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Palaeobotany of Holocene Buried Forests on the River-bed
of the Iwaki River, Tsugaru, Northern Japan
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Abstract

Two buried forests from about 2500 years ago were discovered on the river-bed of the Iwaki River,
Tsugaru Plain, northern Japan. At two sites along the river, fossil woods were collected mainly from
erect stumps and sometimes from detached woods, and were identified anatomically. Most of these
fossils are Fraxinus ; some are various kinds of dicotyledons and two kinds of conifers, Picea and
Cryptomeria japonica. These dicotyledons are all deciduous trees and are now distributed mainly in
the cool-temperate forests in Japan. The results indicate existence of riverside or swamp cool-
temperate forests at these sites. Geological and palynological studies on the Holocene sediments at
one of the sites have clarified the exact horizon of the buried forests and végetational changes during
the late Holocene period. They show that a forest similar to the reconstructed one persisted for two
and haif millennia, from about 5000 years ago to about 2500 years ago.
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Introduction
Buried erect stumps have been discovered on

the river-bed of the Iwaki River in the center of
the Tsugaru Plain, Aomori Prefecture (Fig. 1).
During a study of the geomorphic development of
the Tsugaru Plain in the Holocene period,
UMITSU (1974, 1976) uncovered buried forests
with radiocarbon dates of about 2500 years BP.
During his field survey he collected fossil wood
samples from the river-bed at Banryu Bridge near
Itayanagi, and offered them to the authors for a
palaeobotanical study. TUJ and MIYAJI also
collected wood samples from the river-bed at
Tsuruju Bridge near Tsuruta. These materials
tacilitated reconstruction of forests that existed
at about 25600 years ago, and clarification of a
vegetational change during the last two and half
millennia in the Tsugaru Plain.
Geology and Geomorphology

The Iwaki River flows northward through the
central part of the Tsugaru Plain, Aomori
Prefecture. Two sites, A and B, for the pala-

eobotanical study of the buried forests are located
on its river-bed (Fig.2). Site A is at the upper
right side of Tsuruju Bridge near Tsuruta
{Tsuruda), and site B is at the upper right side of
Banryu Bridge near Itayanagi (Fig.2). The
former is at the northern and lower reach of the
Iwaki River, and the latter is at the upper reach,
about 7.5 km to the south. UMITSU (1974) divided
the alluvial plain in this area into two terraces,
upper and lower alluvial surfaces, according to
their level and sedimentary composition. Each
surface is classified into two geographic units, a
natural levee along the Iwaki River and a back
marsh widely distributed around it. According to
UMITSU (1974), forests flourished on the flat floor
of a valley dissecting the upper alluvial surface,
and then were buried by coarse sediments of
gravel and sand forming the lower alluvial
surface, which UMITSU(1576) called Top sand and
gravel. The buried forests of the two sites are
contemporaneous because of their formation on
the same floor of the dissected valley. Sediments
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of the upper alluvial surface, namely Middle mud
and Middle sand, are composed mainly of clay,
slit and sand, and are regarded as having been
deposited during the Jomon transgression
(UMITSU, 1976). The age of their upper limit was
estimated at about 5300 vears BP on the basis of
radiocarbon dating on a peat material obtained
from the uppermost layer of the Middle mud
(UMITSU, 1976).

The age of the buried forests can be estimated
at about 2500 years BP, which corresponds to the
Latest Jomon Period, on the basis of two radio-
carbon datings on wood materials obtained from
stumps near site A. One is dated to 224090
vears BP on a wood material identified as Ulmus
davidiana var. japonica (UMITSU, 1974), and
another is 2480+ 80 years BP on a wood material
identified as a dicotyledon (TADA and OYA, 1975).

Figure 3 shows the detailed geology and strati-
graphic horizons of the buried forests observed at
three trench excavations (Nos. 1-3) in site A. The
deposits are divided lithologically into 6 layers in
ascending order, as follows : grey-white silt inter-
calated with thin sand lamina (F), alternation of
brown silty peat and grey-white peaty silt includ-
ing many fragments of wood (E), grey-white silt
(D), grey sandy silt partially with silt and sand
lamination, and grey-white silt partially with
clayey silt (C), dark grey-brown silt (B), and blue-
grey sandy silt (A). Layer A conformably overlies
layer B and covers the many stumps collected for
this study. Layers F to C correspond to the

A

Exposed buried erect stumps just above the Tsuruju Bridge (photo by M. UMITSU, July 1975)
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Fig.2 Location map of sites A and B. (map
-Goshogawara 1/50,000, Aomori No. 12)
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Middle mud and/or the Middle sand, while layers
A and B correspond to the Top sand and gravel
and/or the Top mud of UMITSU (1976), respective-
ly. Layer B is correlated with the lower part of
the Top mud because of the same sedimentary
facies. UMITSU (1976) reported the radiocarbon
age on a wood material obtained from the base of
the Top mud to be 2900+ 85 years BP. The silty
peat sample from the uppermost part of layer E is
dated back to 5060+ 160 years BP (code no. Gak
-7638), corresponding to the age of the uppermost
part of the Middle mud and the Middle sand.
Some plant macrofossils obtained from layer E
were identified as Alnus japonica fruits and seeds,
Cyperus seeds and Polygorum cf. maackionum
seeds. Eight wood samples obtained from this
layer were also tentatively identified: six were
stemwoods of Alnus sect. Gymnothyrsus, and the
other two were stemwoods of Fraxinus.

Materials and Methods

Twenty-two samples for pollen analysis were
collected successively in the No.1 trench at site
A, All of the samples were boiled in a 10% KOH
solution, followed by treatment with HF to
remove siliceous matter, and subsequently by the
acetolysis method. All specimens are déposited at
Osaka City University. Occurrences of fossil
pollen grains are shown in percentage diagrams,
Percentages of arboreal pollen are calculated
based on total arboreal pollen counts, and
percentages of non-arboreal pollen are based on
total pollen and spore counts.

Fossil woods were collected at two sites. At
site A, 49 wood samples were mapped and
coliected by TSUJI and MIYAJI on July 22, 1980.
Thirty-six of them were obtained from erect
stumps, and the remaining 13 were from detached
stem or branch woods, Distribution of these
woods is shown in Fig. 9, using size classes based
on diameter. From site B, 48 wood samples were
mapped and collected by Masatomo UMITSU on
July 1975, All of these samples were obtained
from erect stumps, as shown in Fig. 10. All of the
wood samples were sectioned with razor blades
and mounted with gum-chloral, and then observed
by means of a light microscope.

5060 £160y.BP

Sandy silt
M sity peat
XX Stump

[ Peaty siit
013 sin Sand

@@ Wood fragment

Fig.3 Columnar sections of trenches I, 3 and
2 at site A.

Results

Pollen Analysis

Fossil pollen grains extracted from 22 samples
were identified into 52 taxa, including 30 arboreal
and 22 non-arboreal taxa. Many fossil fern spores
were also found, but they were expressed as one
group, fern spores, in the polien diagram (Fig. 4).
The diagram shows stratigraphic occurrences of
identified taxa. Almost all samples are generally
characterized by abundant Alnus and common
occurrence of such broad-leaved trees as Safix,
Juglans, Fagus, Quercus subgen, Lepidobalanus,
and Fraxinus, and of such herbaceous plants as
Gramineae, Cyperaceae, Arfemisia and ferns.
Five local pollen assemblage zones, V, IV, HI, II
and I in ascending order, are established on the
basis of stratigraphic occurrences of wetland
arboreal and non-arboreal taxa., Each zone can
also be distinguished by its percentages of arbore-
al and non-arboreal pollen grains and fern spores.
These zones correspond to the stratigraphical
layers respectively as follows: zone V to layers F
and E; zone IV to layers D and C, except for the
upper part of layer C corresponding to zone III ;
zone II to layer B and the lower part of layer A ;
zone I to the remaining upper part of layer A,
Zone V is characterized by relatively high fre-
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is characterized by relatively high frequencies of

Salix, Rins, Nuphar and Avtemisia, and fern
spores. In zone IV conifer pollen grains of Abies,

Tsuga and Picea occur, although they are scarce.
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Pollen and spore diagram of trench 1 at site A. Percentages of arboreal taxa are based on total
ferae pollen that grade downward to low fre-
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In zone III, Fravinus, Gramineae Cyperaceae and
Typhe occur at high frequencies. Zone II is
distinguishable from other zones by its relatively
high frequencies of such herbacecus taxa as
Gramineae, Cyperaceae and Liliaceae. Zone [
characteristically contains Cryptomeria, Salix and
Fraxinus pollen in relatively high frequencies.
Fossil wood assemblages

Among a total of 97 wood samples, 15 woody
taxa are identified, as shown in Table1l. Brief
anatomical descriptions of these taxa are given in
the following paragraphs, accompanied hy micro-
scopic photographs of typical samples in Figs.5
-8. Distribution maps of the identified woods are
shown in Figs. 9 and 10 along with their sizes,
Anatomical description of fossil wood

Picea. Coniferous wood with vertical and
horizontal resin canals having thick-walled
epithelial cells ; transition from early- to latewood
rather gradual ; cross-field pits small picecid to
taxodioid, 2-6 in one cross-field ; bordered pits of
ray tracheids narrow with square edges.

Cryptomeria japonica {(GORD.) CARR, Coni-
ferous wood without resin canals; transition
from early- to latewood moderately abrupt ; late-
wood distinct ; cross-field pits large taxodioid,
usually two in one cross-field, having oblique to
horizontal large apertures.

Juglans ailanthifolia CARR. Diffuse-porous
wood with sparse, large, round pores: pores
solitary or 2-3 in radial multiples; perforation
plates simple ; axial parenchyma vasicentric and
in tangential lines of one cell width ; rays homo-
geneocus, 1-5 cells wide.

Salix, Diffuse-porous wood with evenly
distributed, small, round pores ; pores solitary, or
2-3 in radial multiples: perforation plates
simple ; rays heterogeneous and uniseriate;
vessel-ray pits large and dense.

Alnus sect. Gymnothyrsus. Diffuse-porous
wood with sparse, small, square pores; pores
solitary or 2-6 in radial multiples; perforation
plates scalariform with about 20 bars ; intervessel
pits small and dense; rays homogeneous, uni-
seriate and aggregate.

Quercus  sect. Prinus. Ring-porous wood
with one row of large round earlywood pores, and
small square latewood pores; pores solitary;
perforation plates simple; rays homogeneous,

Table 1. Fossil woods discovered along the

Iwaki River,
Taxon Adbrer: Tssuﬁj{? B. Bfﬁf—?f B.
Picea Pi 1
Cryplomeriu joponica 1
Juglans ailanthifolia J 3
Salix 5 9 1
Alnus sect. Gymnothyrsus Al 2
Quercus sect, Prinus Q 2
Fagus Fa 1
Ulmus 1
Morus bombycis M 3
Cercidiphyllum japonicum Ce 1
Phellodendron amurense Ph 1
Acer Ac 1 2
Hovenia 1
Cornus controversa 1
Fraxinus 39 27
Total 49 48

+ Abbreviations used in Figs, 9 and 10,

uniseriate and very large, compound.

Fagus. Diffuse-porous wood with numerous,
small round pores; pores almost solitary;
perforation plates mostly simple, occasionally
scalariform with about 10 bars; rays homo-
geneous, uniseriate and large compound,

Ulrmnaus.
large round pores; pore diameter decreases
unevenly toward growth ring boundaries; pores
solitary or in clusters of 2-6; perforation plates
simple; axial parenchyma vasicentric, occasional-
ly with large crystals in strands; rays homo-
geneous 1-5 cells wide,

Movus bombycis KOIDZ. Ring-porous wood
with one to several rows of large round early-
wood pores, and small round latewood pores;
earlywood pores in clusters of 2-10; perforation
plates simple; spiral thickenings distinct in
narrow vessels; rays heterogeneous and tall, 1-6
cells wide; uniseriate wings 1-2 ceils high.

Cercidiphyllum  joponicum SIEB. et ZUCC,
Diffuse-porous wood with evenly distributed,
numerous, small, square pores; pores solitary;
perforation plates scalariform with 30-40 bars;
spiral thickenings at tapering ends of vessel
elements; rays heterogeneous, 2 cells wide.

Phellodendron amurense RUPR. Ring-porous
wood with 1-2 rows of large round earlywood
pores and very small latewood pores in tangential
bands; perforation plates simple; narrow vessels
with spiral thickenings; rays homogeneous, 1-4

Semi-ring-porous wood with sparse,
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4 : Crypltomeria japonica (no. B

Juglans ailanthifolia (no. B-1); 7-8: Salix (no.8T); 9: Ainus sect. Gymnothyrsus (no. B-5). 1, 3,5,7,9: cross

: 8

, 1. 1-2: Picea (no.B-15)

Microphotographs of fossil woods

Fig.5

radial section (X400): 6: tangential section (X 100); 8: radial section (*200).

section (X40); 2 and 4:
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2. 10: Alnus sect. Gymnothyrsus (no. B-5
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Microphotographs of fossil woods

Fig.6

Prinus (no. B-12): 13-14: Fagus (no.B-37); 15-16: Ubmus(no.B-8); 17-18: Morus bombycis (no. B-14). 10:

radial section (X200); 11, 13, 15, and 17 : cross section (<40} ; 12, 14, 16, and 18 : tangential section (>100).
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Fig.7 Microphotographs of fossil woods, 3. 19-20 : Cercidiphyilum japonicum (no. B-25) ; 21-22: Phellodend-
ron amurense (no. B-17); 23-24: Acer (no. 55S); 25-26 : Hovenia (no. B-9) ; 27: Cornus controversa (no. B-
3). 19, 21, 23, 25, and 27 : cross section (X 40); 20: radial section (X 200); 22, 24, and 26 : tangential section
(X 100).
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Fig.8 Microphotographs of fossil woods, 4. 28: Cornus controversa (no. B-3, tangential section, X 100). 29-
33 : Fraxinus. Typical stemwood (29-30, no. B-26), typical rootwood (31, no. B-44), a different stemwood with
wider rays (32-33, no. 44S). 29, 31 and 32: cross section (X40); 30 and 33: tangential section (>100).

cells wide, fusiform,

Acer. Diffuse-porous wood with sparse
small round pores; pores solitary or 2-5 in radial
multiples; perforation plates simple; fine spiral
thickenings present on vessel walls; rays homo-
geneous, 1-4 cells wide.

Hovenia. Ring-porous wood with large
earlywood pores and thick-walled small round
pores; pores solitary or 2-3 in radial multiples;
perforation plates simple; axial parenchyma
vasicentric, and aliform to confluent; rays hetero-
geneous, 1-4 cells wide; uniseriate wings mostly
1-5 cells high.

Cornus  controversa HEMSLEY. Diffuse-
porous wood with sparse middle-sized round
pores; pores solitary, occasionally in radial

couples; perforation plates scalariform with 30
-40 bars; rays heterogeneous, 1-4 cells wide,
uniseriate wings usually 1-3 cells high.

Fraxinus. Ring- to diffuse-porous wood with
thick-walled, large pores; pores solitary or 2-4 in
radial multiples; perforation plates simple; axial
parenchyma vasicentric, occasionally aliform to
confluent or in tangential bands in the latewood;
rays almost homogeneous, 1-4 cells wide.

Fossil wood assemblage

At site A, 49 fossil woods were identified. The
fossil wood assemblage of this site is quite simple
and uniform, consisting mainly of Fraxinus (39
samples) and Salix (9 samples), with only one Acer
(Table 1). These Fraxinus are fairly evenly
distributed in this site (Fig.9). Most of them are

=115 —



fatRE - ST

FERE FE2E

1990 & 12 A

N\ N
)
® ® °
o S
b SNe o
%
¢ @ \S
S
S
] o
o~ Se
® [
, °
L AN
®
e —<10cm ® .i ) ®
@ == [ ]
20 ®
® -30
em-40
e
10m
Fig.9 Distribution of buried woods at site A.

Solid circles show erect stumps, and thick bars
show detached stems or branches. Fraxinus is
without an alphabetical abbreviation, while
other taxa are indicated by the abbreviations
in Table 1.

erect stumps ranging from small to large in size,
sometimes up to 50 cm in diameter, and some are
detached stems or branches with diameter less
than 10 cm. Salix woods are distributed in the
northern half of this site, and its detached stems
or branches and erect stumps are usually smaller
than those of Fraxinus except for a large trunk.
At site B, erect stumps include various taxa
(Table 1). Although Fraxinus is also dominant (27
samples), with size ranging from small to very
big, the other 21 stumps consist of two coniferous
taxa, Picea and Cryplomeria japonica, and 12
dicotyledonous taxa, Juglans ailanthifolia, Morus
bombycis, Alnus sect. Gymnothyrsus, Quercus sect.

e A/
®
edc e < 10cm
X T
. e — 30
®
® - 50
0m \\\ ®> 50

Fig. 10 Distribution of buried woods at site B.
Solid circles show the erect stumps. Fraxinus is
without an alphabetical abbreviation, while
other taxa are indicated by abbreviations in
Table 1. (Original map drawn by M. UMITSU).

Prinus, Acer, Salix, Fagus, Ulmus, Cercidiphyllum
japonicum, Phellodendron amurense, Hovenia, and
Cornus controversa (Fig.10).

Discussion

The composition of fossil woods at the two sites
is basically similar in the dominance of Fraxinus.
An almost pure Fraxinus stand with some Salix
can be reconstructed at site A, and a mixed
deciduous forest with few conifers, also dominat-
ed by Fraxinus, can be reconstructed at site B.
Compositions of fossil woods and also of pollen
assemblages of the overlying sediments ( layer A)
show dominance of Fraxinus, Salix, Alnus and
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some other taxa usually found in riverside and/or
swamp forests in Japan. It is difficult to identify
species of fossil Fraxinus by wood structure or
pollen morphology, but it must be F. mandshurica
because this is the most common species in
marshy and wet places in northern Tohoku and
Hokkaido Districts. In these regions almost pure
F. mandshurica stands with some Salix and/or
Alnus are often observed at the wettest places
beside a river or a marsh, with tree species
increasing with the distance from the water.
Thus site A probably represents a stand in a more
humid place, and site B at a drier one because of
the mixture of many other tree species in the
messic forests, such as Fagus, Quercus, Acer, and
Hovenia. The result of the pollen analysis at site
A reveals that such riverside or swamp forests
had continuously persisted for two and half
millennia, from about 5000 vears ago to the time
when these buried forests established themselves.

Most of the identified taxa, including Fravinus,
are distributed within or around the Tsugaru
Plain at the present time, except for Picea and
Cryptomeria japonica. The nearest distribution of
the former is the southern part of Oshima
Peninsula of Hokkaido or Mt. Hayachine, Iwate
Prefecture, although both of them are about 150
km from site B. That of the latter is in the
mountain regions of the southern Aomori Prefec-
ture (KURATA, 1971). The resulis indicate that
Picea and Cryplomeria japonica grew in the
Tsugaru Plain at about 2500 years ago.

The reconstructed forest at site A was
established after the deposition of layer B, and
grew before the deposition of layer A: most trees
of the forest rooted into layer B, and its composi-
tion is more like that of the pollen assemblage in
layer A. Although layer A is rather thin (30 cm
at most) and we could not observe its upper limit
in the studied area, the thickness of the Top sand
and gravels which constitute the lower alluvial
surface in this region reaches about 3 m (UMITSU,
1974). The reconstructed forests in our study
were buried by coarse sediments, which should be
the Top sand and gravels and should have
continued over layer A, UMITSU (1974) consider-
ed that the buried forests developed on the flat
valley floor formed by the dissection of the upper
alluvial surface during a geomorphologically

stable phase. However, deposition of layer B on
the valley floor, corresponding to the lower part
of the Top mud, precedes that of the buried
forests. Formation of buried forests is usually
induced by a rapid deposition of sediments on the
forests. The result of pollen analysis indicates
that the riverside or swamp forests composed of
Alnus and other tree species had constantly
existed in this area during the sedimentary phase,
except for the erosional phase of the valley. Thus
the reconstructed forests in the two sites can be
regarded as forests established in one of the
gentle sedimentary phases.

We are indebted to Associate Professor
Masatomo UMITSU, Nagoya University, for
providing the materials with useful data and
information, and also for permission to use his .
photographs. Thanks are alse due to Dr.
Naomichi MivaJi, Hokkaido National Agri-
cultural Experimental Station, for help in collect-
ing samples.
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