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Diatom assemblages of sediments obtained from the estuary (Tarumi site) of Fukuda River in Kobe 
were analyzed in order to clarify the local Holocene sedimentary history. The results were as follows: 1)也e
lowermost sediment was a brackish environment at around 7000 yr B. P. 2)也efirst marine diatom zone 
(MDI Zone) was alternated three times by three transitional zones (Trl_I，I_2， 1-3 Zone) probably caused by 
the developments of three sand bars across the estuary of paleo-Fukuda River during the period between 
7000 and 6000 yr B. P. 

Key lndex JiIペords: diatom assemblages-FukudJJ River est回りI-Holocenetransgression-sand bar develop-
ment. 

The diatoms occur in virtually all bodies of 

water exposed to light and contain easily 

recognized taxa characteristic of many differ-
ent environments between truly marine condi-

tions and potable freshwater and at widely 

varying temperatures， salinities， pH， and 

chemical composition. Similar fossil forms 
are found in sediments that were deposited un-

der such environmental conditions. So the di-

atoms have many advantages as microfossils 

to clarify the local paleoecological factors. 

Previously we have analyzed the diatom 

assemblages of sediments obtained from the 

estuaηalong the Osaka Bay (Kumano and 

Miyah釘 a，1981; Kumano and Fujimoto， 
1982; Sato et al.， 1983)， Kutcharo Lake 
(Kumano et al.， 1984， Sekiya and Kumano， 

1983) and Kushu Lake (Kumano et al.， 
1990a). 

In Osaka Bay area， the Marine Diatom 
Zone (MDl Zone) coincided with the peak of 

the first Holocene transgression at about 

6000 yr B.P. at several sites along the coast 

of Osaka Bay. 

In Kutcharo Lake and Kushu Lake， deposi-
tion of the Marine Diatom Zone (MDl Zone) 

and the Transitional Zone (Tr2 Zone) finished 

at about 6000 yr B.P. 組 d 5000 yr B.P.， 
respectively， because of the sand bar develop-
ment prior to the first Holocene regression 

at about 4500 yr B.P.， the “Middle J omon 
minor regression" named by Ota et al. 
(1982). 

In the present study， diatom assemblages of 
sediments obtained from the estuary (Tarumi 

site) of Fukuda River in Kobe were analyzed 

in order to clarify the local Holocene sedimen-

tary history. 

Materials and Methods 

Sampling Sites 

Fukuda River is about 7 km in length and 
Tarumi site is located at the estuary in Kobe 

along the northwestern coast of the Osaka 

Bay， at altitude about 4 m， latitude 34035'38" 
N and longitude 13503'40"E (Fig. 1). 

The excavation for the construction of 
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136・E km 

Fukuda River 

Fig. 1. The estuary (Tarumi site) of Fukuda River at altitude about 4 m is located at latitude 34035'3S''N 
and longitude 13503'40"E in Kobe along the northwestern coast of Osaka say， central ]apan. 

buildings at the estuary (Tarumi site) of 

Fukuda River offered us outcrops of Holocene 

deposits， from which samples of Site A (一0.2

m to +1.4m) and Site B (+0.8m to +2.7 

m) were collected in 1988， those of Site C 

( + 1. 0 m to + 2.2 m) wer巴 collected.in 1988 

and those of Sit巴 D (+2.4 m to十3.7m)， 
were collected in 1990， respectively (Fig. 2). 

14C Dates and Akahoya Tephra 

The 14C dates were measured by Dr. 

Kigoshi (1992) and Akahoya tephra was iden-

tified by Dr. Danhara (1992). The 14C and 

tephra dates from Site A to Site C are shown 

in the second column from Fig. 3 to 5， re-
spectively. The plant remains at the一0.1

m horizon of Site A gave a 14C age of 

7220::!::110yr B.P.， those at the +0.1 m 

horizon gave a 14C age of 7210::!:: 120 yr B.P.， 
those at the十 1.6m horizon of Site C gave a 

14C age of 6340士110yr B.P. and Akahoya 

tephra at the + 1.8 m horizon showed about 
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Fig. 2. Four sampling sites (site A. site B， site C and site D) and山 eerows of sand bars are shown 
(Takahashi， 1992). Sand bar 1: the innermost row ofsand bars located on the track ofJapanese Railway. Sand 
bar 2: the middle sancl bar on the grounds of Waclazumi Shrine. Sand bar 3: the outermost sand bar on the 
national road of Rout No. 2 

6300 yr B.P 

Preparation of Samples 

For diatom analysis， approximately 1 g 

d.w. of each sample was dispersed with 10% 

H202 and Na4P207 and the clay fraction 

removed by decanting. The fraction contain-

ing diatom frustules was boiled with conc. 

HCl and then cleaned and washed about 5 
times with distilled wat巴rby centrifugation 

An appropriate amount of each washed sam-

ple was th巴nmounted with Pleurax. About 

200 diatom frustules were identified and 

count巴dalong a transect chosen at random 

on each sample slide 

The marine diatom zone (MD Zone) is con-

sid巴redas the zone which comprised more 

than 80% marine and brackish-water dia-

toms. The transitional zone (Tr Zon巴)is con-

sidered as the zone， in which marine diatoms 

accounted for less than 30% of the total 

count. 

Results 

The succ巴ssivechanges in the ecological 

spectra ar巴 shownin Fig. 3-5 and the succes-

sive changes in the predominant diatoms in 

Fig. 6-8 

Site A (一0.1m to + 1.4 m): 

1. The first Transitional Zone (Trlー1Zone) 

(一0.1m to + 0.18 m) 

a) Trl_l-a subzone 

Brackish-water diatoms w巴redominated in 
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Fig. 3. Stratigraphic profile in Site A， the Fukuda River and the successive changes in the ecological spec-
trum. Facies of the sediments are shown in the品目tcolumn， the I4C dates in the second column， proportions of 
marine， brackish-water and freshwater diatoms in the third column， diatom zones in the fourth column and 

subzones in the fifth column 
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Fig. 4. Stratigraphic pro五lein Site s， the Fukuda River and the successive changes in the ecological spec. 
trum. Facies ofthe sediments are shown in the first column， proportions ofmarine， brackish-water and freshwater 
diatoms in the second column， diatom zones in the third column and subzones in the fourth column. The other 
marks and symbols are the same as those in Fig. 3 
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Fig. 5. Stratigraphic profile in Site C， the Fukuda River and the successive changes in the ecological 
spectrum. Facies of the sediments are shown in the自rstcolumn， the "C and tephra dates in the second column， 
proportions of marine， brackish-water and freshwater diatoms in the third column， diatom zones in the fourth 
column and subzones in the自fthcolumn. The other marks and symbols are the same as those in Fig. 3 

a司)MD町l-asuゆbzo∞n
In the MD1-a subzon 巴叱， ma訂n山n巴 di旧atωoms

W附巴r閃eincreased and occu叩p戸i巴d3叩O一6ω0%of the 

total count， and brackish-water diatoms occu-
pied 30-50% of the total throughout this sub-

zone. Freshwater diatoms occupied less than 

30% of the total (Fig. 3) 

The MD1-a subzone was dominated by 

the littoral 1¥ritzschia granulata (abou t 15-50%) 

accompanied with the littoral λhtzschia tunc-

tata (about 5-20%) and the brack凶 -water

this subzone (Fig. 3): the dominant diatom 

at the lower horizon of this subzone was 

th巴 brackish-waterAchnanthes hauckiana， while 

those at the upper horizon were the brackish-

water Bacillariaρaradoxa in addition to the 

brackish-water Rhotalodia gibberula， the ma-

rine Nitzschia granulata and Nitzschia tunctata 

(Fig. 6) 

2. The Marine Diatom Zone (MDl Zone) 

(+0.18m to十0.65m) 
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Achnanthes hauckiana (about 5-15%) (Fig. 6). 
Toward the upper horizon of this subzone， 
the marine diatoms were decreased， while the 
brackish Rhopalodia gibberula was increased. 

3. The second Transitional Zone (Trl_2 
Zone) (+0.65 m to 1.21 m) 

The Trl-2 Zone is divided into three sub-
zones according to the dominant diatoms. 

a) Trl_2・bsubzone 

Marine diatoms decreased up to less than 
30%， and brackish-water and marine ones 
counted for more than 70% ofthe total count 
(Fig. 3). The dominant diatom of this sub-
zone was the brackish Rhopalodia gibberula 
(Fig. 6). 

b) Trl_2-c subzone 

At the middle horizon of this subzone， 
brackish-water diatoms decreased to less than 

30 % and only a few marine diatoms were 
counted， while freshwater diatoms increased 
up to about 60% of the total count (Fig. 3). 
Dominant diatoms in this subzone were the 
freshwater Navicula contenta and Achnanthes lan-
ceolata accompanied with the brackish-water 
Nitzschi・'ahungarica and Achnanthes hauckiana 

(Fig. 6). 

c) Trl_2-d subzone 

In the Trl_2・dsubzone， marine and brack-
ish diatoms increased up to 20-30% and 
about 50%， respectively， whereas freshwater 
ones decreased to about 20% (Fig. 3). The 
dominant diatoms were the brackish Rhopalo-
dia gibberula and the marine Nitzschia granulata， 
and a few freshwater diatoms such as N加icula

conteπta were counted (Fig. 6). 

4. The Marine Diatom Zone (MDl Zone) 
(+ 1.21 m to十1.4m)

a) MD1・bsubzone 

In the MD1・bsubzone， marine diatoms 
increased and occupied about 30闇 40%ofthe 
total count and brackish ones about 50% of 

the total count， whereas freshwater ones 
decreased to about 10% (Fig. 3)・Inthis sub-
zone， the dominant diatom was the brackish-
water Rhopalodia gibberula accompanied with 
the littoral Nitzschia granulata and Nitzschi・a

punctata (Fig. 6). 

Site B (一0.8m to +2.7 m): 

1. The second Transitional Zone (Trは
Zone) (-0.8m to -0.9m) 

a) Tr-I_2・dsubzone 
The Tr-I-2・dsubzone was occupied by 

about 40-70% of marine and brackish-water 
diatoms among which marine diatoms occu-

pied about 15-40% of the total count (Fig. 
4). Dominant diatom in this subzone was 
the littoral Nitzschiagranulata組 dNitzschia pun-
ctata accompanied with the brackish-water 
Rhopadoria gibberula and Achnanthes hauckiana 

(Fig. 7). 

2. The Marine Diatom Zone (MDl Zone) 
(+0.9m to +1.54m) 

The MD1 Zone is divided into three sub-
zones according to the dominant diatoms. 
a) M D1・bsubzone 
In the MD1-b subzone， marine diatoms 

occupied about 40-70% of the total count， 
and brackish-water diatoms occupied about 
30%. Freshwater diatoms occupied about 

10-30% of the total throughout this subzone 
(Fig. 4). The lower horizon of this subzone 
was dominated by the littoral Ni・'tzschiapun-
ctata accompanied with the brackish-water 
Rhopalodia gibberula and Achnanthes hauckiana， 
while at the upper horizon the dominant 
diatom was changed to the littoral Nitzschia 
granulata (Fig. 7). 
b) MD1・csubzone 

In the MD1・csubzone， marine diatoms 
increased and occupied about 70-90% of the 
total count， whereas brackish-water and 

freshwater ones occupied about 10-30% (Fig. 
4). In this subzone， the dominant diatom 
was the littoral Nitzschia gra側 lata(Fig. 7). 
c) MD1-d subzone 
In the MD1・dsubzone， marine and brack-

ish diatoms occupied about 40-70% and 
20-40% of the total count， respectively， 
while freshwater ones less出an20% (Fig. 4). 
At the lower horizon of this subzone the 
dominant diatoms were the marine Nitzschia 
punctata and the brackish-water Rhopalodia 
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gibberula， while at the upper horizon it 

changed to the littoral Nitzschia granulata (Fig. 
7). 

3. The third Transitional Zone (Trl-3 Zone) 

(+1.54m to +1.63m) 

a) Trl_3-c subzone 

At the middle horizon of this subzone， 
marine diatoms decreased to less than 20%， 
brackish-water ones increased up to about 

60% and freshwater ones slightly increased 

(Fig. 4). Dominant diatoms in this subzone 
were the brackish-water Achnanthes hauckiana 
and the marine Nitzschia granulata accompa-
nied with the brackish-water Nitzschia hunga-
rica and the freshwater Achnanthes lanceolata. 

4. The Marine Diatom Zone (MDl Zone) 

( + 1. 63 m to + 1. 84 m) 
a) M D1・asubzone 
In the M D1・asubzone， marine diatoms in-

creased up to about 60% of the total count， 
whereas brackish one and freshwater ones 

decreased to less than 40% and 10%， respec-
tively (Fig. 4). The dominant diatom was 
the littoral Nitzschia granulata at the lower 

horizon of this subzone， while at the upper 
horizon the littoral Ni・tzschiapunctata was 

dominant and accompanied with the brack-

ish-water Rhopalodia gibberula and Achnanthes 

hauckiana (Fig. 7). 

5. The Transitional Zone (Tr2 Zone) 

(+ 1.84 m to +2.7 m) 

a) Tr円 S由 zone
At the lower horizon of this subzone brack司

ish-water diatoms decreased to less than 

40%， a few marine ones were counted， while 
freshwater ones increased up to 50% (Fig. 4): 

various diatoms such as the brackish-water 
Bacillaria paradoxa， the freshwater Achnanthes 
lanceolata， Navicula contenta and Navicula cincta 
(Fig. 8) were found. 

At the upper horizon ofthis subzone， brack-
ckish-water diatoms decreased less than 

20%， no marine ones were counted， while 
freshwater one increased more than 80% 

(Fig. 4). Dominant diatoms in this subzone 
were the freshwater Navicula contenta and 

Achnanthes lanceolata accompanied with a few 

brackish-water diatoms (Fig. 7). 

It is considered that the Tr2 Zone at the 

horizon (仕om+ 1.84 m to + 2.7 m) finished 

at about 6000 yr B.P.， because the plant 

remains at the一0.1m horizon of Site C gave 

a 1会Cage of 6340:t 110 yr B.P. and Akahoya 
tephra at the + 1.8 m horizon showed about 

6300 yr B.P. 

Site C (+1.0m to +2.2m): 

1. The Marine Diatom Zone (MDl Zone) 

(+ 1.0 m to + 1.53 m) 

About 70% of diatoms of the M D1 Zone 

was occupied by marine and brackish-water 

diatoms (Fig. 5). The M D1 Zone is divided 

into three subzones according to the domi-

nant diatoms. 

a) MD1-b subzone 
In the M D1・bsubzone， marine and brack-

ish diatoms occupied about 30-40% of 

the total of diatoms， respectively， while 
freshwater ones occupied about 10-20% 

(Fig. 5). This subzone was dominated by the 

littoral Nitzschia granulata and the brackish-
water Rhopalodia gibberula accompanied with 
the littoral Amphora acutiuscula and Ni・tzschi・a

μnctata (Fig. 8). 

b) MD1・csubzone 

In the MD1・csubzone， marine diatoms in-
creased up to 80% of the total， while brack-
ish-water and freshwater ones decreased to 

less than 20% and less than 10%， respectively 
(Fig. 5). In this subzone， the dominant dia-
toms were the littoral Amphora acutiscula， 
Nitzschi・'agranulataaccompanied with the brack-

ish Rhopalodia gibberula (Fig. 7). 

c) MD1・dsubzone 

In the MD1・dsubzone， marine and brack-
ish diatoms occupied about 20-60% and 

about 30-40% of the total of diatoms， respec-
tively， while freshwater ones about 10-20% 
(Fig. 5). At the lower horizon ofthis subzone 

various diatoms such as the littoral Nitzschia 
granulata， Nitzschiaρunctata and the brackish-
water Rhopalodia gibberula were found. While 

in the upper horizon of this subzone the 
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Fig. 9. A photomicrograph of an unidentified taxon assigned to the order Centrales occurred in the MD， 
Zone of Site C. This unidentified taxon assigned to the order Centrales was also abundantly日oundin the marine 
d則 omzone at the Tamatsu site near Akashi River (Sato， unpublished). Scale bars indicate 11"m 

dominant diatoms were th巴 brackish-water

Rhopalodia gibberula accompanied with the lit-

toral Nitzschia granulata (Fig. 8). 

2. The third Transitional Zone (Trl_3 Zone) 

(+1.53m to +1.63m) 

a) I:'rl-3-c subzone 
Marine diatoms decreased to less than 10% 

and brackish-water ones occupied about 30% 

of the total diatoms， while freshwater ones 
increased up to 40% (Fig. 5). General1y， 
dominant diatom in this subzone was the 

freshwater Navicula contenta accompanied with 

th巴 brackish-waterAchna7叫 eshauckiana (Fig 

8). Dominant diatom was Nitzschia gram山ta

at the lower horizon ofthis subzone and it was 

Nitzschiaμnctata at the upper horizon of this 

subzone. 

3. The Marine Diatom Zone (MDI Zone) 

(+ 1.63 m to十2.2m) 

In the MD1 Zone， marin巴 diatomsin-

creased and occupied 30-70% of the total of di-

atoms， while brackish and freshwater diatoms 
occupied about 10-35% and 10-20%， respec-
tively (Fig. 5). The MD1 Zone is divided 

into two subzones according to the dominant 

diatoms. 

a) MDI-a subzone 

As shown in Fig. 8， in this subzone， the 
dominant diatoms were the brackish-water 

Achnanthees hauckiana and the littoral Nitzschia 

granulata accompanied with Nitzschia 仰 n-

ctata) Amphora acutiuscula and an unidentified 

taxon 

The last taxon， which was assigned to the 

order Centrales (Fig. 9)， can not be iden-
tified， not only at the sp巴cieslevel but also at 

the genus level. This unidentified taxon is 

regarded as one of marine diatoms， b巴cause

this taxon was also found dominated in the 

marine diatom zon巴 atthe Tamatsu site near 

Akashi River (Sato， unpublished)ー

b) MDI-e subzone 

The dominant diatom of this subzone was 

the above-mentioned identified taxon (Fig 

9) accompanied with the littoral Nitzschia 

granulata， the brackish-water Rhopalodia gibber-

仰 andAchna7叫 eshauckia7 

Site D (+2.4 m to +3.7 m): 

Diatom frustules in the sediments obtained 
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Fig. 10. Comparison ofthe Tamatsu site (Sato et al. 1983)， the Kushu Lake core (Kumano et al. 1990a)， the 
Kutcharo Lake site (Kumano et al. 1984) and the estuary (Tarumi site) ofFukuda River， wi出向ferenceto diatom 
zone and subzones. 

from this site were too few to count them. 

Freshwater and brackish diatoms were oc-

curred， however， no marine diatom was 
found. For example，the lowest horizon of 
也issite was occupied by 26 freshwater taxa 
and 9 brackish-water taxa， but no marine 
taxon was occurred. The freshwater taxa of 

the genus Pinnularia were dominated， so that 
these horizons might be regarded as the 

freshwater diatom zone (FD Zone). 

Discussion 

Our previous studies at several sites along 
the coast of Osaka Bay (Kumano and Miya-

hara， 1981; Kumano and Fujimoto， 1982; 
Sato et al.， 1983)， at Kamo Lake site in Sado 
Island (Sato and Kumano， 1985， 1986) and at 
Tokoro site in Hokkaido (Hamano et al.， 
1985) revealed that the peak ofthe deposition 

of the MD1 Zone occurred at about 6000 yr 

B.P. and coincided with the peak of the first 

Holocene transgression at about 6000 yr 

B.P.， and that the deposition of the MD1 
Zone and the Tr2 Zone finished at about 
5000 yr B.P. at Toya River site， Hokkaido 
(Ihira et al. 1985) and at 4000 yr B.P. at the 

Takkobu site in Kushiro Moor， Hokkaido 
(Kumano et al. 1990b) when the first Holo-

cene regression occurred. 

While， as shown in Fig. 10， at Kutcharo 
Lake site in Hokkaido (Kumano et al.， 1984， 
Sekiya and Kumano， 1983)， deposition ofthe 
MD1 Zone and Tr2 Zone already finished at 

about 6000 yr B.P.， namely， the development 
of the lagoon or brackish lake took place at 

6000 yr B.P. At Kushu Lake site in Rebun 
Island (Kumano et al.， 1990a) deposition of 
出eMD1 Zone and the Tr2 Zone already 

finished at about 5000 yr B.P.， namely， the de-
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velopment of the lagoon or brackish lake took 

place at 5000 yr B.P.， although many authors 
have reported that the peak of the first Holo幽

cene transgression occurred at about 6000 yr 

B.P. as mentioned above. It is suggested 

that prior to the first Holocene regression， the 
‘Middle J omon minor regression" at about 

4500 yr B.P. named by Ota et al. (1982)， 
the bay-mouth sand bars were completely 

developed across paleo-Kutcharo Bay from 

Okhotsk sea at Kutcharo Lake site and paleo-

Kushu Bay from J apan Sea at Kushu Lake 

site， respectively. 
In the present study at the estuary (Tarumi 

site) of Fukuda River along the coast of Osaka 

Bay， the MD1 Zone between 7200 and 

6300 yr B.P. was alternated three times by 

three layers of the Tr Zones. 

As shown in Fig. 2， Takahashi (1992) recog-
nized the occurrence of three rows of sand 

bars across the estuary of paleo-Fukuda River 

developed by the coastal tidal current along 

the northwestern coast of Osaka bay during 

the first Holocene transgression. N amely， 
the innermost row of sand bars firstly devel-

oped is located on the tracks ofJapanese Rail-

way， the middle row of sand bars secondary 
developed on the grounds of Wada7;umi 

Shrine， and the outermost sand bar tertiary 
developed on the national road of Root 

No. 2. Hence， it is likely that the first Transi-
tional Zone (Trl-l Zone， 7200 yr B.P.) was 
caused by the development of the innermost 

(負rst)row of sand bar; the second Transi-

tional Zone (Trω)， on which many foot-prints 
ofhuman beingwere found， was corresponded 
with the development of the middle row of 

sand bar; and the third Transitional Zone 

(Trl-3 Zone， 6340 yr B.P.) was caused by the 
development of the outermost row of sand 

bar. 

In the present study at the e白st加ua釘ry(Tarur山叩1Iロm

s討it白e)0ぱfFuku吋daRiver， it is considered that the 
Tr2 Zone at the horizon (合om+1.84m to 

+2.7m) finished at about 6000yr B.P.， 
because the plant remains at the 一0.1m 

horizon of Site C gave a 14C age of 6340::!:: 

110 yr B. P. and Akahoya tephra at the + 1. 8 

m horizon showed about 6300 yr B.P. So 

that， at the Kutcharo Lake site， the Kushu 
Lake site and Tarumi site of Fukuda River 

the initiations of the Tr2 Zone are considered 

to have been caused by the development of 

sand bar， prior to the first Holocene regres-
sion， the “Middle J omon minor regression" 

at about 4500 yr B.P. named by Ota et al. 

(1982). 
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熊野 茂*・西海将雄*・奥泉 岡IJ*・佐藤裕司料:大阪湾北西沿岸・福田川河口(神戸市垂水)

に於ける珪藻遺骸群集の遷移，特に完新世堆積環境の変遷について

1)第 1海産珪藻帯 MD，から遷移帯 Tr2への移行時期.木片の 14C年代値，アカホヤ火山灰の存在から，本調

査地に於ける第 1海産珪藻帯 MD，から遷移帯 Tr2への移行時期は，およそ6000年前であると考えられる。

2)371Jの砂堆列の形成と珪藻帯との関連:およそ7000年前から6000年前の約1000年間に，第 1海産珪藻帯

MD，中に 3つの遷移帯 (Trl_hTrl_2， Trl_3)が存在する。この 3つの遷移帯の存在は，大阪湾と本調査地とを隔

離するように形成された3列の砂堆列の影響を受けた古環境の変遷を反映した結果であると考えられる。 (*667

神戸市灘区六甲台 1丁目 神戸大学理学部生物学教室，特669-13三回市弥生ケ岡 8丁目 兵庫県立人と自然、の

博物館)






