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Compositions of the Paleozoic to Mesozoic sandstones distributed
in the Kitakami and Abukuma Mountains, Northeast Japan

Kazuyoshi Okami**, Shin Koshiya** and Masayuki Ehiro***

Abstract In the Kitakami and Abukuma Mountains, Paleozoic to Mesozoic sandstones are
widly distributed with peculiar compositions reflecting the tectonic movement and geology
of the hinterland during each geologic age.

Q-F-R diagram of the sandstones of each geologic age shows that the Silurian and
Jurassic sandstones of the South Kitakami and Abukuma Mountains, and Upper Cretaceous
sandstones of the Abukuma Mountains are concentrated along the Q-F side (quartzose and
feldspathic), that the Permian sandstones of the South Kitakami Mountains, Lower—Upper
Cretaceous and Paleogene sandstones of the Kitakami Mountains are concentrated along
the Q-R side (lithic), and that the Devonian and Carboniferous sandstones of the South
Kitakami Mountains are concentrated along the F-R side. The three types of sandstones are
indicative of their derivation from a continental setting (including granitic rocks),
underlying sedimentary rocks (chert and argillite) and an arc setting with volcanics,
respectively. Their geologic setting nearly coincides with the tectonic environments
recognized from geologic surveying. The Triassic sandstones of the South Kitakami
Mountains and Paleogene sandstones of the Abukuma Mountains plot in the central field of
the Q-F-R diagram, suggesting a complex geologic setting. The Jurassic sandstones of the
South Kitakami and Abukuma Mountains change in composition with time, implying that
both regions belong to the same petroprovenance.

The accretionary complex in the North Kitakami Mountains with exotic blocks of
Carboniferous to Triassic limestones and Permian to Triassic cherts are inferred to be
Jurassic to Early Cretaceous in age. At present, the tectonic division of the North Kitakami
Mountains is under discussion. The sandstones of the “Northern Kitakami Belt” are rich in
plagioclase. In contrast to this, those of the “Iwaizumi Belt” and “Taro Belt” are rich in K
—feldspar. The differences in both sandstones are also clear in chemical composition. For
example, in the diagram K,0/Na,0-Si0,, the sandstones of the “Northern Kitakami Belt”
plot in the fields of oceanic island arc and active continental margin, and those of the
“Iwaizumi Belt” and “Taro Belt” plot in the fields of active continental and passive
margins. The Jurassic to Early Cretaceous rocks in the North Kitakami Moutains can be
divided into two areas in terms of sandstone composition.

Key words: sandstone, compositional change, Kitakami and Abukuma Mountains,
Paleozoic and Mesozoic, provenance
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HILEAROILE - FERBRILH 3> MV VEERED
HRESENSIHR L, FhFOMERROHERRE
LR REO T AWE RS T3, WEDIK
YIER IR DG TR & e 2 B IO HIUE D e
FEWHILL, BEEOHERBECBERER2ETT
2 ETCOEERBHREOICOLTINS, FHRXT
1, EHOD I E TIRETL T XS
2, ARENTEREZMZTYVLVRPSEHEZR
I\ 72 B RO AR DS L BFRAIEB 2B I L,
e LHILHADEEFHZEL L DLV IZDW
THRETT 5., 861, BIHMA DY 2 7 RRHEH
WES SN AE - RABWEICDOWTE, b¥Es
HrEZEIC LB b1TS.

W H O# R

At b L3 D 58S HEHE R A A I R s
P, WRHEBPKE BRI o, KRighi
B» o 7% 3 BEERdt Bl & SRR o &
2AtERAb LI K E S a3 ez 6N T
&7 (FH-FH, 1964), LarLkhs, HEF
SR AT 2 BEEEEE(REEES
BE) SEEI B ERER TH L 2 L0
Sz 8N (R EIED, 1986; KILIED, 1988; /INR
12, 1988), “EMEREE" IEER & L TOER
DENTETWDS, 2 TR“BEESEE 255
e btz &, mEdb kil & JeEpde Ll o3
% LIRSS R 0D SR % ] 9 5 I A T i (oK
[RiE5, 1988) 13 < (Fig. 1).

AL I ix, ey VVRTERE Th 5Kk
TEREE, BREED 2 VI RIEE & 58 > 5
YUT, AIREREED VIR O B DRk
BREEEESES AT 5. FREE LG
bEERIL B & O 2 RSB TR v
LB O OB AL TH Y, Btk
i & EPlOBEFEE 2 b o T3,

IR T, dEERd B o6 9 5 R E E
&, BENE, IBMBEERERELT BhHiroh
RA~RIV LD 57 5L B, Z=8F~TF
HHER» SR 5 “BR/H", LEY 2 7R~TEH4
WRPORIHEEE WCINE THERS ST
Wiz, UL UR2SSIEE, s OHRBYSF v —
FRAKER EORMEEREEBANBTH S
ZE, BMiEEEES IS O ORGEED
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Fig. 1. Compiled geologic map of the
Kitakami and Abukuma Mountains. 1:
Upper Cretaceous and Paleogene, 2: Creta-
ceous granitic rocks, 3: Lower Cretaceous,
4: Mesozoic of the North Kitakami
Mountains (Jurassic~Lower Cretaceous?),
5: Jurassic of the South Kitakami and
Abukuma Mountains, 6: Triassic, 7:
Permian and Carboniferous, 8: Devonian and
Silurian, 9: Mesozoic and Paleozoic of the
“Hayachine Tectonic Belt”, 10: Hayachine
ultramafic rocks, 11: Hikami Granites, 12:
Metamorphic rocks, KT: Kitakami
Mountains, AB: Abukuma Mountains, NKT:
North Kitakami Mountains, HT:
“Hayachine Tectonic Belt”, SKT: South
Kitakami Mountains,Ta: Taro Fault, Iw:
Iwaizumi Tectonic Line, Ku: Kuzumaki
Fault, Hy: Hayachine Eastern Marginal
Fault, Hi: Hizume Kesennuma Fault, Fu:
Futaba Fault, Ha: Hatakawa Shear Zone.
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FRTEEALEN L, BRBEEOERBEY 2 5
A~PIHIEERL TH 2 Z EBEL DD H B (2 &
Z0E, i, 1983; K k- k&, 1988; Minoura,
1990), Ak« KJE (1988) i3 Btttk D FER RYE
FECDE VL ICED &, “ERFE T2 3 5 SEER
TILEAL Bl E =5 2 ERRIBL Tw % (Fig.
D. EEh 2 BHEESHROEROEHTOE VI,
AR ECBL T RO NTEBY (JIIFEAIZ
%, 1986; Kato, 1990), #HRIEERILERHIR % T
EBHTE3,

EERAC Bl B8 2FIME DR & & DD
TREEOBA RSO EEEE (KREELES) :
Kobayashi, 1941) iz & v, JbE-FMRBLHOXE
HHISIEIFRAEOMERRICEB L 72, THEESR
i~ w =R b TR RE R 1 o B
o TOHASAT 5 (Fig. 1).

TEROWE

1. WLV ROBE

FEERAL Bt DRI D BBEFE, /\ El [ﬂIi’o LU
KD LHIBOIAE & it@“ﬂ@ﬁﬁﬁlﬁ@?ﬁ%ﬂ*
BowEx2Hom5., NNER, BADIHR Tk
TEREBCRESTH IR 2EREKE2TE LT
% BK D Kk ReESE (Murata ef al., 1982) 2 NEE
B (Kawamura, 1980; JIIFMEA, 1983), fiiod
2 HIR TR ETERE 2 ARG ICE > T w3 (RH

&2, 1974; Okami & Murata, 1975; Murata et
al., 1982; b b EEHR S v —7, 1982). JIINE
KIRAKEPEEL, HEEEIEESMTICDA
FET 5, REHIBROITEERE XTI L E ARE
(=3EHA)IIIE © AV R ERRD) 2R, BEARE &
RleE & ﬁ@i%%%&?%&ﬁg%ﬁA?
S GkIRED, 1988), JLEEBOITEERE X, AKX
HICEDLOTZUL, BEERMED B EE S
BLTBY, —MeECBRERKER 133, HE
T ENABEONNEOWEIIRE, ER2EEL,
HRHELTEREES, tREER C2S0ERE
WETHL, 2L T, BADTHIBOBEIZ,
TR OBEBBRIKEDER 2% G EEEWED
57 % (Fig. 2), BREBEIKER 2B < &, o 2 #uis
OWEMR EEUT 5, —F, FEERBOWE I,
THEHWEINEZRAED 182K &, wih
bEHETHL, AR RIEREEE, 4910,
YRE, BREEIKER PSR S, BED 0% %8
ZAHEMELH D,

IR & AL O DA 2 Q-KF-PL Y
teHET L, FiBRAVERCES, BEERH
ERICE e (Fig. 2).

2, FRORDWE

HE MO FTE~FE 7 R ROKE - hHE -
ARBRBOWAEMBENP = LI It ko TN
Twb, 7z, HEBICOWTIIIINEEE(1984) D

PL F
Fig.2.Q-F-R and Q-KF-PL diagram of the Silurian sandstones (after Okami & Murata,

1975; Okami et al.,

1981, 1986). 1~3: Kawauchi Formation, 1: Hikoroichi area, 2:

Yokamachi area, 3: Okuhinotsuchi area, 4: Orikabetoge Formation (Ohasama area). Q:
quartz, F: feldspar, R: rock fragments including chert, Q: quartz, KF: potash feldspar,

PL: plagioclase.
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BEtb B3, TRVRE, BE~PEOAREEY  OREE L O (Fig 3). B REE, BEAB LU

BRCRIDREREEY CH S, BERIVIND
AEMBIRICA R L, B LRRACE D (Fig. 3).
R ICREEEE, T4 A b, BE, EEE, X
REZRELTAVA VE~KREEDOKBEEY
5% 5, THTRyROKRERBOWECIILHEE
EENVEMD 2 (ZF, 1971). Z2hid, KEEOD
WEs EAIBICE N, RRAECED & RN
3.
3. ARROWE

HEMRMERO THaRFZHEHRE >V TR, =
£(1971) B X VIFTEER (1984) DR 235 5. HEE
TR OWEZ, ZOHEOT R REFEKICAER
DL EREWETHY, RESH~EEME KR
EHEcERI L LEEL, KBEER LRIEGD»S
R S 2% b o (Fig. 3). AKEEFED
WELFET .
4. R LROWHE o

HEET IR O RARE L W& B T O Mikami
(1969) DIREI V3D 5, WIE & b AKEDERT 25
HT, WERZRZILZTLOTEHICHEZL, F -« BT
WHKAEFCELINET S IBEER,
WARBOWERAGELZZLL, BALERKE

L] ‘%& o o
. o 4
i & °
2 v w® avBoduo™ W

@
& Doven o O o

Fig. 3. Q-F-R diagram of the Devonian,
Carboniferous and Permian sandstones (after
Mikami, 1969, 1971; Kawamura, 1984). 1~2:
Permian, 1: Kanokura Formation, 2:
Sakamotozawa Formation, 3: Carboniferous
Hikoroichi Formation, 4~5: Devonian, 4:
Nakazato Formation, 5: Ono formation.

KILEED» 5% %5, BEHOWS L EEHOWE IR
ERELOTHRVERBEWETH 505, THOW
BIAESDPZAMRACBECROEWETDH S,
HEEOWELAECIZLABRAGLERKED

BRETA YA b, BIEREOKIUEE»SFEK
B sh, BE, EEECHER 2R,

PEFROW S

1. At L-RRBILBO=ER~> 2 FROWE
AL L - PTEBRLIC i, Jer o KipEE, AR
#%,mﬁm W, KU, HEREE (R L
i), AHRE (FTRBRILH) Q&M =Bid~BHE
HEAT O Ve g B ~—BR R AL D W8 P S s 0 A

- LTw3,

BHEERZELS Zh o hEROBABITK
MRIEFHUIR % & e RIS T, B - HHE - tHEME R
WSS rhEREEr, BRI - A - KBRS ET
X4 & 3 (Takizawa, 1985), Z 2 CRREEREE
DTEH~HEH=BRTHER L BELE, HEFE
BXUCHEBHBOH~ LY 2 7R OWEZ DL
THh~RB,

a, V"F*B—E;F*V)F')

flﬂ#gﬁ@ﬁ)?ﬁ WSk (1979) %’Taklzawa(1985)
kY ’Fﬁ"]‘é ncws, TR TALL VR, K
ﬁ,ﬂﬁﬁivﬁﬁmEkEﬁén% BEOWE
i, ZLOERPBDSND B ODHEH L Bk
MR b b, AE AR BHEIS Wy (Fig. 4). A%
BRECHEBERTHY, FEELT 200 &0, &
FRHERCMZTAVER Y DEE TS

Lo (gEE, 1979). BR BIEREES, RIUAE, VA
EHOTRE, RV T I VAREDNSRY, S

BEDLIDRED, ZEEOSRFBEENE I LN
BT, CRREABEICIZS $h 288 OBE~K
LIRFIMTH B (FEHE, 1979; Takizawa, 1985).
b, a15ROW%E

ﬁﬁi%g«;ﬁﬁ? DA EERERE, LD, AD
HE, KOERBB L OEIE»r oD, BR~5YE
BRI 5 7% 5 (&R, 1975, 1977; Takizawa,
1985), H“BOMHBPNBHOBERB L INS
]l B (EIFWEEE) OMElX, ARLEARE
A, QF-REIZBWT Q-F BIEFTIHEER
WLUREAREWETH 5 (Fig. 4). AEZEICHERS
ThH3, BARHIVRAKEDL., SYREREOR:
& 1X orthoquartzite 12 433 & 11 % (Takizawa,
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Fig. 4. Q-F-R diagram of the Triassic and
Jurassic sandstones of the South Kitakami
and Abukuma Mountains (after Okami,1969;
Kamata,1979; Takizawa, 1975, 1985). 1~4:
Jurassic, 1. Tomizawa Formation, 2:
Ayukawa Formation, 3: Oginohama
Formation, 4: Kosaba Formation, 5~8:
Triassic, 5: Isatomae Formation, 6: Fukoshi
Formation, 7. Osawa Formation, 8: Hiraiso
Formation.

1970,1985). THLOIKDEEDOWERZEREWET
DY, AEEIPPDLL, RABREABZWE
A% R~3 (Fig. 5).

%%#Eﬁi’dziﬁi &J}Tﬁ ?‘ 6%%1%%@:; Thik v,
/M*E, WARIRE, %*EI%, INZ ﬁ@bi@ﬁ%ﬁ%
KRG ENS, MNEBOWEIIAE, RAKEDLE
AEWETHY, EREEEDER %% { &t (Fig.
4), EEBO/NRERBOWEIAREWETHY, E
HixA VY ERIZE L (Takizawa, 1985; Fig. 5).

*B%ﬂﬁﬁbzﬁfﬁﬁ“émﬁﬁgﬁgﬁbﬂ‘ﬁi D, it
RIE, g, ILEE, wWER, ToRBE, ERE

s & OVNMUEB X4 S 3 (Mori, 1963), W2l
B2 DWW TIX, BIRBICEE$ % Okami (1969) OFEH
RRETDIE 0, FEB~ERBICEY 3 Takizawa
(1985) B & U RAF-iE 4> (1990) DR 235 2,

BEIRB IR BI R IER O iR 5 2 Bive B~
KOWEMTHY, THIRBE2EA, MIOAIK
EPOWET S, BREOWERZAE, 2 VEA%
Fe L, /NEORMRA, B (tHEE, BEREXKILSE)
2E&H, QFREOD Q-F T2 F NTEFT 2. 89
PERE X0 D E L, Folk(1965) D438 T 95% LA

Fig. 5. Q-KF-PL diagram of the Jurassic
sandstones of the Kitakami and Abukuma

Mountains (after Yamaguchi, 1981;
Takizawa, 1985; Minoura, 1990; Okami,
unpublished data). Tm: Tomizawa
Formation, Ay: Ayukawa Formation, Kg:
Kogoshio Formation, Ta: “Taro Belt”, Iw:
“Iwaizumi Belt”, Mo: Moune Formation, Og:
Oginohama Formation, As: Asanai
Formation, Ts: Tassobeguchi Formation.

L OHEFEERE T orthoquartzite WA EI N B b D
YFEET 2 (Fig. 4), AEDIZEA L ZHEBSTH
5, REBFERAELEAVREGLORY, ZOREIE
Bz X D 26T 5 (Takizawa, 1985). Z O, B2
ER, ¥Y7uf, YrarkEELRESL, FED
SRR L, THLOWER &R ORB TR S
AR O P FLYAE L (Takizawa, 1985; AfR1Z
2, 1990) THRENTEY, FITREAENDD
ZWEEIIIRENT W3,

DXz, MEdb kL & FIRBEEGHDOY =«
FROMWEMKRIZELO THELLTH Y, Wiz
Y 2 7 21 [dl— D petroprovenance IZ H o7z Z &
WIRBEEND,

2, eI LINBO S 1 SR~THHBRE T HHE

DA

BB B OEE &L, FR Lz caE
3 Eihy Fizaﬁid)fﬁﬁ WL, Ey’i%l_‘ﬁ ’Ef;%k
TE@J@%& EREE %ﬁﬂ@ﬁ%ﬁ Eﬂ@?kﬁiﬂ?k
Kaa3hTwvd (REKIE, 1988). L Lgds,
JBRFO®ET « BT ITbRTHROBDT, #E
KROBEFRS EBFRCEISEHRKERL, B
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Fig. 6. Q-F-R and Q-KF-PL diagrams of the sandstones of the North Kitakami
Mountains (after Yamaguchi et al., 1979; Yamaguchi, 1981; Minoura, 1990; Okami,

unpublished data).

1~2: “Taro Belt” (1. Koshimeguri Formation, 2: Makisawa

Formation), 3~5: “Iwaizumi Belt” (3: Kassenba Formation, 4: Takayashiki Formation,
5; Magidai Formation), 6~7: “Northern Kitakami Belt” (6: Asanai Formation, 7:

Tassobeguchi Formation).

BWHILI—ELT, Yasii~HiaEiteRo
NBREA DR ERET L 72w,

@Eﬁ&ﬁa%ﬂ@%@bt?%ﬂﬁﬁbﬂ”
DENE (L, ww,%*%m%w#%ﬁ
M}inoura, 1990), “BEREFORIAEE, mﬁ@}%,
FEESE (UM, 1981), “HE®" DEARE, @ L
B (L riEs, 1979; Minoura, 1990; K ERAFR)
TREENTWw3,

AL 7: & B OWE I, D‘ﬁ'ﬂ%}ﬁa@ﬁﬁﬁﬂic‘:ﬁ
AREELIERAEWEAETHY, BFELTF v —
FREERE S, SRR KEREEN YL, 20
T2, 2o DK% Q-F-R K TxRY &, Minoura
(1990) bW LIz X O I2, BB TR EALEPED
shiga(Fig. 6), L L6, “IbEdb L#" &
THETERRACERBEXKUERC L A, &REA
DA PSS (FHE, 1974; 100, 1981) Dkl
T, “ARE - “HEW OWETE, »YVRAKE
&, B BTEEEEENEENS LI EBVIAD
55, ZDMHHEIZ, QKF-PL iz 8 THERIC R
&h 3 (Fig. 6), “ItEpib BB OMETlZE— P
BRTHREARNBUULE TN, JIFHHROWS
(Minoura, 1990) T, #VERAZRIPIFELEAYE
EERVERENELEL T3, OB dtErit
EEHOWENKIUERCE A, FELRRAE2S
REBEWS T INE TOREA974) 28 DR &

AL TWw3,

7, BAR L ERBERIC ZEELON TN
BE» SR I2AEKEOWENEET . FEHED
(7D INEHKBEY—ES 4 AR LTY
3,

3. THAHEREHHOMNE

Q

Fig. 7. Q-F-R diagram of the Lower
Cretaceous (Miyako Group) sandstones (after
Murai et al., 1983). 1: Tanohata Formation,
2. Hiraiga Formation, 3: Aketo Formation.
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JE EIIEZLO THEERE LB OW A
BatEhTw 3 (RHE», 1983), EHBERIE, K
& ILEE S ORBEMEEY TH Y, AELTERES
%ubbk?%%ﬁﬁﬁ%%bw@ﬂT% B
2- ?u;o %EE,¥# E,mﬁmgﬁiv
.%FELE%%%% BEOWEL, STHEL BN
THEBEOAEE R KL THENICELCE &
2, BAREbOTHRL, QRACEFLIBE
MK E2 =T (Fig. 7). 72, FHERBzASNE XS
RSO B ENE EET 3.

4, EBAER - FE=ZROE

IR R PR R B ONEE @A) & LERIL
il A B (AR WO T 5. FRkICHEE
=% b FRBREGE O B AR & ALEAL BlAGR
BEHOBHBRIM SN TEY, Ihs ik EFEHE
REFBBCEELTHHL, WThb REDEH %
b DRI~ BEREEYTH S,

WEEHOWED, £, ROEELTIRAHE
WETHZDIZNLT, Em@ﬁEﬁEwyamE
FEWAETH Y (Fig. 8), MEIIMmMD TRy ME
RKERLTWS,

—%, db b EE O AR ARKERE - &
EERFHBEOWEIIL D ICEFICES, EAN
EbDTHEEAIC D 5 (BH: - Fik, 1986; Fig.
8). AKEH I E HHHEREE L QlEidtRE %
TEGCE Y, FEIORILBZERTIEKILE « K
BEOBRRZL», ARBEOWEICIEREL
TFy—1, BE -BERVY 7 VR, LB
Iz ¢, RACEPRIERKE, RIS EDERH
EEnd, HEERFCBUDZKUEEI L D#HSh
TeERRTEREE» S DML D b, BROHEREE
S DOEFEHEBM L Tl EBRINTW A (B
HeFLE, 1986). —7F, BFHEBH TR THOBRET
ZIEPBEKREEEOER PHOER L8 !
2BEDHTEHLEEN TV S (BH R, 1986).

HERE S OB Y EEBROTE

YNVNAED S HESRIC W A EEK DL
2t b - FIERBRE LM OEEFEL & DL Y TR
T 5.

HILMIA OB EFRIIE Y VVROTEREE, KE
TEREEB S URMEESEE2ER L LT, B
Jt k- FIERBREEE cREEHEREY & UCHREL
Tz YIWNVHR~Y 2 TR, FOFRKZHWLDOLOR
BEBHIONTWEY, KEREEEHERTHO

Fig. 8. Q-F-R diagram of the Upper
Cretaceous and Paleogene sandstones (after
Okami, 1973, 1989; Terui & Nagahama,
1986). 1~2: Paleogene Shiramizu Group (1:
Iwaki Formation of Futaba area, 2: Iwaki
Formation of Joban area), 3~4: Upper
Cretaceous Futaba Group (3: Tamayama
Formation, 4: Kasamatsu Formation), 5~6:
Paleogene Noda Group (5: Kuki Formation,
6: Minato Formation), 7~9: Upper
Cretaceous Kuji Group (7: Sawayama
Formation, 8: Kunitan Formation, 9:
Tamagawa Formation).

B <, EIE—ECHRL Tw 5, BrF - HRE
BREEPOT N AL, BEMREROERES
HEESO7Vv— DO ERBREBTHEELKRIER
ERUCEREIN LEESNE, EBETTRD
EVWKETEREEIBZ 5L I DEREEY
BLWEMEABOIERETH %5 (KLEIED,
1986). %7z, RiEEE&EEL, K ETEREEOE
)\L/{EU k?&@ﬁ%ﬂ%kéﬁbt 7 b ’ﬁ?@fﬁ%f“
BEEZOLNTVS(KEED, 1986 KILIE D,
1988), BMEESEERA 74454 MEOERE
B 2RI, Z0% < BEINMEOLEHEBRAYEE
#~7 (Ozawa, 1984; HHIZH, 1990), T DHEE
i, V7 VEBEIEIOBRESCERINI-Z LS
BRTL2DOTHS,
1. YL

YNWNVRIE, YVNVRERBLETICELC T THSS
KEEILES & FROBEEH TR SN ER
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AEPKETEEE R 0o R ZRAL Bl %
ERELT, H20EENRORMEESEEPE
e U THRLZOKRLEIE D, 1986, KK I1E >,
1988). REERAL LB o)1 B & JLgEs o 4
BEIRRE O AR DEIX, BHEESE L U TKET
A TH 2 LA BEM RRER &, SRR HHATR
ZH OB EDEVERTERDZ I EBTE 3,
Tz, TN RHHEIRO BRI WL RER ~ R IR D H
FHE, AIBCHUTEAT, PPEVWHEERE RS
BELIEZ DI EHARETDH B (K LiE», 1986).
FrdtES oIre ke 3gath iy > 7Y 7%
ZHEPE & T % orthoquarztite BER LR E 72 ¥ DR
BYEEATHS (K EED, 1984), &FnsEH
DOEFEDE N ZEIME OX EE RS EOMERZE
ERZ 5N TS (K EIED, 1986).
2. FRAAC~FERLR
TRYRBIZEANZ T IVh ) EROF~BEEX
BB (218, 1974) 12 b 720 SNz KRS S F &
T ARERHERYBHISNTEY, WAL L
BB 2, KERIEBIDIEFE BIR v UK RE S
MERBECH Tz, 2D XS BB, ARCH
EFETHRVIEHEINS, ARRIIAKERRB
BEYFLTIHBE»ORD, i%kkmeT
EAGETH B, FIHAL_E LM O K A
B, Tk, KA 2Bk d 2 RESEY
ARFZRDTEICKBICIE S ENTHY, KEIEEIX
FREE L XREE DN E—FVThH 3, B
VU7 A NOREEROXREL S TN, HENE
AL BN OE IR % BEE TOXRIGEE 5%
Z 6N Tw 3% (Kanisawa, 1971; JIAf«JlAE, 1989).
KB EEEAL LI H O FEER B & O B H 5
(“RHhIEEE R O SRR 2 & te) o F R R L
TREFELALEBDONTORWI o, KEHE
BERGICEAINIZHERBEOTLCHEEL - &
FEzohd, HULASEREEOEMLAEZET 2
TEHARRHETE X, LIS OHERECHEREE
Do, KEIEEOBETICH 2BER THER L L
HETE ST 2 (JIIRERR, 1984; J1IHF«)114¢, 1989).
% D%, ARACHHRE~ SV ORI - [
BRI B AR CAKEHEBIEBRT 3
ED S, BIEBRCERK S NI-HREE 3ITIZFELL
L, BHEF L DB IEAL-LH#EEIRLTY
2 (NI« NIk, 1989). Z ORFHAD KFLIEENIZ % b
DCRHEIE > T,

TRYRPARROWEX, KEESHE &b

KILEZ

7o BIGIHIR ORBWHEE LIt E 2 o, QF
-REETHAERZZLWFREZFLFORIE LD IZ
fIEL T3, KEFBOWEIMEREFPAEELR
REL GBI L, TROKIIEREERD» > OB
MOMIEN SV H T2 L ERTOTH S,
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BEBIEALEDOATOENI E»d, ThE
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TnEBIER s Tz, AIMEDORE R 3Rt
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WARBIWCEEDD, BB, T—F + < N9 ITAK
AR R vz, BVERS E CORBFER
1 92.6% 127 508, BV, VERSOFERIZZN
N 95%, 55%TH D (Table 1), HERFOHE
DIRRVNFEEIC L B DTLUTORHHRL S FE VI,
1 FE5H Tk MgO, FeO, TiO,, MnO, Al,O; D
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Fig. 9. Tectonic discrimination diagram (K,0/Na,0-Si0,) for sandstones after Roser & Korsch
(1986). NK: “Northern Kitakami Belt”, IW: “Iwaizumi Belt”, TA: “Taro Belt”, TM:
Tomizawa Formation (Abukuma Mountains), PM: passive margin, ACM: active continental
margin, ARC: oceanic island arc margin.

Table 1. Eigenvalues and eigenvectors of the Si0, & K,O BT, THIFBRMAEE, 72k 2131t
correlation matrix of the Jurassic sandstones. MEEER EORENRN O EEZ NS, Ih
XL, “AbEdb B8 omEIZ KOz UL, HE

I H m W v ./ N [ ?»” [
: HWAEEDHENEL AdND, “BRERPHE
si0 -0.39323 | -0.22750 | 0.08750 | -0.06741 | -0. 23849 ey . . _
Ti0; | 0.38345 -0.00160 | -0.05298 | 0.01112 | -0.05558 B OWABRHAZEOTEER I 7y ¥, Bz
AL;O. | 0.31516| 0.44849 | 0.19988 | -0.15701 | 0.04275 S (b |3 B (R SRR B E T
Fe;0. | 0.18587| 0.10383 | 0.03288 | 0.77495 | -0.41176 3 ¢ ” > e
Fe0 0.36428 | -0.22324 | 0. 15368 | -0, 16735 | -0, 32224 i fE AR O LT - o
¥n0 0.32518 | -0.38115 | 0.01877 | -0.22143 | -0.30330 51T 3= Ep S SIRE )~
We0' | 0.40831|-0.18222 | -0.01964 | -0.01502 | -0.07221 5. %‘If@%k%ﬂf%ﬁ}?ﬁé{%ft ﬁﬁjtm
Ca0 0.26378 | -0.06160 | -0. 45385 | 0.35188 | 0.49478 v ¢ . » YRl N
N:?o 0.21551 | 0.49739 | -0.26677 | -0.37884 | -0.03068 AR E%;% » B, “ILAIL LE ORES
£,0 0.05088 | 0.31200 | 0.70888 | 0.15705 0.11561 > - N Y 7N
P,0s | 0.19191| -0.39933 | 0.38012 | -0.02828 | 055543 in%ni ié RISy Y EaNS, BREOW
Eigen. | 5.43842 | 1.72196 | 1.37385 1.04986 | 0.60105 =03 SI0,ICE &, AlLOs, Na,0, K,0 iz Pz L
Propo. | 0.49440 | 0.15654 | 0.12490| 0.09544 | 0.05464 — - =y BLy g $~H ELLELL o B g
Cu:f,gn 0.49440 | 0.65094 | 0.77584 | 0.87128 | 0.92592 fERERy, < ﬂbimREUN@Ei})mfﬁE@g&%’é
"ﬂ' b e = >
Eigen. : Eigenvalue, Prop. : Proportion ch.wc bil{) % %) 0)0)’ Sloz‘j—&b BE%Q%ﬁib)
Cum. pr. : Cumulative proportion EE@ M:J:t&% L/ < %1/)725@?% % CE ﬁ%ﬂ’c“% 5.
PDEDZ &2, BREOWSE IR & OBE
KESBRT LIRS NS, KSR, “ILHHE LA OB e R AL

B -BHERSD, B -BUERSCOVTD BEHMCL TR EELONS, “EEBEDH
BRABOEFRIBEOBAMAEE Fig. 10 RT. F  EBE OSBRI FOFMELEFTCHERBL: 22
[ ko E BUERS OBMR TR, BIRBOWE I ks, Fi, ‘HAERE L“BRE OEBIZESE
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b

Fig. 10. Scatter diagrams of component scores of the Jurassic sandstones. a: principal
components I-IIl, b: principal components I-II, NK: “Northern Kitakami Belt”, IW:
“Iwaizumi Belt”, TA: “Taro Belt”, TM: Tomizawa Formation (Abukuma Mountains).
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BEZ NS,
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U BIDMEE SN D, BB, Ml e
BICKKEEOH 2B S Bl Ez 5h b,
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INFETHERLE DI, QF-RE® Q-KF-PL
Xz HWTHEHRR 2R L, MERRE D 5BE
A LD EWARETH B, Dickinson & Suczek
(1979) = Dickinson et al.(1983) 7c il EmEE
BEHOBAIKZREL T3, ZORK» L
HHOH - HEFROWHECHEATEXZLIZDONVWT,
WA R B AEQm), REE B L UEH
(Lt #EREAREEED) Lo AR TR T
% (Fig. 11a, b). Fig. lla W B=ANOBcERT
%% D%, Fig. 11b I 3ZPEREPcEF T2 H DER
L7z, Qu-FAH2HE-RHEDD DDOKED

5« KILBZ

TtREEE CREMEHR) 248 L L, Qm-R Hk
HHIERFEDODDIZ) VA 7 VBRORBY R E
ELTW3, 2, FREUD S ORKILMTH 2
ZEERRLTWS, £z, HREDOD DI N 5H
ADRU-72d O s KL ERL Tw
%, ZOZARRENEBROWEHERZ, 7
EZERRBIIMICBWT, NERREORERAE
WERT & D, BHAEL IS ES, 16
MENBEHLLERRAL BN 5 HE=E/LIC Ko
TKEIBREGICRATL C, Bt S - Bils» 55 )
7 KILOBREE I Z b T 372 &, FikL 7zdb k-
FIERRIL D « HAEROWE OHR 2 IR
bDOERLZDDDOVFET S, HERO LS w7/ v —
O E UTHREL T E - T, AEEW
Hi, B S BEL 22K E RS DL T,
Dickinson et al.(1983) 7% ¥ OB T i3 K EENE
RERL, BWEHROSA» oMEZ2EBIT 5 Lh
W#EThs, £/, I THEYHER, LFEEED
5, RELZHENBTH S LHESINIILERIL
Lo mEEzER T 2BEFH—

Fig. 11. Tectonic discrimination Qm-F-Lt diagrams after Dickinson et al. (1983). a); No: Noda
Group, Ku: Kuji Group, Fu: Futaba Group, Mi: Miyako Group, Ay: Ayukawa Formation, Og:
Oginohama Formation, Tm: Tomizawa Formation, Ta: “Taro Belt”, Iw: “Iwaizumi Belt”, Nk:
“Northern Kitakami Belt”, Kn: Kanokura Formation, Sa: Sakamotozawa Formation, Hi:
Hikoroichi Formation, Na: Nakazato Formation. b); Ikl: Iwaki Formation (Futaba area), Ik2:
Iwaki Formation (Joban area), Kr: Inai Group (Karakuwa area), On: Ono Formation, Kwl:
Kawauchi Formation (Hikoroichi, Yokamachi area), Kw2: Kawauchi Formation
(Okuhinotsuchi area). Qm: monocrystalline quartz, F: feldspar, Lt: lithic fragments including
quartzose varieties. A: craton interior, B: transitional continental, C: basement uplift, D:
mixed, E: dissected arc, F: transitional arc, G: undissected arc, H: quartzose recycle, I:

transitional recycle, J: lithic recycle.
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