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Abstract: Garnets are classified into low P/T type, intermediate P/T type (Ia, Igi, Ig2), high P/T type,
eclogite type and grandite. They are characteristic of low-pressure metamorphic and granitic rocks,
intermediate-pressure metamorphic rocks (Ia : up to amphibolite facies, Ig: and Ig: : granulite facies),
high-pressure metamorphic rocks, eclogites and calcareous metamorphic rocks, respectively. Ig: and
Ig» garnets are rich in Mg, and the latter has not been reported from metamorphic rocks in the Japa-
nese Islands, but from those of Archean age in the Asian continent. Garnets exclusive of grandite are
collectively called pyralspite.

Detrital garnet analysis was carried out on the basis of the above-mentioned classification of gar-
nets on Devonian to mid Tertiary sandstones in Southwest Japan. The results indicate that assemlage
of detrital garnets changed markedly in the following stages : 1) post-Devonian — pre-Permian, 2)
latest Middle to mid Late Triassic, 3) mid Cretaceous and 4) Cretaceous / Paleogene boundary. In the
time from Permian to stage 2, grandites were predominant in some places and pyralspites in others,
whereas after that pyralspites prevailed everywhere with a few exceptions. Enterring to the Late
Cretaceous, low P/T type garnets began to increase in the Median Zone of Southwest Japan and the
Chichibu Terrane as the result of exhumation of the Ryoke Metamorphic and Granitic Rocks in con-
trast of its decreasing in the Shimanto Terrane, where Ig. garnets increased twofold or more at the
begining of the Paleogene.

The most common detrital garnets are intermediate P/T type (Ia, Igi, Ig2), followed by low P/T
type, grandite, high P/T type and eclogite type in order of abundance on the whole in Southwest
Japan. The former three are considered to have been supplied mainly from Precambrian to Paleozoic
metamorphic and granitic rocks in the Asian continent with minor derivations from the Japanese Is-
lands. On the other hand, main source of high P/T type detrital garnets must have been the Sangun
Metamorphic Rocks.

Keywords: Asian continent, Southwest Japan, Precambrian, Paleozoic, Mesozoic, Cenozoic, garnet,
chemical composition, provenance.
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Fig. 1 Mn-Mg-Ca and radar diagrams showing classification of garnet (slightly modified
from Teraoka ez a/., 1999). Abbreviations L, Ia, Ig,, Ig,, H, E and G are common in

Figs. 1-3,7,9,11-18 and 20-21.
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Fig. 2 Garnets from pelitic metamorphic rocks in the eastern part of the Asian Continent and the Japanese Islands

(slightly modified from Teraoka ez @/.,1998,1999). Numerals in parentheses indicate number of analysed
garnet grains in Figs. 2, 7,9, 11 and 14-18.
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Fig. 3 Compositional zoning of garnets from pelitic schists of the Sambagawa Metamorphic Rocks in the Besshi area, central
Shikoku. Sources of data : a. Higashino and Takasu (1982), b-d. Asada (1995).
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Fig. 4 Geologic sketch map of the western half of Southwest Japan showing localities of detrital garnet sample (for those in the Shimanto

Terrane see Teraoka ez a/., 1999).
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Fig. 5 Geologic map of the Mine and adjoining areas, west Chugoku (simplified from Nishimura e7/,1995). Od :
Oda Group, TB : Tsunemori and Beppu Groups, Da : Dai Group, To : Toyohigashi Group.
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Fig. 6 Geologic map of the Iwakuni-Nishiki area, west Chugoku (simplified from Nishimura ez @/.,1995).
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Fig. 7 Detrital garnets from Permian and Mesozoic sandstones in west Chugoku.

TAEMELS A0 RD, HERTT P EO N R M E
VR OBAH OB AT D kv, 22 TR TidZ
NoOHIk O - HER»O[EN B s hicD
WCELR 5 GE4X). HEH A PEE R TUEOE DIZD
WTCE T — 2O — 8% FMIE A (1998, 1999) TAEKL T
W5,

3.1 FEMAFEROEFBANT

Ak ERRAHE D L AR K ERE, - L S8R
JEARERE, LS =B REMBR, T-PEY 7 R8N
FERED LB #s & O & A H R B PRSI I dR R, A
- IRk D ~OL 2 RERERE I LY 2.7 REARHEREA 5
FREXU 72 (385, 6[X1). ML= a0k I E7X
IORT. &k, ARNTLEAMAIE—D22ZTHEULLT
AR, LECHRERE DS B EAR - S R L ik iR, 3%
MR T - IRV R, T MR e RS IR, fthoD
BRIk TH 5.

B, 8XITRT LI, RLLRPOYFITRFIZIES T
YEANHRIERICZL, SETHTEERDT7%, KHFE
TECTIX85BITIET B, 7S4T L 2084 L TIHIRERY &3
TFohER Ta nEEN, EEAIIIT <D0, Zhicx

LSRR TP ER DA DO DIZAD SN T, Ta & Ig:
P, Ig2826% 5230 > T 5, JERIEHRE
OFEMNZIEZ AU e X2 Ik o0 F A T R E 53 5 Al
LT3R, REREOIEE TIIWE R 2LV EBD
BN IV EANRIR NS TND QRS- /MA, 1986).
JERF oG FEZBRR Y 29 R CEEBT 5. E
HEEHZ B W TE [gre AR D65%% 18, Ta 23> T
RERI AT TS, BE (1999) O F — 2z kI AREE
HIZIEZDTr L5 EGERR /7 4 A 85N 5.
Va7 ROERMR B BRI A ARERE la AT
FNZEFN20%LL FI240, Ige DILENFA S, Zhilkt
AR D B g i TIAKE R A3 10% N 5k & A 264, 1g2
- T Ia & Igi DL ->TW5, T RBHOEA
B fIZZLL, EROD la & Igt DFEPRDS
N7z TE LN,

3.2 MEOHKLE

SARNZER R, SEORNC AT L 72K 1 O §o A& Hbh g 1
IRT. XL AROT 7 # - i fE e T S A R HA
BRI, Y2720 EJUNBE =y NIt
T, Vo RN EBRBEET, LY 7 R-TEHAMER

—176—



PR HARD A = iiba h oty o vh (SFi)

Low. Cret. Wakino Subgroup —_———— e e—
of Kanmon Group ——— c—
Utano Formation| —wmwe— o ——— E—— T [
of Toyora G. | ——- T —_— e L
—~— T —————— T < < E=—— [ vt i
.2 e m— —T——— < f— <=
(7% e —— S - < —aa— B
emu g —————— e p—— T ~—————— < ——— P s
——— —ET—— ﬂ'="== < = ——
§ =| e —r—me T e i_
P Z —— —T—— . I % @
————— ————— ~— S m— — T —— b
e ——— = T =
T —emm— ——
(=Y
= ————— T —— T
:’é g — Y —— = ——Ee——— = P -
= —~——— ~e— a——
: —— —— T L e amm— S ——————
= I e cemm—
Ee——— T [ Mn
= e L
g = = [] V "3 %u N
& N - v 0
<3
L] .
_§ e
E T |
& T
N -
Q_ CCem————
g -
S ‘ ;
3 /l/ \/ 7 V V |

%8 R ERT PR O~ LR E T AERICEENAEEF 70 G DL — 8 — 84T 25 4.

Fig. 8 Radar diagrams for detrital garnets from Permian and Mesozoic sandstones in west Chugoku.
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Fig. 9 Detrital garnets from Permian and Mesozoic sands
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Fig. 10 Radar diagrams for detrital garnets from Permian and Mesozoic sandstones of the Chichibu Terrane in Shikoku.
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Fig. 11 Detrital garnets from Mesozoic sandstones of the Chichibu Terrane in the Yura area, Kii Peninsula.
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12 X Yoo H OMRE R Mn-Mg-Ca & Athod = F X & O XIS .

Fig. 12 Contrast of Mn-Mg-Ca diagrams with other ternary diagrams for chemical compositions of garnet. Py : pyrope,
Alm : almandine, Sp : spessartine, Gr : grandite.
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Stratigraphic unit (sources of data ) : 1. Kuruma Group (Kumazaki and Kojima, 1996), 2. Kuzuryu Subgroup of Tetori Group
(Adachi,1985a, b ; Takeuchi, 2000a), 3. Ttoshiro and Akaiwa Subgroups of Tetori Group (Obayashi,1995), 4. Oda and Nishiki Groups
(Teraoka ez a/., 1998), 5. Basal part of Tsubuta Group (Shibuya and Komatsu, 1986), 6. Atsu Group (Teraoka ez a/., 1998), 7. Mine
Group (Teraoka ez a/., 1998 ; Kametaka, 1999), 8. Nariwa Group (Kametaka,1997), 9. Upper part of Toyora Group (Teraoka, this
paper), 10. Wakino Subgroup of Kanmon Group (Teraoka, this paper), 11. Maizuru Group (Torikai,1990 ; Hasegawa and Adachi, 1997 ;
Takeuchi, 2000a), 12. Shidaka Group (Adachi, 1991 ; Hasegawa and Adachi, 1997 ; Takeuchi, 2000a), 13. Nabae Group (Kawai ez a/.,
1997 ; Takeuchi, 2000a), 14. Permian formation of Ultra-Tanba Terrane (Musashino and Kasahara, 1986), 15. Kuga Group (Teraoka,
this paper), 16. Jurassic formations of Mino-Tanba Terrane (Suzuki, 1977 ; Adachi and Kojima, 1983 ; Adachi, 1985a ; Musashino and
Kasahara, 1986 ; Tanaka and Adachi, 1999 ; Takeuchi, 2000a), 17. Mizukoshi Formation (Miyamoto and Kuwazuru, 1993), 18. Mifune
Group (Teraoka ez @/.,1998), 19. Onogawa Group (Teraoka ez @/., 1997, 1998), 20. Atokura Formation (Arai ez /., 2000), 21.
Himenoura Group (Teraoka ez @/, 1998), 22. Izumi Group (Teraoka ez @/.,1998), 23. Kamikoshikijima Group (Teraoka ez @/.,1998),
24. Kuma Group (Teraoka ez a/., 1998), 25. Miyama and Kamoshishigawa Formations (Miyamoto ez @/., 1992), 26. Kuma and Kozaki
Formations (Miyamoto ez @/., 1992 ; Miyamoto and Kuwazuru, 1993, 1994 ; Miyamoto, 1998), 27. Kamiwashidani Formation (Teraoka
et al,1997), 28. Ichinose Formation (Miyamoto and Kuwazuru,1993 ; Teraoka, this paper), 29. Shingai Formation (Takeuchi, 1996,1998 ;

Devonian
Naidaijin F.(75) Ly

T, MEBer (P9 0 A Ply) KB, Bk AT DERIE -
/NI« 17 W BT DRI IS S <E N, BTdUE T340

ZISAMEE LU T3 (FEARIE A, 1992 ; Miyamoto

B SN O TRy RICEENSMEIY 7o f. and Kuwazuru, 1993, 1994 ; =4, 1997, 1998 ; 114,
Fig. 14 Detrital garnets from Devonian sandstones of the Chichibu 1998, 2000a, b ; SFMIE A, 1998). &k, EAIZH (2002)
Terrane in Kyushu. Source of data : Miyamoto ez @/ (2002). 12 R AU R O B 2 17 R O~ L AR T
13777V A AEISATIL Z2SA PRI RIFEE TV > T

FERNZRI20% T, FRODOKEMIHENTHDE6h, b 5. —H, /ST 2S4S E & T O BREEA R BT
B/AEPSIKEIR 77 440855 (EE14X). HIEEID % Wr DL LR, BACHOTIL -85 - FEA - Hd o
T Ja BB EL, 1@ DBTHITRE, (g8 A5 B, W THhD (FORKE - FIH, 1986 ; E&, 1990 ; EAIZ
NLLRTRI TV EAVE LT DHT 7V LA ML 72,1992 ; 11N, 1996,1998, 2000a, b ; K&Il- 27, 1997 ;
KEBTTHISAT I ZISA L5755 784 T IL A2 SAMFEE N BAR, 1997; FMIZA, 1997 ; M, Kiws0). Z&db, Ik

ROOND. 52 X AMERIITRE i O K H T & S JE& - /NI - KB OD 3 & G O MR BEAIA, 2 Dt
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Fig.13 Time/space variation of detrital garnets in Southwest Japan.

Teraoka, this paper), 30. Tanoura and Takagochi Formations (Miyamoto and Kuwazuru,1993, 1994 ; Miyamoto, 1998), 31. Monotis
Bed (Miyamoto and Kuwazuru,1993, 1994 ; Miyamoto, 1998), 32. Katauchi Formation (Teraoka ez @/., 1997), 33. Niyodo Unit
(Teraoka, this paper), 34. Kamiyakawa Formation (Teraoka, this paper), 35. Sakamoto Formation and others (Miyamoto and Kuwazuru,
1993, 1994 ; Miyamoto, 1998), 36. Mitsumineyama and Sotoizumi Groups (Miyamoto and Kuwazuru, 1993 ; Miyamoto, 1998 ;
Miyamoto e# /., 2000), 37. Yamabu, Haidateyama and Sukubo Formations (Teraoka, ez @/.,1997), 38. Ryoseki Formation (Teraoka,
this paper), 39. Maana Formation (Takeda, 1995), 40. Tano Group (Teraoka ez @/.,1997), 41. Chinnanzan, Okukawauchi, Ozono,
Hikonouchi and Shakumasan Formatioms (Teraoka ez 2/.,1997), 42. Togano Formation (Teraoka, this paper), 43. Obiki Formation
(Teraoka, this paper), 44. Jurassic formation in Takaharagawa area (Takeuchi, 1986), 45. Yuwan Complex (Takeuchi, 1992), 46.
Yukagi Formation (Teraoka, this paper), 47. Bandagamori Formation (Teraoka, this paper), 48. Itagatani and Bandagamori Forma-
tions (Teraoka e a/., 1999 ; Teraoka, this paper), 49. Yura and Kamiya Formations (Teraoka, this paper), 50. Shinkogachi Unit of Saiki
Subgroup (Takeuchi, 1992), 51-53. Saiki Subgroup (Teraoka ez a/., 1999), 54. Yukawa and Terasoma Formations of Saiki Subgroup
(Bessho, 2000), 55. Obadani Formation of Saiki Subgroup (Takeuchi, 1986), 56-58. Kamae Subgroup (Teraoka ez a/., 1999), 59.
Miyama and Ryujin Formations of Kamae Subgroup (Bessho, 2000), 60-62. Upper Shimanto Group (Teraoka ez 2/, 1999), 63. Misaki

Formation (Teraoka ez a/., 1999).

EORNNKRTHS. NHDISAFIL 2 SAMREEIZIZ S
SYREARPIZNSTNBDIZHL, BLHDORDTIEZh
ARE, BIEMY ORAPEDEENTWS. FEARE
RHUWBTIIHBEDLESI6%NIMET S, £72, B
A TR IR K IE AL O R 23 .

7oV AAMEEZ BRIV S TEERL, NFT
(S BEEE AT DR IE-FEUR RS S R, Bk R O HEAm H RS T
RIS Coon (En -/, 1986 ; 7, 1991 ; BH
JI-J257, 1997), Zh&kh Efiod- B =8 R Tid/ 34
T ZISAMEEIC R B (JIJFIE A, 1997 5 i, 1997,
1999 ; FFRIE A, 1998). L7=d - T, ¥/ o AREDIE
Bz =Bieh o T =7y oiciiZ 7228l k
5. —7, St TR IINOREALH T ABIRD, 75 & 41

WL DI ZSA MEENDORITIE BRI O
WTHY, /=T VDMonotishEZkb&, Ig: iz & trh
JER o a G neall, 75V FAMI15% FiZk s
(Miyamoto and Kuwazuru, 1993, 1994 ; B4, 1997,
1998). Takeuchi (1994) (2 &+, HILH RO FHIL
TR EREOERE =&Y 2 7miKEICEYS N 5.
HMHENOGAZRE, ZBRPDF I 24 A
TNV LARIZE T LDB|L T I L ALDOEIA AN
X, N ORI JE TR b =8 SR 00 B Rk R
DEHERETIICER S DL, FROEREROLA
ERIBRISH ERID Igre B2 0GR OKI3 5 D2% S
TWa, 2RI LS OBCPIEE TIE, &5 (1997) O
F—2ickBE, BRENGENIHIVEHEAEL T
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ER-THER AL G35V 2 78 ko 2o
AW TIE, #7K (1977), Adachi and Kojima (1983),
JEV (1985a), dUsEF -5 (1986), Hitp- )2 (1999),
TN (2000a, b) HEDWENHS. Thoiz LTWE
P 2T /D3I D2EM1LA 4 — TR % 20%0 &
DEDOTHY, ZOMEL TEFEKITH20% A0 D /45
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T CIZ AV, ZORIZ10%NIMEHEEI NS, £
TP O o o A O BB ¢ 2 5l 7 —
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A 15D XT3,

LRSS O O TERE H AR Pl I3, — R8Ik
RO _ESEAfRARIRIZA AL TR, ZOHhOmEMHE
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DR TEN TN BESRMEE>TE CERIZD,
1997, 1998 ; #HIZ A, 2000). SuIN Va8 D AL R LS
BV AANPREIZIEL, Y7L 2k060%b 0<%
&, EmERIE hEANIIZIEFRE S > TRERA D 0,
Lo REEIC A3 EREKERIE A DIZAD, &
MNIERTE D% FEEIDEDS. ZOXIEMBBITEE =

§54% H5/6%5

Tetori Group
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15K TRERES a2 7R e HTRICE E N HEME
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Fig. 15 Detrital garnets from Jurassic and Cretaceous sandstones

of the Hida-Hida Marginal Terrane. Sources of data : Adachi
(1985a,b), Obayashi (1995), Kumazaki and Kojima (1996).
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1982) 12 DWW TSI R 7= GE3X). &7 (1998) 12k
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B DY 27 R-FEE MR OMEMEY 70 fHi2D0
TiE, BEKETUN (1992), N TEARIEH,
(1992, 2000, 2002), Miyamoto and Kuwazuru (1993,
1994), ‘=A (1997, 1998), HMHEH TIMIZ A (1997),
PUE R (1995), FRIEAL (1999), Tk (K0,
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Fig. 16 Garnets from Jurassic sandstones and gneiss pebbles of the
Mino Terrane. Sources of data : Suzuki (1977), Adachi
(1973, 1985a), Adachi and Kojima (1983), Tanaka and
Adachi (1999).
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Fig. 17 Detrital garnets from sandstones of the Shimanto Super-
group in Kyushu, Shikoku and Kii Peninsula. Sources of
data : Teraoka ez @/. (1999), Bessho (2000).
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Fig. 18 Detrital garnets from sandstones of the Cretaceous Saiki

Subgroup in west Shikoku and west Kii Peninsula. Sources
of data : Teraoka ez a/. (1999), Bessho (2000).
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Fig. 19 Map showing tectonic framework of East Asia (Teraoka
and Okumura, 2002).
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Fig. 20 Detrital high P/T garnets from Paleozoic and Mesozoic sandstones of Southwest Japan.
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HEIRY - /NS, 1996). & BAAMFERAIICOFEAD A4S
OFruhE G VEYO T EAE IR HAS] B NI
ot THRAMEHZDIT T, MAIXEARIEN(1992),
BHA (1998) HE XM O - HERDZh%
HWENHZ, #FEE S (2000) (B O EE A # R
WEREOLOELEFMHIIRD TS, ZOMRTHERT
NEFTFTARVRNKEREOYF 70 TH 55 FE14X), Z
NICIFHEMOIEE,rGEMP T 7uP v A MHUE L EF
Tk, OHREHOLALIMAGIRE RIS 50 HE
e, BINEEOI S kb KENSE 26X
N7zd oLy, AKERDSA Iz ray v 3
FoufOENRENTHY, ZOMBEERETSZE
THEETHB.

BIERY 203D B A DS L LGS DI D R E LS
BTV > THD, ZOREHHEIEL TR K0S 0IF
IMEN, ZOEATDF IO [IFEBEELRAIZHKT S

LDOTHY, ZOPFEEEL TP N30 = W%
AL ZMARS Th5. ZWIEREDBATEE =
IS THAOHEBIZHEHL THBDT, AETEDED
NHHETIULE RO T+ 0GR AT
BEEDENTHS. LrLEASZhosDER T Tk
HERYF 7O RRENTHY), = PWIINERERFD 52
OLaAHBHELTEZDOREIIITARNVENLS. F20KIE
PaRE HAR D Wil DIsgi 46 3 5 54 5 i oo @ [ 4
FouRERLEDTH S, il b & iR o s -
KEFINH G R WA R IC & Eh 5801 Mn I2F A, il
BRENZIE =N EREOF RO 7 =3l Tk
D, SFENEA (1998, 1999) 17 DAL HA = M2 A
1RO TWD. ZOXHEMEDOBDEIHACHHERH O
BIERY oG TEREBL T3, ZRICH LR EER
DA Ca ® Mg # RN EATED, KDZER
EFEOEWEh»rbdlbdhizeEi1o0s. WHtWT
WEMRO TEMT @S ER Y 7 G B LA
NBH, ZHITIERALED D H > TIDEAT DR
WARIZE N5,

SRR ERAERSARK, BBV 2T
FD3T N =TI 6h, RS &R OB T
=T33 (SR - VA, 1989). =ARZEpCE 5
HmIhTWBHFrufarEisst GE21X), hlIZRED
LD Mn IZE A, HHZERAEDOHAIE Mo I2ZL W0
EIERIOE D, HIEANZIZWE8DEKDHS. K, K
RTRER EALY T L ADF 20 /ELTHDDIT,
UMD ATASRBAER S FISL—T XV Z VL TO
HEMZERA»SDOBOT (N, 1981), ZHIIKER
i35, (LRI O ~NL AR EZREIZEER,
HHIE R SRFEE SN T BEREEO o (FHIE
2, 1981) IXEEAIT Mn I2E A TWS. hHIZRCEIC
YT IEREOBEIRTINBHICEN-STED
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Sangun Metamorphic Rocks Metamorphic rocks of

Hida Marginal Terrane

o Amphibolite, hornblendite,
blueschist and others

A Calcareous schist

® Pelitic schist
@ Blueschist

4 Pelitic schist
hornfels

Unazuki Meta. Rocks
*  Pelitic schist

Mg Ca
F21 X =RABUE, T8 AL B KURBS e 2 BE
IZEEh2 Y 7uh.

Fig. 21 Garnets from the Sangun Metamorphic Rocks, Unazuki
Metamorphic Rocks and metamorphic rocks of the Hida
Marginal Terrane. Sources of data : Sangun Metamorphic
Rocks (Hashimoto, 1968 ; Kano, 1981 ; Karakida,1987 ;
Tsujimori, 1998), Unazuki Metamorphic Rocks (Hiroi,
1983), metamorphic rocks of Hida Marginal Terrane (Banno,
1958 ; Ito, 1977, 1979 ; Miyagawa, 1982 ; Nakamizu ez a/.,
1989).

(Isozaki and Itaya, 1989), 7= JUIND &MU 5+ @
FIZIRER2S L THIZ S IR E HEE S h 2 E R
DRBOEND GFRIEH, 1994). ZTho6DZENBL T, X
L LR LIFEO M ERIZ &N 2 BER Y 7o o 3 E
B AR E ThoeZEIONS. ZOXALTDHF
ORI T T RKED Y TV TRERE S EG X
NTHEOCEE2X), E7-h¥E-d 7% (1999) I2kdLF Kb
HAEH TN LRI OBFOR AN R WS T
EWSZLDT, BEERIEEY s aa O 5 I3 K
NHEEDEHHEMEEINS.
PEPEDRER S 27 oI R E 2 RS R A & Tk
THKEE»SHEKLZED T, REROEDOL LIS
AT N ZISAMEED R A ERR T 5. ]P-EEHO
PE R H A il a2 2 A3 % LS dioR-48 =R OfKE
ByErafid, £l UEEkmE & DIAFEDOER G DL
S RS 2GR, BIIEA RO FEEOED
IEREALHE DAnE O A iffd P EE DI O MR IC G 13 v > Ty
% (FFRIE A, 1998, 1999). [ I RHR AR - TR T &
DEWEROHBEIZ & ThARER Y7o O#RJE T
b5, T OFHEAZERE R ZMEBREDOHAD LI,
W BIEZBUS 23 % THERI S BAIC KBV B % 52
CRERY 7e L &R0l kD, TR IGTHRD
—HEEL TN ENSZEIEHDSS. — . TV T KEER
BRIC DWW TABE, HgldtEbg o H >y 7V 742

B ERE D D REERAE PS5 20K, EEATH
R R B XKUY A TIEHED LD DIEH K
EZEREE»5DH 5 (Lee,1985 ; Dong et al., 1986 7«
E). F¥hAvTImRReEENROfERS, LEIChAg
RoEO»e8rufq% 45 (Bur, Geol. Min. Res.
Jilin Prov., 1988 ; Bur. Geol. Min. Res. Liaoning
Prov., 1989 ; Bur. Geol. Min. Res. Heilongjiang Prov.,
1993 ; Peak et al., 1996 £ &). Zh 5D HFELMF MY
safiOBPTHOBEREMDOE AL LU HERMED I
FREKREE2SLT, AWK EBAADILEZ
NLEIZ B W T, BROHwOGAE KL, KE
Ry 70/ OEBEMIGRIZ 7Y 7 KBEICH 5/ Ak$ 0
NEBTHS.

TV EAVIAIKE G REE T RS (hvy
T X, AANY) RIESERGIZEEh, Tofiay
YO AMB KT A AVKEEIZBIE VSTV, 7272,
2HIIPEMME - B EDEI L TIEE S 7Y £ AL
DOFELEL TUIIFLALMEICES RN THAS. WEEH
KT T F AN ELAENBEDIE NI LR, F-
HFE =R B LU ETR THA. Miyamoto and Kuwazuru
(1993, 1994), =A (1998), EAIZA (2000) & &1,
AL A D XL LSRR DN AR T AT RICE
ENBT VXA AHN Y ZZ LD E T BRHMA TR
DEVERE» SR 725872 LT 5, IE#H T BE
EHROEANERIZE 7 5V £ AN EL, ZOMEGTHIZ
EBREBCEE SN T EH SERIEA, 1998), ThiZl
TEHETHRER S 70O BRI D ETELLITHD,
HRHA2ET 5. T (2000b) (2kBE, HAF|EDX
NLR-ZBRHPDT Ty AT ZHIZHEL, AR
DFAIT (R ZRERETHS. 2oLk
THRAEDRLED, KEL2HEINBHL0WHTLIEE 22K »
LI ARNS. ARICINEATRRF DS TV £ AT
KE Ay 730.24LL FD Fe / (Fe+Ca) Ak mpRd. Zhusxt
LN LREY 27 RDEDITZ DO HIFHA30.02-0.40&
AL, WEORT O =88R EMEER ORISR »5E TS
AHNVGIFRD T T2 LA QA - /A, 1986) Tid0.40%
#W2D, WEBIINILLAR-Y2IREAWR TR IV A
AL OHAGWH A ITE V2B, WiEOZTIEFEEL ThHIK
BEE S, BREOBAZREEOIERER G ThdE A
BEND. INEDOWHE DO MMERE T 2Z LT
HBH, FIKE SIS O - ki 72 78 E R,
HET MDA T O/ [HORELEEZELZDDES
L, U7V EANDE A HARGNE XD T VT KBRS D
RBDIESIVR S sz HEEEINS.

WHEEELr NP UG 25O EME &L D
MWL DT, B 79Ok I EAF O b »
SPWIEN 728 D1H BT THB. FFMIZA (1999) 1%
WH+RBEHROFRMEy s e GIcE R, Thibdbb
IZLCEEMITITIFEAEMEIC AL BVWEL TS, T
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Fig. 22 Detrital grandites from Paleozoic and Mesozoic sandstones of Southwest Japan.

it > b SR OB - SR R R0 A R A ST
DOAIT, BORD X527/ O R EESIRS TS
DERE ACE ThH o720, ZRoDHBEFHIZIZ T
My rafigds0 T, fIGHO LU THHHERS S
BELETFE AL H0, T8 -/ (2000) FRE AL
O T + v~ 7 HITH AT B H- LI 25D
R 7RI OV THEL Tk, ThiEARbL3%
D25 LMMEER T, FHODO KB EhERIZIZ NS,
BHEPIZZDREEDS @A FENTEY, ZOHEEPH
KPR RE B ENPSL T, a3 hFEMYF I H[D
EPIZIIHAMEOEDORHIEHEINS. ks, HAW
BPLRL TR E Ige TRFESN DXL AV TV THE
BARIROF 7 aGhn7 v 7 kEar 5 H AN B A X
NELED5bITTHD, SHE =RPOYF ramiftsiriE
DI, FNAEDBKENEID, M0 EVN1H5
DPEPNGPBETHAS. WTRIZL CRRUEE¥ 2o
HELAT OEERETL, HERE N O T — 2 &Mk §
NIEHMEDOLDDTFIIEHEE TTRETH 5.

7. ¥ &£ &

1) ¥FrufGosHKEmRL, AEmaRER (KE
R, TEie), PIER (RIEZERs, la 3 APEME
PUF, Igi2ld 27 =27 4MH), SRR (SIEERS),
savy A (zrav v 4 BEXUOT IV 24 GIKE
HERERE) CIZAAT T L. Ay aNEE LA TOHF
sufEEUERTHD, Igld HANEDZER S5 R,
W T,

2)  HIE b PR OO P & DU - SO S v i o Bk
S AT T B - d R R O EE Y 2 e HIZ DN T
ARz, ZLTZRIZEEHRODOEMA, P HARIZH W
TF RV SE R PEIZ» T, BT oG nED
KOTEBL =AML, ZORKRA it DRI
PHEICZEDBZEAERL. 1 7RV XL LK, 2.
—EACP-RM, 3. AHRAC R KO, A S =
FOHL 120 B O Qi fICHIKIZIZ 7 T & 4
MBS B AL HBH, FHEHRAMU TARBEMENE
Forah Ok TEHER RS ZL, REMAZIUITR
E, IIVEAL, BEM, Trav e AMUONEIZAD 5L
KoTW5,

3) WM e H ARSNGB T VT KEE &L
KB »od7z68h, wER, KEMBLU TV
ZAND FEMAGTHIZ KD A 77 R AR, &
JFERI D 2 AUEParE H AR N O “IE KA IC RO 6N 5.
72720, BERDATERRIZE > TRt 225 HA
FSEFEOF 7a i B KENEDEDERNIZIDbEDS
ZLEdhb.
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