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Abstract This paper presents Middle Pleistocene pollen assem blages from the Iioka section (IOK) covering 

the upper Yokone and lower Kurahashi Formations of the Inubo Group (equivalent ofthe Kazusa Group) , for 

validity check of the contemporary Choshi-core pollen record. The Iioka section , located on the western side 

of the Iioka upland, NE Boso Peninsula, is defined by the marker tephras Kh4a (KsI5) at the top and Yk12 

(Ch2) near the bottom. This section is time equivalent to the 107-127 m (MISI5-16) of the 250 m Choshi core 

(CHOSHI- l), which was recovered from the eastern side of the Iioka upland penetrating MISll-25. Results 

of pollen analyses for the Iioka section indicate boreal conifer forest of Picea, Belu!a, Arfemisia, ferns, efc around 

Yk12, followed by a massive phase of temperate conifer forest of Cryptomeria , T-C-C and Sciadopil，\古 around

Kh3b-c , as well as a small return of boreal forest around Kh4a. This reproduces the corresponding CHOSHI-l 

pollen stratigraphy, supporting the continuity of the Choshi core below Ks15. The IOK result also shows that 

the CHOSHI-l pollen signals have a regional extent with more nearshore environments, supporting the 

t巴rrestrial-palaeoclimate proxy use of the alternatio日 between temperate and boreal conifers. 

Key words: Boso Peninsula, Choshi core, Inubo Group, palynology , palaeoclimate. Middle Pleistocene, 

tephrochronology. 

pollen data have been consumed as chronological 

scales (Wijmstra and Groenhart. 1983: Mommersteerg 
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Fig, 1. Global climate cooling during the past 5 My, with the 
Middle Pleistocene containing climate extremes of MISll , 12 
and 16 (dala from benthic foramini[er 0'品o from ODP Site 
849: Mix el (/1. , 1995) 

t
E
A
 

The Middle Pleistocene has been the focus for 

palaeoclimatological studies because of the extreme 

glaciations and interglaciation in M1S16, 12 and 11 

(Droxler ef al., 2003) (Fig. 1) , climate revolution from 

41-kyr obliquity cycle to 100-kyr eccentricity cycle 

around 700 ka (Shackleton ef al" 1990) and millennialｭ

scale variations detected in some Middle Pleistocene 

records (Oppo ef al., 1998: McManus ef a!" 1999: 

Tzedakis ef α人 2003). The Boso Peninsllla (350 N: 

1400 E) is one of the appropriate research areas to the 

paleoclimatological scopes, becallse thick Qllaternary 

deposits (the Kazllsa-Shimosa Grollps) permit highｭ

resollltion analyses for obtaining fossil pollen data for 

the reconstrllction of terrestrial palaeoclimate condiｭ

tions. The Pleistocene of the Boso Peninsllla also reｭ

ceives a well-established chronostratigraphy based on 

t巴phro-， bio-, isotope- and seqllence-stratigraphical 

stlldies (Kanto Qllaternary Research Grollp, 1980: 

Machida et al., 1980: Okada and Niitsllma, 1989: 1to, 

1994: Masllda, 1997: Pickering ef al., 1999: Nakazato, 

2001). 1n contrast, many pollen seqllences of the Midｭ

dle Pleistocene lack independent timescales where 
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el al.. 1995: Tzedakis el al., 1997: Okuda el a l., 2001. 
2002a) 

Prior palynological studies in the Boso Peninsula 

have been restricted to the last decades. A few poUen 

records (Onishi. 1969: Chisaka and Kase , 1979; Kase. 

2001: Okuda el a l., 2002b) w巴re unfortunately in low 

resolution and I or fragmentary due to changeable 

sandy lithofacies. Hence the pollen-climate relation reｭ

mained uncertain in the Boso Peninsula particularly 

prior to MIS5. Although preliminarγpoUen analyses 

(e .g. , Kase. 2001) detected coniferous poUen assemｭ

blages including Picea, their climate inf，巴rence I・e 

mained obscure because such conifer pollen 

abundanc巴 can simply result from long-distance trans 

port under hemipelagic environments (see Yamanoi. 

1992, 1993) 

A breakthrough for such paly日ological limitations 

was brought from th巴 CHOSHI-l pollen profile from 

the Choshi core (data published in Okuda el al.. 2006) 

The Choshi core was originaUy a 255 m-Iong muddy 

corelog drilled in 1998 by the Ocean Research Instiｭ

tllte, University of Tokyo from the marginal slope of 

the KazlIsa forearc basin. Since the core site has been 

free from violent tllrbidity cllrrents. the corelog I・e

C巴 ived homogeneolls lithology consisting of 

poUiniferous clay/silt except the top 19 m (EI-Masry. 

2002). Geologically. the Choshi core penetrated the 

lIpper part of the Inubo Group. 、.vh ich is equivalent to 

the Kazusa Group to part of the Shimosa Group. Our 

CHOSHI-l pollen record. anchor巴d by tephroｭ

chronology andδ 18 0 stratigraphy. provided quasiｭ

continuous palynostratigraphy of 400-780 ka with five 

sets of alternation between temperate conifers 

(mainly C，.yplo川町'ia ) and boreal con日巴rs (mainly 

Picea) (Fig. 2a). which were comparable to MISll-19 

glacial/interglacial cycles 

Concerning the CHOSHI-l record. two questions reｭ

mained critical: (1) temporal and (2) spatial extents of 

the pollen variations. which hinder巴d converts from 

the poUen to pa laeocl imat巴 (see Okuda el a l., 2006) 

(a) Choshi core (Okuda et al. , 2006) 
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Fig.2. (a) CHOSHI-1 pollen record (data from Okuda el al.. 2006) for the 19-169 m (above the B-M) inter、la l of the 255 m-Iong 
Choshi core (EI-Masry. 2002). recovered from the lnubo Group in the NE Boso Peninsula. central japan. Temperate conifers deｭ
note Cり1/)10川町山 T-C-C (Taxaceae-Cephalotaxaceae-Cupressaceae) and Sciadopi1.Vs. Boreal conifers denote Picea, Abies, Pil1l1S 

(mainly P. subgen. H.α1' 10λ)'1011 ) and 7~、IIga (mainly 7・ diversifolia ). Warm-temperate elements denote Cas/(Jl1opsis and QI山口IS
subgen. CycJobalal1opsis. AP and NAP denote arl>orea l and non-arboreal pollen. respectively. (b) Lake Biwa pollen record 
(redrawn from Miyoshi el (/1.. 1999) from the 250 m T-bed of the 1400 m core (Takemura. 1990). (c) External 0"0 stacks durｭ
ing the past 800 ky (compilation after Berger and Wefer. 2003). PFS and BFS denote stacks of planktonic and benthic 
foraminifer 0"0 records. ImbM denoles the SPECMAP stack (Imbrie el [/1.. 1984) with age adjusted to the algorilhm operating 
on Milankovitch input ( 札'l i l a 1000) (Berger el α1.. 1996) 
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1vI 1S15ぺ 6 P"lIen Assemblages from lioka 

The first question has been given an answer by refer 

ring to the Lake Biwa pollen record (Miyoshi el 1I1.. 

1999) from the top 250 m of the 1400 111 core 

(Takemura. 1990; Meyers ellll.. 1993) (Fig. 2b). That 

is the standard pollen profile for the past 430.000 years 

(�IISl-12l with dozens 日nchor points based on 

tephrostratigraphy from the parallel Takashima-oki 

core (Yoshikawa and Kuwae. 2001). The integration 

of the Lake Biwa and CHOSH1-l ]Jollen records 

showed the consistency with external �"O stackぉ (Fig.

2c) throughollt the Brunhes chron. 1n contrast. the 

second qllestion (spatial extents of the CHOSHI-l polｭ

len variations) has remained unsolved dlle to the lack 

of time-eqllivalent pollen records. This problern was 

not negligible becallse conifer-rich assemblages only in 

hemipelagic environments cOllld be the reslllt of longｭ

distance transport. For example. many offshore pollen 

records were dominated bv Pillll.l' (Shimakura. 19伀; 

Suc. 1984; Yamanoi. 1992). which is easily wind-blown 

from distant llplands and distllrbs palaeoclirnate sigｭ

nals (Chaloner and Muir. 1968; Traverse. 1988). 

There was also the third geological problem that il11-

plied a sediment discontinuity arollnd 105-110 m of the 

Choshi core. The discontinuity was initially suggested 

by assuming the extension of the Nagahama 

unconformity. which lay below the Ks15 tephra denlldｭ

ing the Chonan. Kakinokidai and Kokll日10tO Pormaｭ

tions in the western Boso Peninsllla (Machida el 1I1 .. 

1980) (Fig. 3a). 1n the east. this llnconformity pinched 

out into the mllds of the Kllrahashi Formation. bllt it 

was difficult to deny the possibility of invisible hiatllses 

in the Choshi area. 1n the 1nllbo Group. the 

stratigraphic distance between tephras Kh4a (Ks15) 

and Yk12 (Ch2) is anomalously 日mall in the eastern 

side of the 1ioka upland (Fig目 3b). and Sakai (1990) 

drew his local tephras Kh2 and Kh3 as if missing in the 

eastern side (see Nakazato el 1I1.. 2003). This logically 

permitted a possible sediment lack in the Choshi core 

stratigraphy 

1n order to address these isslles. this paper provides 

a pollen profile from the Iioka section (IOK). located in 

the opposite side of the Iioka llplancl (see Fig. 4). This 

23 m section is defined by tephra Kh4a (Ks15) at the 

top. with Kh3c (Ksl�) at 11.5 m. Kh3b (KsI8) at 13 m 

and Yk12 (Ch2) at 19.5 m in descending order. being 

time-eqllivalent to the 107-127 m of the Choshi-core 

stratigraphy (Okuda el al.. 2006). When Sakai's (1990) 

interpretation was right. the pollen spectra frol11 1ioka 

wOllld not agree with the corresponding CHOSH1-1 

pollen stratigraphy. but would provide some extra sigｭ

nals that was not recorded in the Choshi core. Simi 

larly. if the CI-IOSI-I1-l record contained 日bunclanl

A B (a) 
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Fig.:I. (a) Schematic gcolo江ical section of the Kazusa 
GrollP (E-¥V direction). with the Nagahama llnconformity 
shown bclow tephra Ksl5 {1vlachida et (/1.. 1980). (b) 
Markcr lephra distribution in the Inllbo Grollp. NE Boso 
PeninSllla. ]apan (simplified afler Sakai. 1990). The 
tcphrostratigraphy betwecn Kh4 and Yk12 has been 
queslioned by Nakazalo ('/ al. (2003) 

exotic pollen as a consequence of the hemipelagic locaｭ

tion. the IOK pollen 日ignals. formed at a more 

nearshore site. would be significantly different from 

the Choshi core pollen signals. 

Gcological Setting of the lnubo Group, with 

Lithostratigraphy of thc lioka Scction and the 

Choshi Core 

Th巴 1nubo Group was initially termed for the Plio 

Pleistocene (500・600 m thick) of marine origin in the 

northeasternmost Boso Peninsula (Ozaki. 1958) (Fig. 

5a). These strata have received few geological studies 

(Matoba. 1967; Niitsuma. 1970; Nishida. 1980) comｭ

pared with intense studies on the Kazusa Group in the 

central Boso Peninsula. Recently. a comprehensive 

work by Sakai (1990) redefined the lithostratigraphy 

of the Choshi area ba日ed on litho-. tephrか. magneto 

and radiolarian stratigraphies. subdividing the lnubo 

Group into the Naarai. Kasuga. Obama. Y okone. 
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marker tephras Kh4a at the top 

(Om) and Yk12 near the bottom 

(1 9.5m) , spanning the upper 

Yokone and lower Kurahashi Forｭ

mations (see Fig. 5). Two more 

marker tephras Kh3b and Kh3c 

are interbedded at 13 m and 11.5 

m from the top, respectively 

These correlate the 1ioka section 

with the 107-127 m of the Choshi 

core. Tephrostratigraphically. the 

Kh4a, Kh3c , Kh3b, Yk12 are counｭ

terparts of Ks15, Ks17, Ks18 and 

Ch2 of the Kazusa Group based 

on refractive indices and heavyｭ

mineral compositions (Nakazato 

er 0/., 2003). Lithologically, the 

Iioka section consists of olive-grey 

coloured clay/silt. The sediments 

are very massive, except for fineｭ

grained sands forming thin, obｭ

scur巴 bands above Kh3c. Pumice 

fractions and small (< lcm) molｭ

lusk shells are scattered above 

and below Kh3b-c, though they 

are far from abundant through 

the section. 

The Choshi core (255m long altogether) was recovｭ

ered from morito・cho， Choshi-shi, Chiba prefecture 
(350 46'44"N; 1400 43'53"E). This core received multiｭ

proxy analyses including bulk density, sand contents, 

electric resistivity, total organic carbon (TOC) , magｭ

netic susceptibility (MS) , carbon /oxygen isotopes 

(0"0 , O' :lC) , foraminifer and diatom abundance , erc 

(EI-Masry, 2002). The Brunhes田Matuyama (B-lvI) 

palaeomagnetic boundary was placed in 162-169 m 

centred in 168 m, and the whole corelog penetrated 

lvIISll-25 (ca. 395-925 ka) (EI-lvIasry, 2002; Kam巴o er 

0[., 2006). Lithologically, the core consisted of oliveｭ

grey coloured siltlclay of the Kurahashi, Yokone and 

Obama Formations, except the top 19 m with abunｭ

dant coarse-sands/ gravels of the Toyosato and Katori 

Formations. 1n order to escape the Merasequoia flora 

surviving in the Early Pleistocene, the upper portion of 

the Choshi core above the B-lvI (i.e., 19・169 m) was 

analysed for the CI-IOSI-II-I pollen record (Okuda er 

a/. , 2006). The lithology resembled that of the Iioka 
section except for abundant granule / pebble-sized 

pumice scattered. Tephras Kh4a , Kh3b and Yk12 

were observed at 107.5 m, 111.6 m and 123.8 m of the 

Choshi core , respectively (EI-lvIasry, 2002). 

Fig. 4. (a) Locality of the Choshi area. (b) Geological map for the Inubo Group 
(after Sakai. 1990). with localities of the Choshi-core drilling site (EI-Masry. 2002: 
Okuda el (/1., 2006) and the lioka section (this study). (c) Schematic geological sccｭ
tion of the Inubo Group with representative marker tephras. An open rectangle 
along the corelog denotes the time-equivalent interval of the Choshi core (107-127 
m) to the lioka section (IOK) 

Kurahashi and Toyosato Formations from the base upｭ

wards. Today the Inubo Group is time equivalent to 

the Kazusa (and basal part of Shimosa) Groups based 

on abundant marker tephras (Na2-5, Kgl -4, Obl and 3-

7, Ykl-12, Khl-9 and Tyl-3) , spanning from the early 

lvIiddle Pleistocene (>0.4 lvIa) to the late Pliocene 

(<3-4 lvIa) (Sakai , 1990; Takayama er a/., 1995) (Fig 

5b). The Brunhes-Matuyama (B-lvI) palaeomagnetic 

boundary has been recognised in the midst of the 

Yokone Formation, as well as the Olduvai subchron 

placed in the upper part of the Kasuga Formation. 

Lithologically, the Inubo Group consists of hemipelagic 

mudstone unlike the turbidite-rich Kazusa Group. Parｭ

ticularly the Y okone Formation consists of fineｭ

grained materials deposited in offshore environments, 

whereas the Kurahashi Formation becomes sandy in 

the upper part, as the consequence of progradation 
near the top of the 1nubo Group. The uppermost 

Toyosato Formation consists of massive sand / silt 

(Sakai, 1990). 

The Iioka section, located in Iioka-cho, Asahi-shi, 

Chiba prefecture (350 43'0・10"N; 1400 42'30-50"E; 5-10m 

a.s.l.) (日ee Fig. 4) , consists of roadside outcrops of 23m 

in the total height. This section is bracketed by 
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Fig. 5. The Neogene.Qualernary of lhe B050 Penin5ula 
(a) Regional geological map of Chiba prefeclure. showing 
the lnubo Group in the northeasl. (b) Schematic columｭ
nar section for the Neogene-Qualernary of lhe B050 Pen 
insula (compiled after Editorial Commillee of Kanlo. 1986: 
Sakai. 1990). A filled reclangle denoles the time range of 
the lioka section (IOK) 

Materials and Methods 

The field survey was performed in 2003 March with 

tephra researches conducted by the second and the 

third authors. Sediment samples for pollen analysis 

were collected from 45 horizons by the first allthor 

The sampling interval was generally 50 cm and each 

sample was 1-2 cm" il1 size. The samples wer巴 pre

treatecl ancl analysecl in the pollen laboratory at the 

Natllral History Musellm ancl 1nstitllte. Chiba 

The pretreatment method for pollen analyses folｭ

low巴d the stanclarcl KOH-acetolysis method (Moor巴 el

al.. 1991) with inert plastic microspher巴s adcled for a bｭ

solllte COllnts (Ogden m. 1985). The sediment samples 

were milled ancl bathecl in a 10% HCI sollltion overｭ

night to remove any calcillm carbonate. After excess 

HCI was rinsecl off. th巴 samples were boiled in a 10% 

KOH Sollltion for 10 minlltes to remove hllmic acids 

The reslllting sllspension was cleanecl by repeated 

centrifllgation and decanting to remove c1ay-sized parｭ

ticles. Fossil pollen was 巴xtracted fro日.1 heav i巴 r partlｭ

cles by heavy liqllid f1otation llsing ZnCI, Sollltion. The 
samples were finally acetolysed and mOlln t巴d in glyc回

erol Sollltion. More than 200 grains of arboreal poll巴n

(AP) except Alnus were cOllnted for each sample. 

forming the Sllm for percentage calclllations. Percentｭ

ages for AIII/IS itself as well as non-arboreal pollen 

(NAP) ancl pteridophyte spores were based on the 

same Sllm (AP minlls Alnus) to enable comparisons 

with the CHOSHI-1 ancl Lak巴 Biwa pollen recorcls. 

Results 

Reslllts of the pollen analysis for the 1ioka section 

were shown in Figllre 6. A verages of 5000-8000 gr剖n

sl CIl1" of AP ll1inllS Alllus wer巴 yi elded froll1 the 

analysed samples (with the ma氾mllm of 29.000 grain 

s/cm"). which w巴re sllbstantially high for ll1arine enviｭ

ronments. PillllS dicl not become dominant throllghollt 

the analysed section. The dominant taxa were Crypｭ

IOmeria. Taxaceae-Cephalotaxaceae-Cllpressaceae (Tｭ

C-C) ancl Picea. associa t巴d with Abies, Tsugα . Pinus. 

Sciadopilys, elc. The PillIIS and the Tsuga conta in巴d a lot 

of P. subgen. Haploλ')'10 /1. and T. diversifolia pollen-types. 

which are toclay th巴 e lements of boreal coniferolls forｭ

est in northern ]apan (Nakanish.i e[ al・. 1983). The 

Fagus b巴 longs to F. crellala based on the pollen 11101'ｭ

phology. bllt palaeobotanically cOllld con tain 巴xtin ct

beeches of F. japo川ca， F. haya[{/e and/or F. lIIicroc(//pa 

when prior works for the Osaka Grollp (Tai. 1973) are 

consiclerecl. Caりw ancl Liquidal11bar. which have been 

extinct巴cl from ]apan (Nasll. 1980). sporadically ocｭ

curred throughollt the se qll巴日ce. They logically or igト

nated frol1l some reworkecl mat巴 ria ls. Lagerslroemia 

was absent throughout the section 

Three local pollen zones 10Kl-3 were recognized 

based on th巴 va riations all10ng the dominant taxa 

(Cパ'P[O川eria. T-C-C. Picea , A rfel川sia. monolete ferns. 

e[c) a呂、、"ell as the pollen (ancl spore) concentrations 
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3. IOK3 (0-4 m) 

Zone 10K3 was a less distinct pollen zone than the 

10Kl-2, bllt was recognis巴d by a retllrn of Picea reｭ

placing Cη'ptomeria ， 1' h巴 Pil1l1S (probably p , H{/jlloｭ

り山11) ， herbs (Arlemi .l'ia , Poaceae, elζ) and f，巴 rns were 

also main associates , A featllre of this zone was the 

persistence of Sciadojlilys, so the temperate forest was 

not completely replaced by the returning boreal forest. 

1'he reconstructed ¥'egetation of zone 10K3 was boｭ

real and temperate mixed conifer forest. 1'he lower 

pollen concentration日(< 10,000 grains / cm' for AP 

minus All1l1s) with returns of herbs and pteridophytes 

indicated recluction of forest density, 

1. IOKl (15-22.8 m) 

Zone 10K1 was characterised by abllnclant Ph 削，

Betllla , Arlemisia ancl ferns (monolete ancl trilete 

types) , Pil1l1 s, TS lIga, QlI引ー'ClIS sllbgen , LepidolwlllllllS, 

Poaceae , 1'ubuliflorae and Umbelliferae were main asｭ

sociates_ Pollen concentrations remainecl low in this 

zone (3000-6000 grains/cm" for AP minlls AllIlIs) , sugｭ

gesting lower forest density , 1'he reconstructed vegeｭ

tation of zone 10K1 was boreal (or subarcticl 

coniferolls forest with Arle川isia and/or pteridophytes 

around the spruce forest. 

Discussion 

1. Terrestrial-en¥'irunmcntal signals in the IOI( and 

CHOSHI-l record討

1'he significance of the 10K record is the consisｭ

tency with the corresponding interval of the CHOSH1-

1 record (Fig, 7), Arollncl tephra Yk12, lower ratios of 

CryplO川eria/Picc{/ , temp巴rate/boreal conifers and AP 

/ NAP-plus-spores are observed in the IOK ancl 

CHOSH1-1. Arouncl tephra Kh3b, increases in the Cly回

ptomeria / Pic白人 te l1l perate/boreal conifers ancl AP / 

NAP-pllls-spores are sharecl by the two profiles, Comｭ

pa1'isons with multiproxy data from the Choshi core 

( b "0, b '" C. magnetic susceptibility, planktonic 

foraminifera) (see Fig, 7) indicates glacial environ 

ments to zone 10K l, whereas an interglacial environ-

2. IOK2 (4・ 15 m) 

Zone 10K2 wa日 characterised by clominanl 

Cη'ptomeria ancl 1'-C-C replacing the boreal elements 

1'he reglllar abunclance of Sciadopitys was also characｭ

teristic , di任erentiating the 10K2 f1'om the IOK 1. 

Higher pollen concentrations (reaching 15,000-30,000 

grains/cm 、 for AP minus AIIlIIS) indicatecl higher for 

est density , cOllpled with the simllltaneolls decreaぉes

in open-space elements (ferns, Artemisia, 1'lIbuliflorae, 

Poaceae, etc) , 1'he reconstructed vegetatioll of zone 

10K2 was clense forest of temperate conifer日目lIch as 

Cryptollleria , 1'-C-C and Sciαdopiりは， 1'his zone had irｭ

reglllar peaks of Picea and PillllS in 11-12 111 as well as 

Betula , C.ωpillll.l'， Querclls, Faglls, etc in 7-9 111, possibly 

being slIbdivided lInder higher resollltion , 
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ment is given to zone IOK2. Pollen concentrations 

show a similar pattern between the two profiles. Conｭ

cerning the concentration levels, the IOK record 

shows 3-10 times higher pollen/spore concentrations 

than the Choshi core, which is consistent with the 

nearshore location of the Iioka site. The averaged conｭ
centrations of 5000-20,000 grains/cmλare significantly 
high compared with the prior Sakata record (Okuda ef 

α1.. 2002b) , which originated from a lagoonal environｭ

ment of MIS9 interglacial but the pollen concentration 

hardly reached 1000 grains/cm". It deserves attentions 

that the IOK record shares the same signals with the 

Choshi core. This supports that the CHOSHI-1 

palynoflora represents terrestrial environments 

rather than reflecting noise-like exotic pollen transｭ

ported from distant areas. 

2. Orbital-scale continuity of the Choshi core below 

Ks15 

The consistency between the IOK and CHOSHI-1 

pollen records denies differential sedil11entation in the 

east and west sides of the Iioka upland. This certainly 

attenuates the sediment lack hypothesis for the Choshi 

core in at least orbital scales (10-100 kyr in this conｭ

text). The problematic tephras Kh2 and Kh3 shown 

by Sakai (1990) may possibly result from double recｭ

ognition of Khl. which may appear repeatedly along 

the study route due to undulating bedcling planes (see 

Nakazato ef 01.. 2003). We note that the present IOK 

result support the sediment continuity of the Choshi 

core between tephras Kh4 ancl Yk12. In other words, 

no hiclden stadial phase exists below Kh4 (i.e.. Ks15) , 

unlike the assumption of hiatus (EI-Masry , 2002) that 
is invisible but comparable to the Nagahama 

unconformity of the Kazusa Group 

3. Palaeoclimate proxy use of the temperate/ boreal 

conifer alternation 

Figure 7 also shows a relation between 

palaeoclimate (glaciallinterglacial cycles) and pollen 

variations between temperate conifers (l11ainly 

CrYPfomeria) ancl boreal conifers (mainly Picea). The 

d いo has been known as a proxy of the 100-kyr glacioｭ

eustasy cycle in the Kazusa Group (Pickering ef al .. 

1999) , ancl the foraminifer composition showecl abunｭ

clant colcl-water species N. pachyderllla cluring the zone 

IOK1 (El-lvIasry, 2002) (Fig. 7). These give stadial feaｭ
tures to the boreal conifers, while giving interstadial 

features to the tel11perature conifers. At present. geoｭ

graphical isolation between Picea sp. and Cryplo川ena

jα'pol1 ica is apparent in surface pollen spectra (Fig. 8). 

In this latitucle-altitude diagram. Picea pollen is 

-8 -

restrictecl to Hokkaido ancl the mountains of central 

Honshu, whereas C. jO[1ol1ico is common in the temperｭ

ate zones of Honshu, Shikoku ancl Kyushu islands. The 

borcler of the two major pollen types was recognised 

around 7-8"C in l11ean annual temperature (Okuda ef 

al., 2006). which is close to the Kuromatsunai line in 

southwestern Hokkaido. It is also true that the distriｭ

bution of natural C. ja[1ol1ica forest is constrained by 

high rainfalls (> 1800l11m/y) (Tsukacla, 1982. 1986). 

The abundant Cり'[1fomer凶 in the Pleistocene 

palynoflora would also reflect increased rainfall during 

interglacials, which has wiclely been observecl in the 

monsoon regions (An el 01.. 1991; Tacla el al., 1999; 

Zhou el al.. 2001). In the Late Pleistocene, the 

temperate-conifer phase in MIS5 ancl the borealｭ

conifer phase in lvlIS2-4 have been common in numerｭ

ous pollen records frol11 J apanese archipelago 

(Yasucla, 1982; Tsukacla, 1983; Tsuji el 01.. 1984; 

Heusser. 1990; Oshima ef al.. 1997; Takahara ancl 

Kitagawa, 2000; Yasuda. 2002; lvIiyake ef al., 2005; Iriya 

ef α 1. ， 2005) . 

4. Time ranges of the lioka section 

Based on the above geochemical and ecological eviｭ

clence. the tel11perate-conifer phase of zone IOK2 corｭ

relates with MIS 15. whereas the boreal-conifer phase 

of zone IOKl correlates with MISI6. This means that 

the Iioka section covers at least 600-630 ka (calibration 

target from Bassinot ef al.. 1994). The boreal and temｭ

perate mixed phase of zone IOK3 may represent 

lvlIS14 glacial but may reflect lvIIS15bl cl stadials, obｭ

scuring the upper limit of the time range. This chronoｭ

logical problem concerns the eruption age of tephra 

Kh5a (at 103.5 m of the Choshi core. see Fig. 7). which 

is equivalent to widespread marker tephra Ksll (Kbｭ

Ks or Sakura) found in many parts of Japan 

(Yoshikawa and lvIitamura. 1999; Shirai. 2001; Suzuki. 

2003; Nagahashi el 01.. 2004). requiring further reｭ

searches. 

Conclusions 

The Iioka (IOK) pollen record, which spannecl at least 

600・630 ka (MIS15-16) based on the tephrostratiｭ

graphy bracketed by Kh4a (Ks15) and Yk12 (Ch2). 

reproducecl the corresponcling interval of the Choshi 

core pollen profile. Since the IOK record was depositecl 

in the nearshore environment in the western side of 

the Iioka uplancl. the clata reprocluction supported the 

regional extent of the CHOSHI-l pollen signals. as well 

as a relation between the pollen ancl terrestrial cliｭ

mate. The IOK results also showecl the evidence 

against the possible hiatus below Kh4a (Ks15) in the 
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to M. O. (No. 15740311). The IOK and CHOSHI-I polｭ

len records are the products from a research project 

of the Natural History Museum and Institute. Chiba. 

entitled Vegetation and environmental history of the 

Boso Peninsula目 The Choshi core itself was the product 

of the Boso Drilling Program (BDP) organized by the 

Ocean Research Institute. University of Tokyo目
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銚子地域飯岡露頭における酸素同位体比

ステージ (MIS) 15・16 の化石花粉群と

その意義

一銚子コア花粉信号の信頼度チェックー

奥田昌明日.中里裕臣三)

佐藤弘幸3) .岡崎浩子 1)

1) 千葉県立中央博物館

干 260-8682 千葉市中央区青葉町 955-2

E-mail: okuda@chiba-muse.or目jp

~)段業工学研究所造構部土木地質研究室

〒305-8609 つくば市観音台 2-1-6

3) 静岡聖光学院中・高等学校

干422-8021 静岡市小鹿 1440

鮮新一更新統犬吠層群(上総層群相当府)の一部が

露出する房総半島北西部飯岡露頭に対して花粉分析を

おこない，東大海洋研掘削の 250 m 銚子コアからの

花粉j同序との比較およびデータ検証に月jいた.これは

平成 15-17 年度文部科学省科研若手研究 B(課題番号

15740311 ;代表者奥田)の成果であると同時に，千葉

中央博総合研究「房総の植生変遷と環境変動」の成果

の一部である.飯岡露頭は層厚 23 m の海成粘土層か

らなり，上から順に MIS15-16 の指標テフラ Kh4a (K 

s15) . Kh3c (KsI7) ・ Kh3b (KsI8) . Yk12 (Ch2) 

を扶み. 250 m 銚子コアの深度 107-127 m 部分に相

当する.飯岡露頭の調査意義は以下 2 点に纏められる:

( 1 )銚子コア地点より当時の陸域に近接していたこ

とから，銚子コア中の化石花粉群組成の陸上環境に対

する相IMJI交の検証に役立つ; ( 2 )銚子コア Kh4a 直

下に存在が示唆されていた万年オーダーの.!jj 積間隙の

検~il に役立つ.

飯l珂露jjf[の花粉分析結果は以下のようであった.

Yk12 付近ではトウヒ腐・カバノキ属・ヨモギ属・シ

ダ1]包子を中心とする北方系針葉樹林が優先し， Kh3bｭ

c 付近ではスギ属・コウヤマキ!属罵.ヒノキ宇科1.'等等よりな

る i討!hhH凶l

北7方方'j系姿京索eのF再E問封増首が示された. 以上が銚子コア相当部

の花粉JØ/'i"; (Okuda et (/1.. 2006) と概ね調手11であるこ

とから. (1') 銚子コア 1:1:1 の花粉信号は11;:寄りの|盗ヒ

植生変巡の有意な反映であり遠距離飛来型l:花粉による

歪みはさほどでは無いことが指示された.これは銚子

つ
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コア中の北方系/温帯性針葉樹花粉群の周期的な交代

が万年単位の古気候変動(おそらく氷期間氷期サイク

ル)の指標となり得ることを意味する.また( 2 ・)

銚子コア Kh4a-Kh3 問(深度 110-115 m 付近)の万

年単位での連続性が支持された.これは同コア Kh4a

(Ks15) 直下における小寒冷期の存在の可能性を否定

し，銚子コアにおけるプロキシーベースの編年構築の

有意性を強めている.
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