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Palynological Investigation of the Holocene Hojozu Submerged
Forest in Toyama Prefecture, Central Japan*

——Palynological Investigations on the Quaternary System in Japan (3)——

Norio FUJI**

TTAJIMHOJIOrMYECKHUE HCCJIENOBAHMS 3AXOPOHEHHOT'O JIECA
XO12KO3Y B I'OJIOLIEHE, INMPE®EKTYPA TOMSIMA*
LEHTPAJIBHAS ATTOHUY
NAJIMHOJIOTMYECKHE HMCCJIENOBAHHS YUETBEPTHUHOM CUCTEMBI SITIOHWMU (3)

Hopuo &Y KM #**

AHHOTALIUS

Pe3ynbTaTh najMHOJOrMYECKUX MCCEAOBaHMH 3aXOPOHEHHOIO Jeca Xoaxo3y caeayiomme:

(1) BospacT ¢oOpMHPOBaHHS 3aXOPOHEHHOTO JIECA MOMET OBITb JHOO CaMBIM MO3ZAHHH
SlofickuM, JM60 CaMbIM DaHHMM IEPHOAOM APEBHMX TPOGHMI, T.e. 1600-1500 seT TOMY
HasaZx.

(2) Tlo najgMHOJOTMYECKMM,  CTPATHIPadHUYECKHM U PaaHONIOTHYECKHM  JdHHBIM
uccae10BaHKil BOSPACT (OPMHPOBAHHS MHOMHX AEPEBLEB COCTABASIONIMX 3aXOPOHEHHBIH Jec
Xonx03y, NPOU3PACTABLINX B AaHHOM DaiiOHe, MO BCeit BEpPOSITHOCTH 4000-1500 ser.

(3) Tlpuumna ¢opmuPOBaHHA 3aXOPOHEHHOTO Jieca Ghld, NO-BUAHNMOMY, NOZHATHE YDOBHSA
MOpsl, uTO Gojiee BEPOSITHO, YeM TOTPyKeHHe GeperoBOH JIMHUM BAOAL GyxThl TofiaMa. To
TIOJHATHE YPOBHsI MODSi M3BECTHO Kak Slofickasi TpaHcrpeccus.

(4) TlaneoknumaT, B KOTOPOM NPOHM3PACTANH JePeBbs A0 OOPAa3OBAaHHS MOTDPYKEHHOTO
(3axopoHeHHoro) seca Obl1 xonozHee, yeM B Hacrosuiee Bpems. Temmepparypa Gblia
NpUGIH3UTENbHO Ha 1-2° HIXe cpeAHell TeMmmepaTypa B COBDEMEHHOE BpEMsL. Bpems
NOXOJMIOAA@HHS MOXHO CPaBHUTbL CO BPEMEHEM HE3HAYHTEJbHOTO OMYCKAHWsI YPOBHS MOPS, 4TO
COOTBETCTBYET CepejuHe TPeThero EMOHCKOro mepuona-camomy nos3aHemy Slofickomy Bpe-
MeHH, JHGO CaMOMy PaHHEMY IepHOJIy APEBHHX IPOGHHIL.

*: Received September 7, ’73; the Contribution from the Institute of Earth Science, Faculty of
Education, Kanazawa University, New Series No. 36; read June 25,’65, at the 90th Meeting
of the Palaeontological Society of Japan held at Kanazawa University.

*¥: Institute of Earth Science, Faculty of Education, Kanazawa University.
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Introduction

The Hojozu district is situated in the innermost part of Toyama Bay, being chara-
cterized by the deltaic deposits, typical fans, Lagoon Hojozu, some submerged forests
and some drowned valleys.

The Hojozu forest was reported first by the late I. Isuu (1936). He stated as a good
evidence showing the subsidence of ground (Isum, I. 1938, 1940-1941}. He referred to
Wakimizu’s opinion that the submerged forest, which was subjected to sudden sinking,
was represented only by immersed trunks. Isau concluded that the coast of Toyama
Bay had been submerged at the rate of only 2.16 meters in 1,000 years and the age
of formation of the forests around Toyama Bay might be about 50,000 years ago.

The present writer was studying on the coastal sand dunes and Holocene alluvial
deposits with peat layers and ancient forests of the Hokuriku region. The scope of
this article is the determination of the age of this forest, palaecclimate, geographical
environments and origin of the submerged forests. The present report is the third
paper of the series, “Palynological Investigations on the Quaternary System in Japan”.

Geological Description

The Hojozu district is geologically characterized by the deltaic area, typical fans
and some submerged forests as the Yokata forest.

The deltaic area named as the Imizu plain is a wide plain and might have been
formed by such rivers as Sho River, Jinzu River and Joganji River. The fan is
divided into two areas as the Joganji area and Shogawa-Oyabe area. The Pleistocene
terraces are developed between these fans, juting out into the deltaic area.

Lagoon Hojozu, in which the New Toyama Harbour was constructed abou ten years
ago, is situated at the coast between the Sho and Jinzu rivers. In this district the
coastal sand dune extends only to near Lagoon Hojozu.

The Holocene deposits are most typical in the Imizu deltaic area, where the rela-
tionship between the Pleistocene and Holocene deposits is known better than those in
the other areas of Hokuriku region. The boundary between the Pleistocene and Holo-
cene deposits is found at a depth of 46 to 50 meters below the present sea level at
the present coast.

The sediments during the Holocene major transgression named as the Flandrian
transgression are mainly composed of mud, muddy sand and sand. Judging from the
some well drilled in the area of the lower part of the Jinzu River, the gravel layer
which overlies the Holocene transgressional deposits are found between about 20 meters
and B meters below the present sea level in the coastal areas. The layer shows a
remarkable distribution at an altitude of about 10 meters above the present sea level
of the northern slope of Mt. Kureha-yama near Toyama City, and extends continually
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Fig. 1 Index map showing the locality of the samples and the topography around the Hojozu
district, Toyama Prefecture.

X: sampling locality

the gravel layer of the lower Jinzu River above-mentioned. The gravel layer might

have been a fan during the Flandrian transgressional and regressional ages.

This district is famous for the drowned valleys and submerged forests. There are
the drowned valleys beneath the present alluvial fans formed by the Jinzu and Sho
revers, being traced to the submarine canyon offing the mouths of above-mentioned

rivers. The submerged forests are found at a depth of & meters to 10 meters below

the present sea level and about 150 meters offshore of Uchi’idega-hama beach, Toyama
and 2 meters below the present sea level at about 100 meters offshore of Shin-minato.
Those geological and topographical phenomena suggest that a land was probably sunk

in the geologically recent age, perhaps during the last 3,000 years.

The submerged forests have been found from some localities along the coast of
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Toyama Bay since a discovery of the Uozu
submerged forest. The Hojozu submerged forest

called in this article includes the Uchi’idega-~

hama and Yokata forests. The identified erect
| white sand  gtumps are Fagus crenata Brume., Juglans
1 " ailanthifolia, Quercus glauca Truns., Q.
R ‘ serratea Tuuns., Cercidiphylium japonicum

Sies. et Zucc., Machilus Thunbergii Sies. et

present sea-level peat

clay Zucc., Hovenia dulcis Tauxs. and Camellia
5’8020@ gravel Sp.
OQDOS The geological succession of the Hojozu

. district is classified into six layers, that is,
Fig. 2 Columnar section at the Locality . .
No. 143 of the Hojozu district, gravel (1 meter in thickness), clay (0.5m), sand
Toyama Prefecture. (0.6m),clay (0.5 m), dark brown peat (1 m)

and sand (3 m) layers in ascending order. The

gravel layer is considered to belong to the fan deposits which were sedimented during
the Holocene regressional age. The erect stumps might have grown on the clay and
sand layers. The peat layer is not found in the lowland area, being overlain by the

New sand dune.
Radiocarbon “C Dating of Erect Stumps

Some samples from the erect stumps and the peat layers found in the Hojozu
submerged forest were dated by Dr. Kicosur of the Gakushuin University, Tokyo and
the result of “C dating is as follows:

(1) Code No. GaK-539; a peace of the erect stump found from the sea bottom at about
100 meters offshore of Yokata, Toyama City; sampling by Tamotsu Taxask; 2,780+
90 years before A.D. 1950.

(2) Code No. GaK-541; a peace of the erect stump from the mouth of the Jinzu River,
Toyama City; sampling by Shoji Fuj; 1,950+110 years before A.D. 19560.

(8) Code No. GaK-560; a peace of dark brown peat below a rice-field soil of Hakko,
Shimo-mura; sampling by the present author, Norio Fujr and Tamotsu Takasg;
3,780+100 years before A.D. 1950.

(4) Code No. Gak-562; a peace of dark brown peat from the coast of Hama-biraki,
Shin-minato ; sampling by the present author; 1,400+90 years before A.D. 1950.
The result of “¥C dating above-mentioned is comparable to the result of “C dating

of some erect stumps from some submerged forests as Uozu and Asahi forests situated

along the coast of Toyama Bay.
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Fig. 3 Pollen diagram from Locality No. 135 of the Hojozu district, Toyama Prefecture.

Palynological Description

For the present study 14 samples from 14 localities of the Hojozu district were
treated. The result of polien analysis is shown in Fig. 3. The relationship among
the pollen grains and spores is read from the pollen diagram.

Among those assemblage, Lycopodium and Adiantopsis occupies 36 per cent and 7
per cent respectively. Picea, Taxodiaceae (perhaps Cryptomeria japonica D.Dox.),
Schizaea and Botr ychium each show b5 per cent. Pteridophyta as shown in Fig. 8 occupies
about 70 per cent in the total frequency, trees as Pinus, Picea, Abies and Cryptomeria

are rare. Therefore, the palaeotopographical condition of that time might have been
similar to the present condition.

Conclusion

The result of the palynological research on the Hojozu submerged forest is sum-

marized as follows:

(1) The age of formation of the submerged forest seems to be the lastest Yayoian or
earliest Old tumb period, about 1,800 or 1,500 years before the present.

(2) The age in when many trees forming the Hojozu submerged forest were growing
up in this area seems to be about 4,000 to about 1,500 years ago from the paly-
nological, stratigraphical and radiochronological investigations.



126 SRRNEZBFFHLEE #2258 FET484F

(8) The cause of formation of the submerged forest is due to the rising of sea level
rather than the sinking of the coast along Toyama Bay. The rising of sea level is
named as Yayoian transgression.

(4) The palaeoclimate under which the trees were growing up before the formation of
the submerged forest was cooler than that of the present time. It is about 1 to
2°C lower than that of the present time in average mean temperature. The
decreasing warm age may be comparable to the time of the minor falling of sea
level, middle age of the third Jomonian period to the latest age of the Yayoian
or the earliest age of the Old tumb period.
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Explanation of Plate T

Figs. 1 & 2 ¢+ Lycopodium aff. clavatum, Figs. front of grain, Loc. No. 146, EKZJ coll. cat.
no. 20448, 20449.

Fig. 3: Lycopodium, Loc. No. 139, EKZ] 20450.

Fig. 4+ Lycopodium atf. drummondii, Loc. No. 146, EKZ] 20451.

Figs. 5 & 6 ¢+ Adiantwm, Fig. 5 front of grain, Loc. No. 144, EKZJ 20452.

Fig. 7: Hymenophyllum, front of grain, Loc. No. 146, EKZJ 20453.

Fig. 8 : Hymenophyllum aff. recurvum, Loc. No. 138, EKZJ 20454.

Fig. 9: Lycopodium cf. densum, Loc. No. 141, EKZ] 20455.

Fig.10: Lycopodium cf. densum, Loc. No. 142, EKZJ 20456.

Fig. 11t Lycopodium aff. densum, Loc. No. 142, EKZ] 20457.

Fig.12: Lycopodium cf. densum, Loc. No. 149, EKZ]J 20458.

Fig.13: Lycopodium cf. densum, Loc. No. 138, EKZJ 20459.

Fig.14: Lycopodium cf. denswm, Loo. No. 138, EKZJ 20460.

Fig.15: Lycopodium, Loc. No. 144, EKZ] 20461.

Fig.16: Lycopodium, Loc. No. 147, EKZ] 20462.

Fig.17: Lycopodium, Loc. No. 150, EKZJ 20463.

Fig.18: Lycopodium, Loc. No. 150, EKZ] 20464.
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Explanation of Plate T

Figs. 1 & 5: Adiantopsis aff. chlorophylla, Fig. 1 front of grain, Loc. No. 147, EKZJ coll.
cat. no. 20465.

Fig. 2: Botrychium, Loc. No. 139, EKZJ 20466.

Fig. 3: Cf. Dicksonia, Loc. No. 139, EKZ] 20467.

Fig. 4: Aff. Sphagnum, Loc. No. 150, EKZJ 20468.

Fig. 6 : Botrychium, Loc. No. 143, EKZ] 20469.

Figs. 7 &8: Polypodiaceae gen. indet., Fig. 8 front of grain, Loc. No. 146, EKZ] 20470.

Fig. 9 : Ericaceae, Loc. No. 138, EKZ] 20471.

Fig.10: Cf. Lygodiwm, Loc. No. 141, EKZJ 20472.

Figs.11€12: Lycopodium aff. druwmmondii, Loc. No. 143, EKZJ 20473.

Figs.13&14: Adiantopsis atf. Chlorophylla, Fig.13 front of grain, Loc. No. 144, EKZJ 20474.

Figs.15&16: Lygodium Loc. No. 143, EKZ] 20475.

Fig.17: Lycopodium aff. drummondii, Loc. No. 146, EKZJ 20476.

Fig.18: Botrychium, Loc. No. 137, EKZJ 20477.

Fig.19: Aff. Sphagnum fimbriatum (bryophyta), Loc. No. 139, EKZJ 20478.

Fig.20: Aff. Adiantopsis, Loc. No. 146, EKZ] 20479.
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Explanation of Plate II

Figs. 1,9,10,11,13, 14,15, 16 and 17: incertae sedis; Fig. 1: Loc. No. 139, EKZ] coll.
cat. no. 20480; Fig. 9: Loc. No. 150, EKZJ 20481; Fig.10: Loc. No. 143, EKZJ 20482;
Fig. 11: Loc. No. 143, EKZJ 20483; Fig.13: Loc. No. 146, EKZJ 20484; Fig. 14: Loc.
No. 150, EKZJ 20485; Fig.15: Loc. No. 137, 20486; Fig.16: Loc. No. 141, EKZJ 20487;
Fig.17: Loc. No. 141, EKZ] 20488.

Fig. 9: Aff. Hymenolepis spicate; Loc. No. 143, EXKZJ 20512.

Fig. 3: Spore incertae sedis; Loc. No. 144, EKZ] 20489.

Figs. 4 &5: Schizaea; Loc. No. 147, EKZJ 20490, 20491.

Fig. 6: Spore (?) incertae sedis; Loc. No. 146, EKZJ 20492.

Figs. 7 & 8: Schizaea aff. digitata; Loc.No. 147, EKZJ 20493, 20513.

Fig.12: Lycopodium; Loc. No. 150, EKZJ 20494.
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Plate 111
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Explanation of Plate IV

Figs. 1€ 2: Spore (?) incertae sedis; Loc. No. 143, EKZJ coll. cat. No. 20495, 20511.

Figs. 3&4: Spore (?) incertae sedis; Fig. 4: front of grain; Loc. No. 150, EKZ] 20496,
20497.

Fig. 5: Eguisetum; Loc. No. 139, EKZ] 20498.

Fig. 6 Lycopodium; Loc. No. 140, EKZJ 20499.

Figs. 7&8: Lygodium; Loc. No. 149, EKZJ 20500.

Figs. 9 €11: Cf. Pseudotsuga; Fig. 9: Loc. No. 142, EKZJ 20501, Fig.11: Loc. No. 150,
EKZJ 20502.

Fig.10: Cf. Larix; Loc. No. 150, EKZ] 20503.

Fig.12: Aff. Lygodium; Loc. No. 148, EKZJ 20504.

Fig.13: Cycas; Loc. No. 143, EKZ] 20505.

Fig.14: Lygodium; Loc. No. 137, EKZJ 20506.

Fig.15: Lycopodium; Loc. No. 139, EKZ] 20507.

Fig.16: Alnus; Loc. No. 143, EKZ] 20508.

Fig.17: Pollen incertae sedis; Loc. No. 150, EKZJ 20509.

Fig.18: Ericaceae; Loc. No. 146, EKZJ 20510.
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Fig.
Fig. 2
Fig.
Fig.
Fig. 5
Fig.
Fig.
Figs. 8&€9:
Figs.10,11 & 12¢

respectively EKZ] 20445, 20446, and 20447.

62
7:

Picea, lateral view, Loc.
Picea, lateral view, Loc.
Picea, lateral view, Loc.
Abies, lateral view, Loc.
Pinus, lateral view, Loc.

Abies, lateral view, Loc.

Explanation of Plate V

No.
No.
No.
No.
No.
No.

139, EKZJ coll. cat. No. 20436.
138, EKZJ 20437.
150, EKZJ 20438.
150, EKZJ 20439.
149, EKZJ 20440
137, EKZJ 20441

Pinus, oblique lateral view, Loc. No. 139, EKZJ 20442

Taxodiaceae (Cf. Cryptomeria), lateral view, Loc.

Cryptomeria japonica, lateral view, Loc. No. 137, EKZJ 20443, 20444.

146, 150, 139,
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Plate V
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