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FIGURES

Figure 1 A ternary diagram showing how clastic shorelines may be
classified on the basis of the extent to which they are dominated by
river, wave or tidal factors after Boyd et al,(1992) (Carter and
Woodroffe,1994)

Figure 2 Geomorphological map of the northeastern part of the Niigata
Plain

Figure 3 Classification of the sand dune ridges and the distribution
of archaeclogical remains in the northeastern part of the Niigata
FPlain

Figure 4 Geomorphological map of the Sarobetsu Lowland

Figure 5 Classificaticon of the coastal sand dune ridges 1n the
Sarcobetsu Lowland

Figqure 6 Map showing the sampling sites in the alluvial lowlands
around Lake Furen

Figure 7 Map showing the locations of geological sections and the
sampling sites for radiocarbon dating and diatom analysis

Figure 8-1 Geological sections of the northeastern part of the
Niigata Plain

Figure 8-2 Geological sections of the northeastern part of the
Niigata Plain

Figure 9 Geological section of the location g

Figure 10 Columnar section of Loc.5Y

Figure 11 Columnar section of Loc.SB

Figure 12 Diatom diagram of Loc.FK

Figure 13 Diatom diagram of Loc.GS

Figure 14 Diatom diagram of Loc.KJ

Figure 15 Diatom diagram of Loc.MK

Figure 16 Diatom diagram of Loc.TM

Figure 17 Diatom diagram of Loe.TS

Figure 18 Diatom diagram of Loc.SY

Figura 19 Diatom diagram of Loc.SB

Figure 20 Map showing the locations of geological sections and
sampling sites

Figure 21 Columnar sections of the peatland in the Sarcbetsu Lowland

Figure 22 Geological sections of the Sarcbetsu Lowland

Figure 23 Diatom diagram and results of FeS2-85 contents analysis of
Loc.NS

Figure 24 Diatom diagram of Loc.KS

Figure 25 Results of FeS2-5 contents analysis of Loc.HM and Loc.HE

Figure 26 Columnar sections in the alluvial lowlands around Lake
Furen

Figure 27 Diatom diagram of Loc.FU3

Figure 28 Diatom diagram of Loc.BTI

Figqure 29 Diatom diagram of Loc.SKI1

Figure 30 Palaeogecgraphic maps during the Holocene in the
northeastern part of the Niigata Plain

Figure 31 Mean rates of Holocene peat accumulation in coastal
alluvial lowlands of northern Hokkaido

Figure 32 Chronology of Holocene palaecenvironmental changes in the
Sarobetsu Lowland




Figure 33 Schematic incised-valley sequences in a microtidal and

fluvial-dominated setting, as interpreted from the Obitsu River and

Kasumigaura-Kashima lowlands(Saito,13385

Figure 34 Sedimentary sequences of the northeastern part of the
Niigata FPlain

Figure 35 Schematic sedimentary sequences of the peatland of the
Sarcbetsu Lowland

Figure 36 Topography and geology of the drainage basin of the
northeastern part of the Niigata Plain

Figure 37 Topocgraphy and geology of the drainage basin of the
Sarobetsu Lowland

Figure 38 Map showing the locations of coastal alluvial lowlands in
Northeastern Japan

Figure 39 Chronology of Holocene fluvial periods of the coastal
alluvial lowlands in Northeast Japan

Figure 40 Chronology of the Holocene environmental changes of the
mountains and mountain foot in Northeast Japan

Figure 41 Chronology of Holocene climatic changes

Figure 42 Flowchart of the geomorphic developments of the wave-
dominated cocastal lowlands relation to environmental factors

Figure 43 Chronology of the geomorphic develcpments of the wave-
dominated cocastal lowland in Northeastern Japan during the Holocene

Figure 44 Phases of increased fluvial activity in selected area of
temperate zone

TABLES

Table 1 Radiocarbon dates cbtained in the northeastern part of the
Niigata Plain

Table 2 Radiocarbon dates obtained in the Sarobetsu Lowland

Table 3 Radiocarbon dates obtained in the alluvial lowlands around
Lake Furen

Table 4 General features of drainage mountains of the Niigata Plain
and the Sarobetsu Lowland

Table 5 Holocene fluvial periocds of the coastal alluwvial lowlands 1in
Northeastern Japan

Table 6 The periods of the environmental changes at the mountains and
the mountain foot in Northeastern Japan during the Holocene

APPENDIX

Table 1 Radiocarbon dates of the Holoccene coarse sediments of the
coastal alluvial lowlands in Northeastern Japan

Table 2 Radiocarbon dates of the Holocene fine sediments (just below
or above coarse sediments) of the coastal alluvial lowlands in
Northeastern Japan

Table 3 Holocene tephras useful to dating of the Holocene coarse
sediments
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Geomorphic development of the coastal alluvial lowlands and 1ts processes

in Northeastern Japan during the Holocene

Akio OHIRA

SUMMARY

In the Japanese Islands, situated in an active tectonic zone and with a temperate
humid climate, many coastal alluvial lowlands have developed in the lower reaches ol
rivers, These coastal alluvial lowlands have been formed by strong fluvial processes 1n
general, and exhibit thick Late Pleistocene-Holocene deposits that hOlled the mcised
valleys, (ieomorphic development in the coastal alluvial lowlands in Japan 1s closely
related to environmental change s since the Last Glacial maximum such as [luctuations
in relative sea-level. chhmatic changes and tectonic movements, Accordingly, the coastal
alluvial lowlands in Japan offer a valuable case study of geomorphic development and
its processes during the Holocene in detail.

Much of the research since the 1960's concerning geomorphic development ol the
coastal alluvial lowlands and the sedimentary environmental changes in deposits n
Japan are reviewed in Chapter 1. It 1s gene ally thought that fluctuations 1 relative
sea-level are the main factor underlying such changes. According to these researches, it
is assumed that the progradation and retreat of deltas or the formation of transgressive
barriers and strand plaing occurred with relative sea-level changes since the Last
(1lacial maximum. Most studies on the coastal alluvial lowlands and the deposits have
been exclusively focused on relative sea-level changes and the resultant transgression or
regression. However, in addition to relative sea-level changes, changes in the sediment
supply from the upper reaches together with Holocene climatic changes also influenced

the geomorphic development of coastal alluvial lowlands, There are very few studies

that discuss the geomorphic development of the coastal alluvial lowlands i Japan




aspecially the wave-dominated coastal lowlands, from this point of views. By contrasi

there are numerous studies on fluvial environments in the temperate zone over the last
20,000 years m Europe and United States, These studies pointed out that [uvial
activity changed with chmatic changes, causing synchronously glacial advance, lowering
of the forest limit, increased landshdes, solifluction, and dabris Mow activity during the
Holocene. In Japan. situated m the temperate zone of northern hemisphere, it is
considered that the sediment supply from the upper reaches changed periodically as
reflected by fluvial achivity in response to Holocene climatic changes.

The purposge of this study is to reconstruct the Holocene geomorphie development of
the wave-dominaled coastal lowlands of northeastern Japan. paying special attention to
the accumulation of luvial sediments so as to elarify the influence of alternations in the
relative sea-level changes and sediment supply from the upper reaches on geomorphic
development. I also discuss the [luvial activity responses (o Holocene elimatic changes in
northeastern Japan and compare the tendency of such activity with that in the
lemperate zones of Europe and Umited States,

Three regions are included in studies of the Holocene geomarphic development of
coastal alluvial lowlands in northeastern Japan: the northeastern part ol the Nigata
plain in central Honshu (Figure 2); the Sarobetsu Lowland in northern Hokkaido (Figure
4y and the alluvial lowlands around Lake Furen in eastern Hokkaido (INgure 6). Such
studies are based on aernal-photograph interpretation, boring data analysis,
radiocarbon dating by accelerator mass spectrometer, diatom analysis and Fes2 content
analysis to clarify the stratigraphy and sedimentary environments of the Holocene
sediments (Chapter 2 and Chapter 3). Next, I diseuss the relationship between the
eseomorphic development and the changes in relative sea-level and sediment supphes
from upper reaches. These three regions are wave-dominated coastal lowlands teaturing
barriers and strand plains. The Niigata Plain. one of the largest coastal alluvial
lowlands in Japan, is located on the western coast of central Honshu [sland and extends,
with various widths, about 70 kilometers northeast o southwest. [t 18 formed by four

rivers: the Agano, the Kaji, the Tainai, and the Ara. The geomorphic features of this

plain include well-developed rows of beach ridges covered by sand dunes and a lew




Pleistocene terraces that are influenced by longshore currents, strong northwest winds

and tectonie subsidence, The Sarobetsu Lowland, formed by the Teshio River and the
Sarobetsu River and its tributary, 18 a coastal alluvial lowland i northern Hokkado. 1t
is a one of largest peatlands in Japan situated behind coastal dune mdges and
surrounded by the low-rehef Neogene uplands and mountains created by perglacial
processes in the Glacial age. Lake Furen 1s one of the largest maritime coastal lakes n
Japan and is logated in eastern Hokkaido. Several rivers, such as the Furen and the
Bettouga, (Tow into this lake and form peatlands in the dramage basins.

Previous studies on the evolution of these coastal alluvial lowlands mamly discussed
the sedimentary environments of the deposits, the formation of sand dunes. and the
relationship between barrier or beach ridge formations and relative sea-level changes;
they paid no attention to the sediment supply from the upper reaches or fluvial activity
varied l:}' chimatic conditions,

The resulls of the case studies found m Chapters 3 and 4 are summarized as bellows.

1) Northeastern part, of the Nugata Plain

Based on stratigraphy, AMS radiocarbon dates and sedimentary environments, it 1s
cloar that Late Pleistocene-Holocene sediments behind coastal barriers are divided into
four layers: lower sand and silt layer (1.C) of the Latest Pleistocene: middle silt and clay
(MC): upper sand (US); and top alluvial deposits (1) of the Holocene (Figure 8), The
middle silt and clay are considered to have been deposited in brackish lagoons or
estuaries in the early and middle Holocene, judging from the fossil diatom assemblage
composed of marine-brackish species, brackish species and [reshwaler species, The
upper sand layer 1s mainly composed of sand and silty sand mingled with gravel near
the rivers. 1t is considered to have been rapidly formed as deltaie sediments and fluvial
sediments as evidenced by the diatom assemblage in the layer and sedimentary lacies.
The top alluvial deposits are composed of sand, sill, clay and peat considered to have
been deposited in floodplaing, backmarshes and ponds based on the diatom assemblage

in the late Holocene. Coastal barriers, composed of beach ridges covered by aeolian sand

dune, are elassified inte three groups, based on their geomorphological leature.




cadiocarbon dates and archaealogical remains (Figure 3), They are congidered to have

been formed digscontinuously after the middle Holocene 1n response fo relative sea-level
changes and the sediments supply of the rivers,

Holocene geomorphic development of the region 18 summarized as follows. In the early
Holocene, coastal barriers were already developed, and small brackish lagoons or
estuaries formed behind them. In the maximum landward migration of shoreline caused
by Holocene transgression about 6000 BF, transgressive barriers had been formed with
the rise of relative sea-level, and brackish lagoons or estuaries had been spread out
behind them. They were relatively high in salinity because of the influx of seawater
through the tidal inlets. Between about 5400-4800 BP. deltas would rapidly form in the
lagoons or estuaries, and strand plains also rapidly prograded (IFigure 34). It 18 thoughi
that debris lows were active in the drainage basins of the rivers in the middle Holocene
in responge to the active occurrence of heavy rain. As a result, it is considerad that these
rapid geomorphic changes n the coastal lowland were influenced by the mmcrease
coarse sediments from the upper reaches of the rivers and by the relative sea-level fall
After about 4800 BFP. seawater {lowed into the lagoons again, Between about 3400-2400
BP, coast of the strand plain almost approached the present shoreline, and peatlands
were wide spread. 1t 1s considered that these changes were in response to relative sea-
level fall, After about 2400 BP, floodplain and backmarsh were formed and large-scale
sand dune development occurred near the current shore.

All these geomorphic changes are shown in the palacogeographic maps ol Figure 30

2) The Sarobetsu Lowland
Based on sedimentary facies observation of voluminous boring data obtaimed by peat-
corer, AMS radiocarbon dates and the results of diatom and Feb2 content analysis, 1t1s
clear that the Holocene deposits are composed of deltaic sandy sediments, fluvial silty
sediments and peat overlaving marine-brackish lagoonal mud (Figures 21 and 22)
Peat layer and fluyial sediments of the region are interlayered neat the Sarobetsu Kiver

and its tributary (Figure 35). It is considered that the stratigraphy of the upper Holocene

deposits were influenced by Holocene relative sea-level changes and ehmatic changes.




Coastal dune ridges are classified into three groups. including two sub-groups, on the

basis of their distribution and of humic soil in the sediments (Figure 5)

Holocene geomorp hie development of the region 18 summarized as follows. In the early
Holocene. around 8000-7000 BP. brackish lagoons or estuaries had been formed behind
coastal barriers. In the maximum landward migration of shoreline caused by Holocene
transgression about 7000-6000 BP, transgressive barriers had been formed at their
mnermost position with the relative sea-level rise, and brackizh lagoons or estuaries
had been spread out behind them. In this period, peatland was already formed in part of
the reeion. Between about 5500-5000 BP. deltas were rapidly formed in the lagoons or
estuaries, which became small and shallow, forming widespread backmarsh. Sand
dunes began to form covering the barriers. Between about 4500-4000 BP, strand plain
prograded, and peatland rapidly expanded over the backmarsh. It is consudered that the
geomorphic changes about 5500-4500 BP were influenced by the relative sea-level fall
(the so called "Middle Jomon Minor Regression") which is found in several areas ol

Japan. Between about 4000-3000 BP, the peat accumulation continued n large area.

Between about 3000-2000 BP, river floods occurred frequently, and fluvial silty

sediments broadly covered the peatlands, while humic soil formed covering the asolian

sand of coastal dune ridges. It 1s considered that fluvial activity and soil formation were
promoted, as the ¢limatic conditions in this period were cool and humid, After 2000 BP
peatlands expanded again, and dune ridges also prograded.

These changes can be seen in the schematic diagram of Figure 32.

3) Alluvial lowlands around Lake Furen
[t is obvious that the upper Holocene deposits in the alluvial lowlands around Lake
Furen. the Furen River lowland and the Bettouga River lowland. are composed of peat
and peat sediments over delfaic sand (Figure 26). Samples obtained by peat-curer were
used for sedimentary [acies observation, AMS radiocarbon dating and diatom analysis
There are two voleanic ash layers in the peat or peat layer, i.e. the Yausubetsu ash

which fell in about 2000 BP, and the Me-a ash which fell in about 200 BP from

Mt.Komagatake or Mt. Tarumai in southern Hokkaido.




In the Furen River and its tributary alluvial lowlands. it as ¢lear that two periods

mark the beginning of peat or peaty sedimen! accumulation: about 4500-4100 BI' and
about 2800-2600 BP. It is considered that peat accumulations in the tidal flats ol the
delta fronts may have influenced the fall of lake-levels in direct response to relative sea-

level falls, which are found in several areas ol Japan.

The results of these case studies confirm thal relative sea-level changes mainly
influenced the evolution of these coastal alluvial lowlands. For instance, transgressive
barriers developed with the rising of relative sea-level during the early to middle
Holocene. During the late Holocene, deltas and strand plains rapidly prograded and
peatlands rapidly formed with minor falls in relative sea-level, However. it is considered
that the evolution of the wave-dominated coastal alluvial lowlands was also influenced
by an inerease in the sediment supply from the upper reaches during active fluvial

pPracesses,

In order to clarily the Muvial activity during the Holocene in northeastern Japan
sedimentary periods of fluvial coarse sediments in the coastal lowlands and periods of
mass-movements in the mountain slope are shown next. using previous studies of
northeastern Japan, and comparing these periods featured in Chapter 5. This leads to
the conclusion that there were active periods of {luvial sedimentation in the coastal
lowlands: about 10000-9000 BP: about 8000 BI’ in the early and middle Holocene
judging from sparse data; about 55600-5000 BFP: and about 3500-2000 BF m middle ani
late Holocene (Figure 39 and Table 5). Furthermore, mass-movements were aclive
about 6000-5000 BP and 4000-2000 BP (Figure 40 and Table 6). It 1s considered that
these periods are almost synchronous, and that fluvial activity was actlive in Lhese
periods, caused by climatic conditions and resultant slope stability. These assumptions
are based on the style of mass-movements and the palynological data colleeted by the
previous studies on northeastern Japan (Figure 41). In 5500-56000 BP, heavy rains often

occurred, and a warm to cold climatie shift caused unstable slope conditions in lorest

zomes. In 3500-2000 BP. the climate was so cold that the pemglacial process was




mitiated in hich mountains, and glope conditions also became unstable because of

vegetation changes in response to the chimatic shift n forest zones. These active fluvial
periods almost correspond with the periods of relative sea-level fall which are found in
many areas of Japan.

[n conclusion, the Holocene geomorphic development ol the wave-dominated coastal
lowlands and its processes is displayed in Figure 42 and Figure 43, It 1s clear that the
ceomorphic development of the wave-dominated coastal lowlands in northeastern Japan
was controlled by two major processes: relative sea-level changes; and sediment supply
from upper reaches with fluvial activity in response to chimatic conditions, which are
treated in Chapter 6. In particular, the evolution of the coastal alluvial lowlands n
northeastern Japan after the middle Holocene, 1.6., delta and strand plain progradation
was accelerated by the relative sea-level fall and the increase in sediment supply from
upper reaches which synchronously occurred in 5500-5000 BP and 3500-2000 BP when
climatic changes took place and fluvial activity was activated,

As a result of the comparigson between the fluvial activity in northeastern Japan
assumed by this study and that in the temperate zones of Furope and the United
States. it is clear that the two tendencies are similar (Figure 44). It 1s considered that
(luvial activity in northeastern Japan may correspond to widespread synchronous
behavior in Holocene fluvial activity elsewhere, which derived from regimes of large-

scale atmospheric circulation.

Key words: coastal alluvial lowland, geomorphic development, wave-dominated coasl,

barrier. strand plain, relative sea-level changes, climatic changes, sediment supply,

fluvial activity, peatland, Holocene, northeastern Japan
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Figure 7 Map showing the locations of geological sections ond the sampling sites for
radiocarbon dating and diatom anolysis
a~g : location of geological sections
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Figure 8-1 Geological sections of the northeastern part of the Niigata Plain
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Figure B-2 Geological sections of the northeastern part of the Niigata Plain
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Table 1 Radiocarbon dates obtained in the northeastern part of the

Niigata Plain

SAMPLING LOCATION ELEVATIONm(DEPTH) MATERIAL 14 C dates(yrsBP) LAB . NO REFRERENCE
Fukushimagata(F K) =3 15~~-9.45 wood Fraog. 4,8101110 NUTA-1336 This study
=23, 153~=25.45 wood fraog. 9.6001 2580 NUTA-1211 it
Toyosaka(T 5) -1.78~-1.75 peat 2,4801 160 MUTA-1271 it
-2 . 9@~<2.95 peat 3. 3891130 NUTA-1338 "
Sasagagami 8.55~0.50 peat 5, 7001210 NUTA-1278 "
Shibata Sumiyoshi(s YD) 2.15~2.45 wood frag. 4. 16014130 NUTA-1698 "
=4, 15~~=4_45 wood frag. 5,918 110 NUTA-1689 "
9. 15~=-5.45 wood (rag. 5,391 110 NUTA-1785
14 15~-14 45 wood frag. . 7381160 NUTA-1692 H
KajigawallkK J ) 17.B5~-19.15 humus 21,2791 310 NUTA-1838 ]
Murakomi (M K 27.09~-27.29 humus 22,3401 360 NUTA-1339 g
-33.09~~33.29 humus 21 6601378 GakK-14588 L
Sutbaral S B) -5.15~=5_47 wood frag 5,660 146 NUTA-Z263D N
17.15~=17.45 wood frag. 7. 0901226 HUTA-Z2631 "
Niigato Higashi Harbour ca.-8 wood 2,3401£1325 TH-119 Mogi{198@)
Fukushimagata Housuiro -7 . 58~-7.68 wood [rag. 5,358 155 Komol et al.(1998)
-9.B8~-9_98 wood frag. 5,4201L 200 L
=54 . 58~=59. 83 peat 34 3001 1,409 o
-59.83~-08.08 peal 10, 6001 GO "
-74.58~-74.78 peat >37 800 "
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Figure 20 Map showing the locations of geological sections and sampling sites
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Figure 22 Geological sections of the Sarobetsu Lowland
Legends are the same as in Figure 21




e -
Jh'_.- 2 1.11:.'

Table 2 Radiocarbon dotes obtoined in the Sarobetsu Lowland

Hu o BTG U0 EAT

SAMPLING LOCATION ELEVATIONm(DEPTH) MATERIAL "C dates(yrsBP) LAB.NO REFRERENCE
NishitovotomitN S) 5.068 Apeal 1.97@1298 NUTA-ZB7TE This study
3.85 wood frag. 2,250 280 HUTA-2202 "
Z2.38 peal 1,960L249 NUTA-Z2181 #
2.85 peal i,5401270 HUTA-2182 H
1.45 peal 3,3801L 160 NUTA-2627 i
1.35 Apeat 3,920 160 NUTA-2628 L
1.15 plant frag. 5,118+270 NUTA-2629 "
Toyotomi Ashikawa( [ O 1.71~1.21 pedt 3, 211318 NUTA-Z27083 o
(aA) 2.10~1.60 pealt 2,2481 180 NUTA-2633 L
Toyotomt Ochioi(K 5) 4.25 peat 1,972+ 450 NUTA-2183 i
4.15 Apeat 1,980+ 280 NUTA-2281 o
Toyotomi Houtoku(H T 2.85 Apeat 1,8601230 NUTA-2198 i
Minamitoyotomi(M T ) 5.60 peat 1,2381250 NUTA-2199 i
3.20 Apeal 4, 270 L4508 NUTA-Z2Z08 o
Wakkasakanai (W A (1.48) Apeat 1, 7901230 NUTA-2743 i
Horonobe Otonrol (Z2.78) peatl 1,8201170 NUTA-2742 "
(HM) - 26,5 wood Trog. f, 390270 NUTA-Z7 44 "
Toyotomi Seimei 7.5 Corbicula sp. 6,370L110 GakK-6623 Sakaguchi(1979)
Toyotomi Houtoku -7.36~-7.40 (rassostrea gigos 11,9181 7270 Gok-8718 Akamatsy et ol (1981)
Houtoku upland just below dune sand  humus 5, 760160 N-4568 Naruse et al.(1984)
Toyotomi Toyosato in dune sand charcoal 380160 N-2567 "
Shimonuma(S B 4 ) 1.733~1.713 peat 2,860+t 60 TK-637 Sakaguchi et al.(1985)
1.483~1,3E3 peal 3,620:L40 TE-G38 i
©.993~0.883 peak 3,5580L70 TK-639 "
-9.107~-8,137 peak 4,000 160 TK-64@ n
-8.617~-8.637 Apeat 4 650170 TE-G41 N
-5.617~-5.667 wood frag. 7,580+ 60 TK-642 "
-1/ alli~=17.617 11,8001+ 100 TE-b43 4
-26 ., 437~-26.487 8,760 80 TK-644 4
-26.537~-26.587 9,360 190 TK-657 w
-34 . 067~—-34_117 14,5001 100 TK-645 ”
42 41T ~-42 46T 11,0001 100 TE-B16 "

Alowermost part of peat layer
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Table 3 Radiocarbon dotes obtained in the olluvial lowlands around Lake Furen

51'I|. .-'{: 14 'L‘ '1 ]li-..

SAMPLING LOCATION ELEVATIONm{DEPTH) MATERTAL U dates(yrsBP) LAB . NU REFRERENCE
R.Furen{ F LU 23 (@.48) below Me-a peat 136+128 NUTA-1693 Ohira et ol.(1994)
{1.52) below Yausubetsu peat 1,578 1168 NUTA-1695 "
(1.78) A peat 2, 7401300 NUTA-2875 "
(£.18) peat 4,3101199 NUTA-1786 "
R.Furen(F U 3) (1.48) Apeat 2,630 +200 NUTA-Z2B74 i
(1.45) Apeat 2, 7801310 NUTA-Z2848 i
(1.85) wood frag. 2,930 1300 NUTA-1998 "
(2.48) wood frag. 3,730 1 300 NUTA-Z2838 it
R.Furen(S K 1) (3.1@) Apeat 4,118 1280 NUTA-2B876 "
(3.45) Apeat 4. 5001410 NUTA-1996 L
(3.8%) wood frag. 4 Ep@t518 NUTA-1997 L]
R.Ponyausyubetsu (1.8@) peat 10,580 1 240 NUTA-1704 "

Alowermost part of peat layer
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