crenatum (Unger) R. W. Brown 1935 (Fig. 3) from the Bozovici Basin is characterized by a
series of typical characters: crenate-serrate margin, basal actinodromous first vein and tertiary random reticulate vein.
No fruit and flower fragments have been found.

Cercidiphyllum crenatum has been recorded from continental formations from all around the world, within the
Oligocene-Pleistocene timespan. Its very first citation was given by BROWN (1935), from the Early Oligocene Bridge Creek
flora of the John Day Formation, in north-central Oregon, U.S.A. Cercidiphyllum crenatum was also collected and described
from Miocene continental formations of western North America, from Latah and Clarkia areas (CHANEY & AXELROD,
1959; SMILEY & REMBER, 1985; MEYER & MANCHESTER, 1997). Other reported occurrences of Cercidiphyllum
crenatum come from Early Oligocene (Rupelian) continental formations of western Kazakhstan, in the Ashcheayrykian flora
(ZHILIN, 1989), northern Ustyurt and Chagravan Plateau, in the Myneskesuekian flora (TOKAR & KORNILOVA, 1975)
and in the Shintuzsay flora (KORNILOVA, 1950; KORNILOVA & TOKAR, 1973). From the Late Oligocene (Chattian),
Cercidiphyllum crenatum was recorded in the Kumsuat flora (ZHILIN, 1989) from western Kazakhstan. In Russia,
Cercidiphyllum crenatum was collected and described from the Dembi flora (Middle-Late Oligocene), Velikaya Kema flora
(Middle — Late Oligocene), and Rettikhovsk flora (Early Miocene) (AKHMETYEV & BRATZEVA, 1973). Also,
Cercidiphyllum crenatum was recorded in the Early Miocene (Aquitanian) from the following occurrences: a. northern
Ustyurt, from the Baygubekian flora (ZHILIN, 1974, 1989); b. from the Orzhilansay flora (KORNILOVA, 1955, 1956, 1966;
ZHILIN, 1974, 1989) and the Nausha flora. From the Guvem area, in northwestern Central Anatolia, Cercidiphyllum
crenatum was found in lacustrine sediments of the Derekoy pyroclastics, early Miocene (Burdigalian) in age, associated with
a humid temperate climate (DENK et al., 2017).

In Europe, the oldest occurrence of Cercidiphyllum crenatum is recorded in Early Oligocene of Usti Formation
(Ceske Stredohori Mountains, Czechia) in Bechlejovice, Kundratice, Suletice, Holy Kluk, Markvartice, Zichov and Hrazeny
areas (KVACEK & WALTHER, 2001, 2003; KVACEK & TEODORIDIS, 2007). It was also cited from the Decin
Formation of Matry Hill around Sebuzin area, in the Ceske Strednohori Mountains pointing to a humid climate (KVACEK et
al., 2018). In the same region (North Bohemia), Cercidiphyllum crenatum was reported from the Most Basin from several
occurrences: a. the Main Coal Seam (Middle Most Formation) in a few layers of the Vrsovice area; b. from the Upper Sandy-
Clayey Beds (Upper Most Formation) in the pelitic layers of the Zelenky area and c. in the Overlying Beds (Upper Most
Formation) from the Dolany area. All these occurrences are Early Miocene in age (KVACEK & HURNIK, 2000). Another
occurrence of Cercidiphyllum crenatum comes from the Early Miocene continental formations of Zug County, Switzerland
(KOVAR-EDER et al., 1994). KOVAR-EDER et al. (2004) described a single specimen of Cercidiphyllum crenatum with
subtropical climate affinities, from Karpatian/Early Badenian (late Early/early Middle Miocene) continental formations of
Parschlug (Styria, Austria). In Poland, Cercidiphyllum crenatum was described from the Ruja lignite deposit, Middle Miocene
in age, where it lived in a warm temperate climate (WOROBIEC et al., 2008). In Hungary, Cercidiphyllum crenatum was
collected and described from Pannonian (Late Miocene) formations of Rudabanya, where it lived in a subtropical-warm-
temperate climate (NAGY & PALFALVY, 1961; ERDEI et al., 2011). It was also collected from the Badenian continental
formations of Nogradszakal (KORDOS-SZAKALY, 1984).

In Romania, GIVULESCU (1964, 1984) and GIVULESCU & GHIURCA (1969) described Cercidiphyllum
crenatum from Odesti and Chiuzbaia sites in Transylvania, both Pontian in age. There, this species is associated with
gymnosperms such as Sequoia abietina, Glyptostrobus europaeus and angiosperms such as Liriodendron procaccini,
Ceratophyllum sp., Platanus platanifolia, Alnus pseudojaponica, Betula pseudoluminifera, Carpinus cobalcescui, Fagus
attenuata, Castanea cf. crenata, Quercus drymeja, Quercus praeprinus, Ulmus pyramidalis, Acer tricuspidatum, Populus
populina and Populus gigantea. The Chiuzbaia flora is one of the richest Pontian floras from Europe, while its fossil plants
association indicates a mixed-mesophytic forest (GIVULESCU, 1990), in which Cercidiphyllum crenatum thrived.
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The Bozovici flora was briefly studied and cited by the previous authors (POP, 1959; ILIESCU et al., 1967,
PIRNEA & POPA, 2018). PETRESCU (2003) studied the palynology of the Bozovici Bazin and identified a series of
gymnosperms such as Abies, Picea, Pinus, Sciadopithys, Sequoia and angiosperms such as Magnolia, Juglans, Celtis,
Engelhardia, Carya, Platicarya, Alnus, Betula, Carpinus, Ulmus, Nyssa and Quercus. PIRNEA & POPA (2018)
collected and described Pronephrium stiriacum from Valea Slatinicului Member, from the same sedimentary sequence
where Cercidiphyllum crenatum occurred. Cercidiphyllum crenatum and Pronephrium stiriacum are associated in many
sites of the European flora, especially in the Oligocene-Miocene continental formations (KVACEK & HURNIK, 2000;
KVACEK & TEODORIDIS, 2007; KOVAR-EDER et al., 2004), with Pronephrium stiriacum indicating a warm-
temperate climate. JAHNICHEN et al. (1980) in KOVAR-EDER et al. (1994) pointed out the ecological shift of
Cercidiphyllum crenatum, from a mixed-mesophytic forest during the Oligocene-Early Miocene interval to a mainly
deciduous forest in a warm temperate climate during the Late Miocene-Pliocene timespan. The youngest fossil record of
Cercidiphyllum comes from Pleistocene continental formations of eastern Asia (ONOE, 1989), where it found a refuge
and therefore surviving during the Quaternary glaciations.

CONCLUSIONS

Cercidiphyllum crenatum (Saxifragales, Cercidiphyllaceae) is reported from the Lighidia Quarry, Bozovici
Basin, within the Lapusnicul Mare Formation, Valea Slatinicului Member, Badenian in age. Here, the collected fossil
material has typical morphological characters which enabled its systematic identification. Although Cercidiphyllum
crenatum is frequently reported from Miocene European floras, this is its first Miocene record in Romania.
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