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Nobuo Ooi', Akira Sasaki® and Naoko Sasaki’: Environmental changes
since 8000 years ago at Sencho-muta, Kuju, Oita, western Japan
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Abstract Environmental changes in the Sencho-muta basin at Tano, Kokonoe, Oita Prefecture, are discussed from
pollen, phytolith, and charcoal-fragment analyses of drilling cores. Around the fall of K-Ah (7.3 ka), a lake spread
in the northern part of the basin, shallow water in the central part, and dry soil in the southern part. In the cen-
tral part, grass pollen such as Gramineae and Cyperaceae dominated with evergreen broad-leaved tree pollen of
Quercus subgen. Cyclobalanopsis, and grass phytoliths and charcoal fragments occurred frequently throughout
the samples. Grassland with an evergreen forest has been the main vegetation around Sencho-muta since 8000
years ago. After the fall of K-Ah, Castanea/Castanopsis/Lithocarpus pollen and bambusoid phytoliths decreased,
and Cyclobalanopsis pollen and charcoal fragments occurred most abundantly. Until the deposition of black
silt below T2 tephra, several sand and gravel layers intercalated by riverine activities. Just below T2, black silt
changed to soil at all points, implying depression of water level in the whole basin. Oryza sativa phytoliths occur
in the top of the black silt with abundant Pinus pollen. Soil over T2 commonly includes charcoal fragments and
phytoliths. Finally soil developed at all points. Oryza sativa phytoliths and Pinus and Cryptomeria pollen increase
again by human activities.
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Fig. 1 Geographical setting of the study area,
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ohg 05°00" Sencho-muta, Oita Prefecture, Japan.
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Fig. 2 Topographical map of Sencho-muta (part
of 1:25,000 map B4+ Ff Bungo-nakamura, %
BEE Yutsubo, ¥%°F Yunohira, and Kfiill Taisen-
zan, published by GSI, Japan). Bold broken lines
show the extent of archaeological sites. Black
circles are drilling points of this study, and black
square is the point of b-4 core (Oita Prefecture,
2004).
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Fig. 3 Underground geological section of central Sencho-muta, from south to north. The columnar section of b-4 is modified

from Oita Prefecture (2004).
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Fig. 4 Results of the tephra analysis of the KSM3 core at Sencho-muta. Abbreviations for heavy minerals are as follows; Opx:
orthopyroxene, Cpx: clinopyroxene, Bhb: brown hornblende, Ghb: green hornblende, Opq: opaque mineral, Bt: biotite, Ap:
apatite. Volcanic glass types are based on Yoshikawa (1976); “Ha” and “Hb” are flat, “Ta” and “Tb” are porous, “Ca”and “Cb”

are intermediate, and “It” is irregular type.
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Table 1 AMS radiocarbon dates obtained from the KSM3 core

Calibrated age*

Depth (cm) Material dated Conventional age 70 age range Median probability Laboratory No.
68-69 Soil with charcoal fragments 1990 = 30 yBP 1880-1995 yBP 1940 yBP TAAA-72353
117-118 Soil 1350 = 30 yBP 1185-1315 yBP 1285 yBP TAAA-72354

*Calibrated ages were calculated with CALIB (Stuiver & Reimer, 1993, ver5.0) program using IntCal04 (Reimer et al., 2004) data sets.

(Stuiver & Reimer, 1993; version 5.0) Z H\>, IntCal04
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E T2V ko 7 5082, 108, REYERRRR, ok
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Table 2 List of pollen and spore types obtained from Sencho-muta, Oita Prefecture

AEKIE¥ ~ X )& Podocarpus, & 3§ Abies, Y /& Tsuga, + 7 ©J§ Picea, 1 7 < V&, 7%V 7)& Larix/Psudotsuga, </ J& Pinus,
a ¥ < ¥ & Sciadopitys, A X & Cryptomeria, 4 2 ¥4 F 4 Ft & / ¥} Cephalotaxaceae/Taxaceae/Cupressaceae, ¥+ ¥ &
Salix, % < € €& Myrica, %7 7' )V 2 J& Pterocarya, 7 )V I J& Juglans, 7 <> 78,/ 7% ¥ & Carpinus/Ostrya, £ % > 78 Carpinus
tschonoskii type, 7~ 2N 2 & Corylus, 712N /7 % & Betula, 7~ 7 % & Alnus, 7 7 J& Fagus, 2 F 7 J& 2 7 7 WiJ§ Quercus subgen.
Lepidobalanus, 2+ 7 J& 7 5 # > iliJ& Q. subgen. Cyclobalanopsis, 7 V)&, > A / XJ& /< 7 /N> 4 J& Castaneal Castanopsis/
Lithocarpus, =V &,/ 7 ¥ % & Ulmus/Zelkova, *. /7 X )&,/ 7 7 X )& Celtis/ Aphananthe, ¥ ¥ V) XJ& Viscum, 7 7 F} Moraceae, <
v 7 Bt Hamamelidaceae, ¥ ¥ 2 g lllicium, ¥ 7 7 |G Prunus type, * L/ ¥J& Albizia, X J&M Lespedeza type, 7 & Wisteria,
3/ v Bl Rutaceae, ¥ v > a Vg Zanthoxylum, 7 7 X 7 7 J& Mallotus, 2 X V) /NJ& Daphniphyllum, €5 / ¥ & llex, => ¥ XJ&
Euonymus, 73 =7 J& Acer, 7 @7 X & F ¥ & Rhamnaceae, tF / X8 Aesculus, > 7 / % I& Tilia, & ¥ 75 X &% Eurya type, ¥ N ¥ )&
Camellia, 7 a2 X F} Araliaceae, ¥ Y ¥ F} Ericaceae, /N4 / ¥ & Symplocos, € 7 £ A1 £l Oleaceae, + V) 2J& Fraxinus, > F A&,/ 4
R /) X)& SyringalLigustrum, 77 < R 2 J& Viburnum

BAER A <)@ Typha, )V L alg Potamogeton, ¥ 4 €5 A& Alisma, 4 8t Gramineae, /7 ¥ v Y 7%} Cyperaceae, 7 7 Vg
Eriocaulon, 2.1) £} Liliaceae, X )& Allium, /x4 7 4V 7 )& Veratrum, 7 A L 7% & Hemerocallis, 7% X )& Iris, ) 7\J& Fagopyrum,
X > X V& Rumex, £ 7% ~ 7 / X )& Bistorta, %+ = ¥ 7 I& Persicaria, 7 71 ¥ £}/ & 2 F} Chenopodiaceae/Amaranthaceae, + 7
> 2 K} Caryophyllaceae, £ F Y ¥V 7 & Anemone, ¥ 7 > F ¥ a 7 <& Cimicifuga, % ¥ K 7 77 J& Ranunculus, 5 7 <V 7 &
Thalictrum, 7 7" 7 7 F} Crusiferae, =¥ / > ¥ £} Saxifragaceae, /¥ 7 F} Rosaceae, ¥ ¥ &> uJg Potentilla, 7 L & a7 8 Sanguisorba
officinalis type, 7 L & 2 & Sanguisorba, < X ¥} Leguminosae, ¥ 7 ¥ X &M Vicia type, 7 A& Pueraria, 7 7 1Y 7 & Geranium,
t X X & Polygala, &7 %' 4 7% & Euphorbia, X /X & Lythrum, % 7 > 7% & Rotala, 7 / + 7 7' % & Haloragis, £ ) £
Umbelliferae, V ¥ F 7 & Gentiana, 7 A%} Solanaceae, >/ £} Labiatae, ¥ = 4 7' 7 )& Galium, Y V) %= ¥ V)& Adenophora, 7
S > V)& Patrinia, 5 / 2 7 )& Valeriana, ~ >/ 1>V 7 & Scabiosa, * 7 % 7 it Compositae subfam. Carduoideae, 3 € ¥ )&
Artemisia, &7 & L VBRI Saussurea type, 4 € B Xanthium type, ¥ 7 Ft% > R FHlift C. subfam. Cichorioideae

VERTF vh’r ) HYTIE Lycopodium, A 7 & NIE Selaginella, ¥ > < £ J& Osmunda, B384l monolete spores, —Z&MJd 1~ trilete
spores
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Fig. 5 Horizontal distribution of pollen, phytoliths, and macroscopic charcoal obtained from the KSM3 core at Sencho-muta.
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Fig. 6 Horizontal distribution of pollen and phytoliths obtained from upper part of the KSM2 core at Sencho-muta.
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Fig. 7 Characteristic pollen types obtained from Sencho-muta, Oita Prefecture, with specimen and sample numbers. — 1.
Cryptomeria, NOS-9253, KSM3-17. — 2. Pterocarya, NOS-9275, KSM3-240. — 3. Quercus subgen. Cyclobalanopsis, NOS-
9262, KSM3-49. — 4. Quercus subgen. Cyclobalanopsis, NOS-9272, KSM3-240. — 5. Quercus subgen. Cyclobalanopsis, NOS-
9278, KSM3-131. — 6. CastanealCastanopsis/Lithocarpus, NOS-9305, KSM3-79. — 7. Ulmus, NOS-9308, KSM3-190. - 8.
Hlicium, NOS-9312, KSM3-220. — 9. Acer, NOS-9332, KSM3-86. — 10. Wisteria, NOS-9264, KSM3-175. — 11. Tilia, NOS-
9323, KSM3-131. - 12. Fagopyrum, NOS-9319, KSM3-220. — 13. Rumex, NOS-9288, KSM3-117. - 14. Bistorta, NOS-9254,
KSM3-17. - 15. Caryophyllaceae, NOS-9293, KSM3-117. - 16. Ranunculus, NOS-9279, KSM3-131. — 17. Sanguisorba, NOS-
9296, KSM3-117. — 18. Pueraria, NOS-9259, KSM3-49. — 19. Lespedeza type, NOS-9317, KSM3-220. — 20. Lythrum, NOS-
9315, KSM3-220. - 21. Polygala, NOS-9277. KSM3-131. — 22. Galium, NOS-9318, KSM3-220. — 23. Umbelliferae, NOS-
9271, KSM3-65. — 24. Compositae subfam. Carduoideae, NOS-9266, KSM3-175. - 25. Compositae subfam. Carduoideae,
NOS-9281, KSM3-131. — 26. Artemisia, NOS-9267, KSM3-175. = 27. Saussurea type, NOS-9307, KSM3-190. — 28. Saussurea
type, NOS-9331, KSM3-380.
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Fig. 8 Characteristic motor cell phytoliths obtained from Sencho-muta, Oita Prefecture, with sample number. — 1. Oryza sa-
tiva, KSM3-117. — 2. Oryza sativa, KSM3-117. — 3. Paniceae, KSM3-336. — 4. Oryza sativa, KSM3-37. — 5. Andropogoneae B
type, KSM3-336. — 6. Bambusoideae-type, KSM3-380. — 7. Bambusoideae-type, KSM3-380. — 8. Bambusoideae-type, KSM3-

380. — 9. Phragmites-type, KSM3-49. - 10. Sasa-type, KSM-380.
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