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SUMMARY 

Silicified woods from the lower Miocene Yanagida Formation were 
collected from two sites, Mawaki and Uchiura, in the northeastern Noto 
Peninsula, central Japan. Among 80 specimens, 15 species representing 
13 families were identified, including six new species: Torreya mioxyla 
(Taxaceae), Castanopsis uchiuraensis (Fagaceae), Camellia japonoxyla 
(Theaceae), Stewartia notoensis (Theaceae), Distylium chiharu-hirayae 
(Hamamelidaceae) and Aesculus mioxyla (Hippocastanaceae). The fossil 
wood floras from these two sites contain evergreen and deciduous 
dicotyledons and have a similar composition. These floras are compared 
to the fossil wood flora from Monzen and to the Daijima-type com
pression fossil flora. The composition of the fossil wood floras of Mawaki 
and Uchiura suggests they represent a mixed mesic forest of conifers, 
deciduous dicotyledons and evergreen dicotyledons. 

Key words: Aesculus, Camellia, Castanopsis, Distylium, Stewartia, Tor
reya, fossil wood, Japan, Miocene. 

INTRODUCTION 

Pyroclastic deposits (Green Tuff, early to middle Miocene) are widely distributed 
throughout the northern part of the Noto Peninsula, Ishikawa Prefecture, central Ja
pan. These deposits often contain large amounts of fossil wood as well as other types 
of fossil plants. Suzuki and Watari (1994) described fossil woods from the lower Mio
cene Nawamata Formation from Monzen, Noto Peninsula. Monzen is located about 
30 km west of Mawaki and Uchiura, which are located about 4 km apart (Fig. lA). At 
these two sites, exposures of the lower Miocene Yanagida Formation, which is compa
rable in age to the Nawamata Formation of Monzen (Fig. IB), contain abundant fos
sil wood (Kaseno 1993). From Monzen, two species of conifers and eleven species of 
dicotyledons were recognized among 58 specimens (Table 2). The composition of 
Monzen fossil wood flora suggests warm- and/ or cool-temperate mesic forest. Prelim
inary reports on the fossil wood from Mawaki and Uchiura were published (Suzuki & 
Hiraya 1989b; Suzuki 1990), and a vesselless wood, Tetracentron japonoxylum, was de
scribed (Suzuki et al. 199Ia). These papers suggest fossil wood floras from the Mawaki 
and Uchiura have some, but not all, elements in common with the Monzen wood flora. 

During the early Miocene compression fossil floras in Japan drastically changed 
from the cool-temperate Aniai-type dominated by deciduous angiosperms to the warm
temperate Daijima-type dominated by evergreen dicotyledons (Uemura 1993). The 
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Table 1. Fossil wood from the lower Miocene Yanagida Formation from Mawaki and Uchiura, 
Noto Peninsula, Japan. 

Family Botanic name Mawaki 

Taxaceae Torreya mioxyla 

Taxodiaceae Taxodioxylon cunninghamioides 

Pinaceae Picea paleomaximowiczii 5 

Juglandaceae Pterocarya rhoifolia 

Betulaceae Carpinus laxa 6 
Fagaceae Castanopsis uchiuraensis 

Ulmaceae Zelkova wakimizui 13 

Tetracentraceae Tetracentron japonoxylum 

Theaceae Camellia japonoxyla 

Theaceae Stewartia notoensis 9 

Harnamelidaceae Distylium chiharu-hirayae 8 

Harnamelidaceae Liquidambar hisauchii 2 

Rosaceae Prunus iwatensis 

Aceraceae Acer watarianum 2 

Hippocastanaceae Aesculus mioxyla 

Total specimen number 45 
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Fig. IA. Locality map of Mawaki, Uchiura, Monzen, and Noroshi sites. 
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Monzen, Mawaki and Uchiura wood floras are early Miocene, the time of the drastic 
change of compression floras. In this study, fossil woods from Mawaki and Uchiura 
are described anatomically and compared with the Monzen woods, and with contem
poraneous compression fossils from the Noto Peninsula in order to determine whether 
they are similar to the cool-temperate Aniai-type or to the warm-temperate Daijima
type compression fossil floras. 

Epoch The western parts The eastern parts 

~ 

a.> Krosaki 7.6 ± 0.2 *2 Q. 
Q. Volcanics 8.0 ± 0.2 *2 
:J 

-

I 
Najimi F. 

I 
Najimi F. 

a.> 
"0 
"0 I Wajimazakii F. I 
~ Glauconite sandstone 

(]) Awagura F. 
e 
(]) 15.3 ± 0.5 *2 Akagami F. 
e,) 

I I 
0 - Toge F. Higashiinnai F. 

~ 
15.9 ± 0.5 *1 

Besshodake 16.8 ± 0.6 *1 

Andesites 17.1 ±OA *1 
~ 

a.> 
3: 19.3 ± 0.6 *2 
0 19.6 ± 0.6 *2 ....J 

Yanagida F. 19.7 ± 0.5 *1 

Nawamata F. 21 .1 ± 0.7 *2 21 .1 ± 0.6 *2 

22.8 ± 0.8 *2 

23.5 ± 0.8 *2 

23.9 ± 0.6 *1 
24.7 ± 0.8 *2 Andesites 

Paleo- Konosuyama 26.9 ± 0.8 *2 25.3 ± 0.8 *2 

gene Andesites 27.9 ± 0.9 *1 27.3 ± 0.7 *1 

28.9 ± 0.9 *2 27.9 ± 1.1 *1 

Fig. 1 B. Correlated schematic stratigraphy of the Yanagida and Nawamata Formations in the 
northern Noto Peninsula, Ishikawa Prefecture, central Japan. Numerals are indicated in Ma 
(million years ago) ofK-Ar dating. *1 = Shibata et al. (1981); *2 = Kaseno (1993). 
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Fig. 2-5. Torreya mioxyla M. Suzuki et K. Terada (holotype, no. 80083). - 2: Cross section show
ing two growth ring boundaries. - 3: Tangential sections showing uniseriate rays. - 4: Radial 
section showing tracheids with double or triple helices of spiral thickenings. - 5: Radial section 
showing small circular cupressoid or taxodioid cross-field pits. - Fig. 6-9. Castanopsis 
uchiuraensis M. Suzuki et K. Terada (holotype, no. 80043). - 6: Cross section showing distinct 
ring porosity and flame-like pattern of smalliatewood vessels. - 7: Tangential section showing 
uniseriate rays. - 8: Radial section showing palisade-like ray-vessel pits. - 9: Radial section 
showing a scalariform perforation plate of a small vessel element. - Scale bar in Fig. 2; for 
Fig. 2 & 6 == 250 flm; for Fig. 3 & 7 == 100 flm; for Fig. 8 & 9 == 50 flm; for Fig. 4 & 5 == 25 flm. 
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MATERIALS AND METHODS 

Eighty specimens of silicified fossil wood were collected from the Mawaki and Uchiura 
sites, Noto Peninsula, Ishikawa Prefecture (Fig. lA, Table 1). At Mawaki, Noto-machi, 
Fugeshi County, 45 specimens were collected from land-slide debris that originated 
from a small hill composed of the Green Tuff of the Yanagida Formation in 1988. At 
Uchiura, Yukinobe, Uchiura-machi, Suzu County, 35 specimens were collected from a 
road-side exposure in 1989. 

The Yanagida Formation, which contained these fossil wood specimens, is widely 
distributed throughout the eastern part of northern Noto Peninsula; it rests unconform
ably on Palaeogene andesites and is overlain by the middle Miocene Higashi-innai 
Formation (Kaseno 1993). Based on K-Ar dates, the Yanagida Formation is dated at 
22.8 to 19.3 million years b.p. (Shibata et al. 1981; Kaseno 1993) (Fig1B). The Yana
gida Formation is composed mainly of dacite tuffaceous sediments consisting of alter
nating beds of tuff, lava, sandstone, mudstone, and gravel of non-marine or marine 
origin. 

Sections of cross, tangential, and radial surfaces of the fossil woods were cut, and 
ground. Slides of all specimens, including type specimens, are deposited in the Wood 
Collection of the Herbarium, Department of Biology, Faculty of Science, Tohoku Uni
versity, Japan (TUSw). For identifying these fossil woods, wood samples of extant 
species deposited in TUSw, TWTw (Forestry and Forest Products Research Institute, 
Tsukuba, Japan), and PACw (North Carolina State University, USA) were studied. 

RESULTS 

1. Torreya mioxyla M. Suzuki et K. Terada, spec. nov. (Taxaceae) - Fig. 2-5 

Material- No. 80083 (holotype) was collected at Uchiura. Preservation of inter
nal structure is rather poor, the sample is partly crushed. 

Description - Coniferous wood composed of axial tracheids and ray parenchyma. 
Growth rings indistinct, with one to four layers of radially flattened latewood tracheids; 
ring width 0.1-2.0 mm (Fig. 2). Earlywood tracheids rectangular or polygonal in cross 
section, uniform in size; 25-40 x 25-50 /lm in tangential x radial diameters. Latewood 
tracheids radially flattened, 10-15 /lm in radial diameter; walls 3-6 /lffi thick. Bor
dered pits sometimes observed on radial walls, sparse and arranged in uniseriate rows, 
circular, about 15 /lm in diameter, with elliptical apertures; pits not observed on tan
gential walls. Spiral thickenings distinct, usually in pairs and sometimes in threes; 
nearly horizontal or slightly inclined (Fig. 4). 

Axial parenchyma not observed. 
Rays uniseriate and rather low, 1-10, mostly 3-6 cells tall (30-32 /lm), 10-15 /lffi 

wide, consisting wholly of parenchyma cells (Fig. 3 & 5). One or two pits per cross 
field, circular half-bordered, about 8 /lm in diameter, cupressoid or taxodioid with 
axially oriented elliptical apertures (Fig. 5). 

Affinity - The absence of axial parenchyma and presence of distinct spiral thick
enings indicate this fossil is a member of the Taxaceae. Torreya Am. is easily distin-
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guished from other genera of the Taxaceae by double or triple helices of spiral thicken
ings in its tracheids, while Taxus L. and Pseudotaxus Cheng usually possess a single 
helix. Therefore, this fossil is assigned to Torreya. 

Fossil woods of Torreya are rare. Shimakura (1933) described Taxoxylon torreyanum 
Shimakura from a lower Pleistocene deposit in Kanagawa, Japan. Although he consid
ered his fossil to be identical with the extant species, Torreya nucifera (L.) Siebold et 
Zucc., he assigned it to an organ genus. Our observations on extant Torreya wood from 
TUSw and comparison with Shimakura's original description indicate that Taxoxylon 
torreyanum is identical to Torreya nucifera in all anatomical features. Therefore, it 
seems appropriate to assign Taxoxylon torreyanum to Torreya nucifera. Torreya mioxyla 
differs from Shimakura's fossil and from extant Torreya nucifera in having fewer (usu
ally 1 or 2 pits per cross field) and larger (about 8 /lm diameter) cross-field pits with 
wider apertures (cupressoid or taxodioid), while Torreya nucifera has more numerous 
(usually 2-4 pits) and smaller (less than 6 /lm) pits with narrower apertures (cupressoid 
or piceoid). 

There are about six species of extant Torreya; three species are endemic to China, 
two to North America, and one to Japan. Torreya califomica Torr. and T. taxifolia Am. 
from North America have more abundant cross-field pits (generally 1-4 pits) (Pan shin 
& De Zeeuw 1980) than T. mioxyla. Torreya grandis Fort. in China has higher rays 
(1-23 cells) and more abundant cross-field pits (1-5 pits) (Cheng et al. 1992) than T. 
mioxyla. Although we have no information about the wood anatomy of the other two 
species, T. mioxyla differs from any of the extant species of Torreya we studied. There
fore, we describe our fossil as a new member of Torreya. 

2. Taxodioxylon cunninghamioides (Watari) Watari (Taxodiaceae) 

Glyptostroboxylon cunninghamioides Watari, Bot. Mag. Tokyo 61: 11-14; 1948b. - Taxodioxylon 
cunninghamioides (Watari) Watari, Bot. Mag. Tokyo 79: 170; 1966a. 

Material- (Uchiura) Nos. 80060, 80091. 
Note - The samples of Taxodioxylon cunninghamioides are characterized by: 

1) wood consisting of axial tracheids, axial parenchyma, and parenchymatous rays; 
2) distinct growth rings, 3) no resin canals; 4) bordered pits on radial walls of tracheids 
arranged in one or two opposite rows; and 5) cross-field pits fairly large with wide 
apertures (glyptostroboid). All these features agree with those of Taxodioxylon 
cunninghamioides which is similar to extant Cunninghamia R. Br. (Taxodiaceae). This 
is one of the most common Miocene woods in Japan, including the lower Miocene 
Nawamata Formation from Monzen (Suzuki & Watari 1994). 

3. Picea paleomaximowiczii Watari (Pinaceae) 

Picea paleomaximowiczii Watari, J. Fac. Sci. Univ. Tokyo, Sect. III (Botany), 6: 419-423, fig. 1, 
photo 1; 1956. 

Material- (Mawaki) Nos. 53950, 53955, 53973, 53976, 53977; (Uchiura) 80018, 
80069, 80088. Specimen no. 80018 is from a large trunk measuring approximately 
50 cm in diameter and 12.5 m in length. 
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Note - This species is characterized by the presence of normal axial and radial 
resin canals, spiral thickenings in both axial and ray tracheids, and abundant crystals in 
the ray cells. Picea paleomaximowiczii was first described from Miocene deposits in 
Yamagata Prefecture (Watari 1956). Although spiral thickenings in the tracheids were 
not observed in four specimens (nos. 53955, 53973, 80069, 80088), we assigned them 
to Picea paleomaximowiczii because all other anatomical features are identical with 
this species. 

4. Pterocarya rhoifolia Siebold et Zucco (Juglandaceae) 

Pterocarya rhoifolia Siebold et Zucc.; Watari, J. Fac. Sci. Univ. Tokyo, Sect. III (Botany), 6: 105-
107, fig. 2, photo 2A; 1952. 

Material- (Uchiura) Nos. 80059, 80075, 80080, 80092. 
Note - These specimens are poorly preserved, and their detailed wood structure 

could not be fully observed. They are distinguishable by narrow, mostly 1- or 2-seriate, 
homocellular rays, diffuse porosity, and radial! diagonal pattern of the vessel arrange
ment. These specimens are assigned to Pterocarya rhoifolia, which was first reported 
by Watari (1952). 

5. Carpinus laxa Watari (Betulaceae) 

Carpinus laxa Watari, J. Fac. Sci. Univ. Tokyo, Sect. III (Botany), 6: 107-109, fig. 3, photo 2B-D; 
1952. 

Material- (Mawaki) Nos. 53971, 53982, 53997,80001,80002,80007; (Uchiura) 
80047, 80056. 

Note - This species is characterized by: 1) diffuse-porous wood with radial multi
ples of 2-5 vessels; 2) axial parenchyma in distinct uniseriate tangential bands; 3) con
spicuous aggregate rays and narrow heterocellular rays; 4) mostly simple or some
times scalariform perforation plates with 2-5 bars; and 5) chambered crystalliferous 
axial parenchyma cells. These features characterize Carpinus laxa, which was first 
described from the Miocene Iozen Formation at Sodani, Tsurugi-machi, Ishikawa Pre
fecture, Japan (Watari 1952). 

6. Castanopsis uchiuraensis M. Suzuki et K. Terada, spec. nov. (Fagaceae) - Fig. 6-9 

Material- No. 80043 (holotype) collected at Uchiura. The preservation of internal 
features is poor because it was charred prior to fossilization and the wood structure is 
crushed in many parts. 

Description - Wood ring-porous. Growth rings distinct, 1.13-2.38 (mean 1.67) 
mm wide (Fig. 6). Earlywood vessels solitary and arranged in 2 or3 layers, oval or ellip
tical in cross section, 120-300 (mean 202) x 120-260 (mean 184) /Jm in tangential x 
radial diameters, often compressed radially and rather thin-walled, 2.5 /Jm. Thin-walled 
tyloses and dark contents found in vessels (Fig. 9). Vessel diameter abruptly reduced 
from earlywood to latewood. Vessels in the latewood arranged in a flame-like pattern, 
small, polygonal in cross section, 28-70 (mean 43) /Jm in diameter, thin-walled. Ves
sel element length not measurable because of poor preservation. Perforation plates 
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mostly simple and rarely scalariform with 1-4 bars (Fig. 9). Intertracheary pits alter
nate, circular or elliptical, about 5 flm in diameter with slit-like apertures; spiral thick
enings not observed. 

Imperforate tracheary elements vasicentric tracheids, fibre-tracheids, and libriform 
fibres. Vasicentric tracheids present around large vessels; fibre-tracheids intermixed 
with the latewood vessels. Libriform fibres constitute the ground mass of the areas 
without vessels. The type of imperforate tracheary elements difficult to determine in 
cross section because of poor preservation, round or polygonal in cross section, 8-20 
flm in diameter. 

Axial parenchyma indistinct in cross section because of poor preservation. Pris
matic crystals often observed in chambered axial parenchyma cells. 

Rays uniseriate (Fig. 7) and homocellular with some tendency to be heterocellular, 
ray height 3-17 (mean 11) cells or rarely up to 20 cells, or 130-405 (mean 280) flm, 
and ray width 15-23 (mean 19) flm. Elliptical ray-vessel pits with much reduced bor
ders arranged radially or axially, 5-7 x 8-18 flm in radial and axial diameters respec
tively (Fig. 8). Crystals not observed in ray cells. 

Affinity - This wood is characterized by: 1) distinct ring porosity, with large circu
lar vessels in the earlywood with an abrupt transition to small polygonal vessels in the 
latewood; 2) flame-like latewood vessel pattern; 3) exclusively uniseriate homocellular 
rays; 4) abundant crystals in the chambered axial parenchyma. These features occur in 
Castanea L. and Castanopsis Spach (Fagaceae). All extant species of Castanea and 
some extant species of Castanopsis have ring-porous wood; some species of Castanop
sis have radial or diffuse-porous wood (Shimaji 1962). When Ogura (1949) described 
Castanopsis makinoi Ogura from the Tertiary of Nagano Prefecture, Japan, he con
sidered the occurrence of chambered crystals in axial parenchyma to be a diagnostic 
character of Castanopsis. Extant Castanopsis has abundant crystals, and many species 
of Castanea lack crystals, e.g., Castanea crenata Siebold et Zucc., C. sativa Mill. and 
C. dentata (Marsh.) Borkh. Nevertheless, some species such as Castanea mollissima 
Blume (Suzuki 1976) and C. henryi (Skan) Rhed. et Wils. possess chambered crystal
liferous axial parenchyma (Cheng et al. 1992). We compared woods of Castanea (25 
individuals from 10 species) and Castanopsis (30 individuals from 16 species). Ring
porous Castanea has a continuous vessel zone in the earlywood, and there are wide 
and thin-walled fibre-tracheids and diffuse axial parenchyma between the earlywood 
vessels. Ring-porous Castanopsis has large early wood vessels separated by a mass of 
imperforate elements, usually libriform fibres and banded axial parenchyma. Further
more, in Castanopsis banded axial parenchyma is distinct in both the earlywood and 
latewood, while in Castanea it is not so distinct in latewood. Ray-vessel pits of 
Castanopsis are usually large elliptical, contiguous, and often in palisade-like rows, 
looking identical to Quercus (Fig. 8), or sometimes inclined or horizontally arranged. 
Ray-vessel pits of Castanea are quite variable in shape and size, often small oval to 
elliptical and sometimes larger, rather sparse, and arranged in horizontal, sometimes 
axially, and very rarely in palisade-like rows. Therefore, this fossil has affinities with 
Castanopsis because it has sparse large vessels in the earlywood and dense, large ellip
tical ray-vessel pits arranged in palisade-like rows. 
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There are nine species of fossil woods of Castanopsis, Castanea and their allies; 
Castanea sp. (Slijper 1932), Castanea antiqua Watari et Kuroda (Watari & Kuroda 
1949), Castanea protoantiqua M. Suzuki (Suzuki 1976), Castanopsis makinoi Ogura 
(Ogura 1949), Castanoxylon indicum Navale (Navale 1964), Castanoxylon tertiarum 
Navale (Navale 1964), Castanoxylon bavaricum Selmeier (Selmeier 1970a, 1991), 
Castanoxylon zona tum Selmeier (Selmeier 1970b, c, 1972), and Castanoxylon esch
weileri Burgh (Van den Burgh 1973). All species listed above and assigned to Casta
nea are species of Castanea because they have continuous vessel zones. Castanopsis 
makinoi is misidentified and belongs to Castanea because of its continuous vessel 
zone (Fig. 10) and rather small ray-vessel pits (Fig. 12). Castanoxylon bavaricum is 
best allied with Castanea because it was considered by Selmeier (1 970a) to be similar 
to extant Castanea sativa Gaertn. Castanoxylon indicum, C. tertia rum and C. eschweileri 
are quite different from Castanopsis uchiuraensis M. Suzuki et K. Terada because 
they are not ring-porous and so should be regarded members of Castanopsis or other 
fagaceous genera. Castanoxylon zona tum, which is known from the Oligocene and 
upper Miocene of Bavaria, Germany (Selmeier 1970b, c, 1972), is the only wood which 
is similar to ring-porous Castanopsis. It has earlywood vessel zones with intervals of 
fibrous tissues and rays that have a tendency to be heterocellular (cf. fig. 3 of Selmeier 
1972). Selmeier considered Castanoxylon zonatum to be similar to extant Castanopsis 
chrysophylla (Dougl.) A.DC. of North America and regarded this species to be indi
cative of a humid subtropical climate in Europe during the Oligocene and late Miocene. 
Castanoxylon zonatum is anatomically similar to Castanopsis uchiuraensis, but dif
fers in the absence of crystals in the axial parenchyma and smaller, horizontally long 
elliptical ray-vessel pits (see fig. 2 in Selmeier 1970c), while C. uchiuraensis has abun
dant crystals in axial parenchyma and axially elongated elliptical ray-vessel pits. There
fore we describe it as a new species of Castanopsis. The specific epithet was derived 
from the name of the town which is near the collection site. 

Notes for new combinations: 
Castanea makinoi (Ogura) M. Suzuki et K. Terada, comb. nov. (Fig. 10-12).

Castanopsis makinoi Ogura, l. lap. Bot. 24: 15-18; 1949. - Castanoxylon makinoi 
(Ogura) Navale, The Palaeobotanist 11: 134; 1964. 

Castanea bavarica (Selmeier) M. Suzuki et K. Terada, comb. nov. - Castanoxylon 
bavaricum Selmeier, Geol. Bl. NO-Bayem, 20: 19-28; 1970a. 

Castanopsis zonata (Selmeier) M. Suzuki et K. Terada, comb. nov. - Castanoxylon 
zonatum Selmeier in N. lb. Geol. Paliiont. Mh. 1970: 236-245; 1970b. 

7. Zelkova wakimizui (Watari) Watari (Ulmaceae) 

Ulminium wakimizui Watari, Jap. J. Bot. 13: 506-511, fig. 3, photo 1 B-D; 1948a. - Zelkova waki
mizui (Watari) Watari, J. Fac. Sci. Univ. Tokyo, Sect. III (Botany), 6: 155; 1952. 

Material - (Mawaki) Nos. 53960, 53963, 53965, 53966, 53978, 53988, 53995, 
80003,80004, 80009, 80013, 80015, 80016; (Uchiura) 80026, 80031, 80051, 800 54, 
80064,80093,80094,80098,80099,80100,80101. No. 80051 is root wood. 
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Note - This fossil species is characterized by 1) distinct ring porosity with 1 or 2 
rows of large vessels in the earlywood, 2) grouped numerous small vessels in the late
wood, 3) simple perforations, 4) distinct spiral thickenings in small vessels, and 5) het
erocellular fusiform rays with large crystalliferous elements at their margins. It is one 
ofthe most common woods in the lower Miocene of Japan (Suzuki & Hiraya 1989a). 

8. Tetracentronjaponoxylum M. Suzuki, Joshi et Noshiro (Tetracentraceae) 

Tetracentronjaponoxylum M. Suzuki, Joshi et Noshiro, Bot. Mag. Tokyo, 104: 37-48, figs. 1-3,5, 
7-14; 1991. 

Material- (Uchiura) No. 80084 is the holotype of the original description. 
Note - This is the only fossil wood of vesselless dicotyledonous wood known 

from the Tertiary of Japan (Suzuki et al. 1991a). 

9. Camelliajaponoxyla M. Suzuki et K. Terada, spec. nov. (Theaceae) -Fig. l3-17 

Material- No. 80030 (holotype) is a piece of silicified trunk collected at Uchiura. 
Preservation of the internal structure is not very good, and the structure is crushed in 
some parts. 

Description - Wood diffuse-porous. Growth rings indistinct (Fig. 13), delineated 
by several layers of radially flattened fibre-tracheids (Fig. 16); ring width rather nar
row, 0.8-1.0 mm. Vessels evenly distributed (Fig. l3), very numerous, l35-261 (mean 
206) vessels per square mm, mostly solitary, polygonal with rounded corners in cross 
section, very small, l3-45 (mean 30) x l3-55 (mean 39) Ilm in tangential x radial 
diameters; vessels situated in the median parts of the growth rings are a little larger 
than those in the earlywood and latewood; thin-walled. Vessel elements 475-900 (mean 
675) Ilm long; perforation plates exclusively scalariform with 9-19 (mean l3) bars 
(Fig. 15). Pits on vessel walls scalariform, horizontally long elliptical, 12-15 Ilm wide. 
Spiral thickenings not observed. 

Fibre-tracheids constitute the ground mass of the wood; triangular, square, or po
lygonal in cross section, 7-15 Ilm in diameter, rather thick-walled (about 3.5 J..lill); pits 
circular, 5.8-6.6 Ilm in diameter, with slit-like apertures (about 2.5 Ilm in diameter). 

Fig. 10-12. Castanea makinoi (Ogura) M. Suzuki et K. Terada (holotype deposited in TI). -
lO: Cross section showing continuous large vessels in earlywood and flame-like small vessel 
arrangement in the latewood. - 11: Tangential section showing homocellular uniseriate rays. -
12: Radial section showing horizontally arranged elliptical ray-vessel pits. - Fig. 13-17. 
Camelliajaponoxyla M. Suzuki et K. Terada (holotype, no. 80030). -13: Cross section showing 
evenly distributed minute vessels. - 14: Tangential section showing uniseriate and biseriate 
heterocellular rays. -15: Radial section showing scalariforrn perforation plates and scalariforrn 
ray-vessel pits. - 16: Cross section showing evenly distributed vessels and diffuse-in-aggregates 
wood parenchyma. - 17: Radial section showing heterocellular rays and crystals in swollen 
upright ray cells. - Scale bar in Fig. 10; for Fig. 10 & 13 = 250 Ilm; for Fig.11 & 14 = 100 flm; 
for Fig. 12, 15, 16 & 17 = 50 flm. 

Downloaded from Brill.com05/19/2023 07:29:25PM
via free access



376 IAWA Journal, Vol. 17 (4), 1996 

Axial parenchyma diffuse-in-aggregates and diffuse (Fig. 16); cells triangular, rec
tangular or polygonal in cross section; in strands, each cell 60-140 /lm long and 13 -18 
/lm wide; crystals not observed. 

Rays heterocellular, uniseriate, biseriate or rarely triseriate (Fig. 13 &14), 9-16 
(mean 12) rays/mm in tangential section. Uniseriate rays composed of upright and 
square cells, 140-250 /lm tall. Bi- and triseriate rays slender fusiform in tangential 
section, 20-25 /lm wide and rather low, 150-400 /lm or more tall, with uniseriate 
wings composed of upright and square cells. Bi- or triseriate bodies, 50-120 /lm tall, 
composed of wholly procumbent cells, wider than uniseriate wings. Upright or square 
cells 18-61 (mean 35) x 14-28 (mean 20) /lm, and procumbent cells 9-28 (mean 14) 
x 18-123 (mean 46) /lm in axial x horizontal diameters. Ray-vessel pits scalariform to 
opposite, horizontally elongated elliptical, 2-5 x 6-14 /lm in axial x horizontal diam
eters (Fig. 17). Large solitary crystals often observed in swollen sclerotic upright ray 
cells (Fig. 17). 

Affinity - This fossil is characterized by: 1) diffuse-porous wood with evenly dis
tributed, mostly solitary, small vessels; 2) exclusively scalariform perforation plates 
with 9-19 bars; 3) scalariform pitting on vessel walls; 4) diffuse-in-aggregates and dif
fuse axial parenchyma; 5) narrow heterocellular rays; and 6) solitary crystals in swol
len ray cells. Wood possessing such characteristics are found in the Theaceae and 
Hamamelidaceae, and a few other families. The number of bars per perforation plate, 
the rather low rays and typically large crystalliferous ray cells of this fossil are similar 
to that of Camellia L. of the Theaceae. There is no previous report of fossil wood of 
Camellia. 

Today the genus Camellia consists of about 80 species (Deng & Baas 1991), which 
are distributed throughout China, Northeast Asia and Japan. In their comprehensive 
study of the wood anatomy of the Theaceae, Deng and Baas (1990, 1991) classified 
Camellia into four groups based on the characters of crystalliferous ray cells, spiral 
thickenings in vessels, and ray composition. Although we did not observe spiral thick
enings due to the poor preservation of our fossil, the occurrence of swollen sclerotic 
crystalliferous ray cells and wider multi seriate bodies than uniseriate wings of rays 
indicate that our fossil belongs to Deng and Baas' group II. There are many group II 
species and their wood anatomy is quite homogeneous (Deng & Baas 1990). We can 
distinguish our fossil from the Chinese Camellia species only by its slightly narrower 
rays (uni- or biseriate, rarely triseriate). 

There are four species of Camellia in Japan: C.japonica L., C. sasanqua Thunb., C. 
lutchuensis T. Ito ex Matsum., and C. sinensis (L.) Kuntze. Camellia sinensis belongs 
to group III (Deng & Baas 1990), and will be excluded from our consideration. We 
found that C. japonica has abundant swollen crystalliferous ray cells, while C. lutchu
ensis and C. sasanqua rarely have them. The occurrence of crystalliferous ray cells in
dicates that these species belong to group II, and closely resemble C. japonoxyla M. 
Suzuki et K. Terada. Camellia japonoxyla differs from the extant species of group II 
by possessing slightly larger vessels at the median part of growth ring increments, 
while the extant species show a tendency to be semi-ring-porous with larger vessels in 
the earlywood. Furthermore, C. japonoxyla has narrower rays (mostly 1 or 2 cells, 
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rarely 3 cells wide), while the extant species have rays 1-3 cells in width. Therefore, 
we describe this as a new species of Camellia, with characters of Deng and Baas' 
group II species (1990). It is similar to C. japonica, especially in the abundance of 
large crystalliferous ray cells. The specific epithet is derived from the close similarity 
of our fossil with C. japonica, which is one of the most common tree species in the 
warm-temperate forests in Japan. 

10. Stewartia notoensis M. Suzuki et K. Terada, spec. nov. (Theaceae) - Fig. 18-22 

Material - (Mawaki) Nos. 53956, 53961, 53970, 53975, 53981, 53991, 53999, 
80008, 80011. The internal structure of the ho10type is well preserved and the follow
ing description is based chiefly on no. 53970 (holotype). 

Description - Wood diffuse-porous (Fig. 18). Growth rings distinct, marked by 
differences in vessel size and also by the presence of a few layers of flattened elements 
at the outer margin of the rings (Fig. 21), ring width fairly uniform, 0.7 mm. Vessels 
evenly scattered throughout the increment, 68-80 (mean 72) vessels per square mm, 
mostly solitary, rarely in pairs, circular, oval or polygonal with rounded corners; 40-
100 (mean 60) x 40-120 (mean 70) /lm in tangential x radial diameters. Vessel ele
ments 450-1100 (mean 762) /lm in length; perforation plates exclusively scalariform 
with 7-20, thin- or thick-bordered bars (Fig. 20); pits on lateral walls opposite to sca
lariform, oval to horizontally long elliptical with narrow apertures. Thin-walled tyloses 
sometimes present. Spiral thickenings at tapering tips of vessel elements. 

Imperforate tracheary elements fibre-tracheids, arranged in regular radial rows, po
lygonal in cross section, 7-18 (mean 12) /lm in diameter and 2-6 (mean 5) /lm in wall 
thickness, pits small and circular with elliptical apertures. 

Axial parenchyma diffuse and diffuse-in-aggregates; cells polygonal in cross sec
tion, each cell 10-20 (mean 14) flill in diameter and 30-130 (mean 100) 11m in length. 
Series of swollen and more or less isodiametric cells with solitary crystals often present 
in parenchyma strands, 2-16, mostly 4-8, chambers in an axial series; each chamber 
20-70 (mean 35) 11m and 10-25 (mean 22) 11m in radial and axial diameters respec
tively. 

Rays heterocellular, consisting of upright and procumbent cells, mostly narrow 
fusiform, 1 or 2 (or 3) cells and 12-36 flill wide and 200-800 (mean 380) 11m tall (Fig. 
19); pitting between upright cells and vessels mostly scalariform and pits to other ray 
cells somewhat smaller elliptical (Fig. 22). Crystals not observed. 

Affinity - Prominent characters of these woods include: 1) diffuse-porous with 
almost exclusively solitary small vessels; 2) exclusively scalariform perforation plates 
and scalariform pitting of vessel walls; 3) diffuse and diffuse-in-aggregates axial pa
renchyma; 4) narrow heterocellular rays; 5) crystals in axial parenchyma strands. Woods 
similar toStewartia notoensis M. Suzuki et K. Terada are found in the Cornaceae, Thea
ceae, and Hamamelidaceae. In those families, characters such as almost exclusively 
solitary, thin-walled, rather circular vessels (70 11m in average tangential diameter) and 
diffuse and diffuse-in-aggregates axial parenchyma are present in S. notoensis and ex
tant Comus L. (Cornaceae) and Stewartia L. (Theaceae). Comus usually has rays more 
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than three cells wide, with high uniseriate wings and scalariform perforation plates 
with numerous bars. Therefore, we consider these fossils to be those of Stewartia. 

Stewartia (= Stuartia) consists of eight species, two in North America, three in 
Japan, and three in China. Although we did not get information about the wood anatomy 
of North American species, information on East Asian species (see Deng & Baas 1990, 
1991) indicates that the wood of different species closely resembles each other. Ob
servations on four Asian species, Stewartia sinensis Rhed. et Wils., S. koreana Nakai, 
S. pseudo-camellia Maxim. and S. monadelpha Siebold et Zucc., and wood descrip
tions of S. sinensis, S. rubiginosa Chang, S. koreana, S. pseudo-camellia, and S. mona
delpha (Deng & Baas 1990, 1991) indicate that all species are quite similar anatomi
cally. All have distinct growth rings, semi-ring to diffuse porosity, medium to small, 
mostly solitary vessels with occasional pairs, exclusively scalariform perforations with 
10-20 bars, spiral thickenings at the tips of vessel elements, predominantly scalariform 
intervessel and ray-vessel pits, rather scanty diffuse or diffuse-in-aggregates axial pa
renchyma, non-septate fibre-tracheids, and typically heterocellular rays. The afore
mentioned will be considered as generic characters of Stewartia (Deng & Baas 1990, 
1991), while species differ in the occurrence of crystals in axial parenchyma, ray size, 
and vessel density. Among the five extant species studied, crystals were found only in 
S. sinensis. Stewartia notoensis also has chambered crystals, but it has narrow rays, 
usually 2 or 3 cells wide, while S. sinensis has rays up to 4, 5 or 6 cells wide (Deng & 
Baas 1990). Stewartia koreana and S. pseudo-camellia have narrower rays, 2 or 3 cells 
wide, but lack crystals. Although we have no information on the wood structure of the 
other three species of this genus, we consider Stewartia notoensis as a new member of 
this genus. The epithet is derived from the town name, Noto-machi, in which the Mawaki 
site is located. 

11. Distylium chiharu-hirayae M. Suzuki et K. Terada, spec. nov. (Hamamelidaceae) 
- Fig. 23-26 

Material- (Mawaki) Nos. 53952, 53964, 53968, 53983, 53986, 53987, 53993, 
80005; (Uchiura) 80029. Because of its excellent preservation, the following descrip
tion is based chiefly on no. 53987 (holotype). 

Fig. 18-22. Stewartia notoensis M. Suzuki et K. Terada (holotype, no. 53970). -18: Cross sec
tion showing parts of three growth rings and diffuse-porous distribution. - 19: Tangential section 
showing uniseriate and biseriate heterocellular rays. - 20: Radial section showing a scalariform 
perforation plate with about 22 bars. - 21: Cross section showing growth rings boundary. -
22. Radial section showing heterocellular rays and horizontally arranged long to short elliptical 
ray-vessel pits (x 400). - Fig. 23-26. Distylium chiharu-hirayae M. Suzuki et K. Terada (holo
type, no. 53987). - 23: Cross section showing evenly distributed minute vessels. - 24: Cross 
sections showing evenly distributed thin-walled polygonal vessels and diffuse-in-aggregates 
axial parenchyma. - 25: Tangential section showing uniseriate or biseriate rays and chambered 
crystals in axial parenchyma. - 26: Radial section showing typically heterocellular rays and a 
scalariform perforation plate. - Scale bar in Fig. 18; for Fig. 18 & 23 = 250 11m; for Fig. 19,24 
& 26 = 100 /-1m; for Fig. 20 & 25 = 50 11m; for Fig. 21 & 22 = 25 Ilffi. 
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Description - Wood diffuse-porous (Fig. 23 & 24). Growth rings rather distinct, 
marked by a slight difference in vessel size and by the presence of a few layers of 
slightly flattened elements at the outer margin of the rings (Fig. 24); ring width fairly 
uniform, 1.2 mm. 

Vessels evenly scattered throughout the growth rings, decreasing very gradually in 
size towards the outer margin; mostly solitary, rarely in pairs, polygonal with rounded 
comers, thin-walled (about 2 !lm), 30-65 (mean 50) x 25-80 (mean 60) !lm in tangen
tial x radial diameters. Vessel elements 620-970 (mean 778) !lm in length; perforation 
plates all scalariform with 8-14 (mean 11) bars (Fig. 26); spiral thickenings not seen; 
thin-walled septa-like tyloses present (Fig. 25 & 26). 

Fibre-tracheids constitute ground mass of the wood, polygonal with rounded cor
ners in cross section; walls markedly thickened, 2-7 !lm in thickness; non-septate. 

Axial parenchyma mostly in uniseriate tangential bands (Fig. 23 & 24); chambered 
crystalliferous elements often present, in axial series of 2-8 cells. 

Rays distinctly heterocellular and consisting of upright, square, and procumbent 
cells (Fig. 25 & 26); narrow, 1 or 2 cells or 10-40 (mean 23) !lm wide and 140-320 
(mean 220) !lm tall. Swollen crystalliferous elements often present among upright and 
square cells, often in two-chambered upright cells (Fig. 25 & 26). 

Affinity - The fossils are characterized by evenly distributed diffuse-porous wood 
with mostly solitary, polygonal, small vessels, exclusively scalariform perforations, 
axial parenchyma in uniseriate tangential bands, crystals in axial parenchyma strands 
and ray cells. These features are diagnostic of the genus Distylium Siebold et Zucco 
(Hamamelidaceae). Watari (l966b) reported Distylium fossil wood from four locali
ties of early Miocene age in Ishikawa Prefecture (Sodani of Kaga county and Uchiura, 
Miyakoba, and Nakaya of Noto Peninsula), and called them Distylium sp. (D. cf 
formosana Kanehira). Unfortunately, no detailed description of the structure of these 
fossil woods was given. As the preservation is better in our material than in Watari's 
specimens, we provide here a description of the fossils. 

There are six (Kriissmann 1984) to eighteen (Zheng 1985) species of Distylium, 
occurring throughout Indo-Malaysia and Southeast Asia. Two species occur in Japan, 
two in Taiwan and twelve in China. All are small evergreen trees, and the wood struc
ture is known only of Distylium racemosum Siebold et Zucco (Kanehira 1921; Shimaji 
& Itoh 1982; Cheng et al. 1992), D. gracile Nakai (D.formosanum Kanehira) (Kanehira 
1921) and D. my rico ides Hemsl. (Tang 1936; Cheng et al. 1992). The wood structure 
of those three species is quite similar, differing somewhat in vessel size, ray width, and 
the occurrence of crystalliferous elements. Among them, Distylium racemosum shows 
the closest similarity to D. chiharu-hirayae, but this species has wider parenchyma 
bands (1-3 cells wide) and fewer crystals in rays and axial parenchyma. Consequently, 
we describe our specimens as a new species of Distylium and name them D. chiharu
hirayae because those fossil woods initially were studied by Miss Chiharu Hiraya for 
her graduate thesis in 1988 at Kanazawa University (Suzuki & Hiraya 1989b). As far 
as we know, this is the first record of fossil wood of Distylium. 
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12. Liquidambar hisauchii (Watari) M. Suzuki et Watari (Hamamelidaceae) 

Ternstroemiacinium hisauchii Watari, Jap. J. Bot. 13: 261-267, fig. 1-3, pI. II; 1943. - Liquidambar 
formosana Hance; Watari, 1. Fac. Sci., Univ. Tokyo, Sect. III (Botany), 6: 120-121, photo 6E; 1952. 
- Liquidambar hisauchii (Watari) M. Suzuki et Watari, J. Plant Res. \07: 67, fig. 12-16; 1994. 

Material- (Mawaki) Nos. 53957, 53974; (Uchiura) 80057, 80089, 80096. 
Note - This species is characterized by: 1) evenly distributed solitary or multiple 

small polygonal vessels with thin walls; 2) exclusively scalariform perforations with 
many fine bars; 3) fine spiral thickenings at tapering ends of vessel elements: 4) mostly 
scalariform and sometimes opposite intervessel pits; 5) typical heterocellular rays of 
mostly 2 or 3, and sometimes 4 cells wide; 6) presence of large crystalliferous ele
ments of rays; 7) occasional occurrence of traumatic gum canals. Rays of the fossils 
are significantly wider than in extant species. This fossil species is one of the most 
common woods in the lower Miocene of Japan, including several localities from Noto 
Peninsula (Suzuki & Watari 1994). 

13. Prunus iwatensis (Watari) Takahashi et M. Suzuki (Rosaceae) - Fig. 27-30 

Acer iwatense Watari, Jap. J. Bot. 1l: 431-437, fig. 5, photo 3; 1941. - Prunus iwatense (Watari) 
Takahashi et M. Suzuki, Bot. Mag. Tokyo \01: 480; 1988. 

Material- (Uchiura) Nos. 80052, 80066, 80067, 80086, 80090. The original de
scription of this species by Watari (1941) was not detailed enough to distinguish this 
fossil species from Elaeagnus L. and Acer L. Because our fossil specimens are quite 
well preserved, we are redescribing the anatomy. The preservation is best in the speci
men no. 80052 and the following description is based on it. 

Description - Wood diffuse-porous. Growth rings distinct, delineated by several 
layers of radially flattened fibre-tracheids at margins, 0.6-4 mm wide (Fig. 27 & 29). 
Vessels evenly distributed, numerous, 60-80 (mean 70) vessels per square mm, ves
sels fairly uniform in size, a little wider at beginning of earlywood and a little narrower 
near the margins, mostly solitary (70%), sometimes in 2's (26%) or in 3's (4%) in 
various directions, circular or a little radially elongated oval, 20-95 (mean 53) x 20-
115 (mean 61) J.Ull in tangential x radial diameters, thin-walled (about 1 flm). Vessel 
elements short, 110-600 (mean 343) flm long, end walls oblique, perforation plates 
exclusively simple. Intervessel pits alternate, round or polygonal in outline, about 
5 J.Ull in diameter with nearly radial slit-like apertures. Spiral thickenings faintly dis
tinct. Gum-like deposits often observed (Fig. 27 & 28). 

Imperforate tracheary elements fibre-tracheids, constitute the ground mass of the 
wood, rectangular, square, or polygonal in cross section, 6-25 flm in diameter, thick
walled (about 4 flm), small circular bordered pits 3 J.Ull in diameter, with oblique slit
like apertures. 

Axial parenchyma abundant, especially in latewood, diffuse and diffuse-in-aggre
gates forming short tangential uniseriate bands (Fig. 29), polygonal in cross section, 
15-40 flm in diameter, in long strands of more than four cells, cells 115-145 flm long. 
Crystals not observed. 
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Rays heterocellular (Fig. 30), uniseriate and multiseriate (Fig. 28); uniseriate rays 
consisting of upright and square cells, 1-9 cells or 70-500 (mean 205) f.IIIl tall and 
20-30 (mean 25) 11m wide; multi seriate rays large and tall fusiform, consisting mostly 
of procumbent cells with upright or square cells at the margins, 3-10, mostly 7-9 cells 
or 50-200 (mean 128) wide and 500-2900 (mean 1477) flm tall. Ray cells rather 
large, cell walls thick and densely pitted. Procumbent cells polygonal or axially ellip
tical in tangential section, 15-30 x 10-30 x 50-160 11m in axial x tangential x radial 
measurements. Upright or square cells, elliptical or oblong in tangential section, 20-
75 x 20-30 x 25-50 f.IIIl in axial x tangential x radial measurements. Ray-vessel pits 
alternate, round or slightly horizontally long elliptical, about 2 11m in diameter. Crys
tals not observed. 

Affinity - The wood characters re-described here fundamentally agree with those 
of Watari's (1941b) original description, except for some quantitative features. The 
original fossil has fewer, usually 18-40 vessels per square mm, wider vessels, usually 
60-100 flm in diameter, longer vessel elements, mostly 380-600 flm in length, and 
narrower rays, 3-7 cells wide. Although these values differ from our specimens, we 
regard these differences to be variation within a taxon. 

The fossils, ours and Watari's, are characterized by: 1) diffuse-porous wood with 
round, solitary and multiple vessels; 2) distinct spiral thickenings on vessel walls; 
3) small alternate crowded intervessel pits; 4) exclusively simple perforations; 5) mul
tiseriate heterocellular rays; and 6) diffuse and diffuse-in-aggregates parenchyma. 
Diffuse-porous wood with simple perforations and spiral thickenings, solitary and 
multiple circular to elliptical vessels, and multi seriate rays are found in Acer, Prunus, 
Elaeagnus and some other genera. Woods of Acer, Prunus and Elaeagnus are anatomi
cally quite similar. Acer differs from Prunus and Elaeagnus by its homocellular rays, 
rather thin-walled vessels and frequent chained crystalliferous elements in parenchyma 
strands at the margin of annual rings. Furthermore Acer differs from Prunus by smaller 
fibre pits, polygonal intervessel pits, and fine and more widely spaced spiral thickenings 
in vessels while Prunus has larger, distinctly bordered fibre pits, circular intervessel 
pits, and coarser spiral thickenings in vessels. Elaeagnus has fibre pits intermediate 
in size between Acer and Prunus, circular to elliptical intervessel pits, and narrow to 
spaced spiral thickenings. Prunus and Elaeagnus share a number of features such as 
heterocellular rays, formation of traumatic gum-canals, presence of gum-like deposits 
in vessels, and rather large ray cells. However, Elaeagnus tends to have spiral thickenings 

Fig. 27-30. Prunus iwatensis (Watari) Takahashi et M. Suzuki (no. 80052). - 27: Cross section 
showing evenly distributed small vessels. - 28: Tangential section showing parts of large 
heterocellular fusiform rays and dark substance in vessels. - 29: Cross section showing growth 
ring boundary. - 30. Radial section showing a part of a heterocellular ray. - Fig. 31-33. Aesculus 
mioxyla M. Suzuki et K. Terada (holotype, no. 80074). - 31: Cross section showing sparse and 
uneven vessel distribution. - 32: Tangential section showing uniseriate rays. - 33: Radial section 
showing a simple perforation plate and half-bordered alternate ray-vessel pits. - Scale bar in 
Fig. 27; for Fig. 27 & 31 = 250 /lm; for Fig. 28, 30 & 32 = 100 Ilffi; for Fig. 29 & 33 = 50 /lm. 
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in fibre-tracheids, wider rays without crystals, mostly solitary vessels in latewood, and 
more abundant axial parenchyma that is diffuse and diffuse-in-aggregates. Prunus has 
fibre-tracheids without spiral thickenings, narrower rays, which sometimes have large 
crystalliferous cells, vessel multiples in latewood, and scanty diffuse axial parenchyma. 
Most Elaeagnus species tend to be ring-porous or semi-ring-porous, although several 
species are diffuse-porous. In Prunus some species have semi-ring-porous wood, but 
most species have evenly distributed diffuse-porous wood. Furthermore, many Elaeag
nus species have small nipple-like protrusions on the inner surface of the vessels (Watari 
1952, Yamauchi 1976), while all species of Prunus lack them. The characters of our 
fossils are those of Prunus, although the large conspicuous rays and abundant axial 
parenchyma of our fossils give it a superficial similarity to Elaeagnus. Based on obser
vations of 27 extant species of Prunus deposited in TUSw, Prunus iwatensis with its 
even distribution of oval to elliptical vessels most closely resembles Prunus jamasakura 
Siebold ex Koidz., which is common in Japan. There are about seven fossil wood spe
cies of Prunus and its allies (cf. Suzuki 1984), but none except our species resemble 
P. jamasakura. 

14. Acer watarianum Takahashi et M. Suzuki (Aceraceae) 

Acer watarianum Takahashi et M. Suzuki, Bot. Mag. Tokyo, 101: 474-477, fig. 8-13; 1988. 

Material- (Mawaki) Nos. 53953,53992. 
Note - The wood structure of these fossils is characterized by: 1) diffuse-porous 

with round, solitary vessels; 2) distinct spiral thickenings on the inner face of vessel 
element wall; 3) alternate intervessel pits; 4) exclusively simple perforation plates; 
5) multi seriate, homocellular and slender fusiform rays; 6) occurrence of crystals in 
axial parenchyma cells. There are three species of Acer fossil woods in Japan: A. wa
tarianum Takahashi et Suzuki from Sojiji (= Nakaya) from the lower Miocene Nawamata 
Formation of Monzen (Takahashi & Suzuki 1988; Suzuki & Watari 1994), A. cf. 
amoenum Carr. from lower Miocene deposits in Yamagata Prefecture (Watari 1952), 
andA. palmatoxylum M. Suzuki from Oligocene deposits in Fukuoka Prefecture (Suzuki 
1982). Our specimens are characterized by slender fusiform rays and abundant crys
tals in the parenchyma cells, and are therefore identified as A. watarianum. 

15. Aesculus mioxyla M. Suzuki et K. Terada, spec. nov. (Hippocastanaceae) - Fig. 
31-33 

Material- No. 80074 (holotype) is a piece of silicified wood collected at Uchiura. 
The internal structure is poorly preserved because it was charred before being fossil
ized. 

Description - Wood diffuse-porous (Fig. 31). Growth rings indistinct, rather wide, 
1.2-3.4 (mean 1.8) mm. Vessels evenly distributed, 17-53 (mean 34) per square mm, 
mostly solitary (60%), and sometimes in radial mUltiples of 2 (33%) to 4, small ellip
tical or polygonal in cross section, 28-55 (mean 39) f..Im x 48-88 (mean 65) f..Im in 
tangential x radial diameters, thin-walled, 2-3 f..Im thick. Vessel elements 500-625 
(mean 578) f..Im long; intervessel pits alternate and contiguous, circular or polygonal, 
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4-7 (mean 5.8) flm in diameter; perforation plates exclusively simple (Fig. 33); spiral 
thickenings distinct. 

Imperforate tracheary elements fibre-tracheids, constituting the ground mass of the 
wood, polygonal in cross section, l3-22 flm in diameter; small bordered pits often 
present. 

Axial parenchyma was not observed because of poor preservation. 
Rays weakly storied, homocellular and uniseriate (Fig. 32), composed of procumbent 

cells, 1-15 (mean 8) cells or 45-290 (mean 179) flm tall and 15-25 flm wide. Ray
vessel pits half-bordered, alternate, dense, circular, 2.5 flm in diameter. Crystals not 
observed. 

Affinity - The small elliptical to polygonal evenly distributed vessels occurring 
either solitary or in radial multiples, vessels with simple perforations and distinct spi
ral thickenings, and storied uniseriate rays of our specimen clearly indicates that the 
fossil belongs to Aesculus L. (Hippocastanaceae). Wood of Aesculus is superficially 
similar to that of Populus L. (Salicaceae) in many anatomical features, especially ves
sel size and shape, vessel distribution, alternate intervessel pitting and simple perfora
tions, and uniseriate homocellular rays. Aesculus is distinguished from Populus by its 
distinct spiral thickenings of vessels and the small alternate ray-vessel pits 
(Schweingruber 1978), and storied structure. Our fossil resembles Aesculus in posses
sing these characters. 

There are thirteen species of Aesculus in the Northern Hemisphere; one in South
east Europe, five in East Asia and India, and seven in North America (Kriissmann 
1984). Our examination of Aesculus turbinata Blume (Kanehira 1926), A. chinensis 
Bunge and A. wilsonii Rehd. (Tang 1936), A. hippocastanum L. (Grosser 1977), A. oc
tandra Marsh. and A. glabra Willd. (Pan shin & De Zeeuw 1980), A. indica (Colevr. ex 
Cambess.) Hook. (Suzuki et al. 1991b), and A. wilsonii Rehd. (Cheng et al. 1992) in
dicates their wood structure is fairly homogeneous. Storied structure of rays and some 
axial elements is distinct in some species, but indistinct in others (Pan shin & De Zeeuw 
1980). In some species, e. g. Aesculus turbinata, some samples are distinctly storied, 
while some are faintly storied. Although not too distinct, our fossil specimen has dis
tinct storied structure. One of the variable quantitative features is vessel density. Our 
fossil has only 17-53 (mean 34) vessels per square mm, while extant species have 
higher vessel densities: Aesculus turbinata (60-85) (Kanehira 1926),A. hippocastanum 
(l00-150) (Grosser 1977), A. octandra Marsh. and A. glabra Willd. (Pan shin & De 
Zeeuw 1980), A. indica (80-174) (Suzuki et al. 1991b), A. wilsonii (110 on average) 
(Cheng et al. 1992). Based on available information for extant species, it appears that 
the vessel density is significantly lower than any of the extant species studied to date. 

There is only one fossil wood species of Aesculus known. Aesculus hankinsii Prakash 
et Barghoorn (1961) was described from the Miocene Columbia Basalts, Washington, 
USA. This fossil resembles our fossil in many of the anatomical features, except for its 
higher vessel density in early wood and higher rays (2-32 cells). Therefore, we de
scribe the wood from Uchiura as a new species. The specific epithet indicates the age 
of this fossil. 
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Table 2. Comparison of fossil wood floras between Mawaki/Uchiura and Monzen localities 

in Noto Peninsula, Japan. 

Fossil wood species Closely related extant species * ** *** M&U 
Mon 

Zelkova wakimizui Zelko va serrata Thunb. 5 D C-W 23 
Distylium chiharu-hirayae Distylium racemosum Sieold. et Zucco 0 E W 9 
Stewartia notoensis Stewartia pseudo-camellia Maxim. 0 D C 9 
Picea paleomaximowiczii Picea maximowiczii Regel 7 C C 8 
Carpinus laxa Carpinus laxifolia (Siebold et Zucc.) Blume 6 D C-W 8 
Camellia japonoxyla Camellia japonica L. 0 E W 
Aesculus mioxyla Aesculus trubinata Blume 0 D C 
Torreya mioxyla Torreya nucifera (L.) Siebold et Zucco 0 C C-W 
Castanopsis uchiuraensis Castanopsis sieboldii (Makino) Hatus. 0 E W 
Tetracentron japonoxylum Tetracentron sinensis Oliv. I D C-W 
Taxodioxylon cunning- Cunninghamia lanceolata (Lamb.) Hook. 0 C C-W 2 24 

hamioides 
Liquidambar hisauchi Liquidambar formosana Hance 2 D W 5 9 
Pterocarya rhoifolia Pterocarya rhoifolia Siebold et ZUCCo 6 D C 4 2 
Prunus iwatensis Prunus jamasakura Siebold ex Koidz. 3 D C-W 5 
Acer watarianum Acer mono Maxim. 3 D C-W 2 1 
Quercus anataiensis Quercus acutissima Carr. 4 D C-W 8 
Reevesia miocenica (none) **** 2 ? 5 
Taxodioxylon sequoianum Metasequoia glyptostroboides Hu et W.C. Cheng 0 C C-W 3 
Carya protojaponica Carya catheyensis Sargent 6 D C-W 
Gleditsia paleojaponica Gleditsiajaponica Miq. 2 D W 
Ostrya monzenensis Ostrya japonica Sargent 2 D C-W 
Fraxinus notoensis Fraxinus mandshurica Rupr. 2 D C-W 
Meliosma mio-oldhami Meliosma oldhami Miq. 2 D C-W 

Total specimen number 80 58 

* The extant species are based on the following literature: 1: Suzuki et al. 1991a; 2: Suzuki & Watari 
1994; 3: Takahashi & Suzuki 1988; 4: Watari 1941; 5: Watari 1948a; 6: Watari 1952 (0 indicates 
this paper). 

** C = conifer, D = deciduous dicotyledon, E = evergreen dicotyledon. 

*** Distribution range of the extant species; C = cool-temperate, W = warm-temperate. 

**** Although this species was compared with Reevesiaformosana Sprague by Watari (1952), its actual 
affinity is obscure. 

M&U Mawaki and Uchiura, number of specimens. 
Mon Monzen, number of specimens. 

DISCUSSION 

In our study on 80 fossil woods from the lower Miocene Yanagida Formation at Uchiura 
and Mawaki sites, we recognized 15 taxa representing 13 families; six are new species 
(Table 1). At the Mawaki site, seven species were identified from 45 samples. At the 
Uchiura site, 13 species were identified from 35 samples. Five species occur at both 
sites: Zelkova wakimizui, Picea paleomaximowiczii, Liquidambar hisauchii, Carpinus 
laxa, and Distylium chiharu-hirayae. These five species account for 76% of the Mawaki 
and 54% of the Uchiura wood flora. The dominant species at both sites is Zelkova 
wakimizui. Eight species (17 samples), Prunus iwatensis, Pterocarya rhoifolia, Taxo
dioxylon cunninghamioides, Torreya mioxyla, Tetracentronjaponoxylum, Castanopsis 
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uchiuraensis, Camellia japonoxyla, and Aesculus mioxyla, occur at Uchiura but are 
absent at Mawaki. Two species (11 samples), Stewartia notoensis and Acer watarianum, 
occur at Mawaki, but not at Uchiura. The characteristics of the combined fossil wood 
floras at these two sites are: 1) the flora is composed of 15 species, three conifers and 
12 dicotyledons; 2) the most dominant species is Zelkova wakimizui ; and 3) fairly 
abundant species are Distylium chiharu-hirayae, Stewartia notoensis, Carpinus laxa, 
and Picea paleomaximowiczii (Table 1). Table 2 lists the closely related extant species. 
The list of extant species is based on suggestions in the original papers describing each 
fossil species or our observations (see footnotes of Table 2). The habit and habitat of 
the extant species considered similar to the fossil wood species are given in Table 2. 
Habit is classified into three categories, i.e., conifers (C), deciduous dicotyledons (D) 
and evergreen dicotyledons (E). Habitat is classified into cool-temperate (C) and warm
temperate (W). Many species are widely distributed, and occur in both habitats (C-W). 
The incidence of these different categories of habit and habitat are given in Table 3. 
Tables 2 and 3 show that Mawaki and Uchiura conifers and evergreen dicotyledons 
each comprise 14% and deciduous dicotyledons comprise the majority (73%) of the 
vegetation. Furthermore, 53% of the total specimen number consists of species that are 
distributed from cool- to warm-temperate zones, 28% in cool-temperate and 20% in 
warm-temperate zones. Therefore, it appears that the vegetation at Mawaki and Uchiura 
during the early Miocene was a mixture of warm- and cool-temperate evergreen and 
deciduous forest, although deciduous trees are dominant. 

The fossil wood flora of the Mawaki and Uchiura sites is compared with those of 
the lower Miocene Nawamata Formation from Monzen, which is located about 34 km 
west of the Mawaki and Uchiura sites (Table 2) (Suzuki & Watari 1994). The Nawamata 
Formation, which crops out throughout northwestern Noto Peninsula, is comparable 
to the Yanagida Formation, which occurs throughout northeastern Noto Peninsula 
(Fig. IB) (Kaseno 1993). From Monzen, 13 species were reported among 58 samples. 
Five of those species (Taxodioxylon cunninghamioides, Liquidambar hisauchii, Ptero
carya rhoifolia, Prunus iwatensis, and Acer watarianum) also occur at Mawaki and 

Table 3. Habit and habitat comparison between Mawaki/Uchiura and Monzen localities in 
Noto Peninsula, Japan. 

Total Number Habit* Habitat** 
of 

specimens C D E ? C C-w W ? 

Mawaki and Uchiura 80 II 58 II 0 22 42 16 0 
14% 73% 14% 0% 28% 53% 20% 0% 

Monzen 58 27 26 0 5 2 41 10 5 
47% 45% 0% 9% 3% 71% 17% 9% 

* C = conifer, D = deciduous dicotyledon, E = evergreen dicotyledon. 
** Distribution range; C = cool-temperate, W = warm-temperate. 
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Table 4. Comparison between fossil wood species from the Mawaki/Uchiura and Monzen 
localities (early Miocene) and comparable compression fossils from the Noroshi Flora (early 
Miocene), Noto Peninsula, Japan. 

Fossil wood M&U Mon Noroshi Flora (after Ishida, 1970) 

Torreya mioxyla Torreya yoshiokaensis 
Taxodioxylon cunninghamioides Cunninghamia protokonishii 

Glyptostrobus europaeus 
Taxodioxylon sequianum 0 
Picea paleomaximowiczii Picea kaneharai 
Carya protojaponica 0 
Pterocarya rhoifolia Pterocarya asymmetrosa 

Pterocarya ezoana 
Pterocarya protostenoptera 

Carpinus laxa Carpinus miocenica 
Carpinus mioturczaniowii 
Carpinus subyedoensis 

Ostrya monzenensis Ostrya shiragiana 
Castanopsis uchiuraensis Castanopsis miocuspidata 
Quercus anataiensis Quercus miovariabilis 
Zelkova wakimizui 1 Zelkova ungeri 
Tetracentron japonoxylum 0 
Camellia japonoxyla 1 Camellia protojaponica 
Stewartia notoensis 0 
Distylium chiharu-hirayae 0 
Liquidambar hisauchii I I Liquidambar miosinica 
Prunus iwatensis 0 0 
Gleditsia paleojaponica Gleditsia miosinensis 
Acer watarianum Acer ezoanum 

Acer palaeodiabolicum 
Acer protojaponicum 
Acer subpictum 

Aesculus mioxyla 0 
Meliosma mio-oldhami 0 
Reevesia miocenica 0 
Fraxinus notoensis Fraxinus honshuensis 

Total number of species 15 13 
Species with comparable compression 10 8 

M& U = Mawaki and Uchiura; Mon = Monzen; 1 = presence, 0 = absence of comparable com-
pression fossil species in the Noroshi Flora. 

Uchiura; ten species occur only at Mawaki and Uchiura, eight species occur only at 
Monzen. These species represent 23% and 64% of the specimens at the Mawaki and 
Uchiura locality and at the Monzen locality, respectively. The most common species at 
Monzen, Taxodioxylon cunninghamioides, was not common at Mawaki and Uchiura 
(only two of 80 samples), and the common species at Mawaki and Uchiura, Zelkova 
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wakimizui, was not found at Monzen. At Monzen, the incidence of conifers (47%) is 
higher and the incidence of deciduous dicotyledons is lower (45%) than at Mawaki 
and Uchiura (Table 3); evergreen dicotyledons are absent. Incidence of habitat also 
differs in some degree between the two localities. There are more cool- to warm-tem
perate species (71 %) and fewer cool-temperate species at Monzen than at Mawaki and 
Uchiura; the incidence of warm-temperate species is nearly the same at the two locali
ties. Despite these differences of incidence, the fossil flora of the two localities are 
fundamentally similar, that is, mainly composed of species which today extend from 
cool- to warm-temperate zones. Furthermore, all extant species listed in Table 2 are 
trees growing in mesic forests distributed in Japan, China, and Taiwan. 

In conclusion, 1) there were deciduous forests with a mixture of conifers and ever
green dicotyledons in the early Miocene of Mawaki and Uchiura, northeastern Noto 
Peninsula; 2) there were coniferous and deciduous forests without evergreen dicotyle
dons in the early Miocene of Monzen, northwestern Noto Peninsula; 3) species com
position of these two localities is rather different, although some species are common 
between them; and 4) although the species composition and presumed habits and habi
tats of those two floras differ in some degree, they both suggest derivation from cool
and warm-temperate mesic mixed forests. 

There is only one reported compression fossil flora in the lower Miocene of Noto 
Peninsula, Japan. Ishida (1970) reported on the Noroshi Flora of the early Miocene Ya
nagida Formation in the northeastern tip of Noto Peninsula. The Noroshi Flora locali
ties are 20-26 km northeast-north from Uchiura and Mawaki and 45-50 m east-north
east from Monzen (Fig. lA). The Noroshi Flora is composed of 84 species represent
ing 67 genera from 33 families, which include woody plants of 78 species representing 
61 genera from 29 families. Compression fossil floras usually are more diverse than 
fossil wood floras. Comparison of the taxonomic composition of fossil wood flora with 
that of the compression fossil flora indicates a floristic similarity between these re
gions. The compression fossil species (Ishida 1970) comparable to fossil wood species 
are listed in Table 4. Ten of 15 species (67%) in the Mawaki and Uchiura flora and 
eight of 13 species (62%) in the Monzen flora have comparable compression fos
sil species in the Noroshi Flora. Some disagreements between the fossil wood floras 
and compression fossil floras are to be expected, even though both fossil floras appear 
to represent the same vegetational assemblage (Suzuki & Watari 1994). Given that: 
1) about two-thirds of the fossil wood species in both localities have comparable com
pression fossil species; 2) the localities of those fossils are not too distant from each 
other; and 3) the fossil-bearing horizons are of comparable age, i.e., the early Miocene, 
we suggest that the two fossil wood floras represent different regions of a paleo
vegetational continuum on the Noto Peninsula during the early Miocene. We also sug
gest that the paleoflora was a temperate mesic mixed forest dominated by taxodiaceous 
conifers and/or many deciduous dicotyledonous trees, with some other conifers and 
evergreen dicotyledonous trees. Although the Noroshi Flora is considered to be one of 
the typical representative of the warm-temperate Daijima-type Flora (Ishida 1970), the 
fossil wood floras studied here suggest a mixture of cool-temperate elements in addi
tion to the warm-temperate elements. 
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