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Processes in the Holocene Development of

Coastal Ridges in Japan

Akiko Matsubara

I. Introduction

　The coastal lowlands of the Japanese Islands can be classified into alluvial fans, alluvial 

deltas, and sand or gravel ridges-backmarsh complexes. Alluvial fans develop at river 

mouths with high coarse sediment supply and face towards steep sea bottoms, such as the 

Fuji River fan along the Suruga Bay and the Kurobe River fan along the Toyama Bay. Alluvial 

deltas dominate in the coast of the inner part of bays and have been supplied with high level 

of fine sediment. The Nobi and Tsukushi lowlands are typical deltaic lowlands. Coastal ridges 

developed in sand or gravel ridges-backmarsh complexes are usually parallel to the shore 

and represent former coastal barriers and beach ridges. Among these three types of coastal 

lowlands, the ridge-backmarsh complexes are the most extensively distributed along the 

Japanese coast （Tab.1, Fig.1）.

　The purpose of this paper is to review the past studies on the development of coastal 

barriers and beach ridges in Japan, and clarify the characteristics of processes in the 

development.

　Studies on the geomorphic development of the coastal lowlands in Japan have mainly dealt 

with the land-forming stage during the late Holocene. Regarding the studies on the coastal 

ridges, most have been on the development of beach ridges when the sea level stabilized or 

slightly lowered during the late Holocene. Some studies have dealt with the formation of 

barrier complexes when the sea level was rising before the culmination of the transgression 

in the early to mid Holocene （Moriwaki, 1979; Suzuki and Saito, 1987）. However, they have 
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No. Lowlands or Lakes Type A B Literature

1 Sarobetsu lowland b ○ ○ Akamatsu et al.(1981), Sakaguchi et al.(1985), 
Ohira(1995)

2 Lake Saroma a ○ Hirai(1987, 1994)

3 Tokoro lowland b ○ Sakaguchi et al.(1985) Hamano et al.(1985), 
Matsubara(2000)

4 Notsuke spit f-1 Takano(1978)

5 Lake Furen a Ohira et al.(1994)

6 Kushiro lowland b Okazaki(1960a,b)

7 Ishikari lowland b ○ Uesugi · Endo(1973), Matsushita(1979)

8 Yufutsu lowland c △ Moriwaki(1982)

9 Lake Tsugaru-jusan a ○ Onuki et al.(1963), Minoura · Nakaya(1990)

10 Aomori lowland b Matsumoto(1984)

11 Tanabu lowland d-2 Matsumoto(1984)

12 Lake Ogawara a ○ Hirai(1983, 1994), Ishizuka · Kashima(1986)

13 Noshiro lowland a,b ○ Mii(1960), Shiraishi(1990)

14 Akita lowland c ○ Mii(1960), Moriwaki(1982), Matsumoto(1984), 
Shiraishi(1990)

15 Shonai lowland e ○ Ariga(1984)

16 Ishinomaki lowland c Matsumoto(1984)

17 Sendai lowland b ○ Matsumoto(1981,1984), Ito(2003)

18 Niigata lowland b △
Niigata Ancient Dune Research Group(1974); 
Moriwaki(1982), Nakagawa(1987), Ohira(1992), 
Tanaka et al.(1996)

19 Lake Kamo a △ Kobayashi et al.(1993), Hirai(1995),
Nguyen et al.(1998)

20 Iwaki lowland c Fujimoto(1988)

21 Lake Kasumigaura a ○ ○ Saito et al.(1990), Hirai(1994)

22 Kujukuri lowland c ○ Moriwaki(1979)

23 Obitsu River lowland e Kaizuka et al.(1979)

24 Futtsu lowland f-2 △ ○ Kayane(1991)

25 Tateyama lowland c Matsubara(1995), Fujiwara et al.(1997)

26
Sagami River
lowland

e ○ ○ Ota · Seto(1968), Kaizuka · Moriyama(1969),
Matsubara(2000)

Tab.1　Studies on development of coastal ridges in Japan
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27 Matsuzaki lowland d-1 △ Matsubara et al.(1986), Matsubara(1988, 2000)

28
Ukishimagahara 
lowland

b ○ Matsubara(1984, 1988, 2000)

29
Shimizu lowland
Miho spit

c

f-1
△ ○ Matsubara(1988, 1999, 2000)

30 Haibara lowland d-2 ○ ○ Matsubara(1988, 2000)

31 Lake Hamana a ○ Saito(1988), Matsubara(2000, 2001, 2004)

32 Utsumi lowland d-2 △ △ Maeda et al.(1983)

33 Toyama Bay lowland b Fuji(1975)

34 Lake Kahokugata a ○ ○ Fuji(1975), Kaseno et al.(1990)

35 Fukui lowland b ○ Fuji(1975)

36
Osaka and 
Kawachi plains

b Kajiyama · Itihara(1972)

37 Mihara lowland e Takahashi(1982)

38 Amanohashidate a △ Hirai(1995)

39 Tottori lowland a ○ Akagi et al.(1993)

40 Lake Nakaumi a ○ Mizuno et al.(1972), Tokuoka et al.(1990),
Sadakata(1991), Hirai(1994)

41
Lake Shinji
Izumo lowland

a

e
○ ○ Tokuoka et al.(1990), Hayashi(1991),

Hirai(1994)

42 Suonada lowlands
b,

d-1, e
○ Shiragami(1983)

43 Kochi lowland b Sadakata et al.(1988)

44 Tamana lowland e Nagaoka et al.(1997)

45 Miyazaki lowland c ○ Nagaoka et al.(1991)

46 Kimotsuki lowland d-2 ○ Nagasako et al.(1999)

a. barrier-lagoon complexes  b. barrier-backswamp complexes  c. beach ridge plains d. valley 

plains(d-1. barrier-backswamp, d-2. beach ridges)  e. delta-beach ridge complexes  f. others(f-1. 

barrier spits, f-2. cuspate forelands) 

A: Presence of barriers during the early to mid Holocene, B: Presence of basal landforms of 

barriers.  ○ indicates the presence of barriers, or the presence of basal landforms of the barriers.  

△ indicates these presence without any definite evidences

No.  Lowlands or Lakes Type A B Literature
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not made clear enough the development of barriers and beach ridges through the Holocene. 

Matsubara （1988; 2000） reconstructed the palaeoenvironmental changes of the bays along 

the Suruga Bay on the basis of the analysis of fossil foraminiferal assemblages in the bore 

hole cores, and then clarified the geomorphic development of the coastal lowlands during the 

Holocene （Fig.2）. These case studies indicated the processes in the development of barriers 

while the sea level was rising during the early to mid Holocene, and also in the development 

Fig.1　Distribution of coastal ridges in Japan

　　　　Each number corresponds to that in Table1.
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Fig.2　 Palaeogeographical maps in the coastal lowlands along the Suruga Bay during the 

Holocene

　　　 a. mountains and hills; b. coastal ridges; c. sea; d. alluvial fans; e. backswamps.
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of beach ridges when the sea level stabilized or slightly lowered during the late Holocene.

II. Classification and distribution of coastal ridges in Japan

　The coastal lowlands composed of sand or gravel ridge-backmarsh complexes and the 

coastal lagoons can be classified into six types （a） to （f） as below, according to the present 

landform.

（a） Barrier-lagoon complexes （barrier systems）: Lagoons develop behind coastal barriers 

such as in Lake Saroma （No. 2 in Tab.1 and Fig.1）, Lake Kasumigaura （No. 21）, Lake 

Hamana （No. 31） and Lake Nakaumi （No. 40）.

（b） Sand or gravel ridge-backmarsh complexes: Marshes or swamps develop behind the 

coastal ridges. Beach ridges’ width are narrower. For instance, this type of lowlands 

develops in the Tokoro （No. 3）, Ishikari （No. 7）, Niigata （No. 18） and Ukishimagahara 

（No. 28） lowlands.

（c） Beach ridge plains （strand plains）: Beach ridges widely developed such as in the 

Kujukuri （No. 22）, Shimizu （No. 29） and Miyazaki （No. 45） lowlands.

（d） Valley plains: Coastal ridges developed to enclose the past buried bays. The （d-1） type 

is valley plains with ridge-backmarsh complexes, such as in the Matsuzaki （No. 27） and 

Suonada （No. 42） lowlands. The （d-2） type is valley plains with beach ridges, such as 

in the Tanabu（No.11） and Haibara （No. 30） lowlands. 

（e） Delta-beach ridge complexes: Both deltas and beach ridges well developed, such as in 

the Shonai （No. 15）, Sagami River （No. 26） and Izumo （No. 41） lowlands.

（f） Others: The （f-1） type is barrier spits such as in the Notsuke （No. 4） and Miho （No. 

29） spits. The （f-2） type is cuspate forelands such as in the Futtsu lowland （No. 24）. 

III. Geomorphic development of coastal ridges during the Holocene

1. Distribution and development of the coastal ridges in the world

　Barrier islands widely distributed along wave-dominated and stable trailing edge coasts 

（Davis, 1994a; Koike and Ota, 1997）. The primary requisites for formation of the barriers 
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are sedimentary supply, processes of developing and maintaining the barriers, and 

geomorphic setting （Davis, 1994b）.

　The origin of barrier islands has been discussed for a long time. There were three main 

theories about the origin of barrier islands: （1） the drowning of coastal ridges （Hoyt, 1967）; 

（2） the emergence of shallow sand bar （Otvos, 1970）; （3） the growth of spit （Fisher, 1968）. 

It is considered that there are various origins depending on region,  period, and other setting. 

However, from the developmental point of view, the rise in sea level during the Holocene 

was common and major factor in the development of the coastal barriers （Davis, 1994b; 

Trenhaile, 1997）. Before 7000 BP during the Holocene,  the sea level rose rapidly. 

Therefore, there was no stable shoreline to exist long enough to develop barrier islands. On 

the other hand, around 7000 to 6500 BP, the rate of sea level rise slowed. Then, shoreline 

positions became more stable and molded the coasts （Davis,  1994a）. Generally, barriers 

were developing and transgressing landward when the sea level was rising rapidly. On the 

other hand, the beach ridges began to develop seaward when the sediment rate became 

higher than the rate of the rise in sea level.

　Beach ridge plains well develop along the north coast of Canada, the Gulf of Mexico,  and 

the southeast coast of Australia. The development of beach ridges are considered to be 

related to the various conditions, such as waves, storms, sediment supply, the sea level 

changes, and isostatic crustal movements （Tanner, 1988; Mason, 1993; Mason and Jordan, 

1993）.

2.  Geomorphic development of coastal barriers and beach ridges in relation to 

the sea level changes in Japan

　A common pattern in the relative sea level changes around Japan is that the sea rose 

above the present level （Pirazolli, 1991; Bird, 2000）. It is known that the sea level generally 

reached its highest level （3 to 5 m higher than at present） at around 6000 BP. After the 

culmination of the Holocene transgression, the sea level stabilized, or even lowered slightly, 

and has since changed with minor fluctuations （Ota et al., 1982; Ota et al., 1990; Umitsu, 

1991）. Geomorphic evolution of the coastal lowlands was deeply influenced by the Holocene 

sea level changes.



―80―

Processes in the Holocene Development of Coastal Ridges in Japan

―81―

　Common processes in the development of coastal barriers are recognized on the basis of 

the palaeoenvironmental changes in seven study areas （Matsubara, 2000; 2002）. These 

areas are Lake Hamana（barrier-lagoon complexes）, the Tokoro and Ukishimagahara 

lowlands （sand or gravel ridge-backmarsh complexes）, the Shimizu lowland （beach ridge 

plains）, the Matsuzaki lowland （valley plains with ridge-backmarsh complexes）, the Haibara 

lowland （valley plains with beach ridges）, and the Sagami River lowland （delta-beach ridge 

complexes）. Three stages in the development of barriers are recognized in the following 

manner （Fig.3）.

Ⅰ.  Initial period of formation of barrier:  Before 7000 BP, when the rate of the rise in 

sea level was higher than the sedimentation rate, the bays were formed by the 

Holocene transgression. At this stage, barriers had not yet emerged, though the basal 

deposits in the barriers began to accumulate. The bays were expanding by the 

transgression without regard to the differences of the antecedent topography and 

sediment supply. 

Ⅱ.   Initial period of enclosure by barrier: Around 7000 to 6000 BP, the sedimentation 

rate became higher than the rate of the rise in sea level. The facies of the marine 

deposits had no lithologic changes. Therefore, the cause of the relationships between 

the sedimentation rate and the rate of sea-level rise, is not the change in the rate of 

sedimentation, but the change in the rate of the rise in sea level. This suggests, then, 

that the rate of the rise in sea level was decreasing around 7000 to 6000 BP. Then, the 

sea level was stable or slightly lowered just after the culmination of the Holocene 

transgression about 6000 to 5000 BP （Ota et al., 1982, 1990; Pirazolli, 1991; Umitsu, 

1991）. At the period between 7000 and 5000 BP, barriers emerged and began to enclose 

the bays, and the bays changed into lagoons.

　　 　Previous studies implied that the coastal barriers began to form before 6000 BP in 

the Sarobetsu （Sakaguchi et al., 1985; Ohira, 1995）, Ishikari（Matsushita, 1979）, 

Niigata（Moriwaki, 1982）, Sendai （Matsumoto, 1981; 1984; Ito, 2003）, Yufutsu 

（Moriwaki, 1982）, Kujukuri （Moriwaki, 1979）, Miyazaki （Nagaoka et al., 1991）, and 

Kimotsuki （Nagasako et al., 1999） lowlands.

Ⅲ.  Final period of enclosure by barrier:  Around 6000 to 5000 BP, when the sea level 



―80―

Processes in the Holocene Development of Coastal Ridges in Japan

―81―

Fig.3　Holocene development of coastal barriers and beach ridges in Japan

1. the period when basal deposits in barriers accumulated

2.  the initial stage of barrier enclosure inferred from analysis of fossil foraminiferal assemblages or 

sedimentary facies

3. the final stage of barrier enclosure

4.  the final stage of barrier formation based on 14C ages of bottom of peat or periods of 

archaeological sites on coastal barriers

5. the final stage of barrier formation (uncertain)
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was stable or became lower, the barriers finished enclosure and changed the lagoons 

into marshes. Then, beach ridges began to develop seaward of the barriers.

　　 　The period of the development of the innermost beach ridges in the Ukishimagahara 

and Shimizu lowlands corresponds to the first phase on the regression after the 

culmination of the Holocene transgression around 5000 to 4000 BP （Ota et al., 1982; 

1990）. In the previous studies, similar results have obtained from the Sarobetsu, 

Yufutsu, Kujukuri, Miyazaki and Kimotsuki lowlands. The second beach ridges in the 

Ukishimagahara, Shimizu and Sagami River lowlands developed about 3000 to 2000 BP, 

when the second phase on the regression was recognized （Ota et al., 1982; 1990）. 

Similar results have obtained from the Sarobetsu, Sendai, Kujukuri, and Miyazaki 

lowlands.

　The differences in the development of coastal barriers can be recognized from the period 

of enclosure by the barriers.  The controlling factors of both the barriers’ development and 

the landforms of the coastal lowlands are tectonic movements, the basal topography of the 

coastal lowlands and the sediment supply. In the case study of the geomorphic development 

of the Ukishimagahara lowland, it can be recognized that the subsidence of a coastal barrier 

and an earlier enclosure of the bay by the barrier occurred from the tectonic movement of 

the downtilting landward.  Furthermore, from the comparison of the Matsuzaki and Haibara 

lowlands, the presence of basal landforms in a coastal lowland, along with an abundant 

sediment supply, accelerated the development of a coastal barrier and beach ridges 

（Matsubara, 2002）.

3. Relationships between development of coastal lowlands and human settlement

　According to the results of the development of coastal lowlands and the changes in human 

activities in the Ukishimagahara, Kano River and Shimizu lowlands, the relationships 

between them were recognized in the followings （Matsubara, 2003）.

　In the Ukishimagahara lowland, humans began to advance on the coastal barrier around 

4000 BP. Subsequently, human settlement moved as the beach ridges developed seaward of 

the barrier.  Moreover, tectonic movement （westward and landward downtilting） and 
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volcanic activity （scoria fall） caused the abandonment of the settlement on the coastal 

barrier around 1500 BP. Although humans had settled on the coastal ridge in the Kano River 

lowland since 3000 BP, volcanic activity disrupted their establishment in the ridge.  In the 

Shimizu lowland, human settlement extended seaward along with the development of the 

coastal terraces and ridges.

　Around 4000 BP, in the Ukishimagahara lowland, humans began to advance onto the 

coastal barrier, which finished enclosing the lagoon behind it about 6000 BP. In the Shimizu 

lowland, humans began to settle in about 3000 BP on the coastal terrace formed ca. 6000 BP.  

In addition, around 2000 BP, human activities were underway both on the coastal ridges, 

which finally enclosed the lagoon ca. 4000 BP, and on the Miho spit formed almost at the 

same period.

　The chronology presented here indicates that humans began to advance and settle on the 

coastal terraces and ridges thousands of years after the final stages of their formation. The 

reason for the time lag is inferred from the fact that it took thousands of years for those 

landforms to become stabilized and free from the influence of sea water.

IV. Conclusions

　The processes of the geomorphic development of the barriers and beach ridges are 

clarified in relation to the relative sea level changes during the Holocene, in the following 

manner.

　The basal deposits in the barriers began to accumulate before 7000 BP, at the time of the 

lower sea level during the Holocene transgression.  However, the bays were expanding by 

the transgression without regard to the differences of the antecedent topography and 

sediment supply, and the barriers had not yet emerged.

　The rate of the rise in sea level decreased around 7000 to 6000 BP, and the sea level was 

stable or slightly lowered about 6000 to 5000 BP.   During these periods, the barriers 

emerged and began to enclose the bays.

　When the sea level became lower about 6000 to 5000 BP, the barriers finished enclosing 

the bays and beach ridges began to develop seaward of the barriers.  The periods of the 
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development of the beach ridges correspond to the two phases on the regression after the 

culmination of the Holocene transgression around 5000 to 4000 BP and 3000 to 2000 BP, 

respectively.
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