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Abstract : A pronounced interplay between tectonics, volcanism and sedimenta-
tion can be established in the volcanic arc region of the central part of Northern
Honshu during the Early Miocene to Quaternary interval. Four stages are
recognized with the type of volcanism and sedimentation varying according to the
tectonic stress regime.

1) Rifting Stage (257?-15Ma) ; NS-trending half grabens were formed under
an extensional stress regime related to the rifting of the Sea of Japan. Basins
were rapidly filled by intermediate to felsic volcanic products, which are often
associated with subaerial fluvial and lacustrine sediments.

2) Back-arc Basin Opening Stage (15-13 Ma) ; with more advanced stages of
rifting, subsidence from crustal stretching resulted in marked marine incursion,
and an overall transgressive succession developed. During this stage the back-
arc side of Northern Honshu subsided rapidly to middle bathyal environments.
At the same time, associated with the opening of the Sea of Japan, large volume,
regionally extensive mafic lavas and associated hyaloclastites were erupted within
submarine grabens. In contrast, in the present Backbone Ranges, felsic volcan-
ism occurred within bathyal to shallow marine environments. Igneous rock
types in this stage display a bimodal maficfelsic chemistry.

3) Transitional Stage (13-2.4 Ma)

a) Thermal Subsidence Substage (13-8 Ma) ; an intermediate stress regime,
which included phases of both weak extension and compression, developed. Con-
sequently, grabens along the Sea of Japan ceased to form. Later, lithospheric
cooling eventually led to thermal subsidence of the back-arc region, and
hemipelagic sediments mantled the previously active mafic volcanic apron. Vol-
canism at this time was mainly restricted to a narrow zone along the present
Backbone Ranges where felsic to intermediate volcanic products accumulated
within shallow marine environments.

b) Incipient Compressional Substage (8-2.4 Ma) ; hemipelagic sedimentation
continued on the back-arc side of Northern Honshu. Along the present Backbone
Ranges, the intermediate stress regime contiuned, with formation of many large
caldera structures associated with subaerial felsic volcanism.

4) Shortening Deformation Stage (2.4 Ma-present); the change of the
absolute direction of motion of the Pacific plate at the eary to middle Pliocene
changed the regional stress regime of the volcanic arc from intermediate to
compression. Movement of back-arc thrusts along the Sea of Japan coast began
2-3 Ma and led to uplift of the volcanic arc. Continued compression in the
volcanic arc produced narrow uplifted zones, with associated basins bounded by
reverse faults. These basins were filled rapidly by terrestrial sediments contain-
ing upward coarsening sequences. Under this highly compressional tectonic
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stress regime, volcanism became intermediate-mafic in composition with large

stratovolcanoes becoming prominent.
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Fig. 2 Schematic geological structure of the central part of Northern Honshu.

section is shown in Figure 1 (A-A").
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Fig. 3 Chronostratigraphic chart of the late Cenozoic sedimentary fill across the central part of Northern

Honshu.
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Fig. 4 Reconstructed schematic cross-section of the late Cenozoic sedimentary fill across the central part of

Northern Honshu.

Time lines (A-D) and location of each column are shown in Figure 3.
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Fig. 6 Simplified palaeogeographic map of the central part of Northern Honshu during Middle Miocene to

Pliocene.
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Mafic rocks
Felsic volcaniclastic rocks @ Dolerite
£ Pre-Neogene granitic rocks Fault
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£y Bk TR o T e ) & sl (Brow @ N 10 &) <1 2 #=im
Fig. 7 Schematic cross-section showing the middle Miocene (BLow’s N 10 zone) sedimentary environments
across the back-arc side of the central part of Northern Honshu. Location of this cross section is

shown in Figure 1 (A-A").

BEnicE AL E0BEUERLTVS (14, 1988b).
CORBREHIAHBOERT (8 3KOHIEKS),
Blow (1969) @ N8 #icHYE ¢ 2 FLB{LAEETR
EABRSIES (BEE», 198D, TREBEALED
FEICBES N BREN» 513 N 10 Bk 2 HFLR
ftarHEsh T (didh, 1979, chs5oF
-5, TREGKILED 16.5-13 Ma ORJicEH L
el EERLTWVA,
EHOIHERIC X - TIN5 OXREE KBNS
FEWRESRELNT, ELHTHT 5 EMBHEHLIICE
nTwad (FESK; 14, 1988a; EHE3 A, 1988; K
Rigd, 1989). 0 & REAEOILEAMN O BHAMERE
g4t 300 km, 8 30-40km Kbt > THMT 5. T
o ORRELKLECHHEREL, 6600 km? &Y
3. JEHETEA OENEE T TIEBE 1000m Y Eox
BEEN 4dkm FBHFOF— 1) v IS TIRBELELTL
3 (ERED, 1984). U 7ds - TERE (FHEREE itk
DWETIEA NI /5 — N VI U 7 BTREEE AR L
(E8X).
BHilMoEH TR, WEEToEEEALRILGES
GIEED, LEIOR T — 2 OBEHEEICESNICER 3.
L»L, LIRLIEC OIS RZES L 7 R i B H
flcAv sy 795 (LEE, 1989).
HEPFRLURK TR, <OBHICEE 600 mm Bk X
B & hE W SEEE ORISR L TV 5. ¥
ot BRI TIE, FEAERDIRE MO X
F— Y OBRE-BEEREIA Y S v 735 (LR 1986).

COREDOEEICIZ U LISEESRET S, BFRI
oKk (GF 4R oHis3), BEMEEESEOI
BMASEES. KNLEHUEBEEOMRS S, NN
OEREE - RIEBE O KIEEES. EEEKLER
BWER—APANLTRISRYA L, BHERED KR
BEMPORSE BEF—-A2RLEBLIZESEEL, HE
O UBHECEST S, ChoDEE F—A20FHI
B b AZRL, BEISHET 2 KLEE IRIREE
R LUEBEEOB{LA (Ogasawara and Sato, 1986)
DHE N — AHROMEEAE 5B, TOT EREEN—
LRE RV LB CORBIERE - 2 & &RL
TW3, BIfTREAOMEST KILRBE S, ik
FEiEm O EAFARCOESCRELEBT 3. 2hd
OEEBEKLBEEOTAIICIE, DREGEoEEs
ABLAEET Z2REVPMELTVEIEMD, BUD
CEWHEREHIAEER SN, 0% oS KE
A — b VOERE & - I KILBEBYIC & - TEEI
tEZoNS. PNEOXREE-RUEBEO KA G
HLTWEN, WIFNSKFEHOERERL TV 3.
BRI B Y 2ERE N AREES O SI, AT
DLEBREBEBEH EBNTH 5.

HibAARpEHIROREIAI T, < oow DIk
2L, NW-SE SRk %/Rd W 5 WA S
iz CEHED, 1982).  ORBHMOIERICE] XHEWV T,
C MR IAEE 600 m D ILTEIEE < BRI L b X
RETHIRBEBICL - T, REARELNS. FLM
TNEOZTIEOEESHE SN TB D (R - OIR,
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Middle Miocene
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SAK
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Koo —X547 75 s 3RRERROEAF %
RY (ER1E 30%). :

Fig. 8 Distribution of the thick mafic volcanic rock
successions erupted during middle Miocene in
Northern Honshu. Rose diagram in this
figure represents the orientation of mafic
dykes (radius represent 30%).

1984), N5 iF1EIE 15Ma Ok 7 v > b icEYS
% (KOs, 1989).

6.2 HMRBROEEEFLFIF=IX

Blow (1969) @ N 8 #» & HUMIH < 2 tEM-ES) H3ER
FiTiy, N10 OB 3EIROE & A & HTE
HHOREELE IR, HIAITIRWVL 2o
B hitEEEs R T EAFALREGSHES LT
5 (Balad, 1989). HPEETE, 1200m BLE
DOREDOEEXILAZ OTERM TERIBHERT T &0 5,
HKHEL BN A ZRE L WAL OBERE 3D &b
Mem/THELULETH 5. BATBOEEELROEE
SECEo I Koo - B/, 1989), hEl#iEER

DKER, 700-2800m & IhTW3. OO HE
OEXPHEREME D SR LT, FilMlotRi: N8 &
25 N10 oI 1-2km OWBESZEZ Z00BF
MThHAHDH. BRMETE EI4ROMIKS6), <D
B oD T8O CN 5 a # (Okada and Bukry,
1985) Y9 % [EHE T hERRE T O EAE B LRILA
AEHT 3. COTUOHBESEER W UEREHERT
TEAEEZADESE, 15Ma GBI TOEBLILESL
ARLTWA, CoOMREZIZ, 700m 1E &0 KLBES
L& »T, —HEBRE TEDIITONE I EMS, I
BoOBRBIIIZHBOES KE LVWEREEE. ol
LD oA OWBEREERET S &130F 35 cm/TH
PR AR

Blow ® N9-10 %% L < 13 CN 4 $icfiXd 2 HE
&, BB U 7ok S icRIBToMES) L g RS 1o A v
S5y 7EB. Lkd-T, BEAEOHIBTHREREOFE
BRICEES U7 WEEE A 15Ma ic3E T LkbD LA
RENB. LrL, TAEETOEM (L&aEh, 1984)
DOMBILT, TREEBEHLILS S - vz OB
I HTEEI L TWO - E RS,

Z OB OIS 5 X P R e 59 5 i TE R
B RPBERILRICOHT 3 EMBEH/ NI S itk - T
Mz EcEs. ComAER NW-SE SRO5ERE
DIEGERLTWS (EK, 1986). HIAITidslE
OIS BHEH TS - 1228, AT RMEBEBED
NW-SE A | D% & >RBeiteE (HHEe, 1982)
P OWE SN B &5 ICHERKE S L < IREIBM o EAEEE
DTGB HEE SN S, transtensional BIHJPHICE
O TOICEEEY bt s T Y (LEK, 1989, H
REBERBORILEARD 7oy 7B E bR TR L
TOW BENH 5.

7. AHikERXF—2 (Thermal Subsidence Stage)

71 BRELEYTRF—T
(Thermal Subsidence Substage)

HERESIER & KR ED

DY T RF—VRIEITORE T 5 kMg & K
RIEB ORI & » CTRES Y oh3 E6RD. H
filci, BEELEREEOHEERSMLEIOX F—YD
BEXKLEE2E - .. BERERFERMILIHT
NOm ORABE.R/RL, BN LRIEEZRIHER
EELRLEEEE. Tk, JOREREETO KL
By — v 54 bRRET S, HiMfloME i, ®BE
Bh o LREE  TOWBEXLSEENITAET 5.
BPBERILRIcBWTR, BEED SRIEED KL
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ELREEOHREYPERT S, BER 500m TH5.
FZEB KA, BEF—ALEE 0km EEOL
DY % b0/ NFBEEIER O K LEE 3. T okiliEiE
KRS e N4 T O TR YA b+ BHER Lokl
EE - fIREEART KEDE - BEREN 51 5.
BETRv R 70—k XAFEMELILSEY R M-V
Kbty ov s OEE» 5150, BEAGOE BIEE %R
THILAEZEHT 3 (Ogasawara and Sato, 1986).

TDOSEY) R YRBEERFEBINIIEVRZE
. PR TRAKBHEBEEENATU I I RF4
B4 5. HRRHREEARTHS BN, PEt
b REBEo B - HES h R EgEET. <
O EEHREFRo K LEoREES L BEBETORES
ZRLTWAS, BREKE - KILBEEOERE, Bl
MORAF—VIBEUL, F—aRES - "M 7052
74« BHRHEORE,» ST 2.

ZoBIcE, & HEIMRAITHIOR T - Y OKRED
CEREEKEEIZEOBRL, KIWESIREEL .
KUNEENZEREE P S XREBEE TO2r =€ — S VK
BaRY. FBESKLES ORISR A 5 F R
KHITL, ¥Eo kL7 o v ZRECOHERLROER
T, HMAHE LA Lrl, TR TRINETD
ZEREE O KITES OfkG P, FETKESH DS
DB ERICAB L TWA I &L, MxF—vE
OIBEDBZ W,

AR T IE, B 200 m Hith O ERMEIE D HERBYI A F
E4 5 (GHEd, 1982). ThooWEIEETEKX
BEREG, BZ o BRMBOERBELES ICHRT
55DTHA9.

BEEEHEICHE

OB ER R T ER B T w. L
L, LiioEilEaii Al &% oFERIGY 72 5
— VT OHEE & N B [R5 O KRR O J7 ] 1 25
fLLTWisWw, Licd->T, ZOBRHOIGIEER/NE
JERERS /1855 NW-SE B U 7o PRSI /1B T &
-7 &%ﬁé *LZ) .

BFRILKTIIBEE 400 m, BHIHITIE 160 m O
HEOHERBMI M LIFI O 2 5 — ¥ O BEMEH oY © Lokl
Bl TW5, Licti-> CHKEEHZER LT VAT
OUFEEE 3BRIKT 8 e /T4, FHIMIT 3.2 cm/
LS, BT HEREE 0 RE L HSRE S 70,
HiEoREIEL v, RiEtEobaZEH T 5 Kilitko
BEORYEEMOREENES L OEXT, BH
FIS I ES MR L c Wit A oh 5.

AA#BOBZIIIEE 14Ma KR T LAEEA SN

(Tatsumi et al., 1989; L, 1989). V 77+« v &
&R W - K D & LthESNY, BElC Xk 210k
AR bk ->THPENTWS (Mckenzie, 1978).
B A 0 #Is © D K LTEB O IGR & HRREH 3G /1R AE
i, TOEHDOWY - D &L EBRES S HIR R O 5

RV M NVOBEHIIKERT B EVI EFNETENINTH B

(LLiBg - 8k, 1989).

7.2 BEWYITRF—

(Incipient Compressional Substage)
HERRIER & KfER
BAEOBCIIRZRI LN, hEAEH RS 5B AR,
ZORF— YOl dBhicBL4 2B LT0iz (B6KD.

HIPIEEOREIH TR, 1400 m ORESDEIDO X F—¥
OHERBELBECE > THER LKL, Zhboil, Thk
b BERE - KBRS - AVEBE A - BE Vv B
»oE5. BERER, BxMNRREERETIDED
EAEAR{LAEES, BEREOKLBEES - 54

FOEREOMNEIEREL 3 SO, BRTAHEETR
FTIRERER, T ERT GIREEEAFILERE
GEEHT S EYEEAEZIRERER, Rk
R O EAB LB AR ER T 50, BT
BT+ —FOEESENL, BEMOBEERL
TW3 (K, 1986).

FEAHPEERIC I, BE 1300 m OHREYISHEEKT 3
T, Tl BfRs PEREEEERT I
74 b - EYEE AR T IREREL» SRy, LG
BhomaswoHEN TS 5. LRI, BEIOFILY
OBRETHRE L 2 #EE» 550, LiZLIEIERLM»
SHILINIEREEIKE R, Tn s oHEER,
BAR KR« kKiLA 7 2 Z28EIcat. FF
BHOER TR, BER 200m DL, BigL M
BIERAERLTV S, Tk RERE - BiEto it
AEEHRTINELSEBRINE. TORF—VOHETRE
A, PEHICEESEA LR O BE IES IR
LTWw3.

BRI, BEREAEHC L 2280 v
FIBEREN TV E6XD. #7513 10km #i
BOERERT OMNE V. HUF SHREHREYR, E
WA L BEEEEIRE - A VT SEOREICL S
F7Y 7 o —HREY - MIEERYIS S D 5785 . (Utada
and Tto, 1989 ; {£BE, 1986). FEH LV FSD LS
I ICEAE K — A (resurgent dome) DR E N T
W3bDbH5. LIFLIE, AU FEEDLHLEN—LF
WICEHEEBD F— ARBEEPEHELTWS

OBHICERE N ARERO I VT 5 iE, HibHH O
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FRURBVWICEZESGT 2 (FREEL, 1989). Th
SOANVTFIE, FRUKA OIEORVRIRICERT
5. BRIUROEIICIE, < OREHRICED Li/NBOE
BRE-REE & KEESATT 5 Jeihidd, 1986;
EHE, 1986). T ORRH IR U2 KIEER, AV
LR AL RS 2 ERER L (ERE 1989),
P KIL S L R AR LTV S,

ARl OISR T, AR O BEEE TR HA~NT
D5, BB OHRY S E & L Cli/kEET) Ic KR s
NTHER LU CRH, 1989 ; HRIEA, 1989). oD X
F— VO, BELAIIEBEHOBE T ICH - /2.
BRI - T, BAKEDET (Haq et al.,
1988) ICREWVIZ E A L Mg L L 7o, BT T I
REHEKELEBICWIG U 7z 2 B0 X BRI & OHIR
THEENTWE WIRIEH», 1989). RilE Mt
IS LRI R BE I CERE D EVSHE LT,

EEXENEIGE

PRID R 7 — V& T, BRHIBIERN SRS
THotehs, TOBHICRBELEREG >k HED
TRMROBE L, FETEINIRESEERLT
W3, ZoREEEohiciE, AVFIEEDEL LR
B F— 2 ROBEPSEREATVS. RORF—IIZ
BRI WL 2ERE2ELSICE, TORTF—
YOMOXERERIE, 0K — AROBE & BRI
SERE LTORLHIERIBEDOA L0 5 (R, 1986).
DL, WAFIELEDEL F-sROBEBER,
AT 5 ORI RS L 12 Ko BERS, FRILkRD
BIRICFESLTVWE I EAERLTVAS.

HIUH T, BIBLEER L C DR OR b
> TR L, % ORMERRANIZIER &Rt ERd.

RIS T35, 9EIR - /DB « BRI & & - THEG
ShTwas (ereide, 1982 ; Rk, 1986 ; KB, 1980 ;
Otsuki, 1990). T OB#IcRKE L WiR iz, NE-
SW HEDIEWE E NE-SW 5 R ORAKFE LR
T RITETNRE» S 5. INSDRK - R
OWEOHER, BNEMELAIKET—ELTOT
BREMERT] & PRERERIBERELL, BAK
EHBL DD LI BIETRECH > bDLHEFEN B,
TOEIRIEHEE I TRPENEE Gnter-
mediate stress regime) & & 43. RSN O MU T &
FIgEEET i e & e NW-SE SFR% R4 EBERREE
OEWBSHHT 5 (EBEE», 1982 ; {EBE. 1986).
TOT &R, PRERAR LD BIEERL 2RI
EWULIEMOEZDE, BINCERLBIERS O
WRERET 22 HNEBL. WFhICE X, OB

OB IR O BEES)IC I, KEK-FRIES) & Bk
SEERIEHDEABEE L TWEDTHA .

8. BREERT—
(Shortening Deformation Stage)

8.1 HRERLHMBROEELEH

TDRAF— Y OHREIER L ko ETEEIR, BARE
Hip oNESHOBRFIC L RS hTws (2.
HEZH ORI RILFIO R 7 — VO F v & O HEREY
AEHCE-T, BE 650m OBERBEIHEL TV .
TS RWE - BE - AP LR, HREHEREEEK
BERRG. BE» TS SR EOHREY & RS
N5 (EBE, 1986; BE, 1990 MS). Zh s oED
Mk, BRIURCOHT 3 PP FRoERE LS
KEL. DEIBIKET, BAf - klU# 52« kil
HARCED. BREBKSEIESE m OXKIFER
YT, LELETZ7Y—var sy ipES.
ERMOERI I, BE 850 m OMBESHHT 2. B
BHeRE - -WRTELSRY, BEESISFVS, ®
HoHEm L MR sns @&, 1990 MS). BERE
& EFERE KL E G, BEEoftmEEHRkoN
BEshkREREZEATOS, FESHbRETCR, <
NS OHIE A > CHUKLS R HERES) © IR HIMERE A 3
B, SSICABEERECEDNTVS. Thbo
B 1 TALOHIE A 4] 72 & ORRITICB VW TRES
W IT BV TEATELY, rotative onlap 2/RL T
W3, IhsomIRCRERMMERY OME L, BRI
B> 5 &7 b S e ZRIEREFE L TR FH oz
BLRIUEICEL., CORF—YIKBiT 2HERHELRT
OMFEDEIZ, BRILROBE:ESZ XKML TV 5,
ERFEE T dERE 1700 m 10Ed 3 LR\,
EURSEEL TWE (i, 1979). OHIEOD
TEE, TS v v NG - BEWE - BEL LD,
AR b ERY. £/, EHTIEREGLARS L
B o P &, N Es - TR b E R
3 (hids, 1979). HPEEOEHOY 7 €y v =
Vi3, BEWE - WEH SR EREE T ERC LS
HRfbERd. BEMGS, THEEE» S &S
~NEEECERYT (R, 1986). RV T & HPT
BEpEIR ik, 0o OMUED LTI Bl OB NR
< ENERSEN . FEREE T CIREBEANICEN 545,
HIPIECBE RS T BRI R A T, T SR A
FL, rotative onlap 2/RL TV 5.

ZORF— VB 2 hEEILH oIl o HERE(E
L HRZE B R 8 9 iR U7, FIiEs o g 2itt
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FIR LG FEE IR O ST D S S0 &£ T oMEREREN
Fig. 9 Schematic diagram showing four stages in the Pliocene to Quaternary history of
the back-arc side of the central part of Northern Honshu.

12, FEHICBESEKRT B 7y oY & » g
e, HPEE & ERTEE RS OREICH -
7z (BIK A). MALGPRRREE (2.4-0.7Ma ; 59X B)
iid, FEAMAII 500 m Btk O BEORE-FIHEO
R & - TERESh B, ThoOERBYIIaN
TREBIEF-ELLBEZRLTVS, IhiIHERERER
BAMOWEEES A R L TWVW5. OB, FEIHE
PR O HERBBRIE RN Ic &b LTl Y, H
PEEOREESFHEESNS. 1 Ma I, SHEE
e BRUROKIER, HEAMICRBYEEEL
HLRL 75 A IV R CRRRHERR I R L e (B9 O).
FEREIG T & - TS EHERRY L3 W B ORI A -
TR L, SR ORI OKER cERHINA RS
DR sk (R, 1986). HEREEF TR, < OB
I PR o PR 5 R 2 Ml ASTEE) L 7. HPI B D
Meke gL, ERNEHOBER) % £, FERPE I
BYEga L, EREH TR 800 m &Y 2 &Ml

HOHRBYISHER L 2. MEREOER L E VY
WIS AERICIE D, 57 L VIS AP [ - T
Fkshi- T L2 RLTWS (&R, 1986; B IK D).
FEPSEE RGO B IR S BNk D437 & HE R 1,
M & Rk Ol OSEHF U~ ORIEEZ R LTV S
8.2 KmRER

R R 5 — VORI BOTIE, KERTES I LIF
DRF—VEABOREER LTV, BPBFRILKRT
i, BIDORF—VIB|EBOTHNF I AESEHEEBD
KETEBNEHT 5. CNoDANF5OHT, BES
VTSI DWTEHFHRSEENThbh T3 (Yamada,
1988). BE A VF 53, BRUROEBAEL B
2K, BE& 10km Rik<T, »VF5RIBEE 900m
DOHEBICL » THREEhTWVWE, TOHLVF S5 E2RBE
&9 B KPR HEREY S B oD gk A © PEERA BRI LR %
TELAHLTWE (FEIKRUE2K). 1 Ma LI
PR LS TR RILEBE-LREE OB Kb ik
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4% (Aramaki and Ui, 1982 ; 5FE, 1986). #h o
BEMIKETT BV 2 DKLEKRSENTVS
(Sakuyama and Nesbitt, 1986). KL DA FHEE &
EHERFRURENcRARE S (FH, 1989).
8.2 oG LEHREER
FAL B ARG IR I 13, SMOBEFEOEWEH,SE
MCSEITRARICER SN TV S, ThsOEEES® S
B L g G, BREEREILSIE D KE T Bl o
Cicxt L CERT 3 A% &0, B/NEERS s E
BEE5 (fHE, 1986). BEFKOFUED NI,
KILER O [RE 7S HES A EREE D IR S B h i & %
EoTWwa, i @IAEPR, 1973) PRERE
(Bl 21¥ Wesnousky et al., 1982), TEWE (FEWIEHF
Fax, 1980) & DERNE, KEERKERSSIKROERH
BEMEER LA S EERLTVS.
JEERAMN O EHEE L E AN B2 - THEINY 5 #HF A
b5, HEWEOFREID SR L EHEEE, AT
PRI 2% LITTh 50kt LT, Hilflokil
7ayv &b 50km PIROHIE TR 5%, # LTHA
AT 10% Rtk & 735 (ERE 1989). cokHim

WERE, EE&LTENBAIKRET 3EEMETTE
BREbLhTWS AHERPHERLOZN - B, S
Zh 5 DN OEEBRLGIEEEA O < 2 OIS THEE
ahTwd CRBlIE», 1977 ; Awata and Kakimi,
1985 ; =8, 1986; 3EM, 1988). T 5 OFEREM SH|
i<, #EEERREABLRETIE 3.4-2.4Ma @
B, BilA<iE 0.9-0.5 Ma @ B i 7E ) A Blls
LEcbDEMEEENS. WFhick &, 0.5Ma iz
MEIHAE U CHEESPE . A VFS5SEESE
EE O KLES» 5 HAED & 5 BRI EE OB~
L HRERASZEAL L 2B, BFRILIRER 0w E ©
TEEBRIAIEIA & I —H L TV 5.

9. EitAAREMEOMERERES

Bk B A ER IR O M S O FERRE O & 5
WOK/R L2, Y 7 LA O @wEritic, Fio
g B e L o KILEEP O T h A L T 5.
COBED S S — Ny EFE L CHR L IR LM
BABRARIh TRV &5, HESHES 5L
51 (BRSO RELR) BERRECEEI N TVRD -

20? - 16 Ma

2 eruption of mafic rock
syn—sedimentary fault

pre-existing fault

,/
/ trend of dyke swarm

15 Ma

FUX FH iR oRIFERO 77 + =2 X
Fig. 10 Schematic diagram showing the relationship between the timing of eruption of mafic rock and the
tectonic rotation of Northern Honshu during the Rifting Stage to Back-arc basin opening Stage.
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Fig. 11 Schematic cross-sectional diagram showing the sequential evolution of the central part of the

Northern Honshu in the late Cenozoic time.

REEZOND. BE S TOMIRIIEESRERERE S
BERo—E T, FEEHES W LRRZEIRECS - /-
ThH55. F930Ma OKIli7m v b id, REDOLD K

DHFEPENAIMELTCHYS (KOE», 1989;
Tatsumi et al., 1989). DT &iF, WHEZEELT
EZNFHREIDBVILEAABEBKRLTVWS E 1
XD.

% 20Ma o kil & v ki, 100-200 km #EAERLC
BEIL (KOEh, 1989). ZoEEfl~oXkL7 o
v OBENE, hAHAHBEOHMAERKL, T/ R
T2T7—DTYbIIe Dy PNDRAEIBHLELT
HA> (Tatsumi et al., 1989). T D& 5 EE{bicfk
> THE7 V- OXKEICE, SIEREHBEDOSETY S
—RUBVIN=T7 75 —-RUBERES N, BEEYEIC
Lo TRBMICEDII TN . KGR, BUHRE
IWEBD b OHRERTHY, BIIEREOFEFBEME
L85, 2TOMBEEMKLEEES, KKESHIZE
D &5 i FBlicEf T 2 1R A R & LRI RS -
TWV5.

IR AL BATEA S h 3 hirt orhEER)E, 3o

D7 x—RHFBIENTES. B, V7 M
B AWBICHREIS W iEESTh Y, B3 7 b
AR o EMiEETRLIC B 1 3 KB > 280 EI
BOKMESTH 5. £ LTEZR, BAENEECEY
ZHMAOEMAITW - O & LEESTH 5. 1
7 MO KRB E RS THIBOREEGEE 1E, 20 cm/
FHELUETH D, FHLHAELTE 40-150 cm/TED
EBRELL TS (LEE, 1989). Blow @ N8 45
N10 oB:# (16.5 Ma-14 Ma) i3, HIbHA 0
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