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Abstract : A thick volcanic sequence of the Nakagawa Group is distributed in the Motegi area,
located in the southern part of Northeast (NE) Japan. This sequence is divided in ascending
order into the following four formations ; the Ichiba (poorly sorted conglomerate), Motokozawa
(lacustrine deposits), Yamanouchi (basaltic to andesitic volcaniclastis with frequent intercala-
tions of lavas) and the Motegi (felsic pyroclastic rocks with andesite and dacite lavas and
intrusives) Formations. The Yamanouchi Formation overlies the Motokozawa Formation
with disconformity, and the Motegi Formation overlaps the underlying strata. Thus the
Nakagawa Group is mainly composed of volcaniclastic rocks, while the overlying Arakawa
Group consists of fossiliferous marine sediments. Recently established magnetostratigraphy
in the Nakagawa Group is correlated with the recent geomagnetic polarity time scale of Cande
and Kent (1995). Based on tnewly obtained fission track age and previously reported radio-
metric ages ; the lower, middle and upper parts of the Yamanouchi Formation are correlated to
the Chron C5Dr (18.281-17.615 Ma), Chron C5Dn (17.615-17.277 Ma) and Chron C5Cr (17.277-16.726
Ma), respectively. The Motokozawa Formation may be correlated to the Chron C5Cr using the
magnetic polarity of the syndepositional basaltic sills (Motokozawa Basalt). The volcanic
rocks of the Motegi Formation display only reversed polarity, which can be correlated to the
Chron C5Cr. The age of the lowest horizon of the Arakawa Group is estimated to be 15.1 Ma,
based on the microfossils. This implies that the duration between the Nakagawa and overly-
ing Arakawa Groups was 1.6 m.y. or longer. The E-W extensional deformation, deduced from
macro- and mesoscopic faults observations, occurred between 16.7 and 15.1 Ma, because the
formation and activity of these fractures were limited during the stratigraphic gap between the
two Groups. This extensional deformation was probably caused by rifting of the lithosphere
in NE Japan.
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Thd, ThHEER L RmEE IcERs 254810,
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BEEEZE L T0EhEI D, T, BoNHANE
SREIE OES) Gt v PWIEIc X ARG 230 %)
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Fig. 1 Location of the Motegi area.
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BERFERE S & bicHiEd 5.
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FlEREA\BToTh - TEREESEE L, BOKET,
S TR ST 2K BB S 2 F &3 5
Mg, TAXOTEE ThiE ILNERUEARE
XA Eh3 (Fig. 2). Ihd oM ERAERSICE
SR, o - BYPHHOBREN, 518D, T
X o/NERE, KRERE, HESBRUAILERBIKASH
3. PFEEHIR I B VTR E ORI O A3 [BEE TR
DEHT 5.

| BER T O TSR IREE» 5150, N\EH
o - HERARESICES. BERUBEOMHZEA
BELL, @BROBOAM-THMSE2EE L, B
& - TREMIEOERERL, hEEMROILHETEO
HEIHBLTBY, WS w URR IR & Z 2 5
na.

TSI EACER Z nliE s, Ba, v vt
BEKNEEIRE DG 510, HIREEEE A
T5, B RETERRHET, BEECE - TR
FOBVEHILAERE. BEY VNS IBRHERYE
BEEZON, TRERESESBHELTWE I EnD,
TTHIRE RIAERRDOEE U F Sk HERE U 7o HE
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ZFHoh, ThoRBEERERE (Motokozawa
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LhTWwiz. UL, B -5 (1995a, 1996b) &, ©
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Fig. 2 Idealized stratigraphic column of the Neogene sequence of the Motegi area.
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Fig. 4 Geological cross sections of the Early Miocene volcaniclastic rocks of the Motegi area
(Hoshi and Takahashi, 1996 a).
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E==] Motokozawa Formation Pre-Neogene

Ichiba Formation

Fig. 5 Reconstruction of the geological cross section of the northern part of the Motegi area. The
Lower Miocene Nakagawa Group has been stretched about 15% under E-W extensional stress
field, which has occurred during the stratigraphic gap between the Nakagawa and Arakawa
Groups (16.7-15.1 Ma). This extensional deformation was probably caused by the rifting of
Northeast Japan.
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AR AT 2 P)IEBRHOMBEFRE T2 + = » 7 BEHE (AEHC - B B

BEIE D W) BE OREEMLA BT 5 BIRAWmE
sh, PlEROFERO LEBEEIN. I TH,
TS & N BB OERFMGSRMZ, S/
Bohtc7avvay Iy 7ERBEEESITIE
L, HIBROERITOVWTERT 5.

3.1 HMEER

B IR WV LESEE KIS FET 5i1c BB
b5, IhE CREERFNTIREESNE, - .
RIT, &E - B (1995) ickb, mHRBRESKEA
TEHEREERLE Y VO K-ArER E, BABOEA
BIKED7 4w a5y 7ERMBREEINK. T
TREBEERAE K LBEIKE ZFBICHET 50
O, BEERRAECELZKLEREECRLONE. &
- B (199%) & mHREBOFEROLBESLZ5HY
T, ZO&IMCBEATIRREERLE Y VO K-Ar
FERERIEL, 17.7102Ma BT 184102 Ma OEMRME
%187 (Figs. 6, 7). ThoOERITHREDEARE
E#RT bo TR0, miREO LIRER (918
Ma) 2R LTVWB EWVWZ XS, —F, BARR OEARRE
BV THhr o TERESN TV [TERA] BABIE,
AR IR T 2 EE O S B AE thh RIS A
BHLTBY, BEERODIEVESIT O WTERL
e Fig. 6 o MT-1) ko vravEHfHLE. ZD

Tay¥ay. Iy 7ERBAIES L. B0V
avEEEIR 200 /025kg TH D, FEEEBEOKRERR
B, ¥ AEEREERIE80% LHians. Boni

Sample Material K 40Ar (radiogenic)

Age (+10)
Analyzed wt % nl/g % total (Ma)
YA-3* Whole rock 0455 0.3138, 73 17.7+0.2
0.3276 71 18.430.2

* Takahashi & Hoshi (1995)

Fig. 7 Outcrop photograph of a basaltic andesite
which has intruded into the laminated
lacustrine deposits of the Motokozawa

Formation concordantly, and the K-Ar age
data of this sill (YA-3).
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A Pre-Tertiary

Fig. 6

Map showing sample localities for radiometric dating (topographic maps : “Motegi”

and “Karasuyama”, scale 1/25,000 by the Geographical Survey Institute).
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Table 1 Fission track ages of zircon crystals obtained from the pumice tuff in the
Motegi Formation (MT-1 ; Takahashi and Hoshi, 1995) and from the fine-
grained tuff in the Motokozawa Formation (MK-1 ; this work).

Sample No.of Spontaneous Induced P(x2) Dosimeter r U- Age
crystals ps (Ns) pi (Ni) pd (Nd) content  (+1o)
(em?) (em?) (%) (em?) ~ (ppm)  (Ma)

MT-1* 30 2.66x10% (1044) 373x108 (1728) 14  7.42x10% (1142) 0732 400 16.7:0.9

MK-1 29 8.63%x105 (387) 1.46x105 (653)

83  8.44x10% (1299) 0.904 140 18.6+1.3

* Takahashi & Hoshi (1995)

(1) pand N are the density and the total number of fission tracks counted, respectively.

(2) Analyses were made by the external detector method using geometry factors of 1 for 2n/2n(ED2).

(3) Age was calculated using a dosimeter glass SRM612 and age calibration factor z(ED2)=372+5.(Danhara et

al., 1991).

(4) P(x2) is the probability of obtaining the x2-value for v degrees of freedom (where v=number of crystals-1).

(5) ris the correlation coefficient between ps and pi.

(6) Sample was irradiated using TRIGA MARK Il nuclear reactor of St. Paul's University (Rikkyo Daigaku),

Japan.

FRMEIE 16.7109Ma (Table 1) THbH, WEAKREL
b DOEABOERE XIES RATHRHHERATS -
fEMrEn g, TERBEERKBEE N5 ILNEI
BREBORRE-RINFBEVFELTVE SO0, K
SHAERICBET 2 WERBETH 5. L TRBOKERE
RAED 5 ILPEOFER L 18-17TMa EHER SN 5.

Plhokdic, ThFcrdiREl 18Ma LIFIOHIE
Th 5 ELEFBEMIcEE I T WY, 56, THNBI
BRAET 2RFECELD L A BEEMNEKRED 7 14 v
Yav-. by 7EROUEERAS . AIESAE MK-
D @, BREHISILHRE OB T 2 ol U8 &
D EREX L 7o AR Rk kS ©H 5 (Fig. 6). Yvav
EREERIIS00ME /03kg THY, AEBRSERR
50% TH -7z, £, MENTFOHEMHIIRTH 525,
2AER T 28 U CEBLERE S 2EHE N 5 v 740D
BEHEES N, R S OFINEGE 32 Mz
RHoNTVWD, EEE, AEHRIEELEOTTHRER
i, EEOTHRIREBBEALTVWRIENLD, %
NODBHIEELARMLTVWEbDEELIONS. Lk
LIED 5, BMBEERET 2 5 v 7 OEMLOREE
BHERVNS <, BEEREEBRE RV s h,
BoONKAEMRME (186+£1.3Ma) T iiREOHERER
ART EHWTEN B (Table 1). < OFEMRMEIR, Bkl
rtiRBeBAT 2 XREBERINE Y VO K-Ar
RESHENT 3.

3.2 HMHSERF

SO HIBERRABC T LR LIEWET 5 2 & 27

AL, MHSGRROSRMHZKET 2 T EHWHRETH
5. H5ADEEL TV ARERLOBRFE TS &
TSN HHESERF L, ThoATREERNERLZE
BT 5L dRETH B0, MOER, FIA FHBEER
BERXZHPRME T Y, RE LT 2 HBSUEFERR
B (geomagnetic polarity time scale) i IF#EICx g
B EMTENR, TOERETEIICIEET 5T &0
Tx 3, DjlEHoBEIHEICHELINTEY, i
PFEICIBEERELTVWER I E0D, B - EiE (1996 b)
KR HHBMESEFSHEIL SN, TR, SO
AL ERRKEEHO B SEF OMEEZ RS & &
i, BB L 7o BEEREZ HIRSME & U T SEER
RE & oxtbziTv, BRXUEHOFERFENLME S Y
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Fig.8 Map showing the routes of each columnar section (topographic maps : “Karasuyama” and
“Hitachiomiya”, scale 1/50,000 by the Geographical Survey Institute).
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Fig. 9 Magnetostratigraphic results of the Early Miocene volcanic sequence of the Nakagawa Group
with geochronologic constraints, partly modified from Hoshi and Takahashi (1996 b).
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Geologic age of the lower part of the Arakawa Group which covers the Nakagawa Group

unconformably. The N. 8/N. 9 foraminiferal zone boundary, estimated as 15.1Ma, was
recognized at the lowest horizon of the Arakawa Group (Usami et al., 1995, 1996), showing the
youngest limit of the underlying Nakagawa Group. The outcrop photograph shows the
basal conglomerate of the Middle to Late Miocene marine sequence of the Arakawa Group
covering the weakly altered dacitic tuff breccia of the Motegi Formation.
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Fig. 11 Stratigraphic position of the Nakagawa Group related to the Berggren et al’s

(1995) time scale.
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and in the Kanto Mountains.

probably represents the duration of the extensional tectonic regime.

E alternation of sandstone & siltstone
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Chronostratigraphic sections of each sedimentary basin in the Uetsu district (Yamaji, 1990)
The stratigraphic extend of the syndepositional growth faults

It is notable that the

most of growth faultings have terminated at the N.8/N.9 foraminiferal boundary suddenly.
The compressional deformation has occurred just after the end of the extension only in the
Kanto region, which might be due to the collision of the arc with central Japan.
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