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EPREZEALEBAIZ SOV TEEREN TR, bR RI|Z petrocalcic
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-13 -



FIE WMEAE

FLE. TEOmE{LIRE OFM Tk

(). WsXmEEE

TROBRESVWOEREL LT, WPREEHOL I REABRLZRAET
SHBICEDITE, TRCWELZSX THAKNBRZAET 55K, o—% Y —
HED X ) REBRAOBBOB TCOLHRBERIILAFEREND B,

BAEAL, BEL2BRECIVERBM CTELDRIEZITAZRARDL Y, Iz
BATOREICIZIEETH S, HUNETCHELBHEAET IS WT, WhREES
CEVRELEEBOBEAKGME (BEE) 3, EELEREB LT3,
BE TORBOREEFTIX, HENLLTHAEREHICHEZBEAITLTITE, ER
PEFHICKFTDILT, RAZBOLTCEBOEEZFMT 5B RNEAE
EEbEMEND, £/, 772N (FEOHRICE S HEBHAMOBESIZL -
T, TREBIIEBRINIEEERBE) Dﬁ;ﬁ{tfif;}:“wiﬁu%ﬂﬂcaﬁx A
ABHRENTEY, THIXILRREEF EBLUL TWB2S, BEAKIZILPRE
B XA (FReENERRICRoEAR) AL, "XHEL
MEKLT, BOVEOEELRETEDILHICLELDOTHS, LESL (1997)
i, ERESEZEAKICAVWEE U RR oA —Z 2k, HEEELKEROM
BORAFBIZOVTHRFITL T WD, ARRIETIE, ROEHOLEBAGHEOBECER
(ERBBEOBRE) 2T 50CELEEETHENE I g, 10enD&EE LK
TSEETHFRVDBEAERICLIVHE T2, b —BOBABEERNETH S,
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KETIHER 6. TGP FEAOEAFEFEORN v NEABEEFF D, LEHRHA
BEAOEERBE L IN TV AH (Soil Survey Division Staff, 1993), KED
XHRIZR T 2 LB EEHICIE—RICBEAEEREEI RSN TRV &b,
COBREIRPECEBTIUPFRNBEEFIZILEICEREL T RNVNESITHS,

WFNOREREEZAWVWERETYH, BAKRIZ, AHFLEAMICEIYEAR
LADDLBBEMR - EREZTDIZ LIS, NENLRRIERAZBELTV?
bDOTHD, RIFADKE 1L, BERICABRINAINAXOEMEL L TERIN,
EMBICAXERERLCNITEAESEH SN D, SHICHEAEEZ, EAKDE
METRTIZI&ICEY, BEAEEOLEZVOERETRLOLEAEANGFE SN
S, 2L, AVWSRERENRERDIBE, R—0RBIZH LENREFNDRET
BELZEAEAZEBT DL, +o2—BXRONAT, FEEEFCL IR EM
OHEBHGHL, £FLbEmTRy (HS, 1976), 20k, BEABREZAE
TOHRRZIYVEIBOBMIDOFMEITH>HEIX, R—D0BERIZEVAEEZITVL,
BELEETDIILNUETHD, AHFICBNTIE, REOBCEENGHDO—F
HEELT, WPABEES 2 RBEO LBICHL, BIEEITo Tk,

(2). —HhERESREE

TRICHEE T, CABER, E&EN, OTAS2MET 2RRIT, T
TET20AHTEOXES, HHHSEOBLET) ECORBHNT — 2 485
BRI TITbh 5, RBAEL LTI, RBOME LR L2V RETHF @I E
WL, EANCWEBENZEET 5 —BMERRR, RBOMEETLRY —F
THRLTEMARICERL, BSALOTHEMET 5 ZMEMFRR, REHIKT
NOBTHELME, CAHSEE - EEANRRERH S, LET¥TIR, B
T 3REERPRHOMEIS LT, BRARBRFESAVONEH, L
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EOHFICBV TR, HROMEFMET 5 HFEE LT—BERRRS, —#E
DL L2 5 AR O ABTRER 2 A O FFREF 2SS (B X i Innan b
(1989), Grossman * Cline(1957), Hallmark and Smeck (1979), Nimlos(1989),
Ninlos and Hillery(1990) 7 &), Ziuik, —BIEERER TIIRE OB OW E
BEHBHESE TH DD, ZLORBIZOVWTHAREZITA S (B, 1983) Z &
kB EBbn s, AREICBONTS, HHROBELKRE LRSS T T 55
Br LT, —MEGRRE ML, —BERBEORET, FREAD LR EY
LEREHIR LT o 72, BFEC, REBOEDES ) ¥ACHET S L2,
BELBTE T O RO KRB (N6 % SR IZER L,

HHRBRIC 31T 5 — BERRSREE I E B OBEHE, FIAE (B3 Sen¥ 7= id5cm,
WS IXEEDL. 8~2.5(F) (BB THZEJIS (BATERR) ICXVEDDL
ATWA (S, 1979), Lal, WL LHOREE = 0RB IR LS
&, OTHORERKE VD, —HEFRREORNETEGE (RAHE) &
BEHCHED, ORBHFICHEET ST v/ CMBENRRE BRI BT 5 il
BREL 2B, ORBICEMORE R TREIET 570, HRREOREORIK
RUBEERD, SOMENELS, Z0ORD, KV/AS0NY4 XORECTHREE

FOZLBBE Lo, 22T, REZAT TEFEICER L, RRICELE,
RO 4 Xd2emX2emX senk AL LA, HHOMENKE < —HERFR
BROBKAHELZBIIHEE, EVNSOHA XL Lk, UFTR, 0k
ICEF LR TN XRE LR,

YA XRBERO TR —MERRBER L, JISORBABOREICL Y

- —EMERRBER L OLBE, PHERL LTk, REHE =4+ 0
REWECTHEARKENSREOE T (£8) 2AV, £155REEE
TOREOEALZEBHIR L=, FRIIFie I-LUIRLZERY, BEIXEKEDOH
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DIZHEVERBIERLEDS, WTFROEKEIZBNTY, /s XRE L TIS
RBORMT, BERLCEXIFLNE, 2OZ L, /I A XRBEHVTHT
ST —HERRROBRIL, JISHERABEZAVWTELNEEEDT — & L K
THOILENFETHDLEEZLNT, /A XREBOBRICET 51T, M
THELIRABHEVSTREL, JISHEOAERRBOBEICERTENWED,
HERZRREZITO ZENMEEL ko, T, IMEVEHEMLL LREFENS

e, RAITEDOY LY UV ERICR o,

(3). KRB LURELBICH S LB OB

RELL7ZEBHZ KB LBRORBMEERIT 5729, K5cnfitk o RE 3 (50
~80g) ZAKEL T, A v ¥ =282mm, F7iZ20mné 2mnZHAE DM EEH A
FEAHL, SESEZRELEERELZ, FER%, SESZHC—MHICL TKE
L, RERCKPEH, R, HETIRELZBRIVEL, THRESHOE LB
Lic, 72, TBROBIICEE L TWA2HEE2HETSEMT, FEORELH
W T [EVER D AL ER 21T\, j:%?%ﬁ:ﬁﬁ@?ﬂb@?ﬁuﬁ’%;()%iﬂjéhé%’%@ﬁ%%

Tol, RELBOFEMZIOWTIREVETEHKRS,
E2H. TBOWFE
(1). —&B{LEH®
BB L 7ZREHZOWT, UTFTOEBDOHHEIT- .
MR RSN, SO, KOEERE (pF-KoME),

4% pH, 2RFE, LEF, CEC, THIEHEE, ) U EBRIRE,
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INSDGFHD 5L, HEETIENBEEAEE (IRYEMEREEEZEERE,
BEE (1976)) O, {LFEHILBRSSITE (HBELSREEZESRE, BH
B (1971)) DHFHEZESIWTIT- 7=,

KESHIE, £ 2 8B KRLE, EERLEE INDEBEZMZ THHES
¥, MBIV bE2ENy MNE, HRBICHBLZHIETERE LR, £
ERWEDR, BETIEBETHLAEBETHORETERVRERT 7Y F— 2 E
BT O5RERHD-DTHD, ZHOITIERE % 1000l 27 %77 —THEL,
REHE{H DIKII00 (EFFEE) TRIE L, KoREFEIXIZHSIT#H O 100nl
a7RBEEEKEML, MEREBICEIVRELEZ, EREFBLIUVCEERITIEE
BUYERINC 777 AP — NC8O IC K VRIE L7, CECRBIURMMEERE I a—L
YARNT—ECEVRE L, pHIZABKEX O 1IM KCLICK YR+ BE& =
1:2.5 OMHZT W, T7 2AEBERICEVBE LR, U VBEEIRGRKITY VBT
TV LABEHERCSg L"DICKVRAEL B/K = 1:2 ORMBETY, BEFOY
MErbAFEREL TRAELE,

(2). JuFAHEL

TEOTEEMK (Si, Al, Fe, Ti, Mn, Ca, Mg, K, Na, P O EE 10 £%K) %,
AEZEXF T 450°C, 90 sRADOMEELITY, HEWEZERE (Yoshida, 1987)
Lf:f‘ﬁa:, 10 FEDORUVBY FUyLALHIBEML T A - FE2/ERL, U
A7 3070 HAXBRONEBICIVBEL, FRIT, 10k BEwE) 0fF

FFEE 100%& LT, &xFE (BBkre) 0BEZ%TERRLE,

(). LHFRRE
REOIMFOBELRF T 5720, —REWME R DN 25 TICH
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TEM ST X REY, RIREMRAR) 217072, —REPITHIE 0. 1~0. 2mm
@Eﬁmowrmizﬁs@E&?é%%ki%%%%%b,@%Kiofﬁﬁ
FRELE, SO XBEFTIZILC 2T L EEER AW, Y T
— ¥ a3 VIETER LIRS Z AW TIT o 72, BIREAEASR L Blakemore 5 (1981)
DFEZHE, 0.2MY a7 v E=7 A (pH3.0) BL W 0. IME o U v EEF
NI DALY RELLLHEEZITY, 74K, TAI=0 L, $% ICP XS

EBRLTIZETFRESHEBICIVAEIEL =,

(4). AR

ALORES EORELZREORE O HEEN 2ER L, MAFKERELH
ot ETORED HREAE, BAICHES TROBEELERHE, »oRY K
WRRETH D7 & b ERBAE (FiL, 1991) 2HAWTHBALZREHZ, *
BN Y T 27 VMRS & BISE(LR] GRBEE~NY Y A V) F2ETF TRE S8
BEME (RTHE, 1969) L, YIBFHEHAFEE U THERR L 7=, JEBL L 7= RBE D -8 ik,
R L= REHTBIIE & LA 22, MBE(L, 9IN&BEE L TER LE,
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FNE. RHZHMMUBDIZHHT S
—H+) OFRHE

1. REOHMERFTNANE

AETE, =TLOLREKPCEEBELRT T I-OOEBHNT 5285
BT, O=FtoRKFETOTBEETE, &8O —ROEEME, TEE
i, —REMB LK EEHHERICOVWTOREB L OO ORER, OFnIcE
DB RO T ERERIZOVWTOEE, QRRMEERE L, HASHOEBER

JTELLEOHEMEOKE, £1TofRIZOVWTHERS,

28 EAMiEmoORE

= EIFIRRAKILTE S DF A MORREIZIE S L, BEOLEELR
TEEOLBOREEXURELET, FIIEmd3 (ERL  (1976), L -
Gl (1982), 207, = HLOHEICETEZEFTELL O=A LD +EH
BETEIBEHLEAITILELRH D, YHBBIOATOBEERAEDORE R,
BrEmFEIL Figll-l DX 5 Tholz, ZNOHDOEHN S L, BE~BADEL D
BARELTRY, /208 - H (1982) N=HLDRFHE L L-#HHBEE
mERIERDEFZ 2, ARG KNENFRFOEHE L EAFBHICER L 7=,

BRE, ARXFT =HLOMHE] &) EE, BRICHEVKECIEL,
FECENERIZRI2HEEEZERL TS, HRFUHE T, SEOELKREN
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==t BT &% b &
1 O km

mELE (BAE/EE=1.7/1. 2/1,
371, 2/2)

REELB (3/2. 2/3. 3/3)

BELRE (L2 oL ts)

°r BAR

Ah  BETF7HARVYAURK (7HKRT)
(63004E71])

AT BB TnkIUE
(2A2F~2A5FERD

KP BEFESEER
(3A4HD

G

G S2=H

*NETIETEHIT=H KPHEH) ITRSNEL,

Fig II-1
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RESERY, ETORBR=HTLOHEEZRTOTEIRY, EBOELHFHEL,
FNIZEIK =T LEDOEBRICOVWTIEENVNETHRT I8, AETCRARFH T
ERBIZONWT I=Ht] DAHEERTIDIEZTEL,

T, AMBLTIEIRER, BHESENEZLBLOBRVW=T+% TB=X), EHE
ERBORBHOEN=HLE R=H) EFATOBH, EHE, BESR
TITIHE - BEOFEICERRBREEEL R =V LHATHS BF - HH,
1982) 7%, RELZBI BN H D, FOHOEMITIE, TB=H) TFR=H]
DEFEFEIFEDLT, =+ THR—LE, =ZL, KAWL TWS dv=3%
(BED/IRFEZLSFe=H1)] OFBERAWE, Td<v=H] 1%, #%BDOL>
BT 7 FIZHIEL TS D, MOBLIIHFETIILERBEITHEIM1LTH
%,

= R OB LRI AR S LTS OERIE O 210m OHSIZELTEY,
Fig -1 IZ R LK O CREBRHPOMRBFFIES —KOLLIEEDFAIZ 16km
BN TS, RECHAETIEKRTHD, ZOMBOFEFHKIRIE 16.0C, EH (6
A~8 A) i£253C, 48 (12 A~2 A) 1% 62CT, “MMEARIX 2003mm T
»H5 (KRBT, 1972), Soil Taxonomy D X4y Tk, MEESKMIL Thermic, K435
1% Udic TH 3,

AWrE O HEIT, B LEOEE 2RERITHR (B HEE 3 F, 1983)
TRHEBZEHEERKR &, B TEAOBEE IRUTR (Bt HBOEER
2, 1995) TRZEHEEEBER 7L, RFe VA MREOBAOK—®BL
BOBEZRELRE (1990) TIHIIHBMEIZ< £, Soil Taxonomy TiE Pachic
Melanudands, WRB 'éai Melanic Hydric Dystric Andosols (247 &4, DAEIZ

Ron MR KUK TBOWE TH D,
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FIM. TRETEER, BFRLTICER

Table M-1 {Z/RL72& 51T, HELZERIZES 410cm T, 14 OBIZHITH
N, Figll-2 IRLEK S CHRIZIE~BEOEENLRY, WFNoOEs +
REBEATHT, AR 77508 (KWWK, BF, 22U T7%) IBESH
BV, BABENPGIIREROBOVENEERAR, FOTORGKDOEVENHE
BABLRA—DOBMNHLR22BEREBELVWHIEMNOBRBOLIICR X, Lol
FTHTEND LS, —REVOZFR-ERILTLLZIORF L —KET, &
(LowmBITELVHMEEZEA TS, TOEHDUTTIE, HEFEIHCEEH
WhHivd 2Btb R EDEE (AAXRFaY—%56m, 1997) 2AWY, B2
18, B2BOLIIZHELE,

T&IE, F1RE, F£3~48, F6E, FoOB, F1E, FUH4RBTIS 20
L 10YRL7/1, 2/1, 3/1, 2/2 L BAKMHERL, OB T 7572 L 8.75YR3/2, 3/3,
3/4, 46 THoT, RIZIITREIRZWVDE, F 4 BOTEBAOLE (Wbwso
—L) ZRof, TBREMMNIRD L, B2/, F5~4ETIIRAKDEBWE
FEECHIBET A TRICHFE L2, EH (1980) (2K D KEHTHEE O K IK <
TyvFTiE, TOXI LG T~NENEE 0L TZA4 T80 & 5 O]
ERBEINTWB,

BI0BEE 13 BIIAGA/IRFICERIY=TE CThok, F 10 BiTiA%H
(1980), ¥T%F - &HB (1982) 12k v TEfHI~=H), & 13 @i FTHI~=
H] EREENT=BIZE =5,

Wil CRE L2 i AL, F 1L 10~15 mm, F2B»55E 14 FiE 20

~25 mm DfE %7~ L7z,
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Table M-1 HEHFOEEICH
R T BE BiE B cERT? TSR BT
(cm) £& G ae (YBP)
18 0-24 7.5YR1.7/1 10-15  #iik W5 =¥ 37
B2 24-60 7.5YR3/2 75YR3/1  15YR3/4 23 Eih=:}e: ] B5 Fhiky AET8
h~rh 1=
¥3B 60-80 1.5YR3/1 21 EAR =3
th
$4B 80-108 75YR1.7/1 22 HAR BS 9950 =l }
h~X
%52 108-130 7.5YR3/3 15YR2/2  15YR4/3 21 FHR B~ 13400 F=H
h~X RS
%68 130-182 1.5YR2/1 7.5YR2/1 7.5YR3/4 21 EHR B3 15100 ~EN
fi~X
7B  182-220 1.5YR4/6 15YR5/6  7.5YR3/1 25 HHR BXpE~ HFRA
h~X BZ R
%8@ 220-238 7.5YR3/3 75YR4/4  1.5YR3/1 20 EH BiE~
f~XK B
$oB 238-270 1.5YR2/2 75YR2/1  75YR4/4 21 g§~§ 23> 21500 24
N
E10B 270-285 7.5YR3/3 75YR3/1  15YR4/4 21 EHR 75 23500 AT  LE3
i~ K ?=5
E11B 285-303 1.5YR3/1 7.5YR3/1 715YR2/14/4 22 EA B5 25100 2-f
N~k
£12B 303-327 8.75YR3/3 8.75YR3/4 8.75YR3/1 24 HHEK B
th
F13/8 327-350  8I5YR4/4 8T5YR4/4 87I5YR3/1 23  EAKR B BF845 THT
X RER <=H
£14B 350-410 10YR2/1 10YR2/1  8.75YR5/6 22 T 2] B2-4
f~K
¥ IBEHARAEFEESKOBENRONZBRIL. FORBLIBERL,
*2  IRE7(1980), M Er-HEI(1982)I2& B,



= REF I

Fig, I-2
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BEX B1LBUAOZSTHEARROP~KRTHo72, FIRBIIRENHL,
RREEARROPMTH o=, BEEE, £ 1 ESEBRS, IS ~BET
Hole, RIZIEIFLTWRWDS, FAIBHELEERIIT XTOETH TH 7,

ABEO L) CRA~BEDEEOBHERE & 72 THrEm ML B ARE D KL
IR+ TR 575 (Kurobokudo Co-operative Research Group, 1986), Z ® X 5 72
T8IiE, MXRBRT7708ERH 256, TEOLER (ARBL B EOEAR)
EFERT7ICEDENLDOHEENRBRIYVRINTTELEESND (Shoji b,
1993), LA LAKE CTIIREZSEVLBEAKOEVETDH 30~70 g kg' &, @H
DAIUK L B BICHRTRKEWZ L, R TDEIIZLT LHECEMM»
LEAKDODEBWELFOELOBRAKOBOENAEMRL TWWR2WNWI EREND,
R B 72 [ BK 7‘_&7‘73>E1§ﬁ/5520)ﬁlk6i‘7‘c7‘£u\ BE~BEA0EBOEMKERE
5:%7‘@51:1*’&1, EFNENLDBIZOVWTEMORFLZITY, SHIZAEmMRL R
DANB, MERLPIEZHDOLELEETILEN DD, 2B, AFEOETOE
&, T MF A=A H (WES, 1997) BXW8VC ot (A& DL, 2000)

WEY, EREAETTOLEARESZ T EI EBALMIR > TWE N, 2k

AREATCTIIRALEY, EFRMEAETCTIREALBIENRT DI LWV ERDH
ERLRDBERTHD, EROEBBRBITELEAKREVRETIEIH 555, ARwX T
EZDORIZOWVWTORRAALTEERIIITORY,

AWmEm O CTEERFITAE - G (1982) MB{To7=YROBERAEDN > H, K
BETEEHODLD L IZE KL TWHI b, B - & (1982) @B LR
ERVWTITo72 “CHERABIEDT —# 2 AESRBOFERMEEICHHAT LI LB
T& %, 2DFER, FROFNRIL, F48, FES5B, F 6 @BBENLLN 10,000
, 13,400 £, 15,100 T, FE IR, F 108, F 11 B EHL £h 21,500 4, 23,500

£, 25, 100F L7235,
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T, —REYHT KEETH) OBEND, 28T 6,300 FERTICERY
NTTDOEB LT IRYAE, F10E (EfI~v=4) 3W2FH2F~255
FTHEANHBEILVT I NOMEIH L AT 25, F 13 B3 3 FEMIMAE) LM
HLEETEy BEERBMLEIOND, —KEVST TREERZZNLD
RT7ITOERE, "C FRPLEESINIINLOBOERIIBELEALTY
Do TOZ L, KWWKEROBM THEZ7T 7 70HERBLIOELBOERKEE
CBWT—KEDTITCLZBBORENEH THBZ L ERL TN B,

AR THRS TLORELE (B 4B 0FRIIZ, ETE/7ERER (=% 13
B) DERMBK 3 FEAMEEZOND (LE - ARF, 199%a) Z &b, 13T
SHELHEESND, PHET, ZOXHI23 FTEMANLLERLTREAGNER
7EBERINTHDOFAM (LA - ARF, 1996a) L EFEOEEILER (F
R —LB@EHRESL -7, 1970) KRBOLNBEITT, oMK T DX 17
DEEOEREL =AML | BEAMID bFLW GIHE - £, mmoit,§
BHEOFGT VB THREERITIO~T0gkg' TENTEY, BEICHBE LTS 1

FEATEL Y bHEVBEKLUKRTE, Wbwdo - sDREGRITETEN,

FEAH. Ett

Table -2 IZMBHEOSHHERE R L, KBRS ORER, BEtEBIFE 1B
~B3F, LRI =HEZOLMBOESE~FE 10E, THIA~v=HLFD
EMIEDOHE 12 B~%F 13T 35~56 %, OB T 63~69 %DHBEIZH - 1=,
WERITATE T 15~35 %, %H T 2~12 % Thol-, +HIZTTRTOET HC

2L LIC Th o=,
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Table M-2 EHEHFHEEBOMEN
PIERAR AL T =Hafm {RHLE

(%) (%) (Mgm %)
FHRD MR L #5E B+ &HE <8
£13 2 33 30 35 LC 19 56 26 047
E2ME 2 27 29 42 LicC 16 65 19 048
E3E 2 29 32 38 LiC 14 59 27 041
FaE 1 10 22 67 HC 13 69 18 0.45
E58 1 30 65 HC 15 70 15 049
%6= 1 31 69 HC 16 67 17 046
E1B 1 9 24 67 HC 14 69 18 042
e 4 11 39 47 HC 16 63 21 047
£ 8 13 23 56 HC 18 65 17 051
E10/3 14 18 18 50 HC 19 65 16 052
E11B 5 5 25 65 HC 15 68 16 044
g12B 7 24 35 65 LC 16 75 10 046
E133 8 19 30 43 Lic 17 62 21 0.45
F14F 2 10 25 63 HC 15 63 22 041
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ZHOWORKR, BEHEEIT 134~188 Oo®BIIHo-, E 1 /8, LH=~<
ZHEZEDENBOEIB~F I0BBLOTHIv=FDOHE 13FTIT 173 %
UL EMORBITHEARLRPREVEEZR L, REEIT041~053 DHAICH D,
BEHEL r=0665**(n=14)DHE %R L7, REME, BEHRE REEEIZZ, &
MBLUFERBEEL TV, FROFLVEIB~FE3E, ATHREDE 108
(E#T~=A) LEDLMBEOE I BRIVCETRE/IREBGHKDE 13 /8 &
ZFOLUDOHE 2 BOWERIT 21 %~54 %@, -, FORB, F10RL
FBRBIEEELMOBLIVELS, FOOILEIBEFI0BIIRLEELMDE
Fomu,

Fig. -3 (2K FMEMHBRERLE, TEAKSO N v 7 RT3 ¥ VDHER
%, BETIIESIEMRD Pa (BL WkPa, MPa)2EH T3 Z L1272 > TV B4,
BEFEDOT—Z L DOHUBEO-DICXPFB LR TIE pF bt Lz, F1BEE 2
JEix, BE3IBUTICLE_MBROBEEBBNEEETRLE, E3BUTOSED,
HEILIZER —ThHhomBE~ N v 7 RT V¥ LDOEKLIX 3kPa (pFl.5)
T 1.33~1.86 kg kg', 1.5MPa (pF4.2) T 1.08~1.59 kg kg BN H -7, BR
JETER—DO~ M) v 7 RTF Y MIBITIEKELE, BHEEEOM KL D
FICIEDHBERN DD L END (MBS, 1975 5, AWBROEIBUTOEED
PREEEOMNEEE~ N v 7 RT U ¥ VTOEKLEOBIZAEERBRAITR
bngrofz, LML, METERBLE NI v I RT /I ¥ L TOEKEE DR
IIZEDHBERED 57 (100kPa (pF3.0) MEKEE kg kg’ = 0.0139X (L
E8 %) +0.606, r=0.794"" (n=14)),

Fig. -4 2, THEENTHEL C, REICEDE TREFVICILPNEE %
BIELERFEERLE, ZEAEDRBT, KFOBAPIZE S R WVEEIZERNIC

WAL, REOCKETIIIOmMm 28Xz, REREZROEEIX, 18, F8
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B, £#IBEZKRE 31 mm UULT, MHRPHETESRVEE (HH, 1979) T
Hd, WICFHEAB~FTHE, F12E~% 14 T 33~36 mm L REVWEZRL
oo ZHUWIKHL, B1E, £8/8, FIOBTIIWEEFZHT L LABEN, B 11
BOLMEE 32 LUBK/NSVWETH 2, 2D XK, BBIIHEI TREEOR
iz, FBTR2>TW35,

EEELTHOBEICESHW TR TS L, tHRPENRCTCEEFZRMITLEN
TLESEIRE, £8E, FoBL, BEESMIZEILCRNINVELRE, F38
BLOE 11 B, TNOUADOBEOREWVWBIIRSTE S, 2B, FVETH
REESE, THOBERE I —MEGRBREAVLIZLICLY, BEITEERS
FETE B,

FEoHi. ¥

TablelI-3 (ZALEHEDSIFFEREZ R LI, LHO pH 26 RICXBBEE Y, 1T,
% 4 LIS TiE pHH,0)2S 5.6~5.9, pH(KC)23 5.0~5.4, Y, 2% 0.4~0.5 O %A
WZhot, B4 RBITIENFN 55, 45, 1.2 T, OREIZE< pH (KC) 2ME<
Y, BRRKREVEE R LT,

LRERIX, TEOWEZEMN 1.7/1, 2/1, 3/1, 2/2, 32 OR~RBEADE
T 48~127gkg! DHEEIZH o 7228, 3/3~3/4 DEE~BEDOE TH 30~66gkg'
DHWEAICHY, 4/6 CEAKROFENETRETH 0 g kg' DREZEFA TV, &
EORICERILETHET I L, FLAEDBAEETMNOBOENREZTEND
WEZ R L,

CEC 1% 19.8~49.0 cmol(+) kg DFHIZH YV, RRFE L r=0.822" (n=14)D 1A
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Table -3 FEFHESEDILFEHE

pH Y, £KFE £FF C/N CEC XHMHEE EEMNE JUBRBINGES
(H,0) (KCI) (ekg") (gkg™ Ca Mg K Na ) (P,05 g kg'")
(cmol(+)kg ")

EIB 58 52 05 127 103 12 437 174 21 06 04 47 22.8
2B 56 53 04 71 54 13 228 21 06 02 03 14 244
®IB 56 52 04 80 54 15 301 34 07 03 03 16 23.6
TAB 55 45 12 117 6.1 19 490 58 10 06 05 16 23.2
5B 56 51 04 66 30 22 286 3.1 1.1 01 04 16 234
®6E 57 50 05 58 33 18 332 28 17 02 04 16 22.7
EIB 56 53 04 30 19 16 275 23 14 02 05 16 23.0
HeB 59 52 04 42 17 24 287 34 11 02 03 18 23.6
HOE 58 50 04 54 33 16 286 26 1.1 08 03 17 23.1
EIOB 58 52 04 45 20 22 228 17 07 01 03 13 23.0
E11B 58 52 04 49 25 19 343 23 11 02 03 11 23.0
EI2B 59 54 04 35 16 22 282 18 07 01 03 10 24.4
FIBE 59 54 04 31 13 24 198 17 06 0.1 03 13 24.1
EI4B 59 53 04 48 22 22 261 29 08 02 04 17 24.2
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BERLE, KBEHEETIE, ALV TULAEELIRET 174 cmol(+) kg', MLDORE
T1.7~58 cmol(+) kg &, B 1 BEE2RBUT TOERKE o, w7/ XRY
7 LiEE 1B T 2.1 cmol(+) kg', DB T 0.6~1.7 cmol(+) kg’ DEZRL 7=,
AU TLIIFELIRE, F48, F9B T 0.6~0.8 cmol(+) kg, MLDET 0.1~0.3
cmol(+) kg’ DEER L, T RU U A2 TORET0.3~0.5 cmol(+) kg DfE%E
ALz, EBIZBWT, ERBREEEORL, 2oL 28 TRKDOEHE (Table
M-3) OHEBEZR DL, AATTLIZ r=0711" (n=14)DBEZ R LS, oK
ﬁﬁﬁg?mm%ﬁﬁah&@otoﬁ%@ﬁ&mﬁlgf47%,mwgf18
~10 UL TFOEER LT,

U UBERIREIZT T R TDBT228P,0; gkg' AL LMD THWEZRL 7=,

Ubt2ns, ANEOEREHE ¥t k&3 5 &, pH(H,0), pH(KC], Y, i
AEMTECEA N, 2RES R AERERILAOBAKLBEL TV B,
FESEBREFNED TRHEOBIZH_RTRLLEATHE2REFSEN 2FLE<E,
CEC iIRESBLBVWEDEFREFE - TWV5, KBMEHEE LEEAMEIRE
PEE, SEBETHBRAREV TR, U UBRIREIIERE & bBO TH,

55 6 Hi. JTRHMER

ZBOEE 10 TEDOME L Tablell-4 (TR LT, 74 Fix 41.1~541 % (B&
emED, £E 10 tRPIIEDIEE, UTRL) T, EfaTv=HEtEDL
OEIB~F 0B T25%ULELEFEMNo, TNV I =D LT 265~32.6%T,
FBIBRIVCESE~F I0ET28.4 %UTELENo, #KIT101~178 % T,

BIB~FETEN 167 LU E:@WMEEZTRLRE, F¥ 1E£1.19~2.00 % T, H
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Table -4 EEHEHEESBOTHRMAR ™
Si0, Al,0; Fe,0; TiO, MnO CaO MgO K,0 Na,0 P,0;
(%)

E1B 4717 2647 1418 155 026 467 245 103 145 078
EoB 4108 3278 1685 192 031 244 227 071 107 057
EIB 4220 3233 1719 195 032 182 220 066 076 056
EARB 4397 3195 1779 200 027 088 129 080 046 059
E5B 4347 3249 1740 189 026 071 184 100 062 032
%62 4567 3104 1665 178 025 057 185 122 061 035
%7B 4420 3155 1755 181 028 056 203 105 067 029
EeB 5248 2793 1247 143 021 088 175 160 098 028
$E9B 5400 2770 1109 129 018 105 153 162 125 029
%10/ 5411 2837 1014 119 019 124 146 150 155 026
%118 4958 3050 1264 157 023 103 190 126 096 033
12/ 4599 3228 1286 173 023 194 275 088 106 0.28
%138 4822 3172 1150 178 025 186 204 103 134 027
%148 4536 3256 1473 190 022 110 228 087 065 033

*1 FIZELF-10TR(BRIEYE)DESHEE100%E LT, ExFE(BERE) DEI&%ERLT=

- 36 -



IBEESB~F 0B TI155 %UTLEWEZRLEZ, v FVE0nTholE
b 032 BUTEBEWVMETH 72, FE8B~F 10 BT 020 %ATE L, FHFICE
WEZ R L7z, ANV TLIIELIETA467 &L, F4B~FE 8T 0.56~
088 %ELEWEZRL, HY DAL 046~128 %T, % 8 B~%F 10 8 CIE
WIEZR L2, T RY A3 066~162 % T, E8F/~FE 108 T 1.50 %L k&
MVMEZ R L7, U BIX027~078 %T, FIBTEWEEZRLE,
ERFREMOBRERD L, YA RKEREL, TNMNI=TUL, %, FFL, <
VHVOESEZROMIITAOHEEN, VUL, TR TADEEEBOMICITE
DHEBBR LN (Si0, %=-1.52A1,0; %+ 93.5 (1=-0.772""), SiO, %=- 1.37
Fe,0; % + 66.9 (r=-0.885""), SiO, %= - 15.5 Ti0, % + 73.3 (r=-0.938""), Si0, %= - 94 8
MnO % + 70.5 (r=-0.8907), SiO, % = 12.4 K,0 % + 33.5 (r=0.920""), Si0, % = 7.51

Na,0 % +39.8 (r=0.614""), W3 b n=14),

7. —REMB L OEH

TablelI-5 IZ—KIM T RERER LTz, EZLHEREIL 8~50 % T, F 4 B~
FBOBLEEINZE~F 4B T28 WULLMITL H_EL, OB TIT 8~18 %
DIETH o7z, BFEWMRIL, 1TLAEDRBTY VIER > BB Y > L HEEA
DIETHoTz, BULOEA TR FIIFE 6 B~F TR TEL, HIZE TR TIIHT
BNV DOBENoT2, 2, XBARAIIZOBT 1 %YUTOENS
ENTWED, E8RB~F 10 BTIX 4~6 %EMITtE_EN oz, LT UA
TR IR~FBTRLE BBIZEEN, BB IB~FB3IRTIT3~6 %&Eh

27,
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Table I-5 HEFHEEBO—XEGHEARK "
i £1%7) L33
EY v BE BENE TE S RIED BHEIUHSR AL HERE FE At
e B8 BE MY ARE VB HF  ARUUHK BESK EHE A5 HF

(EE%) (Hi#%)
BB 16 23 54 17 ¥ 8 17 2 56 5 19
9] 16 54 22 20 5 49 4 32 1 13
] 8 62 19 15 3 19 74 7
1] 46 57 9 0t 5 11 1 24 2 59 3
5B 49 53 12 24 2 1 8(1) 3 8 a7 1 49 1 1
¥6E 28 44 5 32 1 1 18(1) 3 9 79 2 13 1
¥R 8 31 10 24t t.  3531) tr. 3 96 1
¥oE 18 35 8 41 6 11(8) 4 47 tr. 2 18 227
¥R 14 38 51 6 10(8) 66 13 6 21 7 8
B0/ 11 5 12 2 4 12(4) 46 35 1 12 1 2
BB 12 49 10 40 1 19 49 1 18 tr. 7
B12/8 a3 52 11 29 1 6(2) 7 17 49 9 17 1 1
E13E 33 45 14 29 2 114 6 8 23 10 53 1
E14E 50 52 25 18 5(1) tr. 63 4 32 tr.

H F01-02mmDIFEIREELAE,

-38-
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REYMIIEBEKLT IR LEPVERADERTH T2, BEHPITED B EE KL
HTADEEE 36~99 % T, BEMEBEKREVETRE R BBEABR SN
72

KWHZ7 2% LA - EF (1983) ICELTHEBTIE TS L, B 1RE~F 3
BCIEAR L PRKILTZ AR Eholz, HIZE2ETIX, ARVIRITT AN
FIEWILLEFIHMERLEFVHEBRIPRAS (1977) OFR L REAR R
DRATHERY KUK (FTAKRY) LIZERALIENE, ZOBOEERBMIX
THRYEEZEZOLND, £728F 10 BEARVIRERBERBE o7z, ZORE
FRERKLAT T ZANENZ L L, BRTD C FRM1L, BHMITHE Tn K1
K (AT) X&KL TDLEBZOND, £, BIRB~FB IR, B 11 EH—KI
WS E 10 BERBRTHDIZ LD, TNOHDELEME L T AT ORER
BNWEEZOND, BER2E~F BEIEIMICLEFAKUT S AREFZVHER
MROLNTZ, 2055, % 13 BIXTEEHMAERSHK 30,000 FATOETE S EEA
ERULTWDS, ABEfMAETIIETRE S EBADN 20~30cm DE I THEL T
WpZ & (EH, 1989), AT & DOBIRREHRR LM OF 11 D “C FRBETE
SEBEOREFENREFBELRNIEND, § 13 BRETR RERSBHM &
ExbNB, 20X, ABEOL HSIZVWTNOBE LB ORILEEATEY,
HRZR 7T 77 DRBRBEINBZVEETY, —REVHGFTICIVEMTHIT 7
TERIETDHILNTE D, |

—REHHE» D, EROBMOEGELREIT T L, WEEBENL LM
ER—LTO5HEBRAB - BEOXLIICRZZ2EE - F1E T, EZVWSENH
ROGE, BILREFEENPKRES ERLS72D, HOBM»LRDLEZLND,
EHZ, BIBEIEIYEESCBIEMMEENOLALNIZEDOLETORLIIRRD

T77EBMELTEY, 72, BN EBREZHWIEL ALT I AEEDOET,
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ERE~FBELIVLE 0BORM (AT) KEAMEEZESZ LN, & 12
E~%IMEDAETM&WO:@iﬁﬂ,$%ﬁ®ii&ﬁﬁﬁkNRi%?
i, BRRAEOANL BB EZRET I LITHLL, EASFICL RN
VETH D,

AR VIRPRBIERAT T 2 DCFMBRITRECAETHY (LA - EF, 1983),
AT AEFOKLKRITESRETHY, MEAM CELHEEDH ALK
ZIWBEETHD (ILEDL, 1980), —REDMEEPOLBHOEE 2 AT 5 &,
TARYE AT REEBMELHEINEZE 2R, FIOBRTCAR LV UVRHBW
HRERKILT T AR —REYDOKRFE 752 EDDIESE, FOBEE 11 BixEE
RHT 77 BEEBMTHDI. 2L, E2BCEPASARTLELEDESICS %
BENDILDOEREKLUKRBBLoTNDEZ LD ND, —F, F4B~%
6, FI2E~F 14BIL30~50 L ELYEEREL, MERRTHEZ &
POLEILWAHEELHEESND, ZORRIT, 2ONMOIrAEZEREBLBELIELTY
Do TOXICABRBEBOBMOEEIL, TILAERCHERELRR-TBY,
—ERTHEHRY, TOZLF, = VLORECEEEL, BMTHET 7708

BLXBEEREBIR W EERBELTND,

& 8Hi. MtEW

X REHOKR, ETOBCHBIERBLEMDIT-% 9 L — 2 2RO LA
2ot (Fig.M-5), Y, DEM/NENZ &, WITTT ALJAL 25025 L FTH B
ZEMDLYL, AMEOREIEELACT R = VEKILKRETH B,

Table M-6 {ZFIREMAR (Si,, Al,, Fe, i 0.2M BEtET = U (pH 3.0)
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AIBDTAHR, TVI=Uh, $K, Al, Fe, i 0.IM oV VEEF MU &7 L8H%
DTNVI=T L, §k,) OFRERLE, S, IZE 1B LE 4B T 2.08~2.18 %,
B12~14ET6.01~651%T, O TIX3.04~543%Th 7=,

Parfitt - Henmi (1982) iZ#€\, Si, 2 71 LCEHE L7 o7 2B L U4
TIT7A PERBRITOERKREN L ERBIFIBEFEI4BTENEN14.8 %,
155%E D7, THAS=HEZDOLETOFE 12~14 T 44.2~463%& %<,
OB T 21.2~38.6 % Thol=, 787z BEUBALETITT A4 FD AlSI EFH
Z (AL-AL)/Si, DR THIETB L, 1.30~198 LIEXRDHY, FTBLE 12~14
BT 1.43 LT EMUTHE~EWME TH o7, F72, Childs & (1991) (ZHEVy, Fe,
FLTHELTREBLAEZ 2V A R4 MRIZ28~65%Th o7,

Al, & Al, Fe, & Fe, BT 5L, FBENT A I=T LB I OHOKES
BT BZ7x2, ATITLR, Tz g KT4 MEOBETHEET 5L 5% 5
niz, 2720, B1BLEIBCHEEBEAGEBOT LI =Y LAEABMOBIZLL
_EL, BARTCREBEESEBOHKOEEGVEBD TEh o7z, Al LR2RESE
FHZIZIEDBRAED SN 7228 (2R FE gkg' =101.3X (Al, %) -2.623, r=0.929"
(n=14)), Z OBEARNDOME X IX Shoji 5 DBER (1993) D 15EH B b,
ABEA TR TRETAI =0 A BREEREICB T BT AI =T ADBEEG RIS,
BEITNE, BUBRHEVOT VIO LY, MOBRZ IV OB L
MELZERESETWDS, 2L T, HICHABYEROEVEIBLF4BERL
&, TOBENNEN (BRFE/ALBEOE ) BTHBRDE BN KE WEAIZ

dolz (ZRF gkg'=07839X (£RF/AL) -23.74, 1=0.949"" (n=12)),
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Table -6 HEFHESBOERIMABRER
Si. ALY Fe, ALY Fe” (AL-AL) AlL/Al,  Fe/Fe, FHIIi+ TJTUNA
(%) Si, AEISAR FSAR
(%) (%)
£ 218 540 278 114 053 195 0.21 0.19 15.5 4.7
@B 440 846 360 060 007  1.79 0.07 0.02 31.2 6.1
£ 421 802 347 067 013 174 0.08 0.04 29.9 5.9
58 208 549 384 135 138 198 0.25 0.36 14.8 6.5
%58 417 717 284 054 010 159 0.07 0.03 29.6 4.8
%68 353 646 275 056 011 1.67 0.09 0.04 25.0 4.7
578 543 752 218 045 008  1.30 0.06 0.04 38.6 3.7
28 299 562 211 052 014  1.71 0.09 0.07 212 3.6
g9 304 579 193 055 O0.11 1.72 0.10 0.06 216 3.3
510 391 653 164 045 004 156 0.07 0.03 27.7 2.8
11 469 778 205 053 007 155 0.07 0.03 33.3 35
$120 651 934 190 048 004 136 0.05 0.02 463 3.2
$138 623 891 192 043 003 136 0.05 0.02 442 3.3
214 601 887 209 052 005 139 0.06 0.03 42.7 3.6
1 02M EEtES 1 HERIE (pH 3.0) BIADSI, Al Fe, *2  0.IM EQYUEEFRUD LAEDAI Fe,

8 Parfitt-Henmi(1982)IZHELY, Si(W)IZ712|UTHEH, *4 ChildsB(199D)(THELY, Fe M)IZ1.7ERLTHE,
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Fofi. REFHEABLEEOKILKLED
s tEE B

HRIFWEDE 4 L TO%E &, Kurobokudo Co-operative Research Group
(1986) DRAEL =B AZEHMOKILRTEOBBARLS L UOHERBEIZKIT 5+
f, BELSLUC—ROBLEEOTPHE WEBSKEDOSLDIZKRL) % Tablell-
TRRLe, ABMEOBREBETRO 61X, AEOEHMEIIEHMOBBABLEL
T, FEOFHEISHOEE A B LEE BBOMENEER ARBOFITEWN,
RIHAR L T2, KErmo@EME (7.5YR~10YR) (28 # 0 kLK +5c—
BRIZROND2bDTHD, IWHRBEEIT20~25mm TH Y, FEHEIL 22.5mm
T, FHOBRXKNKTIBLRLTH B,

TROa VAT URAOETIE, WEE (RTORBTH) X, SHOER A
B (PRl ERE) PEBE BE GARRWUEBMAEER) 2R TR0/
B, KEE (ETOETH) BLUOBRSE BHRVUERE) X, &0 kLK
TEROBER A BRLUHEE B BIC—RHICARONS, THEOEE (EHROH
BRWLRBER) &, RRIC—BKBOIZRONE3bDTH B,

Tablell-7 (Z/R L7 X 512, MBI OWTAMEOSE 4 BUT, BAZHOD
BRARE BRBEOEFHMELK T 5L, REMBITITXTHC, HLEZ
ABrmE SFHOBE A TOS Ak, SHOBBEBRETO6 L, WFnRbk&h
JEARIE /AN

KOPRFFREIL, 5 kPa (pF1.8) D EKLLAAME T 1.55 kg kg, & sEE
AT 129kgkg”, % BB T 1.10kgkg' T, 1.5 MPa (pF4.2) TiZFhFh 133,
1.05, 093 kg kg' TH Y, ABE TIITNTNO= ) v 7 RF V¥ LOE K

bMDER 7 LIZHRKREVORKEETH D, TEOASERIZITIE LB L OH
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Table -7 EEFMEOFIBLUTRBLEEARAZMDBRILTOBLEELE
T BRI REE K RFRE
BHE ¥E B ¥t 5kPa 0.IMPa  1.5MPa
%) (Mg m™®) (&KL ke kg™
ERHOD 28+08 25%+16 16+10 276 60+9 0.46+0.03 1.58+0.18 1.44+0.18 1.36+0.17
FBLT (11) (11) an an oan (11) (11) (1) (11)
AR 24+08 21+10 36417 2245 4015 0.54+0.17 1.16 =043 0.94+0.38 0.88+0.36
(44) (44) @e7n @n @D (40) (40) (40) (40)
ARgHD™? BEAR 23+07 1.7+£09 28415 2047 53413 052+0.14 1.30+0.33 1.11+0.30 1.05+0.30
gkt (46) (46) (34 (34 (34 @7n @37 37 &)
BEBHLUL 42406 50+13 2114 20+7 5615 0.62+0.20 1.10+0.42 0.96 +0.37 0.93+0.35
18382 (46) (46) (23) (23) (25) 27 (26) (26) (26)
ClE 4909 57416 2522 8-=4 59--27 0.74=024 0.91 %065 0.72+0.49 0.64+0.43
(37 37 (4) ) (5) (13) (14) (14) (14)
2RE pH CEC TEMIER BE JoER
(H20) Ca Mg K Na AE RREHR
(g kg (cmol(+) kg™") %  (P,05g ke "
EEHD 52+24 58+01 30+8 28+12 1.0+03 03+02 04401 15+3 234406
FBLLTF amn an an an 5D a1 an a1 an
AR 113464 54406 34417 3.6+44 0.8+08 0.3+02 04+05 1613 209+47
(43) (41) (43) (43) (43) (43) (43) (43) (39)
IRZH O BRARE 75+42 58+04 30+12 2.8+27 04+03 03+03 03+02 1412 22.8+31
gyt (41) (41) (42) (42) (42) (42) (42) (42) (41)
BEELU 26+23 58+04 19+7 16=*1.7 0.6+04 03%+03 04+03 15+12 204+45
B:2BE 31 31 (30) (30) (30) (30) (30) (30) 31)
CE 1111 6.1+04 1712 26+29 04405 0.3+05 05+06 24+15 154469
(20) an 13) (13) (13) (13) (13) (13) 21

HEIFTEHEFEERE (ORIEEBE).

*2 Kurobokudo co—operative research group(1986)DFT—42 MLt E LT,
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BYrEEETLEO0T, ZTRHDERBLAKSEFRLEOHERE, ABEOE 4 ELL
TOEBELUCBAREHMDO KUK LBIZONWTREES DM Figll-6 TH5, ik
HIBB%)EERFRE kg)DEM T2 KEZ, 0.1 MPa TOE Kit(kg kg?)
ZRtEIC L, AFEOEREIL, RAKEBEESIRENWILIIME, BEtELT
BBYERIIXNTIHRKEDOLEBKEVONBEHEE XD, AHKSTEIZONT
iX, 5kPa~1.5MPa (pF1.8~4.2) DK EEHEHKE T D L, AWrmiL 022 kg kg
EHOEIE AREIX024kg kg, HIEBEIX0.17kgkg' & ENR Do Tz,
{EFEHEIZ OV TIE, pH (H;0) iIAKmE L &OER AE, BEBREO T
TT57~58 THY, 2RFBIIAKE TIL 49 g kg EEHDOEBER AE L HE B
BOPMOMETSH S, CEC iIAK ML SHOBE AR T 29 cmol(+) kg, &FH D
HZBETI19 cmol(+) kg' TH Y, KHBHERIIANmMESHOBIZARE, #HiR
BEDTRTTAHNLY T LM 1.6~2.9 cmol(+) kg, ML25 1.1 cmol(+) kg' LLF T
REZREBEWITRW, |
TTHRMARICEAL T, oKUK EBIZHETEABEAREAFIZEZL (3D
2<) BATVWEREROHEL BRI T 5729, Kurobokudo Co-operative Research
Group (1986) WS HARLH O KUK LRIZH L TITo=25DO@E &, Aim 4
BUTERBOT —# #tk#& L7z (Fig.ll-7), KX, Y¥/1BEELZKEIzL D,
ERLEMO I TROERLEOEFEER LA BRS LICEENIETROBI,
TABEGEBZIH LEDBERIZHZ LD (WY UL, T RITL), ADBERKICH
BH0 (TAI=Uh, &, FHY, w0 HV), BEZ2ERBIRZD bR 0
D (ANYY L, 2TX TN, V) Zahivlz, ZhiL, Yamada (1997)
WAL, 7770 DZFERRETABEOEREEEHABLE TS, HFizT o
vy MLEERHHESED, SxREERLO /MBI T2HERD L, D

TERIZOWVWTSH, OKLUKEEEERTED BRI TRIRY, ZTDZ &
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*Kubobokudo Co-operative Research Group (1986) DT —4%{EFH,

_48 -



o AR 51 0 AR
A BIBAR o HEGAR
104 v B, 2B 7 B, %8B
x X CRB 441 x cm@
XA w0 O e
x o BEEFA o FREEE ¢
S X e oo S
3 % A g
SV VN A Z2 oE
ﬁ’ox A
Ax&ﬁ%% T
8
O W@% %&W ot O |
30 80 30 40 50 60 70 80
5102 (%) Si02 (%)
10 O AR o AR
o HGAR o BEARE
7 B, 2885 " o 7 B 12888
X CPE o o X CRE
o BRFHE - o BRHHIE
. UTF 3 o LIF
S Py °
o N
%‘35 %AX( & vﬁ? Koo
@ﬂ*%ﬁﬁx 0.5 7 B0 L
A o
M %@& a5
v
® RLRTE ngfo
\YARvAY)
0 ; ‘ T ‘ 0 T w ‘ ; w
30 40 50 60 70 80 30 40 50 60 70 80
Si02 (%) Si02 (%)
310 ARB
o BEARB
7 B, {%BME
X CR8 1o III -
o FEHFIE A % Fig -72)
2® LT o v 8
N o
< v @%\Q X = ’ .
% v V& X EE‘T’&EE%“EMT&EZK
o AO v R — S
1 v:; Q:g;gfo w (SiO2& &1&@::5?1(@2“:# fE)
(o] [=]
%8 E=DA1ZR)
v
0 X | *Kubobokudo Co-operative Research
30 40 50 60 70 80 Group (1986) DT —3%fE R,
Si02 (%)

-49 .



b, BEFHEICEWT, BMOMEF XL BASREAOKERICELY, BED
TREBRVPMO KUK ERICHARER, EEEEI LTI EERNVWEEZLD,

PRECET 3 KUK EBOBM O, —kEHEROEEICE L THOERBE
Wi, EE AR (1957), 3hE - KW (1973), Yamada 5 (1975) AH D, F
7=, KIWREEWBME L TOKILUY T 2OHBEITITILE - EF (1983) 2H 3,
INOLD0RELHRFEBO—KREMMEKEZLLE T DL, ESZMHERIIE TR
BREMER & MBMETEHEEERE L, IUTURALIVIIEEANFELEREA
TBEY, OPREOKLKTBIZEEIZRBROONDIMKTH D, F-BRIEWMEKD,
TARYE AT 2BMET IR TAR VIR D WVIIREREA KLY Z 2%
VIEDNE, BRCREAKXLTI R LEHMEENEL, MEEE~TILEEXKILEKD
BIEMMARKE L TR THD (LA - £F, 1983), TNHDHERIE, &R
FHHEERE O - REVERITIDBEO KUK ERIZ-BRBOIZROLNDIBDOTH
BZEERLTVS,

UEd»L, Kirmo HBlrmEE, BEE, ¥ lL, BERofMmok
WK B3R E B LT, KORFENRRKEVEWVWSHKITIH D, HERR/ITRSL

ngn,
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FVE. —HEXERBOEILES

B1H. KEORAHNLRANE

=ALOBCEEDREITICH = o Tix, = HVLEEBOWM, BWLOESGVEE
ERICIBEL, Thi iz, tWoBet, WEamln, TEMRK, TEK
MERREEBICBREL OBREZMBITL, BELiCEETA3ERICOVWTRHNT S
VERD DB,

RIETIX, =HLOMEHE, —RAOECESE, —REWER, Tk
BRUOREMBIZONWTR Rz, AETREZNOIZEHKE, = VEEBOE
ik, vbh, ORBICHED EEE, OIUENE, Q@KEICHES>BELE (L
RORE), BLUOLBOBEICEZCHEET S, OMMEKE o, SHEEIZHS
WTREHT L7, 8T, MEBXLBEZHBEOSHEAD TR LIZOWT, =F+0
HHEOFEZ, BECESHTHE LEZRIZOVWTERRS,

Eof. R

FUELRILS, =HEORKWEL LE-RARFHBKENERFOFHED
At (BIE~FUBORRI L) 28R Lz, £, tHO-MEHRES
KU Z MO KUK TIRE LT B 72012, SHMOKLKTE BEARELE
HIOAMBERRERE 2R, EWRERTTOERERs 14, BERSRKAR
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SRORBERAN 7 L EBBRBR 1A, KRR S ETHOBEBKILKERELA,
AFRLLETOBRK I LIR, EFRE,yHHOBEKIUKEBIRADEHSR) %
BRLERA L, Zho0oREHE, MWHBERRSOLIANHH (FEME) Th
DUMIETRHFMPOER L, BMLEMT, SFRO2RENFET a7 =

BT, MORBIZT e 7= VEThHo T,

% 3E. T8RO — W E RS EE & IUNE

At L CRERFO L5 O —BIEMHE £ Table V-UI/R LTz, AL TO—#h
FERREZTNTNORETH0.41 MPaLl TOETH o7, BEIZLY, —H#EHR
EXEUE, FZBUATIIERLER, FOREIBICL-TRRY, Fi4EL
BTBT25TMPabl EE KX <, H3E, HEIB, BIBTO.65MPall FL/I X<,
i D TIX0.97~1.65 MPaTdHh o 7=, LT Tid, BAREICHEW—BIERBENE L
KWKRTDE (BE~%F8/E, BIOE~F12BB L UELI4E) LRI MABE, A
BACHE ) —MERRERKOEA VNS WE (B3E, FIBBLUCHEIE) %
MBEE), REICHE) —BMERBEBRIRLNRZVE (BB LUE2ZE) & 1C
B LS,

THOE K & —BIEMHEBEOBMFEEFig. V-LUIR L7z, FIXABE L, BEER X
UCBEL I3 iT 72, ABEIX, AL 2D EKEO0. 5keg kg'AIER E TIXEEH —HKRIZ,
KGOBPITHEN—BERBRENERAICHBR L, T LERNEL L, £
KIRENFECTLRRLERMOBEBKIS KD, B8 L BTG TIIMIcE~H
EDOBMRPREPol, ELEBIBIIRBBTORENLLSE, MEN1 MPa LT
LANSOVRENR LN, BRELCBEIVTROAKL TS RER/ S, REK
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Table V-1 BEBEBO LMD EKLL, —MEMBES LCRELICHSUE

/3 BKEE —HEWEAE s
£+ RE £+ RAE

(cm) (kg kg ') (MPa ) (%)
E1E 0-24 0.81 0.19 0.05 0.04 86
E2B 24-60 104 026 0.22 0.11 58
E3B 60-80 127 007 0.10 0.43 50
EaAE 80-108 115 026 0.29 3.88 46
®5B  108-130 120 012 0.41 1.36 53
FEo6R2 130-182 128 0.18 0.09 1.37 46
EE 182-220 122 009 0.20 2.57 47
$E8E  220-238 116 008 0.09 1.37 53
$OE  238-270 106 020 0.16 0.45 65
$10B  270-285 118 0.9 0.19 0.97 46
FE11E  285-303 142 029 0.20 1.61 48
$12/8 303-327 156  0.12 0.28 1.65 53
%138  327-350 144 022 0.17 0.65 78
%148  350-410 168  0.26 0.19 1.42 57

1 £+ ORETOEBE100%ET 5,
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FEIBMRL/NIhot, o, EBOELRETOEAKE (1~1.6 kg kg™) I,
Fig. M-3IZ R L7 KOHRFHEBPOLRDE, = Y v I RT T ¥ L3315 MPa
UELEEHOFEHRIZH B,

TablelV-1IZ/R L 72K 912, ABBIIREIZ XL Y THBAETREDOEFEDOSTOIAT
ECTME L7, BBLUCHEN I L, F1E, FIB, FLBEORAEEOFEIILL
KED65~86 %L, MEDORI WBIZELA_ANMEEIT/NEI o3, F28, H3B
i%50~58 %FE TULHE L 7=,

Fig. V-2IZ R L2 & D18, ABBIZWTRORE S, SKEORIICHEVIZIERE
BENZAE LTz, BEBLUCEHD, WTHLORE S EKEDEIZHEWVERIIIIN
ML, DOESVWIIELE, $3E, FIBTKREL, 1B, FLBE TS
MoTe,

UTORRIZIE, ABORKRRB L LTETEZ, BEOREKRRE L LTEIE
Z, CHEORERREE LTHIEETHWE,

FAH. BAEMEFNMEEL LTO, —#MESEARSE
P = BE B D ek

FOETRLAELIIZ, TROBKEIZE 2RI LPREEOLCEZRET D &,
AWEDITE A EDBIEKZOBPIHEN, BENR L L O ICERBICEKR L=,
L2 LFig. V-UZ/R LXK 912, REICE b2 O —#EHRREOEIE, WX
BMEFHIZIOIBEOEEITIRLRY, REL220D 7 V—7 (ABE L, Bl & UCEE)
2o iz,

Fig. IV-3i2, A+ B I OREOKRETOILDREEE L —#EMREKRE - OBFR L

- 56 -



< < AM < ® 1o

< o9 _
™

™ ™ |0

- N - N A%n_ o~

R - i -

S N P Pl o

] oH B Oo® o

i W~ B R~ P

4 \E 4 \E .'1

B, W< @0, B

oH o~ o or-

I ERE: SN SRR -9

-~ <, - < |,

HRID RO BRIBT  fRROB0

O < e <« [

_ T T <4— @3 o

<t (4] N - o

(edW) /%02 /B —

1L e =CEE BE (mm)

Fig. V-3 TR iEE s — B EREHRE OB R

-57 -



AL, BRUCITARE (A 4+, A:-RA%) &, BBLUCH (O: 4+, @: A
) LI TRR L, ERhNmE, MEEZHTE LRI E N THE
TERWESII0mE L, R X5z, WPRNEER, £L0ORETIHEIE,
FoE, FBIWTOTHY, O T20~27 mOEHIZH 7=, BRET B L, Hl
&, H8E, FBIETIHALHLRALLO mTHY, OB TiE31~36 mno #iFH
Zhole, —F, —EBEMRBEIIETORETIILZTORE TO.41 MPall TTH 5
DIZHL, BRETDE, ATORBICHRBEREKRTIE (A) &, EENIZT
EAEEDLRVWE (@) LiZahrii, 20X, AFEEBOREIZL S
BACREOEIT, MEICLD L —#MIEHHREICLDIHN, FBOKIENHAME
CRENTWS, ZhiX, UTOBBEIZEZLEELLNS,
FIEFIHTENZLIC, BEARBEHICLIRE T, BEARKELED
FEAM#EERE TR L TEAEABFHEIND S, BAE (L X6#EEE
Tid (mm)) 25 K & WH T, E)\Ejm;k%<§&5%€“@%E)\“{%@ﬁ&ﬂi
LDEPLRELIPRLRZY (F : BEAENH 17. 3 MPadd & & (2 (L P 2088 BE (X35 mm,
BAREAD 27.8 MPa O & X 2P RBEEIL36 om (FH45r, 1976)), ZDE®,
BRECLIIC, ELLEMLAEATROBIZEERSFMT 220120, W
AREEOHEL Y b —HMERARO I VBEY THDILEBELLN B,

5. RAE - AKELBICLS TS
FBE, FIORBLUOBIED, RE - KELEBIZHEY THRESHOE{L2Fig.
V-4iZ;xr L7z, BTEIIKEBELBLIE TIXE2mml EDE S BE2EDINE HH, F

DT HE20mmLL £ D BE 52350900 EE D Tz, LEBORKEIZHE, HHE
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SHIER 2 M TR o T BS, AMER4E T b R 2o L OB 53 394% % S0, 9
BbREOHEMEDN, BIBICHSENVESBONENo, FIETIE, LH
16 TR 2ol FOBE S A378%% &%, 2@ELLE TiXoswl E&ig& A EnMEL
7o

FIBLFIBORMZAY, AR - KkELBLZRELZRICABZAZLT,
—EERERELRE L 2 RE2Fig V-5IRLE, RBIZE> TN oL
MABET 52 LBREEE 20T, EB2n, HEL Scnfitk D LREBATE
Bed—MERRRLITV, BRIILHASEABEINZME N) TRLE, 87
BITABICHENTHROME T L, |ABEKIZINNTSH > 2 EABWED, 1
B DM Tix83 N, 2B TIX50 NiZZ2 o723, LBZZnU ERBE L THLHRE
BB Lz o, FUBITLBIEO HHMNTIT0 NOMETEAB SN, LF2
B ECIIBRTE I TRBBHE Loz Fig. N-5TRWTHLOEG ¥ A K

fiE% ONLLTRLE),

Fo6H. MNER

+EOBLEEL RN TS LT, TEMAEERIELRL OBRRMBITIIEETD
6oi§®&éu,i%ﬁ%ﬁ@@%ﬁkﬁﬁﬁﬁib&@é(aﬁ,wm)w
T, MEFET DL TEPOLBOERCHIE, RTFORMAFERE L LIROE
éﬁﬁ&ﬂ@%fb&%i%hé#%f%éo

Fig. N-6ICB 78, 98, B1BO#EATHE%, Table V2ATHATREF T
DLBBEAEETRLE, LBREIEIE, EHEELRIAX[H24=816DA v ¥ =i

S (A vy a®—0HRK0.04mn), LEBHFEETDIAYy Va2 BT LI
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FVERLE, I, BEVICERELEZLR (NyF 7R EER LRV
B (7)) I3 TiT o 7=,

FIETiT, £LORETIIEMAPICEO. lon2 VW LO. 5Sond MO FLER A R7E
LTWi, LBDOEBIZ8% L2, ¥ F U THRIIRONT, BHEOHE
BERKE o=, ZOMMBERIL, Bullockd (1985) DR L -#MMiEER
GEDIL, RTRBETHo7, RELEZRETIE, FRAUREOLRSAEL
T, LEEIZR2% LA ERPV0BALE, LBRAELIX, HorZiEo%k s
DE>TRNyF U THBRER S TWED, BHEZENAEINIC LB L RE % 4
CEHDIZEBE-o TR o7, BERIT A7 REEE 2T A7 RITEVERRK
BETHoT,

FIOETIE, £ELORBTIIETE L RFRICEHBOEGEELKRE o, LK
DEIFTIZ% LEFBTBICHERIRREL, -y F U 7IEXAR LN, B
FIZIZOBEL 220 o 7RI S B9 R H 4, #ERITMER KRB E T — 5BIX#0RL
REETHo, RELEZREBTIILBRN2T% LA LICH_RFLIBRLE, £
DIFLAERTNyF 7R T, BRITEIAE 2o TEWICHBEL TWe, HBE
BT/ RRBETH o 7=,

BLIEIE, £AXO0RETHARIZ2T% TIELALETRTRERy XV 7HART
ot EHIZEO. 05~0. SnmDKIE & BRIF 2052 ok, KE L BRT RSO
BOBRRNyFZF Uy 7ARTRTONTE Y, FEMAABICHLHEMRAKRIR LN
=, MERIKKNRBETH- 7, RELERETIE, £LORBIZHESILERY
3% LAETIZK ERPPER L, RBITIFLAER Ny F 7R T, MUIZH
F 2420, Ol DM@ B ROARMMBE R oz, BERITERREE T
BERREETH o 7=,
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=RHFFB(£EL) = EHFEE (EE)
Fig. V-6(1) TIEWMMAME(EEDEDH 1mm)
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Table IV-2 I ERLSNICHERNCR-FLIEEIS

= K5 R SR AIEEE" (%)
BUMGESE  ESE Bt
57 s o ‘ INT K 0 8 8
R& INT AR ~ iEhRak 9 3 12
£+ wRik, — AR 8 5 13
FB X
k=72 INBTIR 26 1 27
=178 £t L/ ETEYN 27 0 27
BB ARk, —EERRK 29 2 3

| BAREEDICHEHLIEKREIE,

-64 -



FTH. B - R - BB ECESISERBOX S

Fig. IV-7iZ, BBCR OULHE Z B, REFRFO —BEMRMRELZHEHICZ Y, K
BEREBIUCEMOKLKITEBOT—F %27y b LE, HiZiE, ABEOEL
B LH2E (CB), BIUAMEUSNSDE MO KUK TBEOT, ABrEOFEIE,
FIORELUHEIE (BE) 20T, AMrmofthog (AB) 2ATRLE,

Fig. V-TIZ/R L2 & 512, —EEMME L, ABIICHL X U&Ho KUK -8
ICHARFEFICKED, INFfES, ABIICHB I SO KILREE L D K& Vs,
CETOHLE2EO L DI, ABMCEVWNREL RTHEE LR ONE, BRI, CHB X
CEHMOKILK ERIZS 65, —HEBREIPCXSREVREZOZETLT N TH
D, DFEITIEERKRTHD 2 Lb, CHBIOEHMO KUK BTV LEL
ZExbi, UTTIE, AL =4+, BEE%Z THF=HLITEWE], CBEE M3
=At) LEERT S,

BWREOTHMELZ —BERRRTHELZFEH L LT, Flachb (1994) X
duripanT2. 6~8.6 MPa, petrocalcicfg T1.4~5. 6 MPa, tepetate (Nimlos-Hillery

(1990) MHMEIHAT—4) T0.9~14.5 MPa (Wi b 105°CEERE) D %
RLT, Elleeb (1988) idortstein® MR KL TO. 2~1. 3MPadD f %, Chartres
5 (1990) iXhard-setting soil (FIZF/ A BEOEEMEATHEALLEZAF—X T
V7 OLR) ORELRAETO.2MPaD %, ENENH TS, DRETIIEL -
B (1969) RELENSHLBOBERR T~ ORERE TO.1~0.4 MPa®
EEHETVWD, = VLORERET, ZTho0FEHEEBRLTH, BESKEW
MEOEILLETH D, BBICHNTLEO —SERMRE 0. 5MPax B 2 5 L B
RIZBT O BLENERT D (B, 1979 23, RELE=FLIZ0EE2 K

CBXZTWS,
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Fig. V-TIZ/R L7 K D12, BUEESVWAREVRABIIET, NHEIELVRAE
ThHhd, TNOHORETIE, MEIZE 5B FOEREAIZHEY, RFEIOE
EHEEBABPBRT DD, LROFLVWEAPEEDLEZLND, EEL,
ERFFIBRLEIBOL D IZ, WHESVSKEL T —MERBE T/ SWE
ELHDZDOT, WHMITFELO-DODOLERHETH DD, +o&RETIEZRNY,

—ERELI=H1i3, KBELRELBRVET I & TR IZHEAEL THIR,
Fig. V-4iZR LR =L OBTRIIKE - RELEL4EHZBIELZHETDH
B2mmLl FTOBEZHR6%IZEEED, F=F+DFEIE (LE2E TIZITLEN R 2mm
UFIZRD) CHAMBIEDESWVRERFIT/NEY, EEROMED, Fig. IV
SIAWZARLREXIE, = VEOFETE TIILE2BIE TIHETT308UREE/LL
BRODIIZH L, F=HLOFEIUE TIILELIETEABBRENOE 25,

UEXY, =3 EHROBELIOCRMAEOE T, F=FTHIZIERENLZVWEL
TOHELZELER>LTETHD, O BRECHFEVWIHEBELIELT S, O.
REZHENERAPELLRET S, @, RELKELZHVELTH LHOME
b, MERATESWVIIHIIN,

ABEOERELZ LEOEBICRL L TR T DL, F4E~F8E, F108~
FI2EER X OEILEIT T b BB D — B E #7835 K QU K & < (Table
V-1), LROFHOQLOEWHZL TS, e, FlE, F28, FI/B
KO SEIE L AR O —EERREH0. 45MPall T &/ &<, EROKEO» B4
NTW3, ¥EBI3EIRERO—MERBREN0.65MPal /&<, AL ET
DIREDT8% L/NEWVdD, EROFHFEOLONLANTND,

BEEIZIE, Fig. V-TIZR L7 & 512, JRELRF O — 85 #5 5 BE A5 IMPall B A>D
INHEDS60RLA T THDED, ETC=HLLERLEZDDIIHED, KX T
B, ZoEz=HtHMOBBLEDEELT S, Eh, ZOEIHSETERE
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HICHAVWS DO THY, LEMBECLETE L TR ERZHEOE TIZARW,
BEWNG (1976) X, = H+t0HEEEL L THHONERNEEL LTS

B, BIEDO X ICHERRES THLHRBENNIVEELHEDOT, bR L
bERO, OBk, O, OMENL =V LZHUETILERD 3,

F8H. EAMNmIUANATO=F DS

%7%K%Lti5ﬂ,:ﬁiu,m%u%ﬁmﬁﬁiw~mﬁﬁﬁ§®%k,
2D ICKBERDRBEED/ NS INKETHS, ZOBKICESE, FEEDH
BTHREHELUAOHAICENT, FHLO=A LHOHELT- 2,

%Ebtﬂﬁﬁ,ngﬂmﬁbtﬁgﬁ(k%%himh%%@%(%K
B—2HT), LNBER (BAREAER), ?%6°%ﬁﬁ®%ﬁ%%%ﬁgwﬁ
R LT, ERLIIFEHEPESE 1 A0 1S EA3BknD fREBERICAEL, =
FiX900mTH 5, WliXFEVIEE 28 (4) THRRB L HICIES4 nE TEE L/E
LRELTERERERL, ARAR2T 7 733K (BRLBREE, ta2LE, 7%
?)ﬁﬁ%héoﬁﬁﬁ,Kﬁ?7§®7ﬁ$?%%hfk§kMﬁiUWﬁk
WOT7Z7I7REERELEXLND, AEBBIE, MEPESE 1 KOH»5L~14kno
PIggstmil BB L, E&FE830mTH D, HEIItENSES2. nE TER
DEREPERET D2, B InDWHIZE X 10enTHBAD T IRV BEREL TW
5, BEBLEOTIX, KWKBBLLEZLDEBbN38EDKEH8nLIEE THE
LTEY, £05H5.5~5 mDEHITITATN L XRICE L, ATO Flzit
RRRHEBDY, EOTD6.4~6.6nD MR IIHBADOETE,» KEFTH S (1L
B - AfRF, 1996a), SBOBMIL, KBT 7 7 DOT IRV EATRRE, FAFX
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Wn777EE2bN05, UMNERIE, RFEHPEE 1 KONLEA~22knDHHE
#EIZMIEL, E&mII8TmTHD, Wil RPOES 20X THEICEDRAD
TRESERL, FOTEBELE (Wbwdu—2i) L2oT, Bl T (5mnld
T HBELRRoTWS (UM - AR, 19%a), &7 7 7 IIMEELZ TIIHER
TERVWY, BAETETHRICHA/NM FICECEN 2KHAELND, 261X EER
dw=HE T =Tv=HL TN (Kurobokudo Co-operative Research Group,
1986), HHMUIH TIIHIFFELINZ2BELETEH (LA - ARSF, 1996a) (T3
BLTEMIED 20 CTERII2IETELHESINDIZ LD, mBRHFH@mIZE
Fr2HDI~=HE (FELI0B ATHEH) LFIE (ETERy EEGIEHM))
Y T5LEXZLND, AMBREECIX, FBO—KREVIIFHEDOT 77X
ATIZIZEEN R VWARRB MR E < & FH T 5 (Kurobokudo Co-operative Research
Group, 1986) O T, &4 & L CHIEMEEDT 7 7 LS (L=< = FIZ W TIFHAT
PS) OFBLHEIZITTWD,

Fig. V-9i2, TRt RERFO —S/EMRERE, M, BLUOREZLHBEKEL
ERIZAELCEMIROBRSAETR L, BRI TR, BELE BELESLT 7
FEHEBERT) OF D, FEX60cm, 220cmis K UB340emD FR47 1L, Bz O —
FEREMBEDS0. 28~0.44 MPal /N E Do Tz, 7272 L, TE60enD T TIHBRADE
PR3, 220cmD AL ER~BILDERFRPER (Bid#un) BEA-TEHE
D, —HEERREZICEAN SN ZLHOBKECIINLORKRHBALND S
ENRENo, T, THRICHENMbIEIL, HAHALHRPICRBEL T
5LEORBEANLEAMBLIERINZZ LETRBLTWS, T2bb, XY
DEEITABEHEROE sif iy, LHROFAHBELZHOTNDILEX
bz, HE360cmiZdH D7 AR Yix, —EEMIMEL0.15 MPak, EMOREIZ

EREWZNED R, THRYOFMORELTE (BEE400cm) 13— 8L
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BEA1.04 MPal KEWEZ R L7z, INMEIEX, BELEOERS60c, 220cmis KT
400cmD EB5y T4I~5T % L K& Do =Dt L, 340cmDFTRB LT A K T8
~95 %L/ Ehot, RETHEZAEL TALZMLENLER, 5~15 %OH
Bichy, BROEI NI o,

ABKBTIE, BELBRIVTN G AERO —BEMMBES2 WPaLl L L, F
LWiEfbE R L, RELEGLEEFICHRET 27 K TiE, 0.08 MPal HE N
INEdoTl, BELTRETOBAR (REXLKE b D) T, 0.21~0.63 MPa
L, BETRBICHRTHRENNED ok, BEICHEI INHEIL, BRELETIX28 %
UFTEZELLMMBLEDIZHL, THRYRBLORERE TIAT9~92 %IlcE &F
o, RETHEZAKBELTER LEZMEOREL, THRVYTI ERENo
=AM E, 9 YU TFTH o=,

AUMBRTIE, BATBOMBET (FS30cm) T/ ELRE O — & £ E 58 5
0.26 MPak /N X Hro 7243, TEE90emTiX0.77 MPa, 190cmTiXl.36 MPal @KL
2o BB, EI0cnDHAITITBRAOHEHBRB AL, TRE2HI D L BEEEICIX
ROBOBNEH ZBENENI LD, ROGEXTABBEOEKIZFSL, =
HOBEFXETFTIETWELEZLNE, BALBTORE (Wb Hu—L4)
& Tik, —®hJEMEIREE NS EE X250emT2. 35 MPa, & 310cmT2.44 MPak & HIZK
XL RoM, B—ADTEH (FEX370cm) TiX1.17 MPal{&TF L7z, IX#E (&£
T+ OEEEZI00 % & Lz, REROEHE) 13, BALET62~67 %, T
LTIO~TT % Thotz, £z, REL=T8EZKEL CTHELR DL, F2mbl
FTOMLIZTLTODETIS U EELHD, ﬁ&:%éi@t%ﬁkn—ATgﬁfzz§
27z,

Fig. V-2 R L= & 912, KREES TIIER O —BEMRRE & WK SV O/
CEEREOBENRH S, £, EEILTH, BALTE LR CIIEDROBEDOT
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FRLIKBLTWS, LMBRTIE, #BOMTIEESVWOEN/IEL, —H
JERGSRE & NG D BAGR b AR TiT 2V,

IOMAE, BIUOoHEREFEOHERFICKITIEED, BEITHD M
LRERE D — TR RE OBfR EFig V-10IZR L, £FIZ, INEE —#E
GHREIIEOBEICH B, INMEMNTO~40 %@ TIX, RUCIMHERTH —#
FERREICIELDERH D, I, HRKPOFEESLHMIERELRE, WHELUNO
EERLFHOBMEICEBLTWEEDEEXOND, HAFNIZRD &, ?‘E@#Lv,
ABEHEBLOBRTF CIRABONKE & —@EMAEICEQCMHRLIH Y, LMHE
RCFPEEBR NI ERIDOHTHLRENTVD, AEFTH CEEMNICERL
oA tOBE (RERO—EEMRMENL MPall b, IXFE60 %LLT) KDL
F&, = AL HEYTEORERLL TIIES400cnD#sy, AEBETIREL
BakThs, LMERTIE, COBLIOMEZEAT, TLRELMEZKE
LEBORELMOBAIZHRTRENICKENI L, =TLOHEIFFHW

LEX D,
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BEVE. —HXtoEEIZEAET HER

%18, AEOBHLRANE

AMEETIE, =AtolEEE, —ROBIFEE, —REDMERK, HLimd
Ak, JCHRAMRK, AL - WHFE - BB ERHES L UBMER, AL LE, AE
Tix, =V +O@EICBEETIERIZOVWTRINT S, O=FLEBO#HEHE
HELEE L DBROMRYET, OFBORELBIZI S LOMBRES VL, BHiH
AR EOBROMIT, 2175,

F2H. AR

FIEBLVUCENVETRLE, SRFHESBORBOT—F 2T L, =
HWORELBRRICIE, RXRABLLARFETBLEAVE, £, RELR
THEHT EMETICOVWTHEMIIRFNTS5HMT, Fig. V-6IZRLEE X I,
RIGER, BARBIUOKRSROSHAENHLERLEIS (GREETREZEL) O
REMT 2 AVCEBRHAREIT- =,

# 3. BILMEE & BEILFEHEDO B
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FONELBIVCENVNETRLELILZ, =VHiE—KEBILEE, —REHHEK,
HETDERB L OCTEMROBTIIBEEDORR 7 L LBNRR VA, ERICHE
WELKEEBITIRMEL, FLAZERZAKBRLTOMEELR2NEV), &
BOBRRI LIZRWHER2®E S, AH T, REFNEICAON S =FLEHE=
ﬁi@i%%%%%,ﬁﬁ,Ek%ﬁﬁi@%%%%ﬁﬁt,@m%gkwﬁﬁ
RN LC, BLICES T 2 ERERMT 5.

mREHEOF =L L, F=HTLIZTEVWEEDOEBIZOWTHELRS L,
FIBIIWEEN35%, BLEERMNBBEMOBITLEBBMHERNAL, 2RE
SEIT 127 g kgt RE W, FABETE CHRE SRR, R RERS L,
o (BETEARRK, BEEIRELVUILERE) LIEFIRR-TVWS, B
SELEIED, Wa329~31%, HEAI8~42% & T SRBMAL AL, 2R
RERIITI~80 g kg L R&E WV, ZTNOLDBRIKLUTZ ZADEENL, BHO
EERBRRTARYKILK (THKRY) THD (LA - AR, 19%a), FIE
DRBEMAKIEL, BH321%, HEBR56% L BDEBBMMOBITLEITROREL, £
REZEIT g kg’ &, ABABEBOP THRICEDoETIEARV, FIEO
RIERARL TR 2328%, Kt 2343% &, OB, ERFERIL3 ¢
kg, AWEPTIIETBLEATHEL, ZNEKBRLTLEAED 8.75YR4/4
EHE, BFELBIZAEY, FOETRLELIKE, FIWETOFEIOFIIHBET
KWK (AT) ZBMOEEKETHIETHY, FIRH BMIZATOREL®R FiT
TW5, FRBIRIMHEETESEBAPBHMOERTH S,

Table V-1iZ, ABEAE O RERO —#ERERE &, FTME TR LU -HHEM,
L, —REMER, BREMARSRBIVU2oNERLOMOMEEREK L
RUTz, RECR O—BERME &, RMEBMEK, BHREBLITKIEFREL VN
VEELOMICHEERELON, PTOLHRLIEELOMICER b EELRBRED - -,
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Table V-1 HRFHEASEDREZFHO—MIHEEIBEEEZSOMOMEMEY

B{LEHE WEE #HtEE EEE Rk ftLE
(1.5MPa@)
_________ EIKEE)
RLBE B 0D — i EfEsR -0597" 0.736" -0.692"" 0.644" -0.301
EDIEREZ X
H{EHsE 2RF pHH,0) CEC EHFAME £Si LA 2Fe
BRI —Eh Rk E 0.022 -0.359  0.454 -0.318  -0.163 0.318 0.361
& DR R
BiL$HsE SPERE MUHSREE Si, Al, Fe,
A TR I 0.399 -0.363 -0.042 -0.147 0.140
& DR FR

n=14, * S5%KETHE, *x 1%KETHEE
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(b2, —REMER, RRAMRBERL X OTRMERK L ORICITHEENR D
niahot, HHb (1977) IXEARO KUK HRCBWT, —HMEMRBELH
BYEEOBMICADEEAH B LERLER, AKETIRZORRIIRONE
ot. BE, HH5 (1977) ORELZREOMHEL, HFROHDTHO.2MHPa
BET, AFRERBIZEHETHhIN,

A, FIEBLOEMAICBTATRELO
=X+ & BRI

®mami ekt kS, HRENE Y, BMEMRSMEOB TV LOHHE
REZICENIEMICH o, LHER, KERERICERLOEEEAT,
EBOMTESRL —MEMBRELOBFR, BIOKEIERELMMEEOBRERD
L (Fig. IV-9), A%KE LR TIZ, AHAREDBEENRH 5. WNER T,
ARG EOMICHBVWECBEESR LN, BRTORMOE, KL
SBOERKITIZ VD, BIRIEIARRLO TR, BEERL —#/THER
EOBFIXIZ-& D LA,
CO3IHMABLUERFICBIZIEED, MEEE L RERFO—BERRED
BE A Fig. V-1, B+ B L RAEICEINHBOBEMEEFig V-2IZRLE, Kt
agL, RERO—MEFBRERS L ONEL, BRECBEKRICHD, KL, H
LE+TESRTH —EGERERS L OIEOEICIIERD Y, FICHEE RN~
0% BEDHKB THEHE THD, 2D LI, HLEBLHAOMLLORT, &

LI EBLTCWB I EEZRLTNS,
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%S Hi. BMER & BE(LRE ORISR

WMAFEBEER»L, =Vt (FREHETRE) TELBICREONTHLO
RETYH, BENELKL TILEBRLDROWATZTROMMAEBEZFo>Olz L, =
HHIGEVEEDORE (R F9g) R¥=t+ (R F1E) FTERRPOMEBHRR LW
o7, BOZVHMBELRFOZLE/FETH- T,

DREORR 7 TOMMBIEBIZ OV TIRATH (1969) H3% < OREREHI ST
ZEEETY, THEOR (777V v7) RS LTWS, Fig. V-5 ORER
BOMMERERENAOEAFF EELEFERTHET DL, =L (GBTRE) LFH#
DHBICBTEIHEBRZ7 7Y v THD, ZOFEREIE, BRI LOBEIZEE
RondBLanTns (MLRFLIRBIERE), £z, F=AL (B1E)
BEUOH=VEITHEVWHEDORE (FI8) EERRT 77 Y v 7 S XMEIR 7
77V IR D, RRT7 77 ) v 7 BRI LOERBRIIBVWTEESE
BRLRE VBB COMMBE EARETRERALZERY), BRKT 77
v ZIXBHEBED LD BB TOMMER (KaRAELEAIERY) L&
nTn3,

TDXSIT, FIH (1969) FEBOBESESHMMAEEBREIKREIRBELS
2BELTWVWD, LA2L, AIfiTHR_REXICAKBE TIEHE=VL, F=TLIZ
FOE, BEOSALOMIC, BESBOERED bAT, BABEEZRELT
WARFIIEEERLIIRRZ2ERTH 5,

REIWZHEI =T LEOF LWL, B FEHEELICELIE, RFRIOE
EHLEBNEHMRIEDLEZXOLND, TOB, MHABESILEO RN
RBEZRIABTIRIHROBENE LIBRTI0IZx L, BALRLEBHRIRD
EOCHEBEL EROEREESEON TV IEEICRZ2RAL TIX, LHOME
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MABEZRV, 2F), TEOREIZFE-TELWIEAEE, £0LEIIA
FRB\ERED, BROBEGEESRKEWEMBEL RS I L0, BELBELDHR
HeEZXZLHND,

RS LROUFEIL, LBRPOKFOBDIZHENA =R RIREET DR
mEHNPRFEILEZ5EFEDIZHTHY (@@L GR), 1985), AERENII W
EERETIEENTIRE W, BIZ, RBIZFEFTH01F, #iLo X 5ICHRT,
WRARILBEZLL EULEA TH D, 07D, HEEBOREVWRE T, ML,
FRIEIBEERELVWEEZEZOND, PESSORROMITINMEIIHFST LR
W TR, MRS EORMEEOBE WL Y BREROH—RINEL BT,
FREABMAOERICHESTE20, MEMROHEWE CEEOESNAH L

Zxbnd,

F6H. AELEIZX DO L BFHEERS

THOBILICEE L CWIHEEHET DD, GREBITEOREL LR
PERBOREICREL, tHORMBEEAVWROCIIBH T 2ERM T OEEZT
27,

ERLZEBAES X, REPTOEENREL, DOEEWELE L'C@J<’Ef§*é’fi
DHBTAHR, TVI=ULABIOHTHS, AEiX. OFXFEK. OI1MKBEEL
FhRU DA QIMEEE, @02M Bt =2 UBE (pH3.0) AWz, £ Eh
DREDNDI L, ORMBRTHY, OITERED 71 B, FSEERMLIEY, HREO
BT A I ARIVCBHEBEAEOT VI =T 2 Ek, QIXEKERLTIEY,
BEOBILT VI =V AR EUE, ORFGER LI L OCBHEESEOT IV
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I=Uh, REBFHSEDZLEAMLE L (Wada (1989), H (1987)), =
NODRED I L, QLOIFBEMITBIT 2RIREBMEL, EXBHRERSVAHE
WA, QEFREMLIEDB L CEEEREO AR, TAHI=v s, HEERR
BICHEMT D2 HIEL LT, BEEMSTOEEICRoTWS, EEL, RIRARE
ABRICBWTIIERNLUADOHENERLIZY, BHMEOEBRR T bh s
WHEBELSEELSEICHY, FRRTOLVERD L 5 12@TH R+4 7254
BELEE, ZhBH> TRREWERICORE -7, BELEIE, A~
DAEOREEEZERE L T, MBOKELBEL VIS VRELH (10gEE) %
AL, 10mOREICIFBBELZOL, KFHHICE Y THOBEL*EE
L7z, BREHIIICPRAESTERBICE W ST L1,

Fig. V3i1Z, RELABIZE 2 LHMOBE (AR LA 2mmU FOMLI0EE (E
B%)) &, BHYOR (BEH1-9v%) 2R L7E, THOBRER, REKiCE
DUBTIIREE 2 ofz, IMABILT FY U A0 L02MBEME S = Y BEHR O ER
THETRO—MBREL, K020 %A% ST Lk, IMEBAE T
DEAENF L, $50 3Lk, 2, B2mmU EOBmYICEF L+
Wh, IMBREATE T MBIZH X TR L TV,

HHRR DI, REKTREIAH, TAI=ZUL, FELBEH LMok, RE
WETIE, MADOTROBHED, IMABLT U LM L02MBEMEY =2
&ﬁm&vuﬁﬁgﬁ:mﬁ@ﬂﬂfm:namm&f%b<§mot;i$
WHE S, MEBRESVIZEEICHEE L TV /2 (Fig. V-4),

Fig. V-5iZ, REDORLR2EM* AV CHERHFETBORL LHIZBELES
TV, THORBLFBEROMHZ L MCBEHEBR Y2 ERLZEREZTRLE, &
BEHRBE230. IMBLE, pHTIZL. O T LR AMBTHMORENTA LT, HER
ERERBIZONTHEESWIIEAL, ETETROBHELBALE,
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Fig. V-3IZ/R LB 6 D0 2MEEME Y = UBSBIC X Dy & %, Table

M-6{Z/ R L7eBEMENLOMMBKSE (Si,=5.4%, Al,=7.5%, Fe,=2.2%)
EHBTDL, AIEIBEDL/S0~1/40BELNAEHE I TWARY, 20z &
b, RELRICHT DEHOEBE, REMEICHT 20EBCHEHT BRSO
L, T —MOZHEZEMRL T3,

=H LD EENOERE 2T OEHRER LD THE5, FRERLLE
RENZIEMET D0 2MBEE S = UBBIEALER LV, IMEREAER O A3 8070 5 o R
MOBHERZV, ZOEORRIE, ORRECEVIMEMAEIZLY, #RE
HEUANOHE» O b ERRBBEHL TS, FREQLHORENRE T D
FRBERLICHTDEMAMN, 0.2MBHEL 2 ULV IMEBO TR KRE N, O
WTFANEBDND, ZOREALNICT 5720, AEM Eizxt L TIMER—0. 2M
BetEs = VBRIE OB 21T\, 0. 2MBEME Y = DB B O L 21T 256 &,
BHEBRKSEZEE L, RBRIIERER, BAR, RKOBROSHAHLERL
L D8REEHZI DWW T HIT o 7=,

FRITFig. V-BITRLILEBY, FARETAI=TLIMNORE TS, IM
WMAEICEIVZINEHL, ZO%D0.2MBEME Y = VEBEARIC X 2 RHEEI
mﬁ@%ﬁ%ﬁb&m%%uwxf%b<wmmo%fm,mﬁ&ﬂ@éﬁot
®TH, 0.2MEEMEY = VRRIBAVE TN T DE D, TARRT LI =T AICH
RTEC TS, MNOTRS, EHAEIC L SHEHBOAH (IWEEES
Gr+0. 2MBEME Y = UBBRTAHSY) &, 0.2MEEME Y = B EMABEIC L AR HE
L, MAORBTHITTEHE LY, 202 &L, SEHAVWERICX T 5 1IME
BRALEE Tid, 0.2MBEMtES = VBB AE L IZIZR Uy, TRbLERERLTED
PEBLTOD, IMBEBUBOBEMM R, TARLTAI=T 2ZE L TiX0.2M
BRtEy = VBRIBAEB L ITIZRIE TH B0, KIS L TiX0. 2MBEME v = U BRI AR
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THEHT IR O—HEBEMRT BT > TV 5,

IDEIIZ, IMEMRABRTRELE»OBEHT 2 EBBAS L, EAMIZIX0.2M
MtE =2 VBIBERE LRIUL, #RERLIEMICHERTILOTHS, 2L,
ARBROLBERM TIIIMERLEBO S BHBERLOBERABEN 2720, B
RICE< DT EBEM LI LD, THORBEGVWEZEDEZLEZLND,

ukma,#%E%iwﬂféﬁﬂﬁﬁﬁwmgéﬁiﬁg,:ﬁi@%ﬁ&
BVEERYT D, Z0ZLEY, = HELOBEICHTENEEREREREZLT

WAHRZ EERLTWS,
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E1H. KEOBHEBRFTAR

AETHE, =TI AUMEHRO KK EIBIZR O SEBEICX LT,
FUNE~FEVETHVWERETRE, TROLELYENE, EWFEAOEER L TICHK
MEEBEEORAZITY, ThoDELE, —@MEMRRICE VM L 2@k
ELOBFREMITLEERZWL D,

2 8. etk XUWmER

AETHERNRL LS >OERRE =Tt THrLOER] THERILEG] T
vy Tag ) ORBHERM A 2 Fig. VI-11Z, Wrimi 5 & % Fig. VI-2~Fig.VI-5Z,
%ﬁﬁﬁ%mwmmhq%RWAu%Lt(:ﬁi@%ﬁﬁﬁk%ﬁﬁﬁm%

MR L7 72 M)
1. =¥%

=HTIELTRENE~EVETHERLEZO THRAZEALID, ARIZBWT

BR=HtORERB L LT, ARFHFEOFE 7T BOFELMOBEERE & L& LT,
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(2). PLOERE

NLOEBIEBE LS ICHHTIRBALKERTHY, ZOBLERRD
W T BB RE (1971) ICKVFEINATWD, PLOEBIEREEDIA
WEEICAE LTV AR, HENECRT S MEAESES, EABELRE
DEEMOFHIT, ERITALTHS (REF, RE) kD, OHEOBEEEA
FEEL, ERIT kO EE RESEE L,

AWEOBFE LR, D, BECEDRE, BAOKRE, BHCTIE5E
DREDERERE, O TFOMEEOE, DETHRINS, »LOEEIE
MBEDBO T, EEI155emh bRN, ESEI5emTh b, »LOEEO FiE
BE~RBEDLBL RS, PLOEBOLAXBBANLIEBAT, 2< DA
BT REENTH S, BEICH T S0P RBEEE25~2Tmm T, B
B~ RECHD, »LOEBOERIE, KB (UE) 0L 3 "CREDEE,
200004F L HEE S 1L D,

RERE (197]) 13, PLOEEE (ELLCER  AESOAVELADHE
BLZ2SmmUA EOBEEZFEOE) L LTWaH, WPRNEE2SmmiTERE O L
BIZEKAON2BEDOHEET, TER] ORRITEY TRV, A@WXTIiX, ft
DERE L R, AL —MEFRES L LR REEOBR» L1 LOERE
DEIER M LT £ T, FORBICOWTHD TEET S (EVIEE 1),

(3). NV

Ny (BFELIZEZEF) i3, MEtwL EORE~TRTICHT T
T B8 KUBBYME THD, Fig VISBIZR L X S, BERIZBWTA
YAV, MEOITY IV ELEREERFOBE L TENLDIDOT, £FDOFEILE
FBRECAEDIIHERTE D, "UAVEEHRIZEY, I~15mOESHBZBV
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RUBBRONDBEL, IBODLRLNBBENH 5, BEK S+ B LT fE 5%,
Zgwﬂyﬂyﬁﬁan,%n%nw@ﬁ%m&%k%w~§ma%wﬁﬁ&ﬁ
ﬁﬁﬁ&bto:@ME@E#@*%W%(H@%%GUHTBD,ﬂim&ﬁ
S180emE TRED HEAEHEL, UTIRBED, BRLLEXKLRKEEbISE
ERDHARRT 77 BB LBIIRET BT ARY L 2D AL U Th B,
TLOBEBBMER?S, ZOWMECHECTE B3ES (660cmE T) £V BV
I, WERTaKILK BT R y REERFET B3ETH B, A 33 70cmP
LUSB0mDEEINLBRN, WFNOBHEEX15emTH S, +ETEB~EBE
T, WHPKEEE33~38mm, BHEIIEIBETH S, 2HD ALY, BE
'564~622cm (BEEE29mm) DBEVVE D FRIZIE< L HUBMBR b &b,
INODBEERHBEKBLRY, WARICEVBREISN L BT H~BH
LTW2EEXDbND, RUAVOERIT, BETEBOTR MCERIIFE)
&, BT 77 (FRLF2FEDHBTIKILEK) ORICHBEEND, 1~2F4E T
55 (U - AR, 1996a), 2D DI L, FRIOANL ST TR~
BT A DEREBEDNIBOVBS & EL, BN HROBKE CHES 3

FREERDH 2720 T, RBRIZIZEMDO ARV AR 2R,

(4). BRI
E$%Eﬁh§kmwﬁmK%$T5ﬁkLtkmﬂﬁ%gﬁﬁD,%E-E
B (1982) KW RERMIERILOBHEICB T ANALEBTENTNS, “he
FI—DBEATIERVE, EFETRLEFZESBELRNERNEE L, DR RE
BBRE1To7, AWETIE, BELEABG~BBAOTBEODIL, DT 75
ﬁ&&brwéo%%Lﬁw%mm%éu~umwmﬁ%éwgf,%mW®

BEDN 278 LEBHLTWILDOTHEH (BE - EBF (1982), Kizk~
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SEEYED 2T LITERNDTHD, BILESGVORENITENRMRILIZ
B, BYEFTOREFICRDZBEELH SN, ABBE T2 BII#EL, EELIWL
!mrmhmtkécwméoﬁﬁ%éqummmﬁné%%éwmm%ﬁ
J&T, 30H#238~265ecmiCHE N BRI, %%T{iw%@zimsésmcm@T
ARYTHD, LELBO LEBIIEAY — 7B~ VEREAT, RBRTHED
B EZ<EATVS, WPREEIII0mMmT, BEHIIBRETH D, £RIT,
mE - B (1982) BMEOBHEICE W THUCRIEIZ & V35008 & #HE L -8 %
BHEEE, 775 (6300E0RRT A RY KK OMICHSBZ LM, 3500
£ L6300 DM TH B,

35). =27

a7 3HAMAER BT S, KW ERXRa Y TOBLLEETHD, HEH
(1961) I2&kB&, a7 B EMLESEER, WIE, RSB Sh,
MERIELICETZ, ForlA435, ERIFTCMITEINDB, TEOPTERD
BRENRKE S MBMAREI SR T5THB, ZOETTRIMHLTNG, HEiE
BTEREZRERBEE L, ZOHE T, BAORKBLOTIZ, 60cmDIEX
MOEE30emDa2F B3B8 Nk, 270 THBERAOEREHEE, HRB~HES
BN, %@wﬁ?&%ﬁég, DEFR LR, a7DLEITBRE~FHBE, Lup
ABEEIL30~32mm, BEHIIBRBETH o7, BEF - I (1992) X 5:‘:, P
WK THA (fallunit) & LTOHO a7 BILSEBFEL, ”ch%’h@ﬁﬁ:}imoo&;,
33004, 23004, 15004, 10004 T 5, B - 4k (1992) DFRLES >0
TOGMBBIZ KD L, AW OHAIZIE, 3300ED T DHHEFEL TWVWBHDT,
ABrE O 2T DERITIBO0FELEX HNLD,
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TableVI-1 /\} KEFiE(MWLDORE)

p 3 T8 HE #®E ®BAf

(cm)
ET1RE 0-35 75YR 15 #fR 5
2/2
E2E 35-60 8.75YR 15 AR ERS
4/4 ) ~#5
3@ 60-100 75YR 18 HANR ERS
1.7/1 IN~th
FAB 100-115 B75YR 16-23 HEHR BB
3/4 N
®58 115-155 10YR 20-27 BAR BS
3/4 fi~K
®6B 155-230 10YR3/2 25-27 BHR =BE~ HLOD
~3/4 h~k BRE EE
#78 230-245 10YR 18 HER BS
2/2 Ih~th
HBE 245- 75YR 17 HAR B3
5/6 I

TableVI-2 HESMTE (/3 732)

RS +& HEE
(em)
=18 0-135
E2@ 135150 8.75YR5/8 20 TFhikv
¥3/B  150-190 7.5YR1.7/1 23
F4E 190-249 7.5YR2/1 19
HES5E  249-262 10YR2/3 25
HE6B  262-294 75YR2/1 27
HT7E  294-314 75YR4/4 28
Haf@  314-368 B.75YR5/6 28
/ %OF  368-378 7.5YR5/8 33 /NN
/ ®10B 378-384 10YR4/6 26
E11E 384-391 75~10 30 kWLEE
YR4/4
E128 391-404 75YR4/4 25  MnBEHY
H13fE 404-429 10YR4/6 26 MnBIET
148 429-461 10YR4/6 26  MnEEHY
15 461-474 875YR4/6 26
E16[E 474-500 B8.75YR4/6 25
®17/ 500-532 10YR4/4 29
" H 188 b532-542 25Y6/4 33-38 /NN
$10/8 542-545 25Y4/3 32-36 /NN (ROERS
(10YR3/1)&Y)
E208 545-564 10YR4/6 23-27 MnBEHY
H218 564-622 75YR4/4 29
¥22@ 622-638 B8.75YR4/6 18 MnBESHY
¥23B 638-657+ 8.75YR5/6 19 MnEEET

| PHRYOLEZREOEIBCRELIFILH. FRMETEE@DA BN
LICEAERT REEHTHS, tOBEOHERRLS. COH
HEROHOOLBHH TEDLEAGNDH, SCTRULFEEDIC
FEIBLL EEDHREHLI=.

Fig. VI-3 HEREEEE (/1Y)
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TableVI-3 TEE4LErE (TEE4LE)

R u - HE ®E Bk

(em)
1B 0-34 10YR1.7/1 17 #Hik W5
H2RE  34-42 10YR4/2 23 EWE T )
B5
¥3B 42-80 10YR1.7/1 20 EfHHR BHRS

IhN~rh
®AB 80-117 10YR17/1 23 HAMKRD BS
%58 117-130 10YR2/3 25 HARYT BS
%6E 130-150 10YR3/3 26-20 HAR BRI ~

{ B~k BF

i H7@ 150-160 10YR2/1 26 HAK BF~

1\ e~k BRE
8@ 160-180 75YR5/8 24 HEAR B A1k
IN~th BEE

®o@ 180-190 75YR1.7/1 25 HEAMD BE~

=3

F10B 190-238 75YR1.7/1 25 BAKRK BE~

=)

%118 238-265 10YR3/3 30 S BREE TEE 38
F128 265-304 25Y3/3 30 EHE 227
F13F 304-320 10YR4/3 20 EHhE EX5E
F148 320-325 10YR2/2 26 HAEMP BE~

=)
®15F 2325-345 10YR1.7/1 21 HEHR B3
Ih~dh
%168 345-376 BI5YR5/8 22 HEAI B3 FhRY
N~ b

Fig. VI4 fEEILMESE(EELLRE) 178 376-380 T5YRLI/1 | g !
%18E 380-387 7.5YR2/3 19 HEA B%
th~ K

%10 387-410 7.5YR1.7/1 ‘ | ‘
208 410-435 10YR2/2 20 HAKG B
¥218 435-455 7.5YR4/4 17 HBHRS BB
E22fF 455-483+ 10YR4/6 18 HBARD BS

TableVI-4 FFA{EME (D7)

: 2 T BWE &
i (cm)
£18 0-60 7.5YR1.7/1 6 ETEVN
E2E"" 80-90 10YR3/4~3/2 30-32 EME 25
(EE)
10YR3/2
(RENNSERST)
7.5~10YR3/4
(FrARUNESD)
EIRB 90-97 10YR2/3 26 EiEE 23
TE
%4B 97-105 7.5YR2/2 24  EHR
¥5E  105-140 10YR6/6:10YR7/4 16 HEHAMK
=6:4
H6E  140-160+ 10YR2/1 18 EHK

Fig. VI-5 ER{EHEEER(DS)

*1 RETTemOESIZBIRIZZAA)THFHET 5,
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3. HEREOIEE

(1). vEHE

TableVI-5IC S8 E D BLEHEEZ R L7, HEETIE, KBEMEBRIIHLEERN
=HEiX67%, NLDOEBII40% THo=DiIZxt L, Ny, fERILEB LT
27 TIRIO%UT ENEhotz, BEBIHLIEREIH LADOERIIH =, K
HEIX, = 1013042 Mg n®, »LOEREIX0.74 Mg n®, NNy, ERILEER
X = 7132095~1.18 Mg m® DEHAIZH o 7=, KoREFRRIE, Ny, TR
BRLOzaTik, BE0-OE CIOmIELEZHT LA LN TES, a7
REEZERTEZENRTAREL DT, = HELEDLLOERBIZONTOLEE
Lz, =HLDKGEFFEE (5kPa(pF1.7)~1.5MPa(pF4.2) TE /K A31.79~1.59 kg
kg') (2, A LOEE (EASR DB TEKED094~0.79 kg kg') Tk

GRFFREDS /N E o T,

(2). {BZFtE

{L2EYE % TableVI-SIZ /R LTz, £RERIE, =H &N LOERB T30 g kg’
EC, Nony, BRI X2 T T4 gkgA'lu—F'f‘ﬁ)Of:o pH(H,0)iZ4 T
DRET6.0RI% Th o7-, CECit=H 1+ T275 cmol(+) kg, MLDEFETI12.8
mm&ﬂy,NVNV,m$ﬂgﬁid:§TM9mmu%gqu%oﬁoﬁ
BHEEESBEISTORBTINED» oY, a70HIRBEINLY T LGED
K&EL, ZOXEBTHEMMEL100 %EE 1 TWE, U UrBRIRERIE, =0
+, PLOEBB IR AN TIE19.0P,0,g kg’ UL £ T, TER LR TiX13.8 P,0;s
gkg', =T TiX12.0P,0sgkg' Th o7z,

HRAL-ERERB LIRS OMEE KUK TEDO EEB{FEME (Kurobokudo
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Table VI-5  AME#DXILKTRICRONDERBO EER{LFHE
HEUNICAFEMOEERARILEDLLE

HEMER fRLLE K5 RIFEE
w Ik %t 5kPa 0.1MPa 1.5MPa
) (Mgm™) (B7KH ke ke')
bl 9 24 67 0.42 1.79 1.64 1.59
MLOERE 35 15 40 0.74 0.94 0.83 0.79
AVIAW, 71 20 9 1.06 - - -
PN 70 20 10 1.18 - - _
a5 74 18 8 0.95 - - -

1A 27+15 20*+6 5213 052+0.14 1.30%0.33 1.11+£030 1.05%0.30
(34) (34) (34) @37 37 &Y)) @37

BEEZHMND? BEBHELY 2114 20+7 56+15 0624020 1.10+£042 096+037 093035

21K+ 18:BB (23) (23) (25) @7 (26) (26) (26)

CFg 25422 844  59+27 074+024 091065 0.72+049 0.64+043
4) 4) % 13) (14) (14) (14)

LR#FE pH CEC TR E gE B
(H,0) Ca Mg K Na £ ORAVEH

(g ke™) (emol(+)kg™) %) (P05 g kg™
—Hz" 30 5.6 275 2.3 1.4 0.2 0.5 16 25.5
MLOERE 34 5.6 9.3 0.7 0.2 0.1 0.2 14 22.7
NNy 4 59 8.9 16 0.3 0.1 0.2 25 19.0
LB 4 6.2 32 1.1 0.1 0.1 0.2 47 138
a3 2 6.0 6.2 5.7 0.8 0.1 0.4 112 120

1A 76+42 5804 30+12 28+27 04+03 03+03 03402 14+12 22831
(41) (4 @2 @42 (42) (42) (42)  (42) (41)

-

BAZHD? BEBH LY 26423 58+04 19+7 1617 06+04 03+03 04+03 15+12 204+45
2Ryt 1808 (31 (31 (30) (30) (30) (30) (30 (30) (31)

Cl& 1111 6.1+04 17412 26+29 04+05 03+05 05+06 2415 15469
(200 (a7 (13) (13) (13) (13) (13 (13) (21)

x| BRHFERE.
*2 Kurobokudo co-operative research group(1986)MDF—4 M5 ELT-, EIXFHE +ERE( ORNTEHE .
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Co-operetive Research Group, 1986) #tt#k3 5 & (TableVI-5), = &L D
EBITAAEHIZRON ZBMEBAXURTBERFEOHEEZF > TWD, 2L,
FNMECTRARZEY, = HLOKIEFEOSIZMDKILKERIZEE~FL K
ENVEWVWIBERH B, vy, BRILUBR L= 71, oBRALK:E
L, RBRMERGIHEL, REESKEWVWATRRZ-> TS,

(3). JLRAEL

TR OB RETableVI-6IZ R LT, #RIZ, FUEORRBEFEESE LR
U<, 105k (B{bik) OFFHEZ100%E LTRLE, 71 #KiT44.1~553%
DREIZH T, THI =T KT8 T~316%NDHBIZHY, TARKDEFELA
DBFRIZH o2, HA LT 51E0.6~T7.9%, vﬁ*vﬁAmzwﬁp%wﬁ@f,
CTOmMERDOEEBIIEVICEDCBERIZHY, =L LOERIIAA R, B
BB L Fa Tt NEIWBRIZH -T2, BV DL, TRITAL FHV,
<Ay, YR ETORBT20%UT T, FEDOHEMIIT S RhroT,
TERME MO KUK TR L BT 520, FIUEE 6 Hi TIT - 720 & RIS,
BARER X UMD BKR 27 + (Kurobokudo Co-operative Research Group (1986)) @
LoNHER, SABEEAREIC L > TRLE (FigVie), MORKY, W
DAKLURERZHEAST, REOTESEBBKR, TFBHLTHDEZ Ly,
4). —KR&EY

— KRG M RL % TableVI-7IZR L7z, EEHMARIIRHZI L > TRZY, EEKL
RAEHEMIT, FERIEMER L=V L TV VER, PLOERBTIILEA
BA, "oArvTlItEEs, BRILETIXY VESR, a7 TREBERTH -

Fro NuRVEASIZRIVITIUVAREENTWE, BEDIX, WTIhoRAET
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Table VI-6 &WEHEEBOTRME/K
Si0, Al,O; Fe,0, TiO, MnO CaO0 MgO K,0 Na,0 P,0;
(96)
—H+* 4420 3155 1755 181 028 056 203 105 067 029
MNLDEE 5487 2625 872 112 015 264 258 167 187 0.4
IRy 4809 2400 1350 128 017 525 494 068 177 032
E£1LE 5529 1872 990 141 017 552 436 183 245 034
:5 4841 2292 1236 126 022 787 449 040 192 0.15
*1 {EIERISRLEI10TR(BIEYE) DS EE100%EL T, ERR(BELYB)DHEZ,

THEREFETTRU = ( IRIFEHE,
2 BEFHEOE7E,
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Al203 (%)
S

N
2

y o AR
X o IRIARR
v B, #=BR
X X X C[@
A ﬁﬁﬁé%a ° EHE
)34
v %‘OW@@
°© N/
% o %’ve
[} o%
x b 9¥ o
X A (9 @0 %

10
30

201

Fe203 (%)
o

Si02 (%)

o ARB
A HRARE

30

40 50 60 70 80
Si02 (%)

Fig. VI-6(1)

O ARE

A HEAR
v B, 1#;%BFE
2' XA X GE
. YA o ERfE
o\c 'S
N
o
Q
=
" o
Vo
xX
X
O T T T 1
30 40 50 60 70 80
Si02 (%)
O AR
A HBIEARE
0. 41 v B, 1%BME
X X X CPB
o EARFE
— 0. 34
X
N’
o
=
= 0.2
0. 14
0 T T T T 1
30 40 50 60 70 80
Si0z2 (%)

A D KUK TIEICRonDEEREL

AAZH#DERIL* OFTFRMBK (SIOE
Lo TR (B{EYE) SEL0EIR)

*Kubobokudo Co-operative Research Group (1986) DT —4& M.
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CaO0 (%)

o AR 51 O AB

MgO (%)

K20 (%)

g P3N A BRARE
v B, #%BRE v B, tH:3B/E
% X Coff 4+ X CF#
% X° * BER o ENE ¢
® A -
X oo £
¥ e S
o <
\% _
Yo A)g&m z 2
B8 9
o % m R 1
X %w%%@% % w mg | O i | r | |
0 80 30 40 50 60 70 80
8102 (%) Si02 (%)
O AR O ARB
o BBBAR o IEEARE
v B, ;&8 14 lo] v B, i#:&BE
X CRB o o X CRE
o WHRE —~ o ERE
v
A 2‘(& A - v[f(()) 450
OO R %%ﬂ 0.5 v A o
e & -4
> % oo o
b @@% i
Al
40 50 60 70 80 30 40 50 60 70 80
Si02 (%) Si02 (%)
O ARE
o 1BEAR
v B, 18&BRE
x cR” Fig. VI-6(2) -
camr % g-VI-6(2)
%As. o
) o S AMERO KUK TEIZROND
S o g?xx . ERELIBEREMORRIL O
Ve £ MR (SIOERLOTHR
(o] " =
o0, o (BicmiE) 2 EOBE)
8
4
X *Kubobokudo Co-operative Research
40 50 60 70 80 Group (1986) DT —42%E A,
Si02 (%)



HRILH T ABEERTH 225, BLOEFOBEMICITALIZEYRETE R
WRIFRELBEEN TV, KWFT XL, =4E, DLOEBBICIERILE
TIXERH T ANEERT, "vAvEaF TREBTIANEERTH 72, kIl
HSZAUAOEGEHE L TiE, WTFhORBIZLRAREEN TN,

ALk KT (1973) XK LK RO BEHHMA E4>ORICK S L, WA S (1980)
HESGHEROR L BHOEBEOEFREZALMILE INODKRICE I L,
NLOEBOEEMERIIARERT, F4 51 NEOBM D LAER LRI
RonsMMTthsd, AL LERLBIIERETHY, ZORIBLDEE
DBMMHLAERLS 38, RLWABORBMICHRT I LRIIHEBLEIRALNDS,
RUNRVHEBRBTHEN, IV BOFEERKUT T RAIHEN T AP ERK
ThiLWolk, ZREABOBMMLLHES TBOFELBA TS, 278V
SURBT, KIWFHFRARXHERTHIZEND, ZREEDOEBMMLLGAKLIZE
Zzxbn5,

BREOBMER =T 7 TOEEX, KIWEMZLUTOLD THD LHRAS
T3, = HEBIUOARAU AR OBMOEHIETH SMEFKILIIZE < OXLO
HEETHY, SHEMOMBAKBRUBOFESH TIE, TRAELLHEMLEESE
THREVREOAED - /< 2L T& - (H2D - /B, 1992), »LOERE -
DEMOEER TH B EMALIZ, THEMUBROERCEVWTETA A ME
D= EEHLTEZ (AR, 1992), ERILEOBHOMER TH I NEK
WX, 3F2TEAOBEARRUEKOFDH TIL, FCRIWAEEOY 2B L
Tx7= (BRA, 1992), =5 OBMOEHR TH 2B & KILIT, 4TEAMLEED
FEHTRIREED /v 2EH L T&E (P, 1992), TNHDOMR L, —
WM S HB SN =EREBOBMOEEIIR G L T,

Tk HE, EEBRBO—REMME LB OAEIL, BHEOvDEHR
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Table VI-7 & HERLE O — RALM4E A
EY B LEE ey

HE o mEowm wE HY BE?  EEMLASR  HE & =S Al
BE BE HE &M 5> BT f BT &mm b ER e

W' B DS S I 7

5 ;

% | (F1%%)
=H 1" 8 31 10 24 tr. tr. 35 ™ 3 96 1

| (31)

PLOER 5 12 1 33 54 17 3 8 2 69
RN, 6 1 78 18 2 93 7
L@ 21 39 23 38 1 80 20
a5 6 5 31 43 22 1 2 78 19

*1 FO1-02mmOEFERBLAE, *2 ()HNEIBTHEBSNATLSIHFOEIE,
x»3 EREBMEOETIR. *4 tr;04%LLTF,
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FRBLTWS, —~REDEKREEEEEKIT, RBICE>TRR-oTRY, — &

DRI SR,

5). BLEw

XBREFOKR, 2TORBTRERERLEHDFT S H LAY —7EFRD L
niehot (FigVI-T), K% (1971) 2k 3 &, "L OEEOKLEMIIT u >
o EERETEN, R—=3IF%2TF4A4 b, 7aT7A4 b, IFVTFAPIBLTAZ
4bkmot%%ﬁ%iﬂ%%mabﬁinfméﬁ,%@m%ﬁ%m&mf%
2hol,

BRIREMRER D 5 R % Table VI-8IZ /R L 7=, Si,, Al, Fe i3, £ E111.86~5.43 %,
2.76~7.52 %, 0.69~2.18 %DHEMEIZH o7z, =H L LNV UE, PLDOEE,
ERILEE & U2 712~ TSi,, ALB & OFe, SREVMEETR LTz, Al, Feyid,
FNF020~045%, 0.09 %L T, OFEAIZH o7,

£ EAERE OB T MM, XRETT OB, BIEMRAR TSI, % < AL/AL
B/ ENWZ &, FEpHB6U ETH B &b, 7TaZ7xHTH D, Si(%)
12712 CCHEE (Parfitth, 1982) L7272 VBETAEAT A4 DR,
FAT 2BV TIHKESFN TELNZHEEEREEFBITWVE, X, #A47
2TV NMIMBIUBBESO—ENBT a7y, AEITT74 MIEELTNSEZ
LERLTWARLEEZLND, ERILBB LU= ZIZBWVT, ALR L TIZFe A
Z2VCHEDLLT, U UBRIREARESRNIENLY, TRHORAMTIE
VARNBIUBERIT a7y, AT NRFEETIZEBTFREIND,
AN BEUBRTE 72y - A ETT 4 MELERE, ML TRERY
INENED, BEESICFEETSET a7y AT MIHRTY VBREE

BENELS 2B (BL, KFE2BEMTIBRABARCTIZIOL > 7 a7 -
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h‘w‘ ‘. BRENEOETRE
WMMWWWMW :jj’:t *1

WWWWWW SALOEE
NWWMM ININY
a7

1 1 1 )
3 5 10 15
26 (CuK )

Fig VI-7 EEREOXERIF(CaBifit AT
| T—avETEHMER)

Table VI-8§ KIFEHERBOZERAFMAKRER

(Al,-AL) Al Fe, 7O7x2+ Jx!nA
Si, Al Fe, AEITSAH° FFAH

Si," AL Fe,! AL Fe,?

(96) (96) (96)
—H1* 543 752 218 045 008 130 006 0.04 38.6 3.7
MLOERE 186 383 091 045 004 182 012 0.04 132 15
IRy 396 539 1.71 020 0.03 131 004 002 28.1 2.9
ExE 234 300 069 028 009 116 009 0.3 16.6 1.2
a3 230 276 1.08 0.8 0.04 112 007 004 16.3 18

¥ 02M EEtES 1 EEE (pH 3.0)A[BDSI, Al, Fe, *2 0.1M EQYEEFRIDLTBDAI Fe,
*3  Parfitt-Henmi(1982)IZHELY, Sio)IZ71%ELTHE,
*4  Childs5(1991)IZHLY, Fe,WIC1.TZR/LTHE, 5 SEFMEOEE,
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AT PHEBEHEIN, ALLFe DEEFmLSRD) LEXLNDILDTHD,

6). THROBREIC L 2B LINKE, BLTKEIC KD AR

Fig. VI-8i12, &M E 04 Lt & CEARKIRE COE KL & —8EHRE OBk
FrRLE, £TORETIE, SkEiZ=FEiX1.62kg kg', 7L DERFEIL0.68 kg
kg' ThHhoDIIR L, Ny, ERILEE I U= 713035~0.23 kg kg' & /b
SWEOHBIZH T, BETBEE, WTFRORETHEKEIZ0.17 kg kg' AT
(A ole, —EAEMME, £LORETIE, NSRRI MPaTH o fflid
0.41 MPall FTh o7z, REIZHE, =H O —BEMEMREIL1.97 MPal E L <
MAL, PLOEBOBEIZ0T6MPaE TR L, Nony, ERLER L
U2 CTRBEOBKIIR LN R o7,

Fig VIOi, B &L RBEEOBRETLE, ELORETIE, =+
HLOEBOIWLBRBEEIT25~26 mmTH o 7=Dizxt L, /S 80334 mm, 16
B24LEIE32 mm, = Fi330 mmOEER L, BREICHEY, = 1iE36 mm, 2
LOERBIT34 mmE TUPRRBEESBRLEZDR, Ny, TRILEBL =7
i, REELAETORELIZEELVEETH -7,

Fig.VI-10i2, BEICH#INHELEZ R L, = VLIXAZICLY, £LOKREOHK
FED50 %ETWML, HPLOEFIF0 %ETWMLEDIZIHL, Ny, JE
RILBB L P27 TRNMIIR LR o T,

KB REZAET 520, SERBEORZEIRIIH L, KE-KFEH
—SRE-FE OBREZIERVRLEZ, BREEFigVIIINIRLEX DI, =4
FUADREITITRT, RELAEZ4ERVRLEZE TS, F20mmel LD+
B0 %LU b (HE%) 25D THEY, KEKIIMEDESWIIFEFIT/HhS,

o, =HEIE, REBOKEICLY, R20mmil Lo LHITHRLICHAEL T, &

- 105 -



\ A=
® HLOEE
2 v VANANTANW
~ v EEILE
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Fig. VI-8 AWK LR TIRERRED LD

RELBREICE(T5—HEREEDEL

‘BREFMEOETRE.
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MLDEE
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TEE1LE
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0

Fig. VI-9

! I | , |
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FU &b oD A LR T IEFE R R D L 5ROD
BREBREICHTHUPHKEEORL

*EEFHEORTE.
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UNHE (%) * 2

40-

v —Hx*
v ® HNLODEE

A ININY
vV TEEfLE
O a3

60- v

801 @

\ 4

1001 A 0—— v .
0 0.5

1 1.5 2
EKE (kg kg™)

Fig. VI-10  AME D kLR TIRERED THRO
REZ{FSUNHE

1 EBEBHMEOFETR
*) &1+ ORETOREE100%ET D
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—Ht* fEErLE
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~ — ~ 90_‘
B 60- # 80
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1EB 2@EB 3M@EB 4[EH 2@ 3@EIE 406
KE-BENIE D [E 2 71<°§ A NEBO B
MrLDERE a3
1004 100
~ 90+ —~ i
Ii e 90
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ﬁ 10- ﬁ 10-
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20~2mm®D TN AR T BZ AT, MOBEBBRBEERR> Tk, 2EL=T£T

b, B2ommU FTOMLEE CHILT AEAEIE, LEBERELZE T/ NS oT,

(7). FEKWK EBOBELIHE & OB

UM - BT T IEHRTED Y L, BEESEO VXY —HN, BRY—Y,
%%L“9¢,mmﬁwﬁmiﬁkgﬁ,%ﬁmﬁw%b<@m¢éﬂ@mmw
Yamada, 1998), ZHH®, FEKILR EEOBEELHALNICL, KILKEHE
CRONIEBBLLBET S0, —MEMRBE, REICHD MRS TIZR
EHHOKEICHE BREOREEIT-o =, REEX VY —A, EHEY—-Y, BR
IR LUNC{EMABR L TH B (Table VI9), ¥ ¥ —HNVITRIKEZBHM L
FRREOTET, WEM2ZIHE T2 EERLTIMMELTH DD, LR
DIFEZ L A EMBOBEEL, AMRBICL2BESMBEL 25, BHti TR
SEESKETIHERRRTICHEENS, BRY— VIIRKEREZ B & T
ZREFREOLET, BESKEL TV IAEIREESN, RAMOEISLHR
+tENHEE (FEREMLIFLITEENL, TAKRENEHIBEELE) »»
LFEXALRPTV, TRAEERIKAARLTH D, BHEY—VIIEHRECD
WMOMIRESE LB LT AR~EAO BT, BAME - BFREOEBESICLOEE
£, BEEEARELRLT, TEEMBORESREOMBMIZE LEFHE
REELR->TWV5, PELEETGEICEY, FELFEFIHERALIFEIND,
Table VIOV R L= & 912, Zhb0REO—SEMBEX, AL TRER<
—$30.27 MPa, fthiX0.10 MPald F & EDRE b KEL RWETH o7z, BRET
Br, Ux—HNi3228 MPak ELLBENBRL, BRA~Y—Y, BREV—Y7%
BN IEHIAKE £ H0.81~1.36 MPak BMENSEA L, TN bORKE LT kI
REHICR SN %G (Fig. VI-8) ©, RERICI T 2 —#EMRMRE % KT
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Table VI-9 4EEIEN LR TR

iy R ENH SEL( BRLTE B
SFEEI RE)
Sve—AIL  HEEERRA Rk R
eRv—y  #EeEfGn REAREt BRER T
EEv— e R FEt E S
EiykEL  EEERET Bk F 7] | He R

Table VI-10  JE:X LR TR DEELFFE

A THERBEMP)  omices  ABISHS
£+ Bl TR R )" UEE( %)
T —HIl 0.10 2.28 56 86
ER<—Y 0.04 0.81 93 87
EEv— 0.27 1.22 85 96
{Eith7kH 0.05 1.36 38 86

*1 BAETREKEL EIZERL =, B2 TOESOEERE,
*2 ST OREBOEFEE100%E T 5,
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L, Vx—HN > =Ht > BE~—Y, EBHKBAL > Xy, BR<—
V, DLOEE > ERILE, =7 ODETHD, TORKERE»L, WNicomT
BIFKILK RO P T, ERITHE I BALES K E WERO RER OBELMEIL,
IR OB L AU ETH B, L, BEICHE S WRIED +— A,
BR<— VB X OE#MAKEB L T86~87 %, HE~Y—I T %&/hE<, KWK
TEHOEBRE BT IE, =L > DLOER > Vx—HN, BR~—,
EHkE L > EBEY—Y, NNy, {BRILE, =7 DOETHo, £,
BRIz LKBELABEITO &, IBIOLABTY y—FNVITEHRBBAEL, &
BEOESHIIZamUTOM LS8 %2 b, BR—VEEBR—ViIK
BIZEDTHOMBHEIZELLS, LBEITMLEN5~93 %E LD, KK
BHEEAKBEIZE D38 %OMENERLE, ZnbDRBHTHSR, KILKLED
WREREL, KE-REOLBELRELLETLALOBIENS %AT (Fig. VI-11)
EELL/NAENZ LBRFHETH B,

(8). MM E
WM RE & Fig VI-I21ZR Lz, £7, BVELRLHFETERLEZLBROBE
&, BHIEER £ Table VI-IIIZ R Lz, =H +iX, BEVEIRLEE DI, My
BICERT B ILBRE B OMMBE T, MHEEERIZ AR GERRICITERR)
ThHhd, PLOEBIIBEOMEED PIZFE01I~02mmD BED —REME S
KEATOEZ, BEREBIIATRE: REREOM TRE 2ERITRL, BED
BT R E <, ALBIERImmEBE TEWZER L2V OB EERE 72, -
ELRETIZETIEST, LRARRBAR L, WTLORETH HMMAEER
BATREETH o1, "UNVEEADHEMEEZEATEY, MAKEILE

TEREOHMTERIIRONT, BHOERENKEL, LRBISGEII A&
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Fig. VI-12(1) iRt E(BEEDED A 1mm)
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Table VI-11 SUSBHiE R4S IR ICR-FIAEIA

e Ko AR HIEHA" (%)
ToCEE  fEs | B
s u INT R 0 8 8

—HhHxLm .rri s .

A ISR~ TR 9 3 12
ALOEE ¥+ NT R 0 11 11
A ST 0 17 17
¥+ INT K 0 3 3
AdAts ma Ik 0 7 7
e o INT 0 7 7
B R EER~RERTHR 8 3 21
] e T 13 2 15
-7 RE WK~ EEETHR 14 0 14

*I BAERPICHHIEHEFS,
* BEFHEORERE.
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T, RBRIEEWCEELRZVWAB~HBABO b OMPERT, BAHERIZER
HEThor, ERILBIE, £LOREBTINVAVERKOBEEEBTH
2, BEORE TIXTEWVIZER LRSI E <, BEROERMESE SN THEMRK
~ BRI TR OB ER L 2o T, 27 R~ ImmDOEH 2% < E %,
MBI B IEH OB, BHRRO<FY vy 7 AR LANEAOR THFEL
oo BABHERIALEAETRE RERITARL, BRR~BBRTFRT, —8
/R IZ A2 5 TV,

ENVERLELEDIC, GRENEOSBICE VT, REEEFO —#EMRME &
MR L ORICITEERBERR LN, NSO KUK ERICEIT 57
BEIZOWTHLREBEOBERRLNE, Thbb, RERO—EEMRBENKE
weHt, HDLOEBB LUV AV, BRESECA7ZREZED L S ICEMEE
S OESERKE VB ER TH B DI L, RERO—BERBES IV
HRABE LU 2T, BHRRBECEBRTFHEED L S ITILBRRA L ERHL T
BEROBEEESELN TV SHMMEER TH D, 2L, TableVI-INIR L&
Hiz, FLEREIE (%)L RERO —#ERFRE & OMICIT, HAERBEERBR LN
Mofe, 2O &iE, THPOHLBOELIV L, MMHEER T 2D L ILEOEK
HEOREN, THOBEIIRESEETDIILEZRLTND,

(9). RELBIZ X D80 5HHE L EHERRSY
BREOBECEELTWIMELHEET BN T, RELHRICX L THE
BEAEEFIT, THORELEHERRSBEZRAELL, AVEZREBLITL
BAHEIEVEECHORMIRT-EY TH D,

FRIT, Fig VI-IBIZRLELE I, THOBBESG VW EBHHBESEOMN S,
=HtENLOEBEREOEMATL, IMEMBLEIZL > TEHROEE MR
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BLIAR, THVIZvLOBEHBR LN, PLOEBIIIMERLEIZLDS
THORBEESVBRFIIKREL, IERESMIELE, THhiIZXHL, Ny,
TERLBR LU= 71, MnOLETHEE, BHAREL LN Shok, 20
3REBORTIE, ERLED, IMKBET N VLALBETOREL, IMEREL

BTCOFARZBLIOTAI =Y ADRHERRORKE vo 7=,
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FVE BLEEE

FE1H. BREOCKECESSEERS (471,
g4 72) I2bTNT AR

BVIETHRLEEDIZ, WMOXLK BT ICRON SEREIL, £0HEL
EFHEB X OHEEHEND, REL 2DODIINV—FIZHT oD, 12 F=Ht&
MLOEBDIN—7T, BANRBAFETIEFORR 7L LRKTHY, &
TORETITEMEL TV WSAET S LNERELETIHOTHD, ZhbHDR
BHZ, HMOERIZX3ERERLOBMICHEY, TRPRET DS, b5 10
YRy, BRILBB L2 70O IAM—7T, BHEOBRR 7 LT~ CRIRMK
EREWVREELZRDL, £T0RBTHRBRKEBTHES (ELES X —@ER
BEBICILPRABEICERNDIBEL, WPRBEEOLRIIRNDIBEENH D),
REIZHEI BDTH D, Zbid, RELBIZLZEHOBEIIRONARY, L
TTiX, BIFEZZIAT 1, BEEZIAT2LEHES,

A7 1i%, BEOEREKRY LBRARE, BELFEKROBER X UOBLFEEELR -
TWd, 2, REEENI0g k'L ELHEBMIIBEATVD Z L b, LEA
RIEA, TROLEHROBAOL I REMEGOXELEIBMOLEHE, WH
DBE, ERECEMREZITCEERBTH D, ZHIZHL, FA4 7 23REEE
BIFINZINZ LD, EHORBEIILALZT TR, FEREENOK
IR, HEIBEDAORIDORTHIA T2 BEBHROBRR LHRARE, BELIX
KELKRLR-THEY, CBLLLERBIZCAWEBOLDOTH D, =ELIAT2
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TH7 a7 2 DAY, FNICHES Y VROERREZTELCTVWSEE, Znb
THEERETORLIZESZBDEEILLN D,

AT LIICELEEREEIZOVWTO, BEFOBREILFFEIZH 22, Pinheiro
(1997) %, RV PMAIALDT Y FHBIZROND, BREZHEVELINE (£
RFDEFED20%LLT) L, RA#EEI{b T 2 KR ERIZOWTHREL TS,
Z D+, Soil Taxonomy T great group# AShydrudandTdh B Z & 225 bR
EINDEIICKGERFEBIFEFIZE Y (ESH1.5MPaD FAKELA31.96~2.63 kg
kg!) AT, = AL EHBRMBEIT WS, PinheiroidBILDRA %, HEPIZHFTE
TRIMODRDTAKRTNVDOBRAKEHER L TWDH, FADIEFMEEERRBEE D
WTHIIZR L TV,

A T2Z20TiE, EIEEIHTRAZPEKOKILUKEBCRONDE
BEOEZLIN, IOFLTLEZLND, &L - BF (1969) LOBLETWDE
TBLCNFyELED (=] b, FEHBIDVLRCBHOEBREZRT LD, 74
T2THAD,

HEBEOMCRE L, MEICEETIHEF (INME, MAEEE (B8EoEREME),
WLER) & Table I-IZBR L7z, T ENDOY A TOEBEIL, BBKE
WZEDOE, BICHMmTED, 471 Tix, =T+ (REABOTEHETRE)
ENLDOEBOBLRERCINMBEELZ LT DL, ME, NELLII=TLDOHR
REw, WL REDBFBRLRI L, PLOEBRIERHFHEFEINE F=F+t
(ZIEWE, Fig. V-7) LITWA, IEB L CHREICIIHEIEENZET N (B
VIE), MEHFFEBEOKLTEE (43%) I LOERE (40%) LIZFFE LW, M
ﬁ%mwéﬁﬁmﬁﬁéTEiw,%ié%k*%&%%gﬁiwﬂﬁkw%%
(Fig. V-1&Fig. V-2) 20 LOEBOENLLEET DL, PLOEBIIHLE
B, R (0.76MPa) I K OVINAE (80%) & b/hE WA, MIEZEBELMEOBRKRL X
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Table VI-1 EEBREOLRBESLIVRECEZETIER

B D—#4 BIZICHS EHEOESE htas

[EfERAE 7}~ (ReBEERD
A =EHE/E X X X X
;, (257MPa) a7% (1 T~ (67%)
! MLOEB h h * th
(0.76MPa) (80%) (1T (40%)
( =RTHFoRE I -] N ) k~th
(0.45MPa) (65%) (R (56%)
(( EREBEE B/ I\ o)) e
(0.04MPa) (86%) (R~ Rk (35%)
AVIANY. i~k B/ X h
5 (0.96MPa) (98%) (1T (9%)

4

7 eS8 I = 7] I I
2 (0.29MPa) (98%)  CGEM~ZEBHTR o
= Ih > M h
(0.16MPa) (99%) (BAR~Z2BHT0 (8%
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U +E 8 & IHEORGE EIZMER IO TR L L ENEWTRW, 2D X DI,
PLOEBEE/ICETZERGRERII=VT T LEREKRTH 52, BB LTI
HESVDO/NIWVEED, FAF1OEBREL L THLESTOND, »LOXRE
DELBLONBEES R =H L LV /IENZ L, HEFEOLRINRRA L
EZzbNn5%, BB, ¥4 71 TEHRMBME T, RERFOMBEENELOEE
RERTHDZ LIXFEVIEICRRTZEY TH D,

RIS, #4726 THOBE (ELB L CRER) BAREVRE (RurY)
LAEWRE (BRLBRBEV=T) My TES, ¥4 72T, WEESGV
BLOBIEREIVWTROREL/IAEL, REMOEDT RV, L LEMEER
i, RUARVIZEROEEERRKEVWATRTHDIDIZHL, TERLEL =TI
BHEAOAINICAR > TV SERR~BEATROBETHY, FA4T2THM

M EIECREICIEZEE L TWVWBEZ EERLTND,

2. M

(1). Soil Taxonomy CEZBIN=BWLE D
BLBEER L OCELRE

KWK HHBICR BN AR BOBBBIC OV TOERLITIANC, REXT
CHLNTVWAELEREBOELBELBIB L TB< 2, Soil Taxonomy O
SEETERINTVWAELTEICSOWT, BEBEOmRMNLEEL TH D,

FALT1IBEOT A T2 OFERBEE, 72 5O Soil Taxonomy TEREINTVD
EROBILLE (BIEF2H) o, BOREHE (HEALEFTLIERA),
A48 Lk ORER OB S NS KER O RAEEE, TableVI-2 IR L7,
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Table VI-2  HE#&E, & LU Soil TaxonomylZEESLT=
BILED, BLICRE5TH5ERSE

BIEDORERAT1.514721F g1t KiEBRED
5T HER) o BE ARk
241 HIES Rz, (UNEE) X @) X
BAT2 Rm R RE O O X
duripan ‘ TABIZKDIEE O O X
fragipan ‘ MEBHER? EEME? X O O
petrocalcic horizon  REEHILI Y LIZLHIEE O @) X
petrogypsic horizon BEICk5HEE @) @) X
placic horizon F(BELUTHY, M) IC O O X
FHER
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Soil Taxonomy DELTEN > H, BEEVWHEHOFEILI - TERIN TV IO
petrocalcic horizon (REEH NV T AT K BH2E), petrogypsic horizon (A
&), placic horizon (BkELEgE~ L H UV EREHKLARMOELSK),
duripan (7 A 8) THD, ZTOMIZ, HEB/ALTITRVE, LREORVIELIZ
E Y RATHMICEKRA L 725 plinthite, B L UER L7 spodic horizon TH %
ortstein &, HEMHE RFIHE I, BFIHK-BEILITAVI=V L-BER
B VHARRZATINOLOBEILLEBEREATHA I, B, KHIZEBWTY,
BTIZXVBEH LESKSERERICEWT, TBEFRE CTRAFEMICAEMEL
THEHEYBELRY, LROERBELBRIEDS (KK, 1978)

fragipan IR HELRAZY, FEOEEVEICLIBERLBLIERINT
VWU, fragipan (% Soil Taxonomy ICEHEINE@EILTEOP T, HHELD
MEBEVBRONDZ O TH B0, ZOEAEECONTIE, HENLRER (&
WOB RIS ML BRIC K 2%/ (Jha - Cline (1963)), 7 hU D
LBEIVOT IR VAL A VICBEDRETFT TABRLES LK SHKROREE
(Hutcheson & (1959)) %) ICL VL LEB LT HDRMEEHE—FHT, ML
POEEVERBEICEEL TS ETIREBROND, EZL, EEHHOD
NEITREICE > THATHD GERET VI ) 7 A B (Karathanasis, 1987),
AT NI 7 r A B (Norton &, 1984), F—F A FORMEICWE SN T H
B 7 A8 (Marsan - Torrent, 1989), WEME®D 7 A B (Steinhardt 5, 1982),
AEMET VI (Yassoglou - Whiteside, 1960) %), Lorenzoni 6 (1997) i3,
BEDE (F18R) DHEEDBLOETERTH 20, HEMER (LBEKDH
BICA U, M GEAL TOBRUKILIK) ORBRICHE D BEL) OXELEX
bivd LT3,

BENTORETOTHF~OBROBEICIVERSNT, BELTELZ
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claypan & #R L 7= BF % %S| (Kunze - Oakes, 1957) b 543, claypan i 455
BECIHELE L LTI ENTE ST, Soil Taxonomy Tit argillic horizon
¥ 721 kandic horizon ¥ T 5L EXHN D, Lindbo + Veneman (1993) 23
ERLTWB X5z, L2 8EFM L /- fragipan id argillic horizon D B %l
ETEAENRHBHI D, claypan % fragipan OBELRDZZEHTE LD,
Milford b (1961) iX, WBBLFRICARONIEELLREIZOVWT, BLFEMHR
LNCEHEMHERIZIBELCORRIEIROONRZNI L b, FHHLRERER
EHBORKIZE MBI RN TEERLEZLDE LD, TOLED fragipan
WZiEWs DO E B3,

DX HIZ, Soil Taxonomy TEHR SN DML OWN, fragipan iTFELHEEIC
ONWTKRER—INERBITRVE, MITHARLESEVELZRFSDLDTH D, £
7=, BALAPEDE TIX, fragipan & plinthite USADOELEIIELORETH
BLLTWB DIt L, fragipan (ZAEIZL VL, plinthite ZHBO®KY
RLUIZEVERT ZEPREL > TWD, fragipan i&, RETHEZKET 5 LA
BY5RTYH, OB LR TS,

(2). #1471 OFE{LHE
(DIZ7R L 7= Soil TaxonomyD L@ L ¥ A 7 1 DELFFHEL BT D L, 4
T1IRERFOLBELL, RETHREZKELTHORMELRVAT, WTFHLOME{L
BLbRBEoTW5B, HiZ, ¥4 7 1 DWLIZ 2V TIE, Soil Taxonomy? &4k
BTLEFONTWD XD REB{LEE (BEEVEOFESR, MENEH (REOK
EORTEBREICL2BENR) LIIRRZTHA I,
=HEi, PLOEBIZERTNBLELOEGVWHEREL, FAT1OFT

LRAEN LD THD, FONETRLAELIL, = HVLOBIEEEZEF O KL
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REBLEBT DL, MEREVEZVERTH D2, KoRFEDARIT=F L
FElCRxV, Fig MBICRLELDIC, =HERRETEASDIZEA LR,
1.5 MPaLlED &R DAKGTH Y, THOWNMER (Fig.IV-2) IZXkbh T30
bIDERADKGTHD, ZOKGDOEEHREFEEBIZONVTIE, HICHILRK
RTOHEM) 72 £ FF, Pinheiro (1997) 23 EE{btE Dhydrudand TRMEL 72 K 5 72 f0
mHWO%%,ﬁ%ﬁﬁmwmammkﬁﬁﬁé,&Eﬁ%iahéo

HELTOREBRE TOWMEEDL, MHEREOERNE kT OBDITHEVE
EAERNICED) ERESEAZRETORENE (K5OI 3 5
DEHLFHERIFE L D /hEV) OBEBIZSIT O, TOERAPIERATH
% (g - N (BEER), 1972), LA L, Fig VI-UE AR L7 = T DO UNHEEE) (Fig.
N2DRBEZEZXZHD) 2R52L, AN EKEO0.23 kg kg O A FIREE
T, WHEITERNTH D, RERENLIBCTFET DI LICK DML,
ATHOREREE TORMBITHEARIEE /NI NI &N LIERMIGFET D,
FITEKELO0. 23 kg kg' LATOEHHG TH D, T20L, =L TIIEENMEIT
FELR2WVWRERY AonT, RERBRICBITANGEITXTERNMETHD, £0
O REIBE T, KoOBIIZEY EBKDA =D RIZALIZAEDETH
BT OBE - BEBEMICHFS T, UEhs, = TEBEFLWHKEZEZ TER L
LT, ZROKGEHFIEMITELNLRLOEME CERIMEIMET D Z &
BETFLND,

Bz X V@ L=, KELTHRELL2WRERIZOWTIE, NMEIZ X
DAECEBRB LN RFHEOEBES, BEH) PREVWILIIMAT, KWK
TRERICR oD, REIZHED RAHENR (7270 5F— Me, BAEDEME)
BEELTWEEEZ BN S,

UENL, 47108k, @BEHBEOKSOREL, £L£ 56 REKE
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ETOERPBOMBEICE DD EEZILND D, TOBBIIOVWTIIREBE T
EALNTRWED, 4%, TREFOREFHRE O DR, BEEIC
LT BMOBMMEEOBESIZLY, AL WK LENDHD, F1HIZKS
LI, FPATLITBFEOERR L LRI, T BERIEREZ T CERLE
AONLBERETHDLIDT, KFRFXLERINEREOBE I HBEREROE
ZOTFT, RVWVEADOMIZELTEELDTHA D,

3). A7 2mE{LEEE
ZA72F, ALTHRAEKETHLELL TV 3 ATiXSoil TaxonomyiZ R 5

NOMLBELIEBEBLTVEN, ULTOLIRATIERAR > TW3B, duripan& i,
TABODEBPBEINRVRTRRoTWS, ¥7, duripanDEHTHB [+
WDS50%LL A5, BAKBEET VU AKBBROBELIITNAAY -BORKELEBIZ
KXoTHETS] MEDHFELZRRL~Z L Z A (FigVI-2), 40%KEE{LA Y 7 A
—1IM HE#E OFEFRLEE S THD50%LL EA3E20mmEL E DB 3 IZEF LI E D
b5%, duripanDEEIZFF =722V, fragipan& (X, £+ DORETHLE WAL, AE
L2+ ZKELTOLRMBELRVWA TEAR > TW3, petrocalcic horizon,
petrogypsic horizon ¥ X T' placic horizon & i, {E¥#4E ¥ L U2 T RMAK D 54T T,
ENENIZRFEA 2 HE DL (petrocalcic horizoniL K BE I V2 7 I, petrogypsic
horizoni& A &, placic horizoniZ HHH) B R ONBVWEATRR > TW5B, T4b
b, #4772 %Soil TaxonomylZ EE I N TWABELBIZITFZEE LWV,
FBIEFIEHII N LZLZ, EXCPEKICRONDIKLKREBOMLIE, T
77 OHEFRE % O (Ninlos  Ortiz-Solorio (1987), Fedoroff & (1994), Prat -
Quantin (1994)) %o, HERBICA UL -EEMWE OHEME (Nimlos - Ortiz-Solorio

(1987) TIiI7 A BE, Fedoroff® (1994) TIiLKEEHI N 7 A, Vogel * Acuna
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Espinales (1994) TiE7 o7 xV) I2XB&ENTW5D, £, KD KR
CEZBEDOK (w7 /hDOKER, KEPTOKER, kKABWKRE) BE-2HE,
KIWREFCTKILRRAERAELA>TEHEY, KLTEAEEFENDIKTRTY
5 (BRI, 1983) Z LA bATWD N, :0)4:.572*0)115}%@:4: Y K I K& A3
e THE®%ICEL L= TREL D D,

AT 2DEBREIZONTIE, TERHBRCARELBRROBGRN?L, BEDOHE
EMEOHFEERIBOONAR Y, Tz, HEEKIC, BEVWEOEMREICLS#EL
BEUZBEICEINZERIELITC N, RERDL, HEBEORKOZE TR
CEELEDTHNE, ETORICLEZOEEBIRATVILIETH DD, BT
FFORBICIIAELTELTY, FA T 20BOHOBEALREEATHLINLTH DS,
BAT 20— REDEBEITEHFEDO KL BEERIKRLEZLOT, &
MICBEOHEILRV, Fhil, #4472 0EOBEIT, HERMEFE IIHRE
B2, BRPOKDIERSTEAL LD LHR IN D, EBRICAE U ZERES
FAITHEINIONTIE, A4 7 22KZHBOLONHEIDN, TNENRR -
CNBDM, LEIAEEDT, SEOMANEENS,

BB, FAT20F8BERBETOREOZIMMIEBEZRIRL TVWDHH, £0
MEEDEE LD LEERIZOWTIE, KILKROEHE X OB TROSME (<
7= DMK, BEBLUKSY, MAORME XU, MHRE?L OB, HR
EX, %) oz, #HEEOBRLOKELHY 55, LD, RECHESEHIF
DEEMED >, INT T LR A BOERL, TREKITHERSLLRORE
BEoR HEARBEICH DI LNLEXIZK WV, TaZ = VOERIBF AT 2
TEBICEEXTEY, LObBELBEORENALAAVyOT a7 x raRIiTER
GLBLaTIARRE N, SUANVEERLER LT LR2Y, ERNRE

RS EBOMEBERERTH S, TOFREBBRLIZL DT 07 x v DERK
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THAULZ/MREHEITIH D, THIFBREME TIIRRITEET 2V, b LERICAELT
WBHDOTHNIE, FERILERL=2T S, SBEORIBEDO T THIHMELZEL T

fI<LEZXLND,

B 3H. HESE

TROBIT, BHHICKT 3 LBEREHRECEENFMEZITI) ETR—X
LR ERTHY, FEERLEBOFELEARBRICETAIAHROERETL D
B, TN, TROBERLICBITI2EBEOMESTE*ERTIZ 1%, B
XESTOLREHELEZLZELTYH, EMBENL2E@»LL, BEETHS, AH
T, FA71BROS AT 20BBRBIZONVT, ERELBLIEER LOMNES
Tl RCETIEREBOHFENSZONEO LELSBL T XITTEEZOND
T C D,

KURETBIZR O N 2BERBEO LW B ETOMB ST, Flachd (1994)
WEVEMIBULNAT VS, FhICLDE, BBRBO S LHENERIZES L
Dix, EWLTH 2 ENT, Soil TaxonomyiZ 3> Tidlithic contactE 7= i paralithic
contact& L THbh D, HEARERAICE VA UL DX, duripan, fragipan,
petrocalcic horizon, petrogypsic horizon, placic horizon, ¥ 7= iZorthstein® B %
WMEEEEINLIZOEEND, Flachd (1994) iTWRB (Flachb D #E N E X
NIZRF R TiX, WRBDATH DFAO-Unescottt it + 8K /3% (FAO-Unesco, 1994))
BT OIEBEOMESFIZONTIEERL TRV, WRBTEZRINL T
% FFME L 1L Soil Taxonomy &L £o»DE WV (FIEF2HSR) kdHsb 00,

RGN EN D OEM %5/~ iLSoil TaxonomyDHFHE L FEIZ, BHE+EE L
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TRLbNLBELDEEZZOHN D,

AT TBAERERCEBS LD TIEH B0, AIERD X 512, Soil Taxonomy
RLWRBD HESBEICBWTEZEIN TV AIEMBOMNICHZEIA LRV, £OD
=, REQTESBEIBWTIE, 47 LIZEETIERL, BICHEEBLEZKX
WK TBBRED—>TH 5B, Fhnil, > LBHFEOLBLIEALYE, FA4 710
GEODHERFOHBME, BSH Lo THELZT T LTV, &R, ¥
A4 1R TBREBERCE > TMLNDOKEBMOEELBZEE (Bl : XY
NOERT ZBE TIZB T, albic horizon®°spodic horizon® Bk #1258,
FNOLDORBMBME L TEDNAZ LR, a0 LEIEAIZLEELED,

% A4 7 2%, Flach® (1994) 533 U T3 X 51, Soil Taxonomy T i lithic contact
¥ 7= |Eparalithic contactiZ 43 X4 5, AndisolsiZI VTR E100ecmA AT, F A
F2DEHICRERZITAKELTLHELRAVERBREXFET %S, great group
D AT =Y — (Soil Taxonomy(ZF BEMLAH3%F B D 57 HEFE) Tduric great
group (AA®D & 5 1Zudic?d £EAK D RMEIZH 5% E, Durudands) IZRX5F I D,
F7=WRBTIE, #A 72 13&%FHEEND—>TH S continuous hard rock (RJE,
MTRIERVIZEFEVESR) L LTHDILD, BTE T continuous hard rock??
EX25emPNIZEET 384, O I Andosols Tix72 < LeptosolsiZ X5
ENnb, £z, TE25emLlEICHFET 558, Andosols® D lower level unit (#
4788) B3 leptic (272 Y, Epileptic Andosols (& Z25~50cm®D % &) X 7= iZEndoleptic
Andosols (50~100cmDHH) ICKHZEND, ZDX S, ¥4 7 2DFEITSil
Taxonomy & WRBD W NI WT Y, Mmoo BB AICEET S,

723, Soil Taxonomy T itduric® K 43 iZsuborder, great group, subgroup (ZN %
NEM»H2E8, 358, 4BBONENIT A —) OFEERBETHWLN D 575,

duricDEGiXiE & A EDFEEduripanDFEF L E L L, Andisols® & UFSpodosols
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PBAEDH TREEDAKRCHELRVCENEET B8] LEARBE RS,
+72 P b, Andisols& Spodosols Tix, WrEHFIZ¥ A 7 2 BFETHIE, LHRIE
Fi¥ Durudand ® & 9 22 duricDRZIZR VB DZR TH S, Soil Taxonomy T,
¥4 7 2 BEZERD K D (ZduripanTid 72 < lithic contact& L THRbN 523, K
O HESE4A %17 5 L Tllithic contact (Z #UiXAndisols TliXsubgroup® B F&
TONSEEAREL 72 53, DurudandsiZ lithic subgroupiE FE L2 W) Tk <,
@mmm%Uf&bné:&ﬁﬁ%&wo%ﬁ%%bﬁm&%f,Ammmoﬁ
BEECBVWTIRIOEOBEMAE 2 duripaniz E U TH 5> 3, LBEERBEHRE
EHEDETCHELWVWEEZLNTDES D D

BAOLEABICE W TR, Bt HIELEE 3 KSEGFTR (B ERIEE
8%, 1995) T, 47 1 348D 3 HEEACHIBEOMNIZ b
LW, E07H, EBRSEOEA LRk, BEis3BEREIE L THRLNLD,
Bz, #4711 OFER, BEOHESBLICRELRY, ¥4 720, WHK
BEHR29mmEl £ DB E B 10ecml ETHNIERBOERICEKY T 5, BrEmd L
WAL, BEBOBEGLZEET I A 72 BEI60cmUNICHBE T, LT
SR (B L3BREONIT Y —) OBEBET, BERLLIEKSENS, BEX
DHE—MTESERZE—RE (R Fo X MRS, 1990) Tix, BB
B L CFAO-Unescott R + IE A MO EEXANTVBDT, 4471, 447
2 & H FAO-Unesco Y & FIEIC/ DN B LICR A ), H—HEROSBRRE
—KRBIZ2ODOHT T — (HEBELEH) 2RFOB, WIThOAT I —IZB
WTh, BREBESEOEEL LTIRAVLATWARWED, £OFERK@EO
TERABAIZIIREBLRY,

UE3FLD3L, BREBOI LA T 2EHRFOLBOIBARETMS 1O
HMEL LTRBESh, WROTEIBLIOLRRTIBELZVDIIHL, ¥
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A7 1TRBEEE L TRIBRIAT, FEOLRIBLHIORARY., TORIT
BARBHEICR T LBERO L CHELRVES,

A HREHE

CZFETRLTEREIR, #AT71EFAT 2 EODETHERRRZ-T
W3, F0H, BHME L THATIRACE, MECIRL2 o LREHRS
RBMLETH D,

B A7 1T, BERICES —BMERFBES L CILPRBEEOHEK, LHOIHE
BELNZDIZRL, ¥4 F2TRINLIZR LN (Fig.VI-8, Fig V-9, Fig.
VI-10), BVIEIZRLEE SI1Z, BRE L= L0 —#ERMEITERE O KLIK
i%ib%#ﬂké<,itﬂﬁﬁwﬂimﬁ%kﬁéﬁ(QSMm)%ﬁzf
WS, PLOERBL RERICIIZOEEZEBXTEY, Ny AVEREL - REO
WTNTHZDEEBI T W, BRILBE 270 —BEMRBEIIEL - RED
WTFNRTH/NE ok, WhREEZAEL - REOWTHTY, FUROME
FETHIEEZRESBRI TN,

F 471 IEERRETIZEAL TWRVE, BRICEBHT S L ERICHEVINE
LCHECHENEHEARD, ZOXIREROREBOTBTRELZITI &, L
LTHIBIIZ L= BEIck, EYREBERIXELIETTS (EADL (1976) 12X D
L, —HTBEHBTINT—ZRIELESEE, 2~8FORM), £, #LLE
SR ATE LT b B D B AV ASE R D kLR e, BRI V(LT B K
IR EWICHER T/ EVDO T, BHEEOEBOBRVELIZE Y BRICHELT
BB LICCN, 202 EDnD, EBERICHENS AT L BRBICERT
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BEEE, ELERVETI 0, BHERCBRENRBLEEZTINETHDL, £,
FAFLIZTBEOKIUK LR EFEOBLENEFORLD, VU BOSHAR,
FRICEBpHEER L VULV D ADHKE VT, KLUKELBIZH L TER
TN EHEUBEOLBEX>TILERSH S, TEO U VBEERITER, )
BERIERICE > TREN B8, U VEBRIREIIREEOEE £, &ZRKED26.9
P,0, g kg' TH Y, RBLEZERZ LZOVWTHELITY LEC BT ZDEL
2oT, REMOERHIZS WS LEEE (1997) BEHLTWD, ERERD
CIWZHEAZ#DRKR 27 + (Kurobokudo Co-operative Research Group, 1986) (23
T, BHETAI =T LB L OO EE Al+1/2Fe, (Soil Taxonomy(Z 3> Tandic
propertyD$EE L L THWOHLN TWAE) THENZLY, U UBREDUREE OB
H“ERLESLDNFigVI3TH B, =+ VvBRIMEREOSEWEEOH T
LEET VIV ABLOCSKOEBRREbREVWTEOLBTH LD, U VED
EHRIFICEELEXOND, BARTHE, =V EHEOERMBIZB W TERO
Wil ) UBBLUHBOZMA LTI LICLY, £ENZKEBEIZMEESER

(EADL, 1976),

FAT2XBEBELEZRETHE DT, BVBIICHFET IHEIXEHORIK
BHEIB S, B - KoORNAEEINS, £2BKESEY (KoRHEES
R+ s 27808 ORES a4, 1987) TiIafEKHEEI10° em/
Bh&, KESORRZ L0 (KH, 1979) KV I~24T{EW) 29, gk FR
LB BENELDIBAND D, AR THALZERE TIL, NVUAVITET
eV A VERBRONEZENOHABLEEZLN, BWLBZFETIHEE
RBEORRELRDAERENSHD, ZNOLOBEAND, A7 203HFET HHH
TREREERILETH D, kB, FRIEEORIC, BRLCEREISZREIC
ELICBRAT DL, SEERCMEBERORZHELDIHENH D (f5AK - IWH,
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1964), ZTDHBEIE, BIEBZEIZ2BLZOBHELLETH D, BRERD = 7 #H
CBWTH, L—% F=F—2AVEBRERIEE 27K CL Y EDIRE
BELIBRLE (BTF5H, 1960) 23, ZOHEEICITER2TIOLV—F 22
L—F F—#F—2 AV TH1a0 HRHBIZI0 EE L TH Y (¥R, 1983), %
DEABLOCFAIE4«DBEBREOABTE LI LVAANZENIBITHDI D, X
BRI OPDLMIERRARTHA ), 2 7RE T HFEDRBELEHR
ROCICKRBREREERE) CESCEBEMBERTITON, 43km’O @K %20
REMTHBR L, RBETIE, aZ73HEMTCRAVWETORRELI TIZHP LT
BY, HBPEEINDILTEEZIR N v Ly FTF—47 v 7 (HBRV
vy F7F—%7 v 7 e ¥EMRZERS, 2000) T, BEbLHRBRAERENKE W TFEFIC
BREBCHLL 2T NIEHBT 5L MBI ONDIELE TR, TS,
WERELZHI KAELRERERLHECITONIRE, EBRBEO L S 2HEAE
TEARBET DTREDEL TV, KEICERELFET S TIE, BE
ERICHEY > THRBEOBERLCICHETIES, ES2#HEL, ToHHIZ
J&CCRERE, BERR, BB CHEUIRHREER TS, REBVEZTOILEND
%,

e, BRBOFEZILIBABIVCLEBPOEE A AV OBRICEETDILES
Abivd, P~EANMORBRI L CIIEESARICHKRT 2 TRKOHBERE
ERBLPEILLTHY, BARLETOZTERMTFICE T IHAEES (AKRFDL
(1999a), WH - ALK (1999a)) Ti, #ﬁk*mﬁﬁ&ﬁé%iiﬁﬁ&iﬁlm@i
WHRIA L EZCBEARL, FEHFRASAREOSWRBELERICHKR T DMHBEE
ERHEDOHF KR ETEENLBE THIZI LB TWND, TD XD R
BT A T 2O0BBBREFEET DL, FNBREKEE 2> TEPKRDOM
RNzBE, BEEORNBERPOOWHBEBERVBEEOHFICEPTILED
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RHREMSAE U AR H B DT, HBREOSHCEREDEBIEEMET O T
KKERED LTHETH D,

TOXHic, ERPICHEETSEREO SR D CHEEEOMBAIL, HRE
RSB T B AEERARS, HIRREREO ETCEETHDS, L2L, BEED
+HERPHERAET Y IIESImETIZBROLNATEBY, TR L VEBOEH I
SWTOARIZED TZ LV, EEHEFEREREFgVI-ZHANERELDORE
FRBEEEORE LT TWAA (LA - AfksF (1999), ARFDH (1998)),
FEICET AREM, FHBEOD TRKEVWEDERKOFEITE LV, BRKRTHE,
BEAECR -V VRV BONEEBLROBFLEMERICOVWTOT—F
2, @F 75 R PERAVERBMFOFECIVEMIZORIT S L3, REICTF
ETAEREOSHBLIOCHEEEOHRED LT, RbADRFREEXLND,

Fig. VI-4 fiZERELIE
ENMEEICLD
FRTOHRE
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Ry H3 O TERESTEO—D>TH Y, ZOMEEITRICENL TV S,
L LN O BRE Y +O—8Icid, BEAROMER LTS oM LTV SEREALKE
e GER T=At)) 2iZC®, ELOVERICE Y ERRHEIRE, SBHEOEL,
KRB & ORENAE L 38000 18 (RRSCTIHERRE L RIS 2) BFET
%, = H L OEHEIZOVTIE, BEADL (1976) ZiXULHEODDOHEFHIND 503,
RS, AR, HESEEOMBOSTHIZOVTORBRRAATEERBRIETD
TR, MO KUK RS T 5= LU OBEREICOVTS, #x
DHEEFITESNR LN B, REHRIIRIC L AERUE, HRAERE JUTHE
SRR EBIITOATOARY, ThbETFAnY—RBL TR ey —OmER
b, BENOREECEETH D, 0L I RERICEIE, AFRETIE, MO
KR RS OBRE (=X L& UH, EWKUEIO THLOERE], Bt
BRSO T80 ), REKUEDO THERLE) B X ORBXLERD =
S51) ICONT, EWEERRAL, TCESHTHEAR, BEEEER X OTES
HOENLEELITo T,

WEX{TO £T, BRBOBLAELERTHZLEBFRAXRTHD, HROBLA
BEIE, —EERRBRICE o TP RBEH L WV EERGHETE 225, —#EMRRR
CRERVLNAIISERK (ER 3.5cn, & Ten®HHE) ORBERITETH,
BB ARERCRBO BB R L 2 Y, TELRE LWORE I —BERERR
BOBEEREZ AR L 572 EOMERD B0, NIV A XZBR L 2R
BTRBREZTH ZENEE Lok, £Z CTRBERFIELRIL, 2cnX2cenX5cn
DEFEICEY LR EHVERR T, JISRKICER L 2R LR CAERS G
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BB EEHLMNILE, ZOBEFEE AV —SERRRIC LY EEREO®L
SR ARSI AR L, SEM, (Lt SEAOMEE R b NSRRI IR & BEMLR
B L OBRE M LT, BLICERT 3 BERICOWTRAEZITY 2 &5, AHROE
BERFERTH D,

FIAE P A OB~ 16km O, ARILEEICAEST > KENGHRFOERE =N
+OEABEICREL, FEOBENE, FHPFHHEE OV TN ETo, &
AWTEILE S 410cm T, 14 DE~BAOLE Q K0, AR/MIFEEITTLRE (F
<= &t BERE%EZL, WThOBb HEUSEAL TV, BEkE, +6,
BE, #EBLUar AT R FVTRG AARO KK RIS RoNnd b
DT>,

— RGBT L OUEE - BB (1982) 12k B MC HFRBIE CRERETHEE OWm)
FOBEKERND, E2BIITHERY (6,300 FERi), F10F (EMI~=A) 3G
B Tn kIR (252 F~2755 T4, F 138 (THI~=0) FEFTRy &k
BA (W3 5EaN BEMEEXALNE,

MBS O R, T TORETEMERX HC 72U LiC, ERET 13.4~18.8 %,
(RELEIE 0.41~0.53 DEEAIZH Y, KBMHELE 2 KO T =HRBLTEO L TITA
AR BO0M, AL REESRKEWEMEZ R L, KORFFES, B1EL
% 2 REIE pF-/K4y M OB X MLz B L, 3 BUTORERL, HE TR
TholBF~ M) v I BT ¥ ¥ VDG KL 3kPa (pFL.5) T 1.33~186 kgkg”,
1.5MPa (pF4.2) T 1.08~159 kg kg LlEBH oM, HY MY v I RT ¥ ¥V TD
GAKIL, REEGRLOMICIBEBRD NN, MIEREOMICIAR
RIEOHBENFED o T,

REERIZE T B TH O IR, MR/ I SEEFERIT RN D
BB, £5808, BIBERATORET, AKLOBMIZH > TRARICERICH
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KLU, BEOKRETILI0mm 28R 7=,

L2 pH (H,0)28 5.5~5.9, 2RFEH 30~127 g kg', CEC ix 19.8~49.0
cmol(+) kg, MY, IV U LATE1IBEERE 1.7~58 cmol(+) kg, ¥/ X
UL, AVTABXOF MY T AK 21 cmol(+) kg LLTF, U UEERINGREGT 22.8 P
205 gkg’ LETH o7, mRMKIX, 74 REED 41.1~54.1 % (BLHERO, E
10 tRPIZEDBIRE) OBBIZHY, VIV VLBLIOT M VAZREDOHIC
ED, TAIZUL, & FEAUBIOT VAU EERE L OMICAOHBENR LN,
—WREPMERIE, EHRWE RIL8~50 % TEHEMMBITIZLA LD TY VA >H
G > L READIETH o2, BEMIEEKLUT I ZALHARAREEFTHY,
B1IRB~FE3IBRTHIRYICHET AR DRALT T R0, 5 10 BiX AT IZH
kT BRARVRBELORERKILT Z7 ZAREhole, —REBMEENLHEESIND
B OB OAEIL, RIWAE~TACAELHE BH ok, X REIFR X CBIER
RBOBERNS, 2TORTHITIMOEERIIT o7 = Tholz,

INHOWE (HENmERE, BFENS K CEMEINEE) &, BASHmOXKIL
IREOMBB ARG, BEB L VOB BB (Kurobokudo Co-operative Research Group

(1986)) L BT DL, KORFEBPRKEVWEWS FEBIIH DD, BELRR[TIRDL
gRALAN

THO—MEBREX, AL TIIOTROETH0.41 MPall FTOETH > 7=, AR
WERIZB T 2 —EBEMBEREOEB X CIHONEES WITBIC X > TR, Rk
CEEWN—BERRENE LA T 5=t (FUB~F8E, FOB~FI2BRL IV
FI4E,), BB —BEREBEKOESHI/NIW, F=THITEWE (B3
B, FIBBLUEIE) BLUO—MERBERRKPRONRWE=TL (F1E,
FB2EBIVCEHMOER LORE) 2miF bz, REIZHEN=T L0 HIT4A L
REDETEDOS8BLA T F CULHE L7283, =H LUSMINMES VAR E VREL L /N E W
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REVD o7, Fh, HBICEAE-KEOLEBLEY ET L, =iz A ML
L2, #=Ft+ (GREXREL) NITLEPM L=, UELE=F 10T,
ORFR DELREDKE X (—HIEMRMRE N IMPaLl £), QUHE (4 EFRFED60%L
T), QKBERDOIRIE, OHELZEDLREFOTRTH S, HELMBEIL, BRI,
EHEL L OKGRFREE W o BBt L ORIZBIERERA L, FICHEEEE DM
(CHEBERIEOMHBIND 572035, (b, —REWMR, BRERRBRE RS I OTHR
MR & DRICIZBAGRA 203 o To, E MM RBANIZIE, =H 1T 7 RIEES O EM
D5EGE L THRB D2 VWM E LoDz L, = LS OREHIFRIREE R
AR 1 D FLBR D 2\ VRIS 15 % 75 D,

FRIEFRDDOEMRIZB T2 =T L0 mEeRET 5 L, FEFEPE? S ~33kn
ONEBTIERIL O TIE 7 AR v TOREBEEATIES, PMaEsmL L, knoa»bik
N ABEBE CIRBE T L LBATEOTHRETH =T L THo7=, MEEPE
P HFEA~22kmD MBERTIE, = HLOWEIITI o7, RERFOBE(LRE R X O
FEL, MEIEREBRIECBERIZH -,

RELI2=HTD LR EEEORETART L L, IMERTOARL 2HAIC 15
BDELIHREL, 74K, THIoULBLUENRERBICEN L, 200, &
ARNTIX02MBEEME Y = URBSHRAER L FIRRICHEMER L 2B L TRk, =L@
GIZIE P EERBRFIZ R 2L TCVBEZ LB ZORBRTHLRINTE,

ULoRBE, =HHLSNOBERRE (LOER, vy, BRI Z)
WZONWTHITY, SEBEOMMELILLER L, ZOKE, BREII220F7 1472
KA T&E e, —DF=HLENLDOEROINL—FT, L EENI0 %L, KEb
HH0.7 Mg n U T LBHEDOKLURTBERFOLDOTHY, RKIZFA T 1 LS,
b=y, ERILBRB L2 T7D I V—7C, ¥LEENI0 %UT, K

LEED11 Mg P UL kL, BEDKIUKEELERRZLDTHY, RICHX AT 2L
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o ALEHOETIX, 47 LIIREFESEN30gkg’BhLEL, #4772 (4gkg’LLT)
CHARTREWZ ERBET, ZHEmY A TOERBBR (#1471 IXHRAEKIEM
DEEBEZ T TVE, ¥4 721X LBEREAORE TR, BMAERRKE TR
LizsEZEXbN5) DEVERMLTWNWSEEX LIS, TREKS—RIEWHERKIX
M¥A7EOBEOBMAMITRIT, BEEMILTORBTT e 7=V A ThHol,
— R IE, KILEIZA LN TV A EBRBOBMOAEE L R<ES LTV,
—REPHRR L EE (ERBE~TAY A MNE) BERTHDZLnd, BRE
DECITBM OHEICEREAT 28 TR,

HHOEKEE, R L O—MERREORBRIL, #1471 TRAELREBOEK
HA30.7 kg kg' LA E ERE K, BRELIZfE o THEAIHE L — B EMRHRESBRT 50
WL, #2472 TIRAELDOEKED04 kg kg’ AT E/hE <, REICHE S —BIER
BEOEABIOCIMIIR bhiehote, £, #4771 DLBITIMERRAIEIC X
DHAET B8, A4 7 2 XHE LRV, RO KEICH > Mk, £ ToRE
TIEEALER LN 0Tz,

LR D —BhEMEHREE X, =F+, HLOEBB L0308 MPall L, Tt
BILER L V271304 MPall FCTH o 7o, —HIFERMEMRE & B REBRORIZIZBEMR D
HY, BEOKEVRAEHIANTR~BER, /N ZOREHIRERLFROMMEER TH
ot, BB, WMIZHHTBHEKLRTEED > L, MEHBOY Y —HN, BR~—
TR IVCEE— VR, MREOKMKE L HREZICEVEL BT S5, IS
PRVEEKBIZE Y ET SR T, KUK TIROBRE L B> TnD,

AT, #4728, BITOEBRLESBERICEWTERSNL TV OELE
(duripan %) DOfTICHEYET, ¥4 7 1 IXEARZBEBRTELRREIN, FA47
2 i lithic contact (Soil Taxonomy D3FE) %, TRLUAD LD LFDOND, ETo, &
LHREIZ OV T H, KUK HROBERE & EEHESB EOBEEIIR 2> Tno e
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Zxbh53, ¥A71LIFw b v 2 BT %V 1.5 MPa L ED KRG EZEBICREFL
TW3BZ L&, REBRETIOKSSERDN DBRICIERIGE D RERBE THREYT 5
BB ORER SRS, ORI OHERE, RYMICE S TRARIEH
DEBFTELELDEEXOND, A7 21 IBMOHBR I LI LOERICHE
BER UAREE) ICXVEBkLEbDEEXLND, EEL, WThDF A 7IZon
T H LD B AR REEC O W TS % OBABREZN S,
i@%ﬁmowrm,5471&@&&%?@@%L1m&mﬁ,mimﬁ&fé
LHELLIEMABT 2 ELLRETHED, 47 1 BBEHTIBEEFREBNELZT
BEHESOBEN BNV ETH S, Fiz, @FHOKLKIRE REROFEESE
(VU BER%E) BLETHY, Ho=FLix) VEBEEESED TREVRIZEE
THERETHD, FA 7 21FBB LIRETHE DT, BRH & AV BUERH 2
Bl BB METHY, EmFLZERESZRIELIZEAT HEEIIBIEIC X
DEIEMET EIRETH D,
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HEE

AHRXDOLVFELOHIZEBL, ERAKERZFRBFEMBENAR BAR &
BRICIER» OB R THEL IS, RLCKEIPVEBZWZZEELE,

ARTITEENBHRAKEE LNBERRBEERER HREFFAKEE (H
4 DIREGHIER (FR8E10 AET)) KBWTTo EERNE (ALK -
I (1993, 1994a,b, 1995a,b,c,d,e, 1996, 1997a,b, 1998, 1999a,b, 2000), Kubotera -
Yamada (1994, 1997, 1998, 2000), A5 (1999a,b), LM - AfRSF (1995,
1996b, 1999a,b), ILE 5 (1997), Yamada & (1994) )2 LV EL DB D TH
D, ILA— THEHEEFRERE R WNBERRECERE) IR L,
BIRCDO D BYI R THRE L TWEES WSS E L, NRGA oRRESSR
BRICEIAFEDOHE L Ro-HERELZELX TVEEE, EZOHEBZ W
EEEELE, RAEBH HREFRAMNAFRERCE, RXORAEIHEZVEKX
BRIEB LB ENEEEE L, AEREHOBRIZIE, FREFERCHRER
#EmarticLTnWEEEE L,

AHE TRARBENEE Y —{LEHE, NMHE x RErs—LREH
Bz E (B RRREENEREHE) Ro0IKHLEEA TAMBRERRS
BRAMEE="F—LEEFREE (B BERBEBNHARFTZEERDEMAEER)
wit, =B LTEL DI REZWEREEELE, REMZ B RFE
ZEBIRITIE, PLOERBICOVWTELDIHRENWEELS L EBIL, RAKT
—ZD3AOBHFLEVEEEE L, dRIER TBEREREERARS LIRIE
BaE (B AEEEHNMIHEEEL ¥ —FE) 25 CICHRE TRMHE
B (B ARARSABIBERMAZLEHRAR) CFa70RB/RBUIHLY
TRNETHAERWEEEELE, AAK MRRBERRE LRFEMARR

- 145 -



i, HERROTERABRBICHZY CRNEZH AR VWEEEELE, BERE
R BEHRBEFEFTNMIZFBKFEEHREICIE, FEHEOT 7 72O TIH
RWEEEE L, /NIEE RFEEFERICE, XMRECHEZY THHW
REEELE, HMAER tAHBERRSERBERHAZEEHEET (BN
IZHEE—#MERRBRFECOVWTIB RWEEE I LE, HEAE ThAMBER
RBEBREBEHFNEZR (B NERERARSERERNAEER), MEEZ LM
BERBREERFMMAER, MEXE BEREENFAFT-RMEREER
WITETY, HEYEZICA L CELLOITHTRE WL L #iIZ, —MEHFR
BREAEHIETCVWEREEELE, =+ EA cBRERERNFHEFTLERES
BEMAERRLRLCIZFILRE EBYfEEMEAREREME EEMEE I L
BMEROERIEIZOWT I RWEREEE Lz, REOERER, AR, oro—&
EAMNBERRBIFFEOME WE (PHEH) BER, WWHARTRZR L CICHK
HBEFRIZZHAWEEE E L,

UEDFH 2~ ZZZEREOHEEZRLET, £ L THEFBEB 2 HICE NS
RSPV, X2 TNnEE BTIRESREHLET,

- 146 -



51 I 3CHR

RIBE 1983 —EEMRRR. LOBTEMERT A N, LOBTHEEERT A MR
£ZH M, pp.150-153, BETARFS, BR

Aomine S.and Wada K. 1966: Grade of weathering and fertility of volcanic ash soils of Aso
volcano. Soil Sci. Plant Nurt., 12, 73-79

FR o — 2HGHE TV —7 1970: BR 7 — & B0 — LR OB RS 0V CE
R, HERFE, 24-2, 73-75

Baumann, J. and Werner, G. 1997: Nutrient supply of reclamated indurated volcanic ash soils
and evaluation of productivity with the QUEFTS-model. Suelos Volcanicos
Endurecidos, III Simposio Inter-nacional, 194-201

Blakemore, L.C., Searle, P.L. and Daly, B.K. 1981: Methods for Chemical Analysis of Soils,
New Zealand Soil Bureau Scientific Report, 10A.

Bullock, P., Fedoroff, N., Jongerius, A., Stoops, G., Tursina, T. and Babel, U. 1985: Handbook
for Soil Thin Section Description, pp.47-49, Waine Research Publication,
Wolverhampton, U. K.

Chartres, C. J. 1990: Poorly ordered silica and aluminosilicates as temporary cementing agents in
hard-setting soils. Soil Sci. Soc. Am. J., 54, 1060-1067

H E 1980: B oMl EETAIMOTEE BE p124, WNBERRE
MEEEFE59E

% K- HREZ 1982 BREMHICRT S HEREOER —MERLEEOH —. H
BNTRAZAMD L pp.191-202, HERENES

Childs C.W., Matsue N. and Yoshinaga N. 1991: Ferrihydrite in volcanic ash soils of Japan. Soil

-147 -



Sci. Plant Nurt., 37, 299-311

TRV v K7 —2 7 v ZERERERRE 2000: DHEEDKDIL-O05H 5 HROK
22HILT ~Vby K F—F LEOFREL~, pp2l1-22, AARRFnY—
FR

TEELREFELEHBSR 1991 BAROP RO KR L XK HATR, pp.40-45,
AR, B

Dubroeucq, D., Geissert, D. and Roger, P. 1997: Pine root-induced petrocalcic horizons in
volcanis ash soils of the Mexican altiplano. Suelos Volcanicos Endurecidos, |l
Simposio Internacional, 19-28

Ellis, F. and Lambrechts, J. J. N. 1994: Dorbank, a reddish brown hardpan of South Africa - a
proto silcrete? Proc. 15th World Cong. Soil Sci., 6b, 230-231

FAO-Unesco 1994: FAO-Unesco Soil Map of the World, revised legend. ISRIC, Wageningen,
Netherlands

Fedoroff, N., Courty, M. A., Lacroix, E. and Oleschko, K. 1994: Calcitic accretion on indurated
volcanic materials (example of tepetates, Altiplano, Mexico. Proc. 15th World
Cong. Soil Sci., 6a, 460-473

Flach, K. W,, Nimlos, T. J. and Engel, R. J. 1994: Criteria and classification of indurated
volcanic soil horizons. Proc., 15th World Cong. Soil. Sci., 6a, 481-486

FERFIERT - /AKX 1992 BRBEEIRD = 7 @ DMK - HEER, BIE KFEEH
FLE O - AWF) | 25,69-83

BLERE GR) 1985 HEMEEEEE. Hartge, K. H. T3, pp.95-98, A, HIK

BLERE - BHHED 1969 ELBI Oy HILEDOKLIKERIZE 1T 28/ O &
ZDOBE DRI OWT. BESMFIIEATHE, B20, 1-76

AR 1971 ¥ % U BO HROWEME L TR OWT. TROMELLE, 25, 3746

- 148 -



Grossman, R. B. and Cline, M. G. 1957: Fragipan horizons in New York soils: II Relationships
between rigidity and particle size distribution. Soil Sci. Soc. Am. Proc., 21, 322-
325

Hall, M.L. and Mothes, PA. 1997: El origen y la edad de la cangahua superior, valle de
Tumbaco(Ecuador). Suelos Volcanicos Endurecidos, Il ~ Simposio Inter-
nacional, 19-28

Hallmark, C. T. and Smeck, N. E. 1979: A rupture technique to determine fragipan strength.. Soil
Sci. Soc. Am. J., 43, 198-200

IR RHE 1995: 2 Y RT R TSR, BBEIBRKRRE Y —U—T Vay
7, p52, BMKEABNRIE Y #—, <KX, TR

TEH-EER LT 1952a; BEERLERSIIAMT S “aT7/@” (¥ 585 B 18 k¥

ERRIC OV, R BRI, 1, 2941

TEH-EERITR 1952b: BEEELERIIZHM T2 “27 /@ (BT 5% E3H) 48
FRATZONWT. BREBRFEFMER, 1, 49-55

TEH LR 1961 EEY-BETMICOMTS “a7F BT HE FE48) =27
J& DA DOWT. SRERRIRER, 1, 54-64

TEF-LER LT - S)IBER 1952 R BRI MY S ‘=T @ KB SR (B
2 §) VEEEERE, Bt KB LOERRIIOWVT. BREKFEATNER 1,
42-48

Bk 1983 KIUER L L TR THRE L 2+HmBEXL/F KUK, kil, 5 24,
28, 25-40

BJIEAR - FHHES 1991 FI&R AL O K874 DMk S & 19894k, KL, 36,
25-35

SELRE 1991 HEEE R ERR O 7= OBKIEORKRET. ZRMKSIHY, 33, 19-24

-149 -



Hutcheson, T. B., Lewis, J. R. Jr. and Seay, W. A. 1959: Chemical and clay mineralogical
properties of certain Memphis catena soils of western Kentucky. Soil Sci. Soc. Am.
Proc., 23,474-478

Inman, B. L, Bryant, R. B. and Hudnall, W. H. 1989: Strength analysis of fragipans in some
loess-derived soils in Louisiana. Soil Sci. Soc. Am. J., 53, 890-897

BERE - WBARE - 5KAE - BHELR - BEES - BEiE% 2000 £EOFEERE
0 & PCllE. HFMELE

AEHER 1993: VB TEEOEM, AB—H - FEARBHRE - EF 2 - S5KRES - AR
fh - =IERI - FEEHE R, pp.510-511, FEE, N

ISSS, ISRIC, FAO 1998: World Reference Base for Soil Resources. ISRIC, Wageningen,
Netherlands

FESEE 1993 ANV FRZ A2 BEOEHR, ps5l, HEEE, FE

HREFE 1979 # ) Ak L HEOHEYE. HROMEME L EMAET (HRYE
kW) ,p.190, BEE, B

AR 1987 K4y REEEROXKILKEERBIZR T 5 HREBROKEBL BEERN
D3EH. HAERE, 58, 414-419

HARIL 1993; SR KO KUK T REFRMIZIS T 2 HEERE LW RYREBERK
v 7 —RRIpt s, 1, 1-67

Jahn, R. and Stahr, K. 1994: Formation of petrocalcic horizons in soils from basic pyroclastics
under the semiarid climate of Lanzarote (Spain). Proc., 15th World Cong. Soil. Sci.,
6a, 474-480

Jha, P. P. and Cline, M. G. 1963: Morphology and genesis of a Sol Brun Acide with fragipan in
uniform silty Loam. Soil Sci. Soc. Am. Proc., 27, 339-344

HE—AR 1961 BAO KUK HEBOAER - SHFOME] . FaabB X OEIR EHE

- 150 -



Tuzxzrt WNBERREER, 7, 1-185

BEE—RR - ARRE 1954 BARKILKTIZET 5 56 8, —KRIEMIZOWT(L).

. N BRFERBRE R, 2, 307-320

BE R - ARLZE 1957 BAKILKTIZET 20058 S8, MROgpmARlc >\ T.
TR, 27, 492-494

EH—RR - AEED - AL - FHED - SEE— 1959 BARGHEHOME %
HEEEKIUK O — AR LR 808, U B ERBRIER, 5,277-310

WP —BR - KB - HRZEE 1952 BAKIUKRHIZBT 5P B2 EARERE
BHOFERIZOWT. B, 23, 53-56

Kanno, I, Nagai, M. and Arimura, S. 1955: On the nature of fresh volcanic ashes as parent
material ejected from the Sakurajima and Aso volcanoes. Soil and Plant Food, 1,
77-80

Karathanasis, A. D. 1987: Thermodynamic evaluation of amorphous aluminosilicate binding
agents in fragipans of western Kentucky. Soil Sci. Soc. Am. J., 51, 819-824

INEESFER < ERERME 1960: ELILFEEO~ Y (BRE) ooV T, HAEsE, 31,399-402

FIH5ER 1969 KILK (T > N HR)OMAI RIZEE 3 D . REEHT AT,
B20, 77 -154

[ERT 1972: 2EKIE - MKRABIFER, BRIFTERRI(1941-1970). KETRRMEHTE
¥136.

SLIERE= - KB M 1973: YL ORE & BMA L2 X 2 KUK HEOER] A KUK
HROARGRIIFE E28) . TIBsE, 44,4146

HE R 1979 HEOBE LiROME. HROMEY LEMAE (HEMEESR) |
p.12, BEE, K

/1 1973: BADOELT —BARLEE - (L), pl48, ERKFEHRS, HE

- 151 -



Eok— 1976: HEBOE S (FEEE - BEE) . HERwEHRIEE, HRYBERIEZE
&R, pp.308-313, BEE, HK

ECHEER= - ¥ P& 1986: HEMEERRME, % OFeE LIGH. FIUAHTSE, 25, 31-63

INBRAEAN - FIBF 7 - NEBBRI 1975 7 a7 0oE8HEE &L HEVEYE. BLi
£, 60,7-13

APRER 1976; KUK HROFELFROIFE. BFESINTHIEET#E, B28, 1-73

ARSFFHR « FAR—BR - (LA —BR 1999a: REARALER OB EMFIZIT D TKDKE
TUH B ERBRE 4, 36, 81-89

ARIFFHR - IWBA—ER 1993: MIZHFT 57 7 7 HRHROBE OFEEE LA (1)
FIgEkILT 7 F ik tEORE. B HIEEEE, 39, 126

A%#ﬁiﬂm%ﬁ&w%mhmmﬁﬁ?é%7§m%iﬁmﬁgw%ﬁﬁkﬁ®(n
=L OYIEE L MR, B LAREZEE 40, 160

ARFFR - ILEA—BR 1994b: WMICH T 27 7 7 Bk LB oORGOHEMEE L A
BG)=H Db Ethl K OB LI, B HIEHRESE, 41, 381

ARFFHRK « WA —BR 1995a: NZH A 27 7 7 kRO RAE (1)BI&R kLTS
HZoad 5 1= 1| oWrmEiE, —MREBLFEES KOG FRIRE. ~
FaY = b, 39, 84-98

ARTFHR « ILE—BR 1995b: TUND T 7 T Bk HIRICR G 28 g D FEMHE & A
FoM SREOBERREOMEFHERS X O ERHE. TUNBEE, 57,
60

ARFFHR WA —BR 1995c: WNICH 9 57 7 7 Bk HIROBRG OEME & A (6)
R OBV IR UICH ) = LD EMESMOE(. A LIEHRELSE, 41, 128

ABRIFFHFR < ILE—RR 1995d: UMD KILIK EEBICH b 2B OFtE. U ESERF
FRLRIEE#, 10, 477-478

-152 -



ABRTFFHR « ILE—BF 1995e: LM DKILK TERIZR S 2 B8 8 0 #EE & RIF. F
F 6 FRESUM RAER, 53-55

ABRFFHR « IWE—BR 1996: M DT 7 7 Bk LEBICR 5 5 1S D a4tEE & IK
FBTHR BFHFECES = TE0 888 ANBERTE, 58, 85

ABRFHR - IWE—RR 1997a: WNIZHHAT DT 7 7 BREROBLARE (2) =+
DAL, WHE. P bfsthi b NCHMMIE. R Fa Y X b, 41, 3241

ARFFHR - ILA—EBR 1997b: UNDOBELEOME(L, - BBttt L HIRER ()FIEH
BOTROMIL - BeH%tE A LIREEE, 43, 418

ARFHER - ILE—BR 1998: UMD BR 7 ##FIZH LN BB ORKM. BE L Hig
F3045%, 27-33

ABRIFH R < IWA—BR 1999a: U OB REHIBOMEL - BB RE L HIREE ) Y
DEMAEEH O HROBAL - S HFEICS JITTHE B LHERESE,
45, 447

ABRTFHR < ILE—BR 1999b: MO BB LROME(L - Bt L TEEE (3) HiE
A S BERE T - REL OB B LIEEEE, 45, 161

ARTFHR - IWE—BR 2000: WNIZHH$ 57 7 T HR EROBREOFHEEE L RE (8)
R RR B 35 1) B = L oA L IR 5 2N, B LRREE,
46,

Kubotera, H. and Yamada, I. 1994: Induration of air-dried volcanic ash soil in Aso area of Japan.
Proc. 15th World Cong. Soil Sci., 6b, 214-215

Kubotera, H. and Yamada, 1. 1997: Indurated volcanic ash soiis in Kyushu of Japan, their
properties and typology. Suelos Volcanicos Endurecidos, I Simposio Inter-
nacional, 116-120

Kubotera, H. and Yamada, 1. 1998: The characteristics of hardening and slaking of the soils in

-153 -



Kyushu of Japan. Proc., 16th World Cong. Soil. Sci., vol.1, 86

Kubotera, H. and Yamada, 1. 2000: Characteristics of the induration of tephra-derived soils in
Kyushu, Japan (3) Properties and typology of five indurated soils. Soil Sci. Plant
Nutr., 46 (FIRIH)

ABRIFFH R < IWE—EBR - HokBRE7 1998: YRIE HEREREUE 2 v i iR oM B 8 iR R
A, R O EEEANERER, 53-54

ABRSFFH K » IWEH—BR - #KEE 1999b: JUM - s & RS IR OB L. A
MR ERCRIE B, 14T, 547-548

Kunze, G. W. and Oakes, H. 1957: Field and laboratory studies of the Lufkin Soil, a Planosol.
Soil Sci. Soc. Am. Proc., 21, 330-335

AR — 1992: Eflkil. BAROHE 9 Al (AAOHE Ty ] wESE
W) L pp.212-214, ITHAR, HR

Kurobokudo Co-operative Research Group 1986: Data Base, In Ando Soils in Japan, Ed. Wada,
K., pp.115-276, Kyushu Univ. Press, Fukuoka, Japan

Lee, F. Y, Yuan, T. L. and Carlisle, V. W. 1988: Nature of cementing materials in ortstein
horizons of selected Florida Spodosols: I. Constituents of cementing materials. Soil
Sci. Soc. Am. J., 52, 1411-1418

Lindbo, D. L. and Veneman, P. L. M. 1993: Micromorphology of selected Massachusetts
fragipan soils. Soil Sci. Soc. Am. J., 57, 437-442

Lorenzoni, P., Quantin, P. and Spadoni, M. 1997: Dissolution kinetics of silicon and aluminium
in a Mollic Fragiudalf of central Italy, derived from a volcanoclastic sediment.
Suelos Volcanicos Endurecidos, III Simposio Inter-nacional, 121-127

Luzio, W. and. Palma, T. 1994: Indurated horizons poorly drained volcanic soils from Chile. 15th

World Cong. Soil Sci., 6a, 516-527

- 154 -



ATE B fEEZ 4 kiE— 1976 BHASTOMBEMIZ R JITTE8. BHRE 6,
9-17

BTH # - FHER 1992: KIKT h 72 [AAFIE L FDREA] |, pp.60-66, BIK
FHRS, ¥R

Marsan, F. A. and Torrent, J. 1989: Fragipan bonding by silica and Iron oxides in a soil from
northwestern Italy. Soil Sci. Soc. Am. J., 53, 1140-1145

Matias Crisostomo, S. and Ferrera-Cerrato, R. 1994: Determination of microbial biomass and its
fluctuation on base of agroecological management of tepetate. Proc., 15th World
Cong. Soil. Sci., 6b, 249-250

BALER 1992: REXL. BAROHE 9 Al (BAOHE Thiths] HEES
W) ,pp.210-212, HSTHRR, HIR

BTFHEER - FEIEK - DNEFEE - BRIB 1960: KUK OEPHZ DWW, IR
B R B ERBRIB AL 608 Fit el &, 220-243

=AFEAN 1979 —EERRBR. TERRIECGE 2 RKETHR), T E L2, pp.470-494,
TEIH#S, B

Milford, M. H., Kunze, G. W. and Bloodworth, M. E. 1961: Some physical, chemical, and
mineralogical properties of compacted and adjacent soil layers in coarsg-textured
soils. Soil Sci. Soc. Am. Proc., 30, 511-515

EREK - EL-E 1997 SRR R 7 LBOVCERDN LB mE AR AILT 7 5
DR, KL, 42, 403-408

BN - L% K- RAHS - HEFE - )IQRE N M 1976 BEARBIZHT
T5 =41t OF. BARBERRBBE, 6,121-143

A & 1978 KB HROMEE L gk KB LR (Il 0EZER&) , pp.300-301, &k
#t, B

- 155 -



A B 1979 (KHIC T 5 LEBEOMEME. HEOYEM L EDAEE (HRYERH
KW ,p67, BEE, BT

RERHBE- -EFE#E 1977 THERY, £, T2 VOt b IZEHEIZ W T, +
JEsE. 48, 1-7

Rk - ETAH - EH B 1977 TAHRYO—REDMK L BEIZOWT. LB
3, 48,218-222

AR A 1992: BRBAE KL, BADOHE 9 Ul (BADOHE [Nl mES
B2R) , pp.226-227, LSRR, B

PEAESER « REFICK 1992: RIGREBRERDICHMT D “EAE 2bOoRREA
TOELFERNE. TIEE, 63, 541-549

HWEZ 1983: 256, WHOMBKRL (ZETFESNMNIEMR), pp.179-184, JUMKF
R, &

MRIEE 1997 U UBERIRGRE. HRBESE (HERESTIEREZESR),
pp.262-267, &A%, HIR

HASR Ko U—%24E 1997 HEHREAV K7 v Z&ETR. pp.51-57, t8AH, HR

Nimlos, T. J. 1989: The density and strength of Mexican tepetate (duric materials), Soil Science,
147,23-27

Nimlos, T. J. and Hillery, P. A. 1990: The strength/moisture relations and hydraulic conductivity
of Mexican tepetate. Soil Science, 150, 425-430

Nimlos, T. J. and Ortiz-Solorio, C. 1987: Tepetate the rock mat, J. Soil and Water Conservation,
42, 83-86

Norton, L. D., Hall, G. F., Smeck, N. E. and Bigham, J. M. 1984: Fragipan bonding in a late-
Wisconsinan loess-derived soil in east-central Ohio. Soil Sci. Soc. Am. Proc., 48,

1360-1366

- 156 -



R AT AL 1R 3 A 1983 B HIRO S - LR ORERE RS LT
TR F 2 RRUFTR

EEH TR YBERS 1995 B TR EE 3 RUGTIR, BEERERINF AT EH
H17%,1-79

NEFRE] - MAER  BEAZTE - FRASTF - HFEM 1977 FEMKOME, i
HEMRSE, 5H50 1 KE, WERER

/NEFRE] - PN - BAESER - FEES - B —BE 1995 BTARK LD DK K
& EDOWEHY. Kb, 40, 133-151

Parfitt, R. L. and Henmi, T. 1982: Comparison of an oxalate-extraction method and an infrared
spectroscopic method for determining allophane in soil clays. Soil Sci. Plant Nurt.,
28, 183-190

N o YR MRS HIESE - MATAS 1990: /1005 B A HEREAFSLE, pp.12-13

Pinheiro, J. 1994: Micromorphology of placic horizons of Andosols of the Azores. Proc. 15th
World Cong. Soil Sci., 6b, 222-223

Pinheiro, J. 1997: Characterization of three Andosols of the Azores archipelago (Portugal)
showing different types of indurated horizons. Suelos Volcanicos Endurecidos, I
Simposio Internacional, 116-120

Prat, C. and Quantin, P. 1994: The talpetate of the central-pacific region of Nicaragua: a
palagonitized tuff from the Masaya volcano. Proc. 15th World Cong. Soil Sci., 6a,
497-506

Quantin, P. 1994: Introduction to the knowledge and management of indurated volcanic soils
horizons. Proc. 15th World Cong. Soil Sci., 6a, 436-444

Rusvel, R. and Rios, V. 1997: Evaluacion del cultivo de cebada (Hordeum vulgare) bajo dos

sistemas de siembra en terrazas y en surcos a nivel. Suelos Volcanicos Endurecidos,

- 157 -



Il Simposio Inter-nacional, 311-317

VeRlR—BR - SaARE L - PEFEGEF 1997: MEK LV 2X b X —F Lk 5 HBH
B LIROBAIZOWT. TiREE, 68, 674-679

Shoji, S., Nanzyo, M. and Dahlgren, R. 1993: Volcanic Ash Soils, pp.8,104,163,235. Elsevier,
Amsterdam, Netherlands

Shoji, S., Takahashi, T., Saigusa, M., Yamada, I. and Ugolini, F. C. 1988: Properties of
Spodosols and Andisols showing climosequential and biosequential relations in
southern Hakkoda, northeastern Japan. Soil Science, 145, 135-150

Soil Survey Division Staff, U.S.Department of Agriculture 1993: Soil Survey Manual.
Agriculture Handbook 18. U. S. Department of Agriculture, Washington, U.S.A.

Soil Survey Staff, U.S.Department of Agriculture 1994: Keys to Soil Taxonomy, 6th Edition.
Pocahontas Press, Virginia, U.S.A.

ez -/l B 1974 KiitEo — A - OPMEKENBRERFICE JIZTRE B
+34E, 49, 27-34

Sommerfeldt, T. G., Chang, C. and Lamond, B. J. 1990: Salt distribution and hardpans at dryland
saline seeps in southern Alberta. Soil Sci. Soc. Am. J., 54, 136-138

Steinhardt, G. C., Franzmeier, D. P. and Norton, L. D. 1982: Silica associated with fragipan and
non-fragipan horizons. Soil Sci. Soc. Am. Proc., 46, 656-657

SAME - LA&— 1964 B~V HEOMM L2 OB RHFIC OV T, BinHE
WEFRE 135, RIERICH 54N M EERFIMARER, pp.101-
118

whHE I 1989: RIRRH Sk 0 EEEOT 7 TR, REAHESEE 90, 8-11

= RS - B0 —f8 1988 fIARKILF Rk N EBEOR T KREEREM(1). KILE 24, 33,

224-225

- 158 -



wEBE - BB 1982: BRERKICBIT 53 5BONHLEAEYE. 5V TR
HIND 118, pp.191-202, HBFAEHFES

e - ROIEE] - 2 08 1977 BBER L U CRAARE T OB TR0, B
T, 71, 44-51

MR — 1967 WMIZIBT 2 KRILK O34 & £ OREICET 205 828, FAk
R 301F B KILKR T D 5370 & BB, fid. LIS, 38, 449-453

HP #1987 707 = OBABEHEOEL. BtV FT v 7 BT (HAK
T#26W, pp.260-263, BeECHHAR, B

Tokashiki, Y. and Wada, K. 1975: Weathering implications of the mineralogy of clay fractions of
two ando Soils, Kyushu. Geoderma, 14, 47-62

BB - RABF 1972 BEXKIUREBOLEE LA ON T, JUNBERE, 34,
119-120

HEFAL - BEBE 1969 KARIZET 5 2 SO 54 & 20/ OVWT.
I B SERFSE, 31, 139

& M- RIMEFE - T % 1977 EREEL Y AERE OB TR E OB,
R, 71, 8-15

Vogel, AW. and Acuna Espinales, E. 1994: Talpetate Reference Soils of the Pacific Coastal
Plain. Soil Brief NI 3, Universidad Naciona Agraria (Nicaragua) and ISRIC.

Vogel, A. W, Creutsberg, D. and Kauffman, J. H. 1994: Characterization and agriculture
assessment of two “talpetate” profiles in Nicaragua. Proc. 15th World Cong. Soil
Sci., 6b, 224-225

Wada, K. 1989: Allophane and Imogolite, Jn Minerals in Soil Environments Second Edition, Ed.
Dixon, J. B. and Weed, S. B., pp.1051-1087, Soil Sci. Soc. Am., Madison, USA

D —38 - /NEFRE] 1992: FIfE AL, HADHE 9 Ml (AADOHE [Tt

- 159 -



WEZRSMR) |, pp.214-218, ILTHAR, BT

Yamada, 1. 1997: Chemical and mineralogical properties of tephras and mobility of chemical

HL B —BR

I —ER

HE—BR

HL R —BR

HiF —EBR

L —BR

L —BR

HL FE — R

elements in tephra-derived soils. JARQ, 31, 81-89

<RS- FEFEEE 1980: HALH O EEA LK HEROBHIZOWT L
BHEE KGR, TRk, 51, 193-202

c ABRTFH R 1995 WD T 7 7 Bk LIS R b 5 iR 8 DO B 1EE & kX
F4l BHOTERE O HRETEE & B UNBERSR, 57, 59

s AMREFH R 199%a: Ffgssm LI KOV 0 BN HURIC 351T BRIEF 4 LI O T

7 7R & TRIER. N BRI R R R #5835, 1-35

* ABRFFH R 1996b: LMD KUK HERIEC R S 2808, BEEHT 551

%65, 20-23

* ARFFHRK 1999a: &5 2E I O FEHAE 2317 5 Bt RO HRP CodhE
R UNESERBRIGEE, 36, 63-79

c ARTFHER 1999 FHESARBRAN T - KBREICRITTREMA F£3
B R TR OB 3 L AREHETRE TR O M. SUNB RS, 61, 64

cARIFFH R - L8 B 1997 FIRRAANRILR 2D ED D BAR 7 DAL
R oA BIULESHATE

cFEF R 1983 KIWH T ZADHE R 5 NCKILEE &7 7 7 OWE L o B%

(ZoWT. ARG, 54,311-318

Yamada, I, Kubotera, H. and Shoji, S. 1994: Indurated volcanic ash soils in Japan. their

characterization, land use and management. Proc. 15th World Cong. Soil Sci., 6a,

487-496

Yamada, 1., Shoji, S., Kobayashi, S. and Masui, J. 1975: Chemical and mineralogical studies of

volcanic ashs. IT Relationships between rock types and mineralogical properties of

- 160 -



volcanic ashes. Soil Sci. Plant Nutr., 21: 319-326

IR K - LB (BFR) 1972 TETFEO MR (0 S15rI%E) . Yong, R. N. and
Warkentin, B. P. 50, pp.144-145, BEB RS, HR

REFHZ 1971 BECEBIZAMTE” HLOERE” 2o\ T. EEKRFERF R, 31,
15-20

Yassoglou, N. J. and Whiteside, E. P. 1960: Morphology and genesis of some soils containing
fragipans in northern Michigan. Soil Sci. Soc. Am. Proc., 24, 396-407

Yoshida, M. 1987: Preheating method for the determination of total phosphorus content in

Andosols. Soil Sci. Plant Nutr., 33: 501-505

-161 -



Studies on the Characteristics of Indurated Soils in Volcanic
Ash Soil Area in Kyushu.

Summary

Kyushu Island is the southwestern part of Japan in which many active volcanoes are
located. Volcanic ash soils, whose area accounts for 30% of all farming land and 67% of
upland fields in Kyushu (Conference of Soil Conservation Project, 1991), are important soils
for Kyushu agriculture. Volcanic ash soils usually have suitable physical properties for plant
growth such as high water retention, good drainage, fine tilth, and resistance to water erosion
(Shoji et al. 1993). However, indurated soil layers are observed in some volcanic ash soils and
cause problems for agriculture such as inhibition of plant root growth, harrowing, and water
permeability. In case of Kyushu, the existence of soils with the problem of induration such as
“Nigatsuchi” distributed around Aso volcano is well documented. Properties and soil
management of Nigatsuchi has been studied by Miyauchi et al. (1976), however the
mechanism of induration, soil genesis and soil classification of Nigatsuchi has not yet been
made clear. In addition, although there are some studies on the other indurated volcanic soils
in Kyushu such as “Kashinomi” around Unzen volcano, “Hanamure” around Kuju volcano
and “Kora” around Kaimon volcano, a comprehensive study on various indurated volcanic
soils in Kyushu has not yet been reported. A study of the properties of these indurated soils is
important for the development of methods for appropriate soil management. In addition, these
soils are interesting for research from the point of view of soil genesis and soil physics.

In this thesis, the physical, chemical, mineralogical and micromorphological properties

of Nigatsuchi were elucidated and the interrelationship among those properties was analyzed.
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The factors that influence the induration of Nigatsuchi were elucidated by this analysis. The
same analysis was conducted for other four indurated volcanic soils in Kyushu, namely
“Kashinomi,” “Banban” (indurated soils distributed around Aso volcano), “Hanamure” ‘and
“Kora”. These analyses were integrated to discuss the typology, mechanism of induration,
genesis, classification and management of Nigatsuchi and other indurated volcanic soils in
Kyushu.

The evaluation of the degree of induration was important in this study. Unconfined
compression test with the regulation of JIS (Japan Industrial Standard) is an excellent method
for the evaluation of soil-block strength, however it requires huge amounts of soil blocks and
time for the preparation of samples. In addition, the strength of indurated soils often exceed
the capacity of compression test apparatus. Therefore the establishment of simple method for
the evaluation of soil-block strength was needed. The author made clear that the indurated soil
samples that are shaped into small-size square prism with approximately 2cm X 2cm - X5cm
sides give the unconfined compressive strength similar to the samples shaped by JIS
regulation method, i.e. column with the 3.5 cm diameter and 7 cm height. The adoption of
sample shaping of small —size square prism enabled easy and quick evaluation of the degree of
induration. The principal method of the study of this thesis is the analysis of relationships
between the soil physical, chemical, mineralogical and micromorphological properties and the
degree of induration of the soils measured by the unconfined compression test with the small-
size samples.

Takaono profile in Oozu town, which is located in the western foothill of Aso somma,
16km west of Aso Nakadake crater, was selected as the representative profile of Nigatsuchi.
This profile was 410 cm in depth and composed of fourteen horizons. The color of horizons

was black to brown, and there were two “Gomaniga” horizons that contained many fine white
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particles. Morphology, color, hardness index, structure and consistence of each horizon were
ones that are commonly observed in the volcanic ash soil profiles in Japan.

Primary mineral showed that the parent materials of the second, tenth (upper
Gomaniga) and thirteenth (lower Gomaniga) were Akahoya volcanic ash (6,300 y.B.P.), Aira-
Tn volcanic ash (22,000-25,000 y.B.P.) and Kusasenrigahama pumice (30,000 y.B.P.),
respectively. This data went well with *C dating shown by Chikano and Koga (1982).

Physical properties analysis showed that soil texture class was HC or LiC, solid ratio
was 13.4 to 18.8 % and bulk density was 0.41 to 0.53 in all horizons. Surface and subsurface
horizons, two Gomaniga and adjacent horizons showed relatively coarser texture, larger solid
ratio and bulk density than other horizons. Water-retention analysis showed that the slope of
pF-soil moisture curve of the first and second horizon is smaller than that of the other horizons.
The horizons other than the first and second showed similar slope of pF-moisture curve,
however the water content in each matric potential was various between the horizons. The
water content of these horizons in 3 kPa (pF 1.5) and 1.5 MPa (pF 4.2) suction was in the
range of 1.33 to 1.86 kg kg and 1.08 to 1.59 kg kg™, respectively. The water content in each
matric potential was positively correlated to the clay content although there was no
relationship between the water content in each matric potential and carbon content. Yamanaka
hardness index of soil blocks increased with the decrease of soil water content, and it became
up to 30 mm or more in all horizons except for the first, eighth and ninth horizons whose soil
blocks were broken by the penetration of the cone of Yamanaka penetrometer.

Chemical properties of each horizon were as follows; pH (H,0) was 5.5 to 5.9, total
carbon content was 30 to 127 g kg, CEC was 19.8 to 49.0 cmol(+) kg’, exchangeable
calcium content was 1.7 to 5.9 cmol(+) kg' except for the first horizon that contained 17.4

cmol(+)kg™ , exchangeable magnesium, potassium and sodium contents were 2.1 cmol(+) kg™
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or smaller and the phosphate absorption coefficient was 22.8 P, 05 gkg' or larger.

Total element analysis showed that silicon content of each horizon was 41.1 to 54.1 %
(wt % of Si0O, in the total content of ten major elements as oxidized form, i.e. Si0,, ALO;,
Fe,0,, Ti02, MnO, Ca0, MgO, K,0, Na,0, P,0;). Silicon content was positively correlated to
the content of potassium and sodium, and negatively correlated to the content of aluminum,
iron, titanium and manganese.

Primary mineral analysis showed that heavy mineral content is 8 to 50 % and dominant
heavy minerals are hyperthene, ferromagnetic mineral and augite in most horizons. Non-
colored volcanic glass and plagioclase were the dominant light minerals in all horizons. The
morphological types of volcanic glass well reflected the parent materials in some horizons.
Sponge-like type were dominant in the first, second and third horizons that were influenced by
Akahoya volcanic ash, and sponge-like or curved platy type was dominant in the tenth horizon
that was derived from Aira-Tn volcanic ash. Rock types of each horizon, that were estimated
based on primary mineral composition, were various from rhyolite to andesite. X-ray
diffraction and selective dissolution analysis showed that allophane and imogolite is dominant
clay mineral in all horizons.

All above-mentioned properties of Takaono profile horizons were ones commonly
observed in buried horizons of Japanese volcanic ash soil except for the remarkably large
water retention capacity.

Unconfined compressive strength of soil blocks in the moist state was 0.41 MPa or less
in all horizons. The change of strength and volume of soil blocks in air-drying process were
different among the horizons. The fourth to eighth horizons, the tenth to twelfth and the
fourteenth horizons showed remarkable increase of unconfined compressive strength by air-

drying whereas the third, ninth and thirteenth horizons showed only slight increase of the
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strength. The former group is typical Nigatsuchi and the latter is the group that resembles non-
Nigatsuchi. The first and second horizons of Takaono profile, and the samples collected from
other volcanic ash soils in Japan showed no increase of unconfined compressive strength, that
is non-Nigatsuchi. The volume of soil blocks of Nigatsuchi became 58 % or less compared to
the moist state by air-drying, whereas the samples other than Nigatsuchi showed various
shrinkage value from 50% to 95%. When the air-dried soil blocks were soaked in water,
Nigatsuchi showed almost no slaking whereas non-Nigatsuchi (the first horizon of Takaono)
slaked and nearly 100 % of the blocks became fine earth.

Based on above-mentioned examination, the author defined Nigatsuchi as the soil that
has all the following characteristics: (D hardening; unconfined compressive strength in air-
dried state is 1MPa or larger, @ shrinkage; volume of the air-dried soil blocks is 60 % or less
compared to the moist state, and (3 water resistance; no slaking occurs when air-dried soil
blocks are soaked into the water.

The degree of hardening of each horizon was correlated to the physical properties such
as particle size distribution, solid ratio and water retention capacity. Especially, there was an
intimate positive relationship between the hardening and clay content. On the other hand,
chemical and mineralogical properties show no relationship with the degree of hardening.
Microscope observation to the soil thin sections showed that Nigatsuchi has the microstructure
without the interconnected voids such as vughy structure whereas non-Nigatsuchi has the
microstructure that contains large amounts of interconnected voids such as crumb structure or
spongy structure.

Distribution of Nigatsuchi around Aso volcano was surveyed based on above-
mentioned criteria. At the Hanamure profile, located in Handa plateau 33km north-northeast

of Aso Nakadake crater, buried black soil horizons below Akahoya volcanic ash were
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Nigatsuchi. At the Kiotoshi profile, located in the northern part of Aso somma 14km north of
Nakadake crater, thick black Nigatsuchi existed from the subsurface horizon beneath the
surface to the lower boundary of black soil. At the KNAES (Kyushu National Agricultural
Experiment Station) profile, located in the Kikuchi terrace 32km west of Nakadake crater, the
propverties of Nigatsuchi i.e. hardening and shrinkage by air-drying were weak. In the all
profiles, the degree of hardening and shrinkage of each horizon were positively correlated to
the clay content.

When the air-dried soil blocks of Nigatsuchi were treated by various reagents, blocks
were slaked most remarkably by the treatment of 1M HCI. This treatment extracted the largest
amounts of silicon, aluminum and iron among the treatments as well. 1M HCI dissolved
amorphous clay like. acid oxalate, consequently this experiment also showed that the clay
plays an important role in the hardening of Nigatsuchi.

All above-mentioned profile survey, physical, chemical, mineralogical and micro-
morphological analysis were conducted to the other indurated soils i.e. Kashinomi, Banban,
Hanamure and Kora. As a result, these soils could be divided into two types based on the
physical properties. One was tentatively named as type 1 that concludes Nigatsuchi and
Kashinomi: clay content is 40 % or more and bulk density is 0.7 Mg m™® or smaller, similar to
the ordinary volcanic ash soils. The other was tentatively named as type 2 that concludes
Banban, Hanamure and Kora: clay content (10 % or less) and bulk density (1.1 Mg m™® or
larger) are different from those of the ordinary volcanic ash soils.

Concerning the chemical properties, carbon content of type 1 soils (30 g kg or larger)
was larger than that of type 2 soils (4 g kg or smaller). This difference is considered to reflect
the formation processes of both types: type 1 soils have been formed under the influence of

soil formation process whereas type 2 soils has not been affected by the soil formation process
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but has been weathered in buried condition.

Both type 1 and type 2 soils showed no particular tendency in total element
composition and primary mineral composition. Primary mineral composition of the studied
soils went well with the rock type of parent materials that has been clucidated by
volcanologists. Primary mineral composition and rock type of the studied soils were various,
therefore the induration seems not to be due to the nature of parent materials. Clay mineral
type was allophanic in all the studied soils.

Type 1 soils contained a large amount of water in the moist state, 0.7 kg kg™ or more,
and its soil blocks shrank and the unconfined compressive strength remarkably increased by
air-drying. On the other hand, the water content of type 2 soils in the moist state was small,
0.4 kg kg or less, and no shrinkage and hardening of soil blocks by air-drying was observed
in type 2 soils. Air-dried blocks of type 1 soils slaked by the treatment of 1M HCI treatment
whereas type 2 soils did not slake by this treatment. Both type 1 and type 2 soils did not slake
by the treatment of the water. |

Unconfined compressive strength in air-dried state of Nigatsuchi, Kashinomi and
Banban was 0.8 MPa or larger and that of Hanamure and Kora was 0.4 MPa or smaller. An
intimate relationship was observed between the unconfined compressive strength and micro-
morphology: the soils with large strength had the microstructure of vughy or massive type and
the soils with small strength belonged to bridged grain type.

Some non-volcanic ash soils, such as Jagaru, Shimajiri-maji and Kunigami-maji in the
Southwestern Islands and fine textured gray lowland soil, also became very hard by air-drying.
However the hardening of these soils differed from that of volcanic soils in the respects as
follows: blocks of non-volcanic soils did not shrink by air-drying and slaked by soaking in

water.
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Neither type 1 nor type 2 soils come under the indurated horizons that are defined in
the present international soil cléssiﬁcation systems but type 1 soils are regarded as merely
buried volcanic soil horizons and type 2 soils are regarded as the materials other than soils,
such as lithic contact. It is assumed that the mechanism of induration is also different between
the studied volcanic soils and the indurated horizons defined in the present soil classifications.
A hypothesis about the induration-mechanism of type 1 soils is as follows. Large amount of
water that is held in type 1 soils by the matric suction larger than 1.5 MPa cause the
remarkable normal shrinkage in air-drying process until the air-dried state, and hardening due
to the friction and flocculation force between particles occurs. This property of type 1 soils is
considered to has been generated during the long period after the deposition of parent
materials, with the influence of soil formation process. Type 2 soils are considered to have
been indurated at or soon after the deposition of the tephra, by some geological processed
such as fusion. However, the accurate mechanism and the condition for the occurrence of the
induration on both typel and type 2 soils should be made clear by the further study.

Type 1 soils are not indurated in buried state but become very hard and inhibit the
agricultural production when exposed. Therefore if type 1 soils are to be exposed, surface soil
handling or thorough pulverization immediately after exposition is necessary to avoid the
problem of hardening. In addition, chemical property improvement such as heavy application
of phosphate fertilizer is required because type 1 soils are similar to the ordinary volcanic
soils in terms of chemical properties. Especially, it should be noted that Nigatsuchi contains so
abundant active aluminum therefore its capacity of phosphorus fixation is remarkably large.
As type 2 soils are indurated in both the buried and exposed state, breaking or removal by

farm machinery is required if these soils lie near the surface.
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