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Modal compositions of representative sandstones from the Japanese
Islands and their tectonic implications
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Abstract We have selected seven specimens of Jurassic to Paleogene sandstones from the
Japanese Islands, which represent different sedimentary basins and different tectonic
settings. Firstly, some methodological problems concerning modal composition analysis
have been checked by analysing the same specimens by nine of the above authors. As a
result, the data show that the compositional variations of sandstones are quite high. Thus,
we have to be careful when comparing the modal compositional data of different workers.
It is also concluded that, in order to evaluate the provenance factor controlling the
sandstone composition, the Gazzi-Dickinson point-counting method is better than the
traditional one, although the latter is still useful for the description of sandstone.

Secondly, we have examined the relationship between the modal composition of
sandstone and its tectonic setting. The following five tectonic settings for magmatic arc
provenance have been successfully discriminated: primitive volcanic island arc, evolved
and mature magmatic arc, dissected magmatic arc, deeply dissected magmatic arc, and
renewed magmatic arc.

Key words: sandstone, modal analysis, provenance, magmatic arc representative sandstone,
tectonic setting, Japanese Islands
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fIEERRKELEZTHE 0%, bOESIIk
ERXELE>TWRZLbHb, Lid-T, ¥
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ST R 5, BIrOBERENE Y, BIET
&, BEROEBEOERE 2ALHEEL LTE—]
MHEBFIH & 3 & 512 &7z (Dickinson &
Suczek, 1979; Dickinson et al., 1983),
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Fig. 1. Relationship between the grain size
and the ratio of rock fragments to the
amount of quartz plus feldspar in the
sandstones from the H3 and H4 membres of
the Hiwasa Formation, eastern Shikoku
(Kumon, unpub. data).
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BOPRHETHE, 22T, NEOEEEZNILTS
ET— N K OB EFH kD, Gazzi(1966) 8 £ U
Dickinson(1970) 2 > T Z N Z hHH ICRE L
N, Ingersoll et al. (1984) 12 & - TFEL { BT h
TWw3, ZOFERFLVETREZ> TEL Ebh
BUBHTEBY, HEEEM OB CHK & &S LD
BRe@EmT 2BO=ZA5 A7 770 CHVOR
T % (Graham et al., 1976; Dickinson & Suczek,
1979; Dickinson et al., 1983).

Z DF L wHEEIE, Gazzi-Dickinson method &
I (Ingersoll et al., 1984), &H OB H3Mn
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Ingersoll et al. (1984) 13, ZEOEE DHKEH %
BoOoBHMoOW 2R 12 L T, Gazzi-Dickinson
method Z5EL < BRET U Jo. F iz I i, FER o i
EEEUERFDEZWHTEY T, Gazzi-Dickinson
method & G2 ik & CREIERRICHZD O
ENT3 L, BLU, Gazzi-Dickinson method T
BHIERE ST HOBREHDO LD TH->TH, [H

CHEHICHEK T 23 B O TRAMEDE W X
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Data Sheet for Modal

Sample No.

AXELRIEH»

Operator:

Composition

of
dat

Sandstone

-H e

Formation:

Grain-Size:

~

m, mode

mm_ G

rid spacing: ____ «x

component name

qz.

pl,

v OKF.

Count QFR/QFLX

mono. quartz

poly. quartz

K-feldspar

plagioclase

volcanics - acidic

interm.
- basic

plutonics (

)

metamorphic rocks

D R BT R NENpEpRpE EpR Y SR PP (D RIPEY TP P PP

sandstone

rock fragment total

heavy minerals

secondary minerals

i1l

chlor:

zeol:

intra-basinal frag.

sh. patch:

bioclasts:

authigenic minerals

glauc: chamo:

or

cement

calcite: ,5102:

or

)

matrix(

clay:

or

pore space

T

< detailed description > -

total count

< Check List >
-grain-size analysis
‘X-ray analysis
-chemical composition
-EPMA(EDX) analysis
-heavy mineral
-others

Fig. 2. Data sheet for point-counting applicable to both traditional and Gazzi-Dickinson

methods.
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i3 2 FHk (0%cutoff; Ingersoll et al., 1984) %
B LERH D,

E—FHBEOBIZBIZIERA > b b v gD
ok LR FETHY (Van der Plas & Tobi,
1965), Z DHEISAHEBIEECAF% 2 B B Z %
ZEDRBRAHEBRBLETDH S,

2. gaH*

E— FHEEOBEIETIE, PVEGLARE, BLUV
REAOEORFBLIELERETH S, 2D
», AVEAPREGERALT, HTTOHI %
KB 5715 (Bailey & Stevens, 1960) 48/ < i
BLTw5 B2, EEsEEYmEsiE, 1983).
EEDEDET— FHBROHEH/IoTd I IV E
AEREll, 2)REAOREFEE, FHcko
THR I N FELEY, UTO XS 2FIETT-
7z,

BHOEBTHWEDOKREEOORFD/NEDORY
IFUVVEBWBIZE, YaTr®r st 0FH)
W2, MEORKEIKXEAWREDT I TITAF V7
DERZEVMIZ(FINVIDOEBREZTDEE
HoTh rv), ZhICHbAREGI%) % lem IZE
DEZETVN, BRLTESPRMT S ETLE
Mo, myF4 700k, B 2RAMNE
PPFRLUTCEIBRENLEVISKBE, 4656805
60y F 7T B, ZikaNVFHEEERS MY
v ADBERABRKC L, 28BLbE, KET
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3, FNEREHRIEDL L, RECEBVRTBAE
LTW2DODBRZ 5, g, BE0ERERU X
SWEHF TNV LATHN=TF A BT 5,
Ltz X o THA W (BEHEOERLETRRFER
WA ZD)WRTDS, AV RAEOREICD L., K[RIZ
Eb¥ Ty F U 7O HE TS LT, 1
DEENEZ 6NDE, BECHEE > TWEY, BT
DOHF DO EBHETE S, LS OWHEY) T
EBEETHZS, FEREID S 707 ) R
EF DI WERRD S, AV A K)BRIGT 5D
T, K2E&DKUBERFORERED, RT3,
BRIy F V7 OEENRERAE ORI
T, HERORERIA LIERI LD RBELCWCR 5.
—7F, ARIZFLACEERZIYT, Ahvelk
2V T REEBEFRESTWS, 20D, WNEEET
BOREATOARLBZEKFN D w5 El
REVEENRDD 5,
3. EERERHOBEE

WAL LTRELL T ODORBOEM L&
H% Tablel rnd, KECWKERX, BHLcs
WTRA VN « A7 MR K> TRINL o2k F
DEEHZEL, EEE% Hb¥ T Inman (1952)
WX BHETEHE L, UTRERT 2 BOELERD
BHONERERXSZ, ZOEEC LS FHEIZE DL
bOTH5, T— FHEKOBEIEWCSIML 72 9 & DO
RHELBPHEETS L LI Table 2 ITR7T.
EEAROHIEICH 2> TiE, 0.5mmX1.0mm
fEFE T, 500 SUAE#Z2 2 2 L 2HEE Lz, 20um

Table 1. Localities and the characteristics of the representative sandstones from the Japanese Islands.

El ectronic Library Service

Speci Sandstone Grain Size Formation Name Locality
-men Type Mean , Sorting and Geologic Age Place Name Latitude , Longitude
A arkosic 2.23 : 1.03 Type | suite, Tamba Group Miyajiri, Shigaraki~cho} 3452 38°N E 135758 36"
arenite (‘D)E (o)} Tamba Belt, Late Jurassic | Shiga Pref. ; E
B feldspathic | 2.94 : 1.72 Tonegawa Form., North Shi- [ 1.5km north of Uematsu, 32°59° 357N . 1317057417
arenite ' manto Belt, low. Cretaceous Yayoi-cho, Oita Pref. ! E
C quartz 1.54 1. 16 Tomizawa Formation of Soma | Tomizawa, Soma City 37704 407N ; 1407 38" 557
arenite Group, late Jurassic Fukushima Pref. ‘ ' E
D lithic 2.60 .« 1.30 Main facies of izumi Group | Koji., Kawamata. 347107 247N 0 134725067
graywacke late Late Cretaceous Hiketa-cho, Kagawa Pref. : E
E arkosic 3.03 : 1.6%5 Naharigawa Fors., Southern | Aimazaka, None., Tohyou- | 33°33°53°N: 134 1700
graywacke Shimanto Belt, Paleogene cho, Kochi Pref. : E
F lithic 1.82 . 1. 10 Hiwasa Formation, Northern | Hiwasa-ura, Hiwasa-cho 3342 107N , 1347307497
arenite Shimanto Belt., Late Creta. | Tokushima Pref. : E
G lithic 2.83 1.43 Yubetsu Group, Saroma, Saroma-cho, A4706° 197N 1 1437457 47"
graywacke late Late Cretaceous Abashiri, Hokkaido ) E
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Table 2. List of the point-counting operators
of the representative sandstones.

No. Name Occupation

No. 1 Hakuyu OKADA Faculty of Science. Kyushu University

No. 2 Mamoru ADACHI School of Science, Nagoya University

No. 3 Kazuo KIMINAMI Faculty of Science, Yamaguchi University
No. 4 Shigeyuki SUZUK! Faculty of Science. Okayama University
No. § Fujio KUMON Faculty of Science, Shinshu University

No. 6 Takanori BESSHO Yao-higashi High School

No.7 |Toshiharu NISHIMURA | Hyogo University of Teacher Education

No. 8 Kiyoshi KAWABATA Osaka City Museum of Natural History

No. 9 Toshio KUSUNOKI Ritsumeikan High School

DU ¥ 7% HE (Matrix) & U7z, EEEOHIE S5
i, 18IE (425 ) 2DOFWT, 500~670 HTHh-
7z.
HIESEHR % Table 3 & Table 4 12773, Table 3
BEMB X -> 7 b DT, Table 4 iX[F CHI
“%E % Gazzi-Dickinson method @ K4 12 fit-> ¢ H
EiL72bDTHB, Table 412 No.l DEIEED

Mean
OPERATOR

T Bk wEEBIEZ, % OHEFHGazzi
—Dickinson method iZX}/i53 2 HIE % L Tz
72O TH 5, BHZRERD Q-F-R 2iHHS L3
=AY A7 75 s% Fig. 312, Gazzi-Dickinson
method DX ZEEDT S Qm-F-Lt ¥4 77 L%
Fig. 4 103, FRABOREE T LB FE TS
FBETHD, £z, KRBT L OFYE*TRL, &
BOESEMAHLTHS, B, LELITEES Sy F
LRI 2 ERRRARE N, U EE & L CHIE
LTEY, BERFICEMEZ Ty,

SR B D BRIE R

1. BAlE#R

FTEHINDREAZOMETH S, HEHOD
KAV ATV MNEREBZE—NHAEDOBB X #
DFEETERZE I,

Az OFERZ CE=/P(100—P)/n
(P H2HEOEEY%, n: FROBE)

T& &N 3 (Vander Plas & Tobi, 1965; Dickinson
& Rich, 1972), 500 S# %2 T 30% & w3 EHR

Fig. 3. Q-F-R plots of the reprsentative
sandstones counted by nine opetators listed
in Table 2. Data from Table 3. The
subdivisions are after Okada (1971). Q: total
quartz (MQz+PQz), F: total feldspar, R: total
rock fragments.

Lt

Fig. 4. Qm—F-Lt plots of the representative
sandstones based on the Gazzi-Dickinson
methods counted by eight operators. Data
from Tabble 4. The subdivisions are after
Dickinson et 2/.(1983). Qm: monocrystalline
quartz, F: total feldspar, Lt: total lithics
(Lva+Lvi+Qp+Ls+Lm in Table 4).
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Table 3. Modal composition of the representative sandstones based on

the traditional method, measured by the nine oprators listed in Table 2.
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polycrystalline quartz, K-fel.. K—feldspar, Pl.:

MQz: monocrystalline quartz, PQz

granitic

intermediate to basic volcanics, Gr.

i:

other rock fragments, T.R.: total rock fragments, H.M.

plagioclase, Va: acidic volcanics, V

rocks, Ot

Is,

inera
Is, Cem.:

heavy mi

1C mimera

authigen

cement, Mtx.: matrix, A— G: representative sandstones.

S.M.: secondary minerals, S.P.: shale patch, A.M
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Table 4. Modal composition of the representative sandstones based on the

Gassi—Dickinson method by eight operators.
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AVE.

Operator No. 1 did not adopt the Gazzi-Dickinson method. Qm:

1c

lase, Lva: acidi

10C

plagi

K-feldspar, P

monocrystalline quarz, K

volcanics, Lvi: intermediate to basic volcanics, Qp: polycrystalline quartz

(including pure chert), Ls

thics, Lt:

li

1C

: metamorphi

ics, Lm

sedimentary lith

total lithics (Lva+Lvi+Qp+Ls+Lm), the other symbols are same as in

Table 3.
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Rock Fragments

Fig. 5. Scattered diagram showing the relationship between the amount
of matrix plus cement and the amount of rock fragments of

representative sandstones.

iF, EERET 2UDBEEND L Z Lk b, BIER
BRLWIFNLHABEELI VLRI RELESDL
Tw3 (Figs. 3,4,5). HIZEZ Lwchd L, HIER
Biz—EFOMEESHTE Y, EAOERANEKRA T
2z e05bns, BlziE, Nob ORIERHEREZ, Fig
3B LU Fig. 4 TEHEL D DPLPEERIBETE
fIBS 2 2 0% L, HMNCRAEEZPPE SRR
LEESRN TS, 72, Fig 5 TREOHE
EHE LD bELMELTBY, Nob DHEIEH
BEBE 23XV b ESHZ, ERFEZD RS
Wz AEAERLTWS, BECL->TESDED
BEWE-LE->Tw3 LI BHBFADON
3, Irbb, ARLEADOEOFHHETIES
DEMNPKEL, BERFOFZVHBEWETELE LA X
vy,
2. MAZDEE

0L BEAEZEOERRBEATHE S, —D
DOFEEMI, B EEELORRETHS. BRPRE
FOM»RFIE, LELEEELTwSILED
boT, HELORBIPEEL W, ZDOXFOEERES
MEEZ L IES>TWA I ERMHEAZEDDEDD
ERLEZ 65, Fig. 58w, R—3RETE
wHIEE TR Oy sstamn % @EE D, G
TElb»3)Z i3, BRFE2H{HBXLIAEER
HEERDE B AERERFOIEEZRIRLIZD
DERIRTE S, %7z, FHMORBKRTE, AUHER
PRIV T CREL CHEERPHEL 125E

CER=aNVTTHELES T, BiEDSE
DEICEEEND RS, Tihbb, BERX=aNV
TOBETIE, BRFLINEHOREFCHEL T
LES>EAERH S I ENHEHL TV,

b5 —DODEREZ, MTOREODHEI LFZ S
ha, 2%, REGRNFTRERETUTHEL
rwE, BFOFO—HE2RTHWSE I LXK INR
WIBEWH B, L, TREER O X 5 THER R
% L BURTF TR, BROBR LN TFOERL
OXFIDBH LB EL DY, ZOHWDEEA
ELROTWBARENEDH L. BHNEXTICX S
Q-F-R K & Gazzi-Dickinson method i & % Qm
~F-Lt e 2T 5 L, BEOHFB—RKIIESD
EnA v, BEd O X 512, Gazzi-Dickinson
method TRBIETOHEY % 72 1 EH 238A1Fhid
BLOTH->T, 625um LD KEVERTRED
F W1 DORTFD, EWIHENLRETHS, ©
DIzDI, BETEODENNELBoTWE EHE
zZonsd,

g7, AELRADZVWECBLTIHREI L
DOEIFEFEIES> D ENKEWEREZ, R0k > %
HTHREEERFCBUIRNTEAOTREDHL XD
Erie, AEPRERG, ¥V EADOHEBDETIC—
Hpsdh 50 bHINZ W,

MFRHE W L > THENROHRELIEZ> TV
37912, E—NEBROBEECESEL TSI L
&, BRE L TRPLR2/REVWILTHS, L,
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BRI ERTCT — 2 2 BT 20T 3013
LITELTEY, 5%, 20O0EER—EA %<
ZoTWLTH3S, 202, SHED L S 10

EFRBEHERALC, MAZEZEENCHS»IZLT

BLILDERETH S, S5, FERIYICIE, 15X
BEERNA L TREEMOBAZ S TE 2 7213/
ST LDDENVBELEZ NS,

REWEDHERMSE E 25

1. EZHERDHEDER S

ETHIE U 7R E O T — N E % g
DEIEZ L6, EEMEDET 2HBEIZOWL
T, % OWEMERK, HEFESPBEHOMER ST
a9 5.

a) ®#A

LA, PO 1 B BREE O FE 2R 5
27— AEOMKNWETHY, WERRITY 2
TRCBIITH 2 (- RS, 1989). 9 ADEIEE D
D E— N (B ke & 2. T
BEU) X, BN D%, SiESAEE16%, &
VRA 12%, #BHEH 15%, BaER210%, 28+t
AV M11% THY, AEOESHENS {, BEEN
P, i, HEREREENICEATHS, Zh
o OHERR L, 1 - BEREF (1989) 0584 L 727 3
D 1 EIRDE DM BRARE & 131I3—% 3 3. Q-F-R
BICE D 250 FME  IZIZEICTH 5, 272L, &
[EIDHE TIIEEEL - BFREF (1989) DIRE D
DRELZoTHD, - R (1989) i3, HE%
0umPUTELTWwEY, SHIZEBEOER
20um E L ENRERREEZ SN B,

FHE O 1 RIS R S HGREHAR D b2 S 1o e
MU HEEE T, 2R MBS 20EBIZ,
PR B W THRBREBERIGE W & 21k
e h - RERRMOERY LHEEI T2 T
FHERGE 7 v — 7, 1990).

b) E¥B

B &, WAFHREEILH ORI HET 2%
REEHTRIEORAEMNWETHD, HER
RIZBHEATHEATH 2 (FMIZH, 1990). 9 ADH]
EE DL, BERAE20%, SEMEXES%,
B ) RA12%, #HEA 22%, RER B 24%, 28+
A 13%THY, BA, BHERDHLENS
v, IS OEIERBRIZ, FRIE (1990) 23 L
TR O L —F L Tw 3,

R (1979), FM - BA(1992) 1%, MWH+REED

WERR I, HFC X > THERICBERH 2 2 &
ZIEW L, PfanER, TEILEEE, AREE, D
R, BAERCRSLTWS, HRIE I ME
WICE L, MR R ORI HRZ O
BIERESNI-bDEEZOND,

c) ##C

2 C i}, By 2 7 RMEEDNERERE T
DAFEEFRRIPETH 5. 9 ANOHIFEE DFH 1L, ¥
A 81%, HEMAE 11%, MERE 1%, &
B+ XAV 5%THD, QEDEERNELLSL
v, BIRBOWEZ, 3~20%DEHRRZATWS &
SN TV % (Okami, 1969; Takizawa, 1985) 23, %
DTEROWETIIEROFHEENIKEL, ERAYD
TOLPEEENI EBHMESINTEY, SEOHE
ERRLIFIFZ-HT 2, Lorl, EARIFLALS
FRVELIHERBREZ, REOI L DhuibEs
To & 7o S AEYERDENEA IPTREME N b 2 58, FEVE
HOTHEY S Wb —HA»R D2 EE®ELEZ N5,
EVSDE, ZOBEHBRIRPRLV-—XTHY,
T-—FHEACFRShZERF XSS 2 512/
BRRDBEBOTOIISTH B, FDOZEREIZHIE»
SERSMU 7203, FEE OMET ok FoS5BIRE I 4 » %
EINTHER, BEVELAERLE WS FEE Iz
TolebbFZONE, FORESZVESIZT
BB @R T, BELAEE L KT 05380
5, TO—EITEN TERIZK > Tz, Zhs,
RADEE LR Th % AJREME X5 .,

BEREIE, LSRBELLAINICE > TEREAT:
WREEE» S Z/MNCL T CORBYTHY, BB
DT IFKE S E T v % (Okami, 1969;
Takizawa, 1985),

d) ##D

Ak D3, EEERARERDOS -5 14 ME
DOREINTZ L DT, KB ICEFRpET
b5, I NOHIEEZDOFEEZ, HERAEIY, %
TEERAE 2%, B ) BA 3%, fHEE 17%, Bakg
49%, BE+E AU M 1T%THY, EEBDZ WL
EVREMTH S, MRBEH O EHERK I,
Nishimura (1976), S (1977b) 3 X OFEH (1991) 7
EPFHEL T B, SEOHAIERRIZZNS &IF
REUCFEEZ LY.

HURBR OHREE L, Bl R oREANCE L
7z intra—massif basin (Dickinson & Seely, 1979)
EREDT SN D, ZOHRBIERIMAILMSEIC A %
D, EREBEOFOSEFICBE L 72 2 L 3B L
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<BY (A, 1965; Tanaka, 1989), Z DHEFEHL
ORENL, AN BT 5 KEIEBI DR~ OBE
LML TW S E VI IEFEN T 3N T 5 (SR,
1977a). BEBEZFFEICK W, B—HFCS
F2EADOEEIZSNMBE L REIA TV
(FERTIZD, 1980).

e) M E

REE BIUA+REEEEOHEZREZFANZR
B oREINH DT, 73— AEOBMRD
BTH B, 9 NOHIES DL, BEEAAZE 30%,
SHERAE 1%, &V EA 10%, #HRA 15%, a8
& 15%, 38+ A b 18%THY, AKLRA
DEIEDZ L, REBEFOMNZEEYO LAY
ML IELIEASNS, ZOHIERREIZ, FEFI
LJB DK 2 B4R (Kumon, 1983) 121312 —3
LTWw3,

ZF N RB I, AR RSNy -
A4 FOHBETH L, WHTBEFEEOHEBEY
i, MEIRETER & N4 (subduction
complex)IZ M % ¥ % & @ & 5] il ¥ £ (forearc
basin) THEE I NI D EBXFIENEN, Zhd
OWEBHTNHAENEL L, BRFBPBRHLEVS
HT, tHEOEEROME L IFHEPIRKEIER
3, ORI, MATREETOMEICHEL T
W3 (FHE, 1977; </, 1979; Kumon, 1983).

f) #8F

b F 3un-+REdtE o REaER, HMER
[ Lo oEINTZLDT, BEKUERFKED
FRIRDETH 5. 9 ADOHEIESE DL, BiEAAa%R
229%, HiESAEI%, AV ERER 8%, &ER 12%,
MR 36%, BB+ AV N 12%THY, BERFD
HEHBH, ZOEEREE, HIERE IO
BRI MR 1 —8 L Twv B (A, 1981),

HAWE R 3B OB Sk e HRETHY, 1B
R BV CHEERRIEEREL Tz DL
Ezohb, LT, WHIBT 2H~BREDOKH
R KIUNEB OELT & FIRF BN ET L2 H D
E#E 2 5T 5 (Kumon, 1983).

g) ¥ G

HEG iR, BEHOFHER—HE=ZREFE
BrOREINIZLDT, AEBIKREDEL, RIE
AEdklEROZERBETH S, I ADH
EEDOFHT, BRERAKE A%, S/ESEE1L%,
VER 1%, $HEA33%, RERE29%, B
12%, B+ 2>+ 19%TH5, BEFHE LT

BREBE&EENTwS, ZOWER[RIL BHE
FED T 13 M A fE (Kontani & Kiminami, 1980)
WIS, BERESDRL, RAENZVEWVD
BOBASNS,

BERIEEZ, thARAAEOEEMID L < IZFTN
WA BRI NI DT, BEYIXETAAFED
HANCABE L KL » s g3 hizc EHEEI N
T3 GHAIEH, 1986; HUT, 1988).

2. ®— F#iR ¢ E#5

EHERE P BRE L DB OWE T — PR, <
NENOHBE CHE S N BiH L E#EE, B
DA 2 RO OMERH OB L O, %
CiETE, BEE—- FHERCED W CERS =
W4 %L DEEERE T 2. BB REE /)
AT 570, HEOKRE Ry —-E5 4 MVERA %
HFMCHRETLTEY, 7, HRFIEPRETSK
B (BN X URE) i2DWT, Z DEEE % KK
MOFERRE LEEI R LD TH S, H
RIZB T 2WEHRROERL, CNETIEREALH
EHE R FETHE RN, BRI THwE729, Q
“F-R ® %RV CRE L. |
<FKREEF e B>

FE G TRE SV EHEROWEHERK I, hiE
DRIEF ERBACEBI L L, AENI<bT
WTHBI LB THS, £, BELARER
CESRBEEY R BN &, BRUEEFICE
T3 EHAEREBEEROWE Y EMUOHEK
R (B - e, 1983). choowEE 260
BT, BHRKEEPRIUEETEEENT
Wi EHEEINTEY G, 1986), FE—<
V7 FRIORKEAGEMEEZ 5D, [REEHR
B (PVA: primitive volcanic arc provenance) |
L) BRI, KEMOHBRIK & BHEBETEEE
NBZBICERE - BRBALTLAELEWVS ZETH
%, EEE, BBHOWECIIBMRARED
AV RARCHBER VLT ORVSEENEDT,
HEB P T HPMEEEECERSESS L b H
EL, BHL T EEZz6NE, FEfkEE— N
R OWE) I, RERER T HKiminami,
1983), ./ I EEE (R4, 1980), BEZRdb kil
~TFZF R > % Mikami, 1969; = E, 1971), 7
Va—vry 3 EORMBRAT YV HREZ;
Stewart, 1978), —=2—Y— > F @ Western
Facies(Dickinson, 1971) %z ¥ TH&EE T, B
HEiEpohEo K UEEE2FERE T IREALE
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396 NAXEERIEH»

M OBEHDBHEEI N TS,

HXRO T 77 = 7 BB IR FEREAEN K L5
(Pacific volcanic chain) 2% b, # Qo kg
Wi, KINER ERRCE A, AERI L Dhhunik
WEFE~TZHHODEREBYBIER I LTS
(McMillen et al.,1983), 7" 7 5 <5 LI O H%1Z,
TR TV~ b DILARBRIC X BB —EER %
ZLTw3, ZORFERIC IZHERBIRURED >
BARIC W 2 KIWEEBSIEL S/ LTEY, 2
[REEF L BN L R 3 00 8 5 o X RIRE S b 2 28,
FEH-—~VT7FRLIES ¥4 7O RSB KL
MIEZRL T ZR[EELD D, —BDh T
V—DHzEDTHBL.,

—75, #EEOTR_BROBEE, FUERT
BH WA EROH, Pid o8t kILEE
EERE LKL HEE LCH#EEIRTY
% (Choi, 1989), Z D & 5 %32 37 w2s, %
RS RET T, P~BEOKILEE» >FEL
BUOIEMBH 2D Lk,

Q-F-R KT F-R ZIZIEOWEERICE B 2 b2,
REEEHIR D FEZE DR+ 2 KRB BT B
XKTH2HDEEZTROTHAD,
<EEE L 7R (BEiR) >

A D OFREEOWER, T -BEDOKILER
DENEET7 v 7 ThHY, Q-F-RETIX, AIFEE 20
~30%, A& 20~30%, & & 50~65% (i1 iz &
¥4 % (Nishimura, 1976; ¢, 1977b). &HHFIE
MricZE o0, FRBEOMEY IEILED &85
EINTBY, LAIOHEREEHANERE b RGBS
boletEZo6ND, WHTIE, FRBEOHRE -
1EIE R U BRI R e i ~B8 M oD K LLIIE B A3 &
D, ZO—EFIIBEDLSHELB> TV Hl
X, EHASGEEPEREICEE) . MREROME
MR ORI, WROKIIEB DS, TELRBY
HMTHoIZERBRLTWAS,

HAEF OHERE EHOWE LB KILE
FOZWEBEWETH 54, GER 3B~45%, EG
H 20~40%, B & 35~50% T, FIREBEHOWE &
DOYAREREH», BRICZLWAX, 1981). HAO
VERRE IR « BRAT(1992) DIRE L 71T EIC (1B
LTwadd, BRECAEEY Y 7yBEH 0t noik
B, WEH+REIE ORI T 5 EE R
WIE T 2R TH B (Kumon, 1983; 3FfF - Bk,
1992). W5 +2H# 0 FEEER S, AREEZ LR
UMl OB AL TER I N 2bDTH Y,

FRBER R CRCABICREL TORBRED X
UIEBI OB 2 E /- 28 WHE LTwieE 2 oh
% (FhRd, 1977b, 1979; Kumon, 1983, 1985). Fi5
[BREL DE— FHEBOZE(RENL L, B8R
W) DRR I, HREBBBEHD» S0k D Ezo
TWwizZ LAY 2 HWEIRBEDE, 1<
X, ETKUBEO R WE2B S RENHICLT
Wi Z L EHEENS,
HEARRHAOERE HARNT R, 797 KBEOEG
WHBELTBY, KEEZBEOKIEE DS T
Holz, ZOEBIIIEE I EOT « HERH
HY, LALEKHEBELIEREEOEALR A
5, KEEMOHIR S DX TICHE « R L 72Kk
SN (BEIN) 20 & HEG S N T-RYBWIL, 72 & ZIEF K
UREEIDETL TR RHFITH> T, KIUEEK
HXET2RBYEEDIILRDOEDHEHEE
BFYOMEMEEEREOMRBRT2E0b0EE LS
ns. Thz, MRBHSHIEREODE TR
RINLEHIZ, B KEIMEMA: evolved
and matured magmatic arc provenance) {ZXi5 3
2bDEFEZTROTHS),
<HIR & /- KRR >

AR ECARKREINAWA+HEFHEHOHE=LRL
DIYER, BENE L, BRBDEVELIHFEL
TR ERED (R, 1977, M, 1979; R\,
1979; Kumon, 1983). 7272L, ANk OUEELT
&, EREPPPZVERANED SNE, MF+E
W ORBYIOB b 2 4HATRIZ, WO -
KIS « HHIHEREE ORI (R — £ - P
MEEZONG FELSOHBPIRESN 2 DI
FEEOBEMIBICRONZ). 2 2@, iido k>
W HEEERIA Y & E B EACATHIIC 2 U TR
BREDKI - EERIEEIOH - 125 TH B0, HE=S
R IIHIFIDHEIT L C, BEHOEREERLEROE
HMEEESL{BHT 32X kohbD L *
Z 6N 5 (FF, 1979; Kumon, 1983). # DA T, I
FTREEHOWENRET 258813, HIHOET
U 7z K 5% 9L (DMA: dissected magmatic arc
provenance) * ®3TbDEEZ TCRWVWTH A,
FEFHEMMERED > 50 T a, TIH bD &
&, W+ RErEEOwE L B BUER R T
V5 (FE- 2UEREF, 1989). —7, TII c OWER, &
F03RR% <, HEU 7o KRG OB S A % 7R
$. Tl c, T b, T a DIEIZ Z DERIE L k>
TWEZES, TIlch s TIL a~BEFB4 %L
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7 DR O, BT H o T KRG (B O
& BEBICGLETHELEZONTVS
(h - EUEEY, 1989, 1991).

kA RESN PR AR, 1 EHE
BEORLFIMCMEBET 2 Y 2 7 RBEOHEY T
Ho, NEMBRHEOME L VD LEEREED,
A BE O EHER I, HORRRObL DH» S5HRL
AR DS D RSN % R R ERL,
FIEZFO NV Y FOERE LI I BIBENMIEL T
W5 (F5 - BEREF, 1991). Lo L, TEEEE, I
BWE L 3B HERAERHOZ Lo, RS
DB DY R HB—E, & ETT ST, TEERSE
BERXEBEENLLBHET 5 & 5 2 REHOH /-
ChlbolzbDEFEZLS 5,

UEDZ s, WHHRERETOWSE, FHEE
D1 8B X ONEREORT B, [HHsnl
KIS 2 b DEEZSND,
<BEHIFDOEST L F KRR >

K C 2HE L HEPNERERBOWES I,
Bt LT O R OB OE L R CA
HEOEEGBBD THEL, BRFOEEN I /M
(Okami, 1969). ¥ IR (1977) 8 & U Takizawa
(1985) 1, FEERAb ERFOREMR X, HEREHE»
5V a2 TR CERMICE(LT 2 2 LHEEL
7o, ARSI OB R, SIEEN O KILE
HIEATWIEE Z 5T\ 5 (Mikami, 1969;
=, 1971). BIEIOETIZ L b k> TEHDOEFL
ERBPBET 5L EHIZ, EREBEODHILD
D, EVERFBDRL, AEBSSVWIHESER I L
yDrEZONSG, Tbb, EREBOWER,
KBGO B &R L < #A ZBE(DDMA:
deeply dissected magmatic arc provenance) {ZXt
BT BbDEEZBLIEDNTES,

REBEZB T 2 HEEEYCIE, ELIARCE
DWEMELN BBEWH 5, ganister EFEIN S
AEBEWEOBRIC I, HRERCEEAO@EEC
Lo TREEFGYBEREND Z EVERE LT
B2 e B Tws, RERES SIRES
&, WEOREERR & SLYHRE & O B 2 Bk
BHY, FIRDL D RIEAORELRITRXTEET S
ZERTERVY, GREMEOIRKICIE, BbIZ
BMELIC L > TH 726 ERNTBWEENRBE
2HORBYSEB I NABESEEL LI LS
s LT3 (Okmi, 1969). HAFIE CIIRIEL
ZILABUOREWEDOEHRZHEVE 20D, &

EEOHRERE, > ORED H 5 (BR, 1976). %
NBEEZ EOBWER T A NVF I Lo TS
RRTOHEES N, L O TFRSELZVET 5
NGEURONHRTHS, 2honflok>
2, REEDOERICIE, [ROERTOHEERED
HENKEX MR LIGERE , BifickEz
RELL7:bDET2 2L BHERD L LDHINE
YV,

< KUGEBOEE L 7~ RRBKRW >

FE B R as 2 UG +REEIF O AER
OWEIR, BADHZVWY v 7 THY, EUHRTHE
PO Z b - 7oA RALFOIILI LS RO 5
n5 (R, 1977b,1979; FRIE >, 1974; PR « B
K, 1992; M, 1977; Kumon, 1983; AX - )11,
1986). EHER OB IINHEENCEHNEK T 5 & F
Z 6 Twa (3, 1977b, 1979; Kumon, 1983).
Z OB HBFIFF OB R EY) R 4HE L 21k
T EU b OThNIE, HHELICHFS X &1
AT, 1BIBEN ECHECE A ICRBYIIHRE R
ns, —7h, Buckb U - F e (EEE) B s
B L koD ThNIZE, BEESTE LG
Wi BDT, RV AECEAHEBYS TR
3, Lirl, EBCEIAEESLR DD, BAEH
% WETH 2, Kumon(1983) 1X, DT EH
AT KILTEE O RN BB DG £ > e N & F
27z, PHOKINEEIDEE D, KIUEEN—ED
HWHETHERLZES L2 ko7, RRPAENS
%<, BEABSOCRBYNERINIEEZL S L
NN T X6 THD, ZOWRPL LTI, HH
HHEOWE RSOOSR BHENE <&
FNnd L, HHEFCBRERIKEBVSMT 5
LB B L (FERIE», 1990), WHEICHO/MT 2[H
R oBIFBEC I, THORFERBRIC ITEVR
Do HBEEKEPRENTWSE Z L, EEOTE
HEHICETE~BEOXKUSEHEENS SR
EFENTWBIE, REBDToNS, i, %H
HEFCORTHIC B 72 5 KEF)IBEE X, FREMGON
ERBEHE L TWw B, EEEFOWE SEEL
TR ERERR 2R T & (FFR, 1977b) b, 2D LD
REZ BT .
ME+E#oEMREFCREINIEROME
1%, —BHIFIDOH#ELT U 7z KAl (BEI) W B VK IS
B FELIZU D EYE #H(RMA: renewed
magmatic arc provenance) ® KLU 7zb D EFEZ
BTENTES,
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F R
Fig. 6. Tentative proposal for discriminating
the provenance types of magmatic arc, based
on the traditional modal point-counting
method. PVA: primitive volcanic arc
provenance, EMA: evolved and matured
magmatic arc provenance, DMA: dissected
magmatic arc provenance, DDMA: deeply
dissected magmatic arc provenance, RMA:
renewed magmatic arc provenance. Solid and
dashed arrows show an evolving or roofing
process, and open arrows indicate an
unroofing or dissecting process. Q: total
quartz, F: total feldspar, R: total rock
fragments.

UED XS 2WEMARK L BEHKS L oxtiso
JDRE% Fig. 6 wrd. FfC, EfRORFE
HZEEL D L2, BEHOEILD/NY — > bHAA
nNCHz, BORKHIZKHIEBORKE L RBOHH
ZRLTEY, Thik-> THEHHOMELE > K
WA D53 IE K & < & 5 (roofing process;
Kumon, 1985). %7:, REEMBOBEIZ £ bR,
BRIEOKBIEEOFENKEL 2D, FAERF OB
ez dbind s, BEkEORAL, FES
KUTEEDSHIET Ul Bz, BEAEE - 72K LEE
HIFI S A, &0 EEEROBEREEC HE DR EE
J& < BEHi 9 % 3872 (unroofing process; Mansfield,
1979) 2 RBLL T 3, BIRORANL, BIF S hi-k
BRI BT 2 KILESH OFEBIZRL TWw 3,

HASNE OB E D S BEHOBRRSTH 2
23, KW IE Dickinson ef al. (1983) D HIK

DEVIAERES 22, bbBA, ZASATSS
L DIFHST DY FZnH2DT, QF-REE
Qm-F-Lt K% (b 4 2558121k, Fig. 3 & Fig. 4
DEVICRNL TS XS, B TIIBREL D ER
BEe2Dhoi, ARLER2EZDICRALLERD
5,
UL, MEEZFHLIHEKELTA2 L, HlEIsh
KB & 72 2 3 A-E 13, Dickinson & M4 4
7 72 A T i continental block provenances M
transitional continental Iz, BB CIEREIU Y 7 I
U —®H® craton interior T 2 Z L2k Y,
MEOUBVLES Zick s, 72, 38 B-D-
F « G iZ magmatic arc provenances IZ3ff53 2 &
WIHIZETHERVWOED, 20HTHBFix
dissected arc iZ, D+ G iZ transitional arc i3
THIEWRDB, Larl, 3B GIiE, h~EEHED
KILYEEN DIEF 7% volcanic island arc WHE T 2
EEZSNTWD MAIE», 1986), %7, AET
Do LY ERDODZVWED]I D THI2HREBED
WaE R D) T& 2z, transitional arc TH 3, =
05 ORIEE, Dickinson & DEX M ST
FREOLERD L 2L ERL TS,

& b Y

SEHRE LU 7RAKIE, KEINCHET 2E D%
EHXSFOFTREFZEME LML 2B - %
KAz &, drERBELURET - & Bl - %
DEEBH THo - HAFEDER 2 HZEHF O
KGR & B S 7z KERIRD & D #8875 M08 % #e
E L7 &, BRI 2ZEEBOERIZ, unroofing 182
72T, KIEB O F4 - REIZHES roofing 1@
B & NALE D 72 S8 Dickinson et al. (1983) DIE%E
WL TOEELRWEETH S,

BEHEZHS I T 220 0E— FHEKOHIE
J7¥ki%, Gazzi-Dickinson method 238%7EE D&\ iz
LEHEEVRLTHEATHS I ER DT
BY, 7, BAEZEBNILS B LW HETHER
TH5., L, EROHIEHESHERERE » Kk
LRTWLEWSEREH Y, $/, LEHZFELNR
TOLWESEOEBIC bR > T3, SHBODE—
FEED /I, ok LB ZAVT, BE3RD
I 77 & & Gazzi-Dickinson method @ /5 1= Xt
G L 72BIE 21T, HNCELETTF—F 0D
WELTRLTWLBERNDETHSS., £/, SH
BELLII LB ERHBIT 22/ 4775
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1% Gazzi-Dickinson method @ ¥ 5% 43 % - 7z
LbDIZT B ENEF LD, EHNLREETED
% ¥l % Gazzi-Dickinson method W& E#i 2 % &
YRMLETHY, BIRTRELVWEZISTHS, =
BYAT 77 ACBIAEBEXSMOBEROM
BY, SBOMEOEABERIC L >T, LV@ETZ
NEBEZRTLEND D,

B, SEOPE CERE L EEDEIL, FEE
CEAAT 270 0RMEABLTHELDT, BE
(Ek B ETHLAZNZW, ZhsionT
BREEFHEEOBERbEHEINTNS,

KGRI I1X, XERERIERREREES (RIT A,
63302019) 2 L7z, I WA L R ERDE O
BRI, SINREEEENETFRRE C/ERL T
FelPwni, IHODARICEL TS,
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