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The sediments collected from a caisson at the Minato Bridge in Osaka Port along
Osaka Bay were studied to clarify the sedimentary environments during the Holocene
transgression by diatom analysis. Based on the character of diatoms, the sediments are
divided into five zones. (1) F-D Zone (freshwater diatiom zone) is dominated by Ste-
phanodiscus ca'r"conensis, and freshwater species are about 70% of the total. (2) M-D
Zone (marine diatom zone) is dominated by Cyclotella striata and Melosira sulcata and

the proportion of marine species is about 57%.

is subdivided into two subzones.

(3) F-D Zone (freshwater diatom zone)

Lower subzone is dominated by Stephanodiscus car-

conensis and the proportion of freshwater species is 36%. Upper subzone is dominated
by Diploneis elliptica and the proportion of freshwater species is about 60%. (4) Transi-
tional Zone has a few frustules of unidentified diatoms. (5) M-D Zone (marine zone) is
dominated by Cyclotella striata and Melosira sulcata and the proportion of marine species

increases to 97%.

Key Index Words: Diatom zone; freshwater species; Holocene transgression;
marine species; mollusks; Osaka Bay; sedimentary environments.

MATSUSHIMA and OHSHIMA (1974) and
MATSUSHIMA (1978) first studied the littoral
molluskan assemblages of the Holocene
transgression around Tokyo Bay and Sagami
Bay in Japan. As to Osaka Bay, KAjiyaAmMA
and ITIHARA (1972) and YAsSUDA (1978) re-
constructed the developmental history of the
Osaka Plain based on an abundant record
of molluskan fossils, sedimentary facies, and
pre-historical remains. MAEDA (1976, 1977,
1978, 1980) determined the sea level and
shore line changes during the Holocene
transgression by means of radiocarbon dates
of mollusks, molluskan assemblages and
direct observations of sediments in caissons
around Osaka Bay. By means of diatom
analysis, KUMANO and MIYAHARA (1981)
ascertained the sedimentary environments at
the Samondo Gawa site, which were con-
sistent with molluskan assemblage analyses
by Maeda. The present study follows the

above mentioned work and reconstructs an
environmental history at the Minato Bridge
in Osaka Port along the shore line of Osaka
Bay.

Materials and Methods

The materials were collected by Dr. Y.
MAEDA from a caisson of the foundation of
the Minato Bridge situated at 34°38’N lat.
and 135°26’E long. in Osaka Port. ‘Samples
of about 1g were boiled with 15% hydro-
peroxide and treated with conc. hydrochloric
acid. The cleaned and washed materials
were dried and mounted with pleurax. The
identification of diatoms was made by means
of photomicrographs. About three hundred
frustules of diatoms were counted in each
sample along a transect chosen at random
and the relative abundance of each taxon
and each ecological group is presented as a
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Fig. 1. Stratigraphy, columnar section, molluskan species, radiocarbon dates and diatom diagrams
of the sediments from the Minato Bridge in Osaka Port along Osaka Bay, central Japan
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percentage of the total. The radiocarbon
ages of nine samples by Dr. T. HAMADA are
shown in the 5th column of Fig. 1.

Molluskan Species (MAEDA 1976, 1977)

The stratigraphy of the sediments at the
Minato Bridge site is shown in the 1lst and
the 2nd columns, molluskan species in the
4th column, which were reported by MAEDA
(1976, 1977), and radiocarbon dates in the
5th column of Fig. 1.

The Nanko Bed is divided into five units;
lowermost sand, lower silty clay, mlddle
clay, upper sand and uppermost silty clay.

1) Lower silty clay (—33.5m to —31.0 m)
contains Phragmites sp. and Corbicula leana
indicating freshwater sediments.

2) Middle clay (—31.0 m to —30.0 m) con-
tains Corbicula japonica (brackish species),
Barnea malilensis (littoral species) and many
trace fossils indicating the beginning of the
Holocene transgression at this site.

3) Upper sand (—30.0 m to —28.5 m) con-
tains Corbicula leana and Ciphangopaludina
sp. (freshwater species) and this sediment
is considered to be fluvial.

4) Uppermost silty clay (—28.5m to —26.0
m) contains many trace fossils, freshwater-
brackish and littoral mollusks such as Ci-
phangopaludina sp. (freshwater species), Cor-
bicula japonica (brackish species), Corbicula
leana, Tapes philippinarum, Meretrix lusolina,
Crassostrea gigas and Trapezium liratum
(littoral species). These facts indicate that
this silty clay was a brackish or littoral
sediment.

The Umeda Bed (—26.0 m to —16.5 m) con-
tains many marine molluskan fossils indicat-
ing an inner bay environment.

Diatom Assemblages

Based on the character against salinity
(HusTEDT 1930, 1959, 1961-1966; PATRICK
and REIMER 1966, 1975), the diatom assem-
blages found in the sediments at the Minato
Bridge can be grouped into marine species
including marine-brackish species, brackish

species and freshwater species including
freshwater-brackish species. The sediments
can be divided into five zone by means of
the diatom assemblages as follows:

1) F-D Zone (freshwater diatom zone;
—325m to —31.5m). Freshwater species of
diatoms are dominated by Stephanodiscus
carconensis, Navicula mutica, Cymbella tumida
and Pinnularia spp., and the proportion of
freshwater species is about 70% at a depth
of —32.0m.

2) M-D Zone (marine diatom zone; —31.5
m to —29.5m). Marine species of diatoms
are dominated by Cyclotella striata and
Melosira sulcata. The proportion of marine
species increases up to 57%. On the other
hand, the percentage of freshwater species
decreases to about 16% at a depth of —30.0 m.

3) F-D Zone (freshwater diatom zone;
—295m to —26.0m) is divided into two
subzones. In the lower subzone, freshwater
species are dominated by Stephanodiscus
carconensis and the proportion of freshwater
species increases up to 36%. At the same
time, marine species are still found in the
ratio of 35% and dominated by Cyclotella
striata and Nitzschia granulata. In the upper
subzone, freshwater species increase up to
60% and the dominant species changes to
Diploneis sp. and Stephanodiscus carconensis,
but benthic species such as Cymbella tumida,
Navicula spp. and Pinnularia spp. decrease
in this upper subzone.

4) Transitional Zone (—26.0m to —24.0m).
A few frustules of diatoms are detected and
unidentified species are found in the ratio
of 30-80%.

5) M-D Zone (marine diatom zone ; —24.0
m to —16.5m). Marine species are domi-
nated by Cpyclotella striata and Melosira
sulcata and the proportion of marine species
increases up to 96.7% at a depth of —21.3 m.
In contrast, the proportion of freshwater
species is less than 2% at this horizon.

Discussion

According to MAEDA (1978) the beginning
of the Holocene transgression confirmed by
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intertidal assemblages of mollusks starts at
a depth of —234m at Samondo Gawa site.
However, KUMANO and MIYAHARA (1981)
reported that many marine species of diatoms
appeared at a depth of —23.8m at the same
site.. At Minato Bridge site, the same phe-
nomenon is observed. MAEDA (1976) reported
that the middle clay (—31.0m to —30.0 m)
of the Nanko Bed at Minato Bridge site con-
tained brackish and littoral mollusks and
many trace fossils. From that, he indicated
that the Holocene transgression at Minato
Bridge began at a depth of —31.0m. How-
ever, in the present study, it is observed
that marine species of diatoms began to in-
crease and freshwater species of diatoms
began to decrease at a depth of —315m
deeper than the horizon where brackish and
littoral mollusks were found by Maeda.
These facts indicate that intertidal assem-
blage of diatoms appeared prior to those of
mollusks in the progress of the Holocene
transgression. From the above mentioned
imformations, the beginning of the Holocene
transgression at Minato Bridge site in Osaka
Port is assumed to start at a depth of
—31.5m. The environment of the sea shore
at the beginning of the Holocene transgres-
sion was so changeable that adaptable or-
ganisms such as diatoms could immigrate into
it. After the environment became stable,
the advanced organisms like mollusks could
immigrate and settle there.

At Samondo Gawa site, MAEDA (1978)
pointed out that sea level rose slowly in the
period between 8,800 years BP and 8,000
years BP. KuUMANO and MivAaHARA (1981)
considered that the sea was very shallow
at the horizon between —24.0m and —21.8m,
where Nitzschia granulata was a dominant
species. At Minato Bridge site Nitzschia
granulata is found at the horizons between
—315m and —24.0 m. It is considered that
the sea was very shallow throughout these
horizons because Nitzschia granulata is fre-
quent on sandy shores in England (HENDY
1964). As if a small regression had taken
place, freshwater species dominated by
Stephanodiscus carconensis occur at a depth

of —285m. These facts agrees with the
occurrences of freshwater mollusks such as
Corbicula leana and Ciphangopaludina sp. at
these horizons reported by MAEDA (1976).
As already pointed out (KUMANO and
MIYAHARA 1981), Stephanodiscus carconensis
has been one of the most noticeable phy-
toplankters in Lake Biwa Ko for the last
250,000 years (MORI and HORIE 1975) and is
regarded as a drifted phytoplankter from
Lake Biwa Ko. Probably the Minato Bridge
site was located near the fringe of a lobated
delta of Paleo Yodo Gawa at the horizons
between —32.5m and —24.0m. In accordance
with the appearance of Corbicula japonica,
a brackish mollusk, and many other inter-
tidal mollusks, the dominant species of
diatoms change from freshwater species to
brackish ones at a depth of —26.0 m.
Benthic genera of freshwater diatoms such
as Cymbella, Navicula, Gomphonema, Frag-
tlaria and Pinnularia disappear at a depth
of —240m. Moreover, the freshwater
plankter, Stepahnodiscus carconensis, also dis-
appears at a depth of —23.3m. This fact

Fig. 2. Map showing study sites (Samondo
gawa site and Minato Bridge site), shore line of
Osaka Bay and Kawachi Lagoon at 3,000-2,000
years BP. (after KajivaMA and ITIHARA 1972).
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indicates that most of plankters drifted from
Lake Biwa Ko were deposited in the bottom
of Paleo Kawachi Bay and Paleo Kawachi
Lagoon, which were formed at the period
from 7,000 years BP to 2,000 years BP due
to the Holocene transgression as shown in
Fig. 2 (KannyaMA and ITIHARA 1972). In
fact, KAJivAMA and ITIHARA (1972) found
Corbicula sandai, one of the endemic mollusks
in Lake Biwa Ko, in the inner region of
Paleo Kawachi Lagoon at 3,000-2,000 years
BP.

In the marine diatom zone (M-D Zone),
the dominant species of diatoms changes
from Cyclotella striata, a marine plankter, to
Melosira sulcata, showing a neritic habitat.
‘The proportion of Cyclotella siriata is at its
maximum at a depth of —21.3m, which
horizon shows a radiocarbon age of 5,960
+120 years BP. This fact seems to indicate
that the sea was deepest at the time of that
horizon, in other words, the peak of the
Holocene transgression was at about 6,000
years BP.
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